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(57) Abstract: The present invention relates to antigen binding proteins, such as monoclonal antibodies, that specifically bind to and
activate human triggering receptor expressed on myeloid cells-2 (TREM2) and pharmaceutical compositions comprising such antigen
binding proteins. The agonist antigen binding proteins (e.g. antibodies) of the invention are capable of activating TREM2/DAP12
signaling in myeloid cells in the absence of Fc-mediated cross-linking of the antigen binding proteins. Methods of treating or preventing
conditions associated with TREM?2 loss of function, such as Alzheimer's disease and multiple sclerosis, using the antigen binding

proteins are also described.
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TREMZ ANTIGEN BINDING PROTEINS AND USES THEREOF

FIELD OF THE INVENTION
(660 1] The present invention relates to the field of biopharmaceuticals. In particular, the
invention relates to antigen binding proteins, such as antibodies, that specifically bind to and
activate human triggering receptor expressed on myeloid cells-2 (TREM2), pharmaceutical
compositions comprising the antigen binding proteins, and methods of producing and using

such antigen binding proteins.

SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE
[6602] The content of the following subnussion on ASCI text file is incorporated herein by
reference in ifs entirety: a compuier readable form (CRF) of the Sequence Listing {file name:
A-2120-WO-PCT Sequence Listing ST25, date creatled: Apnil 18, 2018, size; 285,044
bytes).

BACKGROUND OF THE INVENTION
60031 TREMZ2 is a member of the Ig superfamily of receptors that is expressed on cells of
myeloid hneage, including roacrophages, dendritic cells, and microglia (Schmid ef o/,
Journal of Neurochemistry, Vol 83: 1309-1320, 2002; Colonna, Nature Reviews
Immunology, Vol. 3: 445-453, 2003; Kiialainen ef a/., Neurobiology of Diseage, Vol. 18:
314-322 2005). TREM2 is an orphan immune receptor with a short intracellalar domain and
functions by signaling through the adaptor protein DAP12, the cytoplasmuc domain of which
comprises an ITAM motif (Bouchon ef o/., The Journal of Expenimental Medicine, Vol 194
1111-1122, 2001}, Upon activation of TREM2, tyrosine residues within the ITAM motif in
DAPI2 are phosphorylated by the Sre family of kinases, providing docking sites for the
tvrosine kinase C-chain-associated protein 70 (ZAP70) and spleen tyrosine kinase (Svk) via
thetr SH2 domains {Colonna, Nature Reviews Immunology, Vol. 3: 445-453, 2003, Ulnich
and Holtzman, ACS Chem. Neurosci., Vol 7: 420-427, 2016). The ZAP70 and Svk kinases
induce activation of several downstream signaling cascades, including phosphatidylinositol 3-
kinase (PI3K}, protein kinase C (PKC), extracellular regulated kinase (ERK), and elevation
of intracellular calcium (Colonna, Mature Reviews Immunology, Vol 3: 445-453, 2003;

Ulrich and Holtzman, ACS Chem. Neurosci., Vol 7: 420-427, 20163,
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106064] TREM2Z has been implicated in several raveloid cell processes, including
phagocytosis, proliferation, survival, and regulation of inflanunatory cytokine production
{(Ulrich and Holtzman, ACS Chem. Neurosct., Vol 7: 420-427, 2016}, In the last few vears,
TREM?2 has been linked 10 several diseases. For insiance, mutations in both TREMZ and
DAP12 have been linked to the autosomal recessive disorder Nasu-Hakola Disease, which is
characterized by bone cysts, muscle wasting and demvelination phenotypes (Guerreiro ef af.,
Mew England Joumnal of Medicine, Vol 368; 117-127, 2013}, More recently, variants in the
TREAZ gene have been linked to increased risk for Alzheimer’s disease {(AD) and other
forms of dementia including frontotemporal dementia (Jonsson ef @/, New England Journal
of Medicine, Vol. 368 107-116, 2013; Guerreiro et al., IAMA Neurology, Vol. 7(:78-84,
2013 Jay ef al., Joumal of Experimental Medicine, Vol 212: 287-295, 2015). Tn particular,
the R47H variant has been identified in genome-wide studies as being associated with
increased risk for late-onset AD with an overall adjusted odds ratio {for populations of all
ages) of 2.3, second only to the strong genetic association of ApoE to Alzheimer’s. The
R47H mutation resides on the extracellular Ig V-set domain of the TREM2 protein and has
been shown to impact lipid binding and uptake of apoptotic cells and Abeta (Wang ef al.,
Cell, Vol. 160: 1061-1071, 2015; Yeh ef al., Neuron, Vol. 91: 328-340, 2016}, suggestive of
aloss-of-fumction linked to disease. Further, postmoriem comparison of AD patients” brains
with and without the R47H mutation are supportive of a novel loss-of-nucroglal barner
function for the carriers of the mutation, with the R47H carrier microglia putatively
demonsirating a reduced ability to compact plagues and Hmit their spread (Yuan ef /.,
MNeuron, Vol 90: 724-739, 2016). Impairment in microghosis has been reported in amimal
models of prion disease, multiple sclerosis, and stroke, suggesting that TREM?2 may play an
tmportant role in supporting microgliosis in response to pathology or damage in the central
nervous system (Ulrich and Holtzman, ACS Chem. Newrosci., Vol 7: 420-427, 2016,
[G005] In view of the data mdicating that deficits in TREM2 activity affect macrophage and
microglia function and correlate with certain neurodegenerative disorders, there is a need in

the art for therapeutic molecules that can induce or enhance TREMZ-mediated functions.

SUMMARY OF THE INVENTION
6606] The present invention is based, in part, on the design and generation of antigen
binding proteins {e.g. antibodies}) that specifically bind to and activate human TREM2

without the need for additional cross-linking. The agonist antigen binding proteins of the

b2
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imvention are capable of activating TREMZ2/DAPI2 signaling m myelowd cells in the absence
of aggregation, clustering. and/or Fe-mediated cross-linking of the antigen binding proteins.
Accordingly, in certain embodiments, the present invention provides isolated agonist antigen
binding proteins that specifically bind to human TREMZ and induce or activate one or more
TREMZ-mediated functions.

16607 In some embodiments, the TREMZ agonist antigen binding proteins increase
phosphorylated Syk (pSvk) levels in the absence of a cross-linking agent in cells expressing
TREM?2. The cells may be cells of the mveloid lineage, including monocvtes, dendritic cells,
nucroglial cells, and macrophages. In certain embodiments, the TREMZ agonist antigen
bindings increase pSyvk levels in TREMZ2-expressing cells with an ECS50 less than 500 pMin
the absence of a cross-linking agent as measured by a cell-based pSvyk assay. In other
embodiments, the TREMZ agonist antigen bindings increase pSyk levels in TREM2-
expressing cells with an EC50 less than 300 pM in the absence of a cross-linking agent as
measured by a cell-based pSyk assay. In vet other embodiments, the TREM2 agonist antigen
hindings increase pSvk levels in TREM2-expressing cells with an ECS0 from about 150 pM
to about 500 pM in the absence of a cross-linking agent as measured by a cell-based pSvk
assay.

0008} The TREMZ agonist antigen binding proteins specifically bind to human TREM2
(SEQ ID NO: 1) or an extracellular domain (ECD) of human TREM?2 (e.g. ECD set forth in
SEQ 1D NO: 23, for example with an equilibrium dissociation constant (Kp) iess than 50 nM,
less than 25 nM, less than 10 nM, or less than S nM. In certain embodiments, the TREM?2
agonist antigen binding proteins do not cross-react with other TREM proteins, such as human
TREM1. Thus, in one embodiment, the TREM?Z agonist antigen binding proteins do not
specifically bind to human TREMI (SEQ 1D NG: 4).

(0009} The TREMZ agonist antigen binding proteins of the invention can compete with any
of the anti-TREM?2Z antibodies described herein (e.g. antibodies listed in Tables 1A, 1B, 2A,
2B, 3A and 3B) for binding to human TREMZ. In one embodiment, the TREM2 agonist
antigen binding protein competes with a reference anfibody for binding to human TREMZ,
wherein the reference antibody comprises a light chain variable region comprising the
sequence of SEQ D NO: 61 and a heavy chain variable region comprising the sequence of
SEQ ID NO: 124, In another embodiment, the TREM2 agonist antigen binding protein
compeies with a reference antibody for binding o human TREM2, wherein the reference

anttbody comprises a light chain variable region comprising the sequence of SEQ 1D NO: 62
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and a heavy chain vanable region comprising the sequence of SEQ 1D NO: 125, Tnyet
another embodiment, the TREM?2 agonist antigen binding protein competes with a reference
antibody for binding to human TREM2, wherein the reference antibody comprises a light
chain variable region comprising the sequence of SEQ ID NO: 52 and a heavy chain variable
region comprising the sequence of SEQ 1D NO: 115, In still another embodiment, the
TREM?2 agonist antigen binding protein competes with a reference antibody for binding to
human TREMZ2, wherein the reference antibody comprises a light chain variable region
comprising the sequence of SEQ ID NO: 56 and a heavy chain variable region comprising the
sequence of SEQ D NO: 119,

{6616 In certain embodiments, the TREMZ agonist antigen binding proteins of the invention
comprise a light chain vanable region comprising complementarity determining regions
CDRL1, CDRLZ, and CDRL3 and a heavy chain variable region comprising
complementarity determining regions CDRH1, CDRH2, and CDRH3. The light chain and
heavy chain variable regions or CDRs may be from any of the anti-TREM2 antibodies
described herein or a variant thereof. For instance, in some embodiments, the TREM? agonist
antigen binding proteins comprise a CDRLT comprising a sequence selected from SEQ 1D
W(s: 5-18 or a variant thereot having one, two, three or four amino acid substituiions; a
CDRL2 comprising a sequence selected from SEQ 1D NOs: 19-30 or a variant thereof having
one, two, three or four amino acid substitutions; a CDRL3 comprising a sequence selected
from SEQ 1D NOs: 31-45 or a variant thereof having one, two, three or four amino acid
substitutions; a CORHI comprising a sequence selected from SEQ ID NQOs: 77-8G or a
variant thereof having one, two, three or four amino acid substitutions; a CIDRHZ comprising
a sequence selected from SEQ [ NOs: 87-94 or a variant thereof having one, two, three or
four amino acid substitutions; and a CDRH3 comprising a sequence selected from SEQ ID
NOs: 95-109 or a variant thereof having one, two, three or four amino acid substitutions.
{0611} In some embodiments, the TREMZ agorust antigen binding proteins comprise a light
chain varniable region comprising a sequence selected from SEQ ID NOs: 46-63 and a heavy
chain vanable region comprising a sequence selected from SEQ ID NOs: 110126, In one
embodiment, the TREM2 agonist antigen binding protein comprises a light chain variable
region comprising the sequence of SEQ 1D NO: 54 and a heavy chain variable region
comprising the sequence of SEQ ID NO: 117, In another embodiment, the TREM2Z agonist
antigen binding protein comprises a Hight chain variable region comprising the sequence of

SEQ 1D NO: 535 and a heavy chain varnable region comprising the sequence of SEQ 1D NO:
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118, In another embodiment, the TREM?2 agonist antigen binding protein comprises a hight
chain variable region comprising the sequence of SEQ ID NG: 60 and a heavy chain variable
region comprising the sequence of SEQ 1D NO: 123, In still another embodiment, the
TREM?Z agomist antigen binding protein cornprises a light chain vanable region comprising
the sequence of SEQ 1D NO: 61 and a heavy chain variable region comprising the sequence
of SEQ ID NO: 124. In another embodiment, the TREM2 agonist antigen binding protein
comprises a light chain variable region comprising the sequence of SEQID NO: 62 and a
heavy chain varnable region comprising the sequence of SEQ ID NO: 125, In yet another
embodiment, the TREM?2 agonist antigen binding protein comprises a light chain variable
region comprising the sequence of SEQ ID NO: 52 and a heavy chain variable region
comprising the sequence of SEQ ID NO: 115,

[6612] In some embodiments, the TREMZ2 agonist antigen binding proteins comprise a hight
chain variable region that is derived from a light chain variable region from any of the anti-
TREM2 antibodies described herein. Thus, tn some embodiments, the light chain variable
region of the TREMZ agonist antigen binding proteins comprises a sequence that is at least
90% identical, at least 919 1dentical, at least 92% identical. at least 93% identical, at least
949% identical, or at least 95% identical {0 a sequence selecied from SEQ ID NOs: 46-63. For
nstance, the TREM2 agonist antigen binding proteins can comprise a light chain variable
region from any of the engineered anti-TREM2Z antibody variants set forth in Tables 13-18. In
one embodiment, the TREMZ agonist antigen binding protein comprises a light chain
variable region comprising the sequence of SEQ D NO: 54 with a sustation at one or more
amino acid positions 64, 79, 80, 85, 94, and/or 100. In some such embodiments, the mutation
is V64G, V64A, QT9E, 79D, SSOP. S80A, F85V, FSSL, FRSA, F85D. F85L F85L, F8SM.
FSST, WO4F, WO4Y, Wo4S, Wo4T, WO4A, WO4H, Wo4I, W94Q, P10OR, P100Q, P100G,
or combinations thereof. In another embodiment, the TREM?2 agornist antigen binding protein
comprises a light chain variable region comprising the sequence of SEQ 113 NO: 55 with a
nmitation at one or more aming acid positions 64, 79, 80, 94, and/or 100. Such nmiations can
include V64G, V64A, QTOF, Q79D. SBOP, S30A, WO4F, WO4Y, WO4S, W4T, WO4A,
WO4H, Wo4L, Wo4G, PIOOR, P100G, P100G, or combinations thereof. In certain
embodiments, the mutation 1s V646, V64A, Q79E, S8OP, SROA, Wo4Y  WO4S, P10OR,
P100G, or combinations thereof. In another embodiment, the TREM2 agonist antigen binding
profein comprises a light chain variable region comprising the sequence of SEQ 1D NO: 60

with a mutation at one or more anuno acid positions 60, 92, and/or 93. The mutation in such
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embodiments can be selected from L60S, L60P, L6OD, L60A, DOZE, DO2(, DO2T, DO2N,
S93A, 593N, 893, 893V, or combinations thereof. In vet another embodiment, the TREM?2
agonist antigen binding protein comprises a light chain variable region corprising the
sequence of SEQ ID NO: 61 with a mutation at one or more amino acid posttions 36, 57, 92,
and/or 93. In such embodiments, the mutation can be N368, NS6T, N56(3, NS6E, G57A,
G37TV, DOZE, D923, DO2T, D92N, 893 A, 893N, 8933, $93V, or combinations thereof. In
certain embodiments, the mudation 13 NS68, N536Q, G57A, DOZE, D92Q, S93A, or
combinations thereof. In still another embodument, the TREM?Z2 agonist antigen binding
protein comprises a light chain variable region comprising the sequence of SEG 1D NO: 62
with 3 mutation at amino acid position 36, 46, 61 and/or 100. Such mutations can include
F36Y, 846L, S46R, 846V, 846F, K61R, P1000Q, P100G, P100R or combinations thereof. In
particular embodiments, the mutation is F36Y, K61R, P100Q, or combinations thereof In
another embodiment, the TREM2 agonist antigen binding protein comprises a light chain
vartable region comprising the sequence of SEQ ID NO: 52 with a mutation at amino acid
position 91, which can be selected from FO1V, FO1L FOIT, FOIL, or F9ID. In one
embodiment, the mutation is F91V.

[6613] In certain embodiments, the TREMZ agonist antigen binding proteins comprise a
heavy chain vanable region that 1s derived from a heavy chain variable region from any of
the anti-TREM?2 antibodies described herein. Thus, in some embodiments, the heavy chain
variable region of the TREMZ2 agonist antigen binding proteins comprises a sequence that is
at feast 90% identical, at least 91% 1dentical, at least 92% identical, at least 93% identical, ai
least 94% identical, or at least 95% identical to a sequence selected from SEQ 1D NOs: 110-
126. For instance, the TREM2 agonist antigen binding proteins can comprise a heavy chain
vartable region from anv of the engineered anti-TREMZ antibody vanants set forth in Tables
13-18. In one embodument, the TREMZ2 agonist antigen binding protein comprises a heavy
chain variable region comprising the sequence of SEQ ID NO: 117 with a mutation at one or
more amino acid positions 19, 35, 56, 57, 58, and/or 104. In some such embodiments, the
mutation is MI9K, MI9R, M19T, MIOE, M19N, M19Q, D55E, DS5Q, D35N, D55T, §56A,
S36Q. S36V, D578, DSTE, D574, T58A, T58Y, WI04F, Wi04Y, Wi04T, Wi048, Wi04A,
W104H, W104E W104Q, or combinations thereof. In another embodiment, the TREMZ
agonist antigen binding protein comprises a heavy chain variable region comprising the
sequence of SEQ ID NO: 118 with a mutation at one or more amino acid postiions 19, 55, 56,

57, 38, and/or 104. Such mutations can include M19K, M19R, M19T, M19E, MI9N, M19(3,
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D35E, 3550, DS5N, DSST, 856A, §56Q, 856V, D378, DSTE, D37Q, TS8A, T8V, WIi04F,
WI104Y, W1047T, W1048, WI104A, W104H, W1041, W104Q, or combinations thereof In
certain embodiments, the nmutation 1s M19K, D35E, 856A, D5TE, T58A, W104Y, W104T, or
combinations thereof. In another embodiment, the TREMZ agonist antigen binding protein
comprises a heavy chain variable region comprising the sequence of SEQ ID NO: 123 with a
mutation at one or more amino acid positions 27, 55, 56, 537, 58, 105, and/or 106. In some
embodiments, the mutation is selected from H27Y, H27D, H27F, H27N, DSSE, D55,
D35N, DS, 856A, 8560, 856V, DSTS, DSTE, D37Q, TS8A, T8V, DIOSE, DI05Q,
D105T, DI03N, D105G, S106A, S106Q, S106V, 81067, or combinations thereof. In yet
another embodiment, the TREM2 agonist antigen binding protein comprises a heavy chain
variable region comprising the sequence of SEQ ID NO: 124 with a mutation at one or more
amino acid positions 35, 56, 57, 58, 103, and/or 106, The mutation in such embodiments can
be selected from D55E, D550, D55N, DSST, $56A, 8560, 8§56V, D578, DSTE, D570,
TS84, T58V, DI0OSE, D105Q, D105T, DI10SN, D105G, S106A, S106Q, 8106V, S106T, or
combinations thereof. In certain embodiments, the mutation is DSSE, D55, 8564, D3TE,
T38A, DI0SE, D105SN, S106A, or combinations thereof. In still another embodiment, the
TREM?2 agonist antigen binding protein comprises a heavy chain variable region comprising
the sequence of SEQ ID NO: 125 with a mutation at one or more amino acid positions 43, 76,
85. 99, 100, and/or 116. Such mutations can include L43Q, L43K, L43H. I76T, R85S, R85G,
R85SN, R85D, B99E, DO9Q, D995, DOYT, GI100A, GI100Y, G100V, T1i6L, T116M, T116P,
T116R, or combinations thereof In certain embodiments, the mutation i1s L43Q, R858,
DOSE, GIO0A, GI100Y, TH16L, or combmations thereof. In another embodiment, the TREMZ
agonist antigen binding protein comprises a heavy chain variable region comprising the
sequence of SEQ ID NO: 115 with a mutation at amino acid position 62 and/or 63, In such
embodiments, the muiation can be selected from D62E, D62Q, DO2T, BGZN, S63A, S63(3,
S63V, or combinations thereof In some embodiments, the mutation 15 D62E, D620, S63A,
or combinations thergof.

[6614] In some embodiments, the TREM2 agonist antigen binding proteins comprise one or
more CDRs of a vaniant of the anti~TREM?Z antibodies described herein. For nstance, the
TREM?2 agonist antigen binding proteins may comprise one or more CDRs of the anti-
TREMZ antibody variants sei forth in Tables 2A, 2B, 3A, 3B, and 19. In certain
embodiments, the TREM2 agonist antigen binding proteins comprise one or more CDRs of

anti~TREM?2 antibody varnants with iroproved binding affinity. In these and other
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embodiments, the TREM?2 agonist antigen binding proteins coroprise a CDRL1 coraprising
the sequence of SEQ ID NG: 16; a CDRLZ comprising a CDRL2 consensus sequence; a
CDRL3 comprnising a CDRL3 consensus sequence; a CDRHI comprising the sequence of
SEQ ID NG: 85, a CDRH2 comprising a CDRHZ2 consensus sequence; and a CDRH3
comprising a CDRH3 consensus sequence. In one embodiment, the CDRLZ consensus
sequence is X1ASSX0QX; (SEQ ID NO: 139), where Xiis Aor Gy Xz is L or R and X5 is N,
K, R, L, or T In related embodiments, the CDRL3 consensus sequence 13 X1QADXXaPXT
(SEQIDNO: 140y, where X015 Qor G 2XoisSor Ry 2GsF Lor Y and Xais Ror H. In
these and other embodiments, the CORH2 consensus sequence is
KYPOESDXORMXGKPXFOXs (SEQID NG, 141, where Xaislor T X s Tor V; Xsis Y
or L. Xeis S or A; Xsis S, 3, or E; and Xe 13 G or D. The CDRH3 consensus may be
NIRTEYYDSSDYXoDY (SEQID NO: 1423, where X0 5 Q. G S, orM;and XoisFor S. In
further embodiments, the CDRL2 of the TREM2Z agonist antigen binding proteins of the
mvention may comprise a sequence selected from SEQ ID NOs: 26 and 143-147. Tn still
further embodiments, the CDRL3 of the TREM2 agonist antigen binding proteins of the
invention may comprise a sequence selected from SEQ 1D NOs: 43 and 148-152. In some
embodiments, the CDRH2 of the TREM2Z agonist antigen binding proteins of the invention
may comprise a sequence selected from SEQ ID NGs: 91 and 170-175. In other
embodiments, the CIDRH3 of the TREMZ agorast antigen binding proteins of the invention
may comprise a sequence selected from SEQ 1D NOs: 176-179.

6615} In other embodiments, the TREM2 agonist antigen binding proteins comprise one or
more CDRs of anti-TREM2 antibody vanants with reduced binding affinity. In these and
other embodiments, the TREM2 agonist antigen binding proteins comprise a CDRLI
comprising a CDRL1 consensus sequence; a CDRL2 comprising a CDRL2 consensus
sequence; a CDRL3 comprising a CDRL3 consensus sequence; a CDRHI comprising a
CDRHI1 consensus sequence, a CDRH2 comprising a CDRH2 consensus sequence; and a
CDRH3 comprising a CORH3 consensus sequence. In one embodiment, the CDRL1
consensus sequence 15 XtASQGISSOWLA (SEQ 1D NG: 2843, where Xijis Ror A and Xz s
S or R In related embodiments, the CDRLZ consensus sequence 1s XIAXRSLON (SEQ ID
NG: 285), where Xiis A or 8; and X» 15 S or G. In other related embodiments, the CDRL3
consensus sequence is QUAXISFPXLT (SEG 1D NG: 286), where X1 is Dor V, and Xp1s R
or L. In these and other embodiments, the CDRHI consensus sequence is SXiWIA (SEQ 1D

NG: 287), where X is Y or E. In related embodiments, the CDRHZ consensus sequence is
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BYPXDSDTRYSPSFQG (SEQ 1D NO: 288), where X118 G or 8. The CDRH3 consensus
may be QRIGFXOXGDSSDYFDY (SEQ 1D NO: 289), where Xhis Tor G; X2is Y or R; and
X315 Y or G. In some embodiments, the CDRL1 of the TREMZ agomist antigen binding
proteins of the invention may cormprise a sequence selected from SEQ ID NOs: 16, 290, and
291, In further embodiments, the CORLZ of the TREM?Z agonist antigen binding proteins of
the invention may comprise a sequence selected from SEQ 1D NOs: 28, 292, and 293, In still
further embodiments, the CDRL3 of the TREM2 agonist antigen binding proteins of the
imvention may comprise a sequence selected from SEQ 1D NOs: 43, 294, and 271, In some
embodiments, the CDRH1 of the TREM?2 agonist antigen binding proteins of the invention
may comprise the sequence of SEQ ID NO: 85 or SEQ ID NO: 302. In other embodiments,
the CDRH2 of the TREMZ agonist antigen binding proteins of the mvention may cornprise
the sequence of SEQ ID NO: 91 or SEQ 1D NG: 303, In still other embodiments, the
CDRH3 of the TREM2 agonist antigen binding proteins of the invention may comprise a
sequence selected from SEQ 1D NOs: 107 and 304-306.

16616} In certain embodiments, the TREM2 agonist antigen binding proteins comprise a light
chain variable region and/or heavy chain variable region from any of the anti-TREMZ vanant
antibodies set forth in Tables 2A, 2B, 3A, 3B, and 19. Accordingly, in some embodiments,
the Hight chain variable region of the TREM2 agomist antigen binding proteins comprises a
sequence that 1s at least 90% identical, at least 91% 1dentical, at least 92% identical, at least
93% 1dentical, at least 94% identical, or at least 95% identical 1o a sequence selected from
SEQ ID NGs: 61, 153-162, and 295-300. In these and other embodimenis, the heavy chain
vartable region of the TREM?Z agonist antigen binding proteins comprises a sequence that is
at least 90% identical. at least 919% identical, at least 92% identical. at least 939 identical, at
least 949% identical, or at least 95% identical {0 a sequence selected from SEQ 1D NOUs: 124,
180~190, and 307-312.

{3017} In any of the embodiments described herein, mcluding the embodiments described
above, the TREM2 agonist antigen binding protein is an antibody or binding fragment
thereof, preferably a monoclonal antibody or binding fragment thereof. Tn some
embodiments, the monoclonal antibody or hinding fragment thereof 1s a chimeric antibody or
binding fragment thereof. In other embodiments, the monoclonal antibody or binding
fragment thereof is a humanized antibody or binding fragment thereof. In yet other
embodiments, the monoctonal antibody or binding fragment thereof 1s a fully buman

antibody or binding fragment thereof. The monoclonal antibody can be of any isotype, such
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as a human IgG1, [gG2, 1¢G3, or IgG4. In one particular embodiment, the monoclonal
antibody is a human IgG1 amtibody. In another particular embodiment, the monoclonal
antibody is a human Ig(G2 antibody.

6018} In certain embodiments in which the TREMZ agonist antigen binding protein is an
antibody {e.g. monoclonal antibody). the antibody may contain one or more modifications
that affect the glycosvlation of the antibody. In some embodiments, the antibody comprises
one or more mutations to reduce or eliminate glycosylation. In such embodiments, the
aglvcosylated antibody moay comprise a mutation at anino acid position N297 (according to
the EU numbering scheme}, such as a N297G mutation, in its heavy chain. The aglvcosylated
antibody may comprise further mutations to stabilize the antibody structure. Such nusations
can include pairs of cysteine substitutions, such as A287C and L306C, V259C and L306C,
R292C and V302C, and V323C and 1332C (amino acid positions according to the EU
numbering scheme). In one embodiment, the aglycosviated antibody comprises R292C and
V302C mutations {according to the EU numbering scheme) in its heavy chain. In certain
emnbodiments, the aglycosylated anti-TREMZ2 agonist antibody comaprises a heavy chaim
constant region comprising the amino acid sequence of SEQ ID NO: 202 or SEQ 1D NO:
203,

[68619] In further embodiments in which the TREMZ agonist antigen binding protein is a
human IgG2 antibody (e.g. monoclonal antibody) or comprises a CHI region and hinge
region from a human [2G2 antibody, the antibody may contain one or more modifications
that affect the hinge structure of the antibody. In one such embodument, the anti-TREM?2
agonist antibody comprises a C1318 mutation (according to the EU numbering schere) in s
heavy chain. In another embodiment, the anti-TREMZ agonist antibody comprises a C2148
mutation (according to the EU numbering scheme} in 1ts light chain and a C2198 mutation
(according to the EU numbering scheme) in its heavy chain. In another embodiment, the
anti~TREM?2 agonist antibody comprises a C2148 mutation (according to the EU numbering
scheme) in its light chain and a C2208 mutation (according to the EU numbering scheme) in
its heavy chain,

10620} To certain embodiments, the TREMZ2 agonist antigen binding proteins of the invention
may comprise a CH1 region and hinge region from a human 1gG2 antibody {(e.g. the amino
actd of SEQ 1D NQ: 207}, and an Fc region from a human [gG1 antibody. In one
embodiment, the TREMZ2 agonist antigen binding protein comprises a CHI region and hinge

region from a human IgG2 antibody (e.g. the anuno acid sequence of SEQ 1D NO: 207} and
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an Fc region from a huran 1gGl antibody, wherein the Fe region comprises the amino acid
sequence of SEQ 1D NO: 281,

6021} In certain embodiments, the TREM2 agonist antigen binding proteins of the invention
comprise a light chaim comprising a light chain variable region and a heavy chain comprising
a heavy chain variable region, wherein: {(a} the light chain variable region having the amino
actd sequence of SEQ ID NO: 326, and the heavy chain vartable region having the amino
acid sequence of SEQ ID NO: 327 (b) the light chain variable region having the amino acid
sequence of SEQ ID NO: 328, and the heavy chain variable region having the anuno acid
sequence of SEQ D NO: 329; (¢} the light chain variable region having the amino acid
sequence of SEQ ID NO: 330, and the heavy chain variable region having the amino acid
sequence of SEQ ID NO: 331, or (d) the light chain variable region having the amino acid
sequenice of SEQ ID NO: 332, and the heavy chain variable region having the amino acid
sequence of SEQ ID NO: 333. In certain embodiments, the TREM2 agonist antigen binding
proteins of the invention comprise a light chain and a heavy chain, wherein: {(a) the light
chain having the anmuno acid sequence of SEQ 1D NO: 334, and the heavy chain having the
amino acid sequence of SEQ 1D NO: 335; (b} the hight chain having the amino acid sequence
of SEQ 1D NGO 334, and the heavy chain having the amino acid sequence of SEQ 1D NO:
336; (¢) the hight chain having the amino acid sequence of SEQ ID NO: 337, and the heavy
chain having the amino acid sequence of SEQ 1D NO: 338; (d) the light chain having the
amino acid sequence of SEG 1D NO: 339, and the heavy chain having the amino acid
sequence of SEQ 1D NO: 340; or (e} the light chain having the amino acid sequence of SEQ
1D NO: 341, and the heavv chain having the anuno acid sequence of SEQ 1D NO: 342,
[6622] The present invention also provides polynucleotides and expression vectors encoding
the TREM?Z agonist antigen binding proteins described herein as well as host cells, such as
CHO cells, comprising the encoding polynucleotides and expression vectors. In certain
embodiments, the present invention inchudes methods for producing the TREMZ2 agorust
antigen binding proteins, including anti-TREM?2 agonist monoclonal antibodies and binding
fragments thereof. In one embodiment, the method comprises culturing a host cell
comprising an expression vector encoding the antigen binding protein under conditions that
allow expression of the antigen binding protein, and recovering the antigen binding protein
from the culture mednim or host cell.

0023} The TREMZ agornust antigen binding proteins deseribed herein can be used in the

manufacture of a pharmaceutical coraposition or medicament for the treatroent or prevention

11



WO 2018/195506 PCT/US2018/028691

of conditions associated with TREM?2 deficiency or loss of TREM2 biological activity, such
as Alzheimer’s disease, Nasu-Hakola disease, frontotemporal dementia, multiple sclerosis,
prion disease, or stroke. Thus, the present invention also provides a pharmaceutical
composition comprising a TREM2 agonist antigen binding protein described herein and a
pharmaceutically acceptable excipient.

[6624] In certain embodiments, the present invention provides methods for treating,
preventing, or reducing the risk of developing conditions associated with TREM2 deficiency
or loss of TREMZ biological activity in a patient in need thereof. In one embodiment, the
method comprises administering to the patient an effective amount of any of the TREM?2
agonist antigen binding proteins described herein. In some embodiments, the condition to be
treated, prevented, or ameliorated is Alzheimer’s disease. In other embodiments, the
condition to be treated, prevented, or ameliorated is nmltiple sclerosis. The patient in nged of
treatment may be determined to have one or more genotypes associated with an increased risk
of developing a disease or condition that can be treated according to the methods of the
imvention. For instance, in some embodiments, the patient has a genotype associated with an
increased risk of developing Alzheimer’s disease, such as the genotvpes described herein. In
further embodiments, the patient may be determined {o carry an allele encoding a TREM2
variani associated with an increased risk of developing Alzheimer’s disease. Such vananis
can include the R47H TREM2 vanant and the R62H TREM2 vanant.

[6625] The present invention also includes methods of increasing survival or proliferation of
myeloid cells, such as macrophages, microglia, and dendritic cells, in a patient in need
thereof. In one embodiment, the method comprises admanistering to the patient an effective
amount of any of the TREM?Z agonist antigen binding proteins described herein. In some
embodiments, the patient in need of {reatment is at risk for, suffers from, or has been
diagnosed with a neurodegenerative disorder, such as Alzheimer’s disease. In other
embodiments, the patient in need of treatment 1g at risk for, suffers from, or has been

diagnosed with an autoimmune disorder, such as multiple sclerosis.

BRIEF DESCRIPTION OF THE DRAWINGS
10026} Figure 1A depicis dose-response curves for agorust activity of purified monoclonal
human anti-TREM2 antibodies from harvest 1. The fold-increase in phosphorylated Syk
(pSvk) levels in HEK293T cells expressing human TREM2/DAP12 is plotted as a function of

concentration of human anti-TREMZ antibodies. Agonist activity of a cornmercially available
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rat anti-human/mouse TREM2 antibody (mAb17291; “R&D mAb” or “Antibody 17y 1s
included for comparison. Human 1gG2 and rat IgG2b isotype antibodies were used as
controls.

{60627 Figure 1B depicts dose-response curves for agonist activity of unpurified monoclonal
human anti-TREM?Z antibodies from hybridoma supernatants from harvests 3. 4, and 5. The
fold-increase i pSyk levels in HEK293T celis expressing human TREMZ2Z/DAP12 1s plotted
as a function of concentration of human anti-TREM2 antibodies. Human IgG2 isotype
antibodv was used as a control.

16628] Figures 2A and 2B are sequence alignments of kappa light chain variable regions of
exemplary anti-TREM?2 antibodies to original germline sequences. Figure 2B is a
continuation of the sequences in Figure 2A.

[6G629] Figures 3A and 3B are sequence alignments of lambda light chain variable regions of
exemplary anti-TREM2Z antibodies to original germline sequences. Figuwre 3B isa
continuation of the sequences in Figure 3A.

10030} Figures 4A and 4B are sequence alignments of heavy chain vanable regions of
exemplary anti-TREM?2 antibodies to original germline sequences. Figure 4B isa
continuation of the sequences in Figure 4A.

0031} Figure 815 a plot of binding signal as a function of fime of an anti-human Fc kinetic
sensor {Octet™ HTX instrument; Pall ForteBio) loaded with the 6E7 antibody at the time
indicated by the dotted Hne (“1% Ab capture™). The first solid denotes the time at which an
frrelevant human IgG2 antibody was added {0 the sensor to reduce non~specific binding
events (“Sensor blocking with G27). The second solid line denotes the time at which the
target antigen {soluble human TREM2) was added to the sensor to interact with the captured
6E7 antibody. The final solid line indicates the time at which the sandwich antibody (SE3,
6E7, or a control Ig(G2 antibody) was added to the sensor. An increase in binding 1s observed
when the 5E3 antibody 15 added, which suggests that the 5E3 antibody binds to a different
epttope on human TREM?2 from the epitope bound by the 6E7 antibody.

[6632] Figure 6 depicts a dose~response curve for agonist activity of monoclonal human
anti-TREM?Z antibodies (4C5, 4G10, SE3, 6E7, 10E3, 13E7, 24(G6, 1688, 25F12, 26F2,
32E3, and 33B12) in differentiated THP-1 cells. The fold-increase in phosphorylated Syk
{pSvk) levels over baseline is plotied as a function of concentration of human anti-TREM?2

anttbodies. Human IgG2 (HulgG) and rat IgG2b (Rilg(G) isotype antibodies were used as
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controls. Agonist activity of a conwnercially available rat anti-human/mouse TREM2
antibody {mAb17291; “RnD"™) is included for comparison.

[3633] Figure 7 depicts dose-response curves for agonist activity of purified 6E7 and 5E3
human anti-TREM2 antibodies i an IgG2 ("G27), IeG1 ("G17) or an aglycosviated 1gGl
{(“"SEFL2"} format. The fold-increase in phosphorylated Svk {pSyk)} levels over the
cotresponding isotype controf in HEK293T cells expressing human TREM2/DAP12 is
plotied as a function of conceniration of the human anti-TREM2 antibodies. Conversion of
the 6E7 and SE3 antibodies from an IgG2 isotype to an 1gGl isotype results in the partial Joss
of agonist activity.

[3634] Figure 8A is a bar graph of numbers of bone marrow derived macrophages
(BMDMs) derived from wild-type (TREM'"Y and TREM2™ mice in different days of culture
under limiting conditions of C'SF-1. The TREMZ2”- BMDMs exhibit a survival defect in these
culture conditions.

[6035] Figure 8B is a bar graph of percent cell confluence of mouse adult microgha denved
from wild-type (TREM"") and TREM2™ mice at different time points in culture under
{imiting conditions of CSF-1. TREM2” mouse adult microglia exhibit a survival defect in
these culture conditions.

(0036} Figure 8C is a bar graph of percent cell confluence of mouse neonatal nmicrogha
derived from wild-type (TREM'"} and TREM2”" mice at different time poinis in culture
under limiting conditions of CSF-1. Neonatal TREM2 ™ microglia exhibit a survival defect
over tume.

[6037] Figure 8D is a bar graph of numbers of BMDMs derived from wild-type (TREM ™)
and TREM22™ mice in different days of culture under limiting conditions of CSF-1.
TREM2P7 mouse BMDMs exhibit a survival defect in these culture conditions.

{0038} Figure 8F 15 a bar graph of percent cell confluence of mouse adult microglia derived
from wild-type (TREM'") and TREMZ2®7 mice at different time points in culture under
limiting conditions of CSF-1. TREM2M™M mouse adult microglia exhibit a survival defect in
these culture conditions.

16639} Figure 8F 1s a bar graph of percent cell confluence of mouse neonatal microgha
derived from wild-type (TREM'™") and TREM2™™ mice at different time points in culture
under limiting conditions of CSF-1. Neonatal TREM2R*™ microglia exhibit a survival defect

that mcreases over fumne.
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[0040] Figure 9A is a westemn blot of cell Iysates from TREM2?™ and wild-type (TREM™")
BMDMs treated with an anti-TREMZ antibody or an isotype control. The anti-TREM?2
antibody activates TREM2/DAP12 signaling in both types of macrophage as indicated by the
mncrease in pSyk levels,

{6041} Figure 9B is a western blot of cell lysates from TREM2” and wild-type (TREM ")
BMDMs treated with an anti-TREMZ2 antibody or an isotype control. The anti-TREM?Z
antibody does not increase pSyk levels in the TREM27 BMDMs confirming that the effect is
specific for TREM2.

10042} Figure 10A is a graph depicting percent cell confluence over time for TREM2RH
BMDMs treated with an isotype conirol antibody or an anti-TREM2Z agonist antibody as
measured by a real-time cell confluence assay. Data are plotted as mean +/- s.d. and are from
a single representative experiment. The experiment was conducted twice independently (n=2
and assaved in triplicate).

16043} Figure 108 13 a graph depicting percent cell confluence over time for wild-type
{TREM2"") BMDMs treated with an isotype control antibody or an anti-TREM2 agonist
antibodv as measured by a real-ime cell confluence assay. Data are plotied as mean +/- s.d.
and are from a single representative experiment. The experiment was conducted twice
mndependently (n=2 and assaved n triphcate).

[0044] Figure 10C is a bar graph depicting cell viability as measured by CellTiter Glo ATP
detection assay for TREM2*™ and TREM2Y- BMDMs treated with vehicle, isoty pe control,
or an anti-TREM2 agonist antibody for 14 days.

10645] Figure 10D 15 a bar graph depicting percent cell confluence at particular times in
culture for TREM2?H adult mouse microglia treated with an isotype control antibody or an
anti-TREMZ agonist antibody. An increase in survival of TREM2* " microglia is observed
with anti-TREM?2 agonist antibody treatment.

10046} Figure 10K is a graph depicting percent cell confluence over time for BMDMs
harvested from aged (18-month old) wildtype (TREM2"") mice (n=3 animals) treated with an
isotype control antibody or an anti-TREM2 agonist antibody of the present invention
{(henceforth referred to as “Antibody 27) as measured by a real-time cell confluence assay.
Data are plotted as mean +/- 5.d. and are from a single representative experiment.

RN 0001, Z-way ANOV A with Sidak’s correction for multiple comparisons. Figure 10F
ts a graph depicting percent cell contluence over time for BMDMs harvested from aged (18-

month old) TREM2R™ mice (n=3 animals, exception — wild-type age-matched littermate
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controls for day 6 samples in the knockout experiment) treated with an isotype control
antibody or an anti-TREMZ2 agonist antibody (Antibodv 2) as measured by a real-time cell
confluence assay. Data are plotted as mean +/- ¢.d. and are from a single representative
experument. ****p< 0001, 2~-way ANOVA with Sidak’s correction for multiple comparisons.
An increase in survival of wildtype and TREMZ*H macrophages is observed with anti-
TREM?2 agonist antibody treatment.

16647} Figure 114 15 a graph depicting percent cell confluence over time in a culture
compartment in a migration assay for wild-type (TREMZ ") BMDMs treated with an isotype
control antibody or an anti-TREM?2 agonist antibody (Antibody 1} as measured by a real-time
cell confluence assay. The anti-TREM?Z agonist antibody had minimal effects on migration of
the wild-type BMDMs 1n this assay.

[0048] Figure 118 15 a graph depicting percent cell contluence over time in a culture
compartment in a migration assay for TREM2™™H BMDMs treated with an isoty pe control
antibody or an anti-TREM2 agonist antibody (Antibody 1) as measured by a real-time cell
confluence assay. The anti-TREM?2 agonist antibody resulted n a small but statistically
significant reduction of migration of the TREMZ2™™ BMDMs in this assay.

106049} Figure 11C is a graph depicting percent cell confluence over time in a culture
compartment in a migration assay for TREM27 BMDMs treated with an isotvpe control
antibody or an anti-TREMZ agonist antibody (Antibody 1) as measured by a real-time cell
confluence assay. The anti-TREM2Z agonist antibody has no effect on the migration of the
TREM27 BMDMs in this assay.

10050} Figure 11D and Figure 11¥ are graphs depicting percent cell confluence over time
in a culture compartment in a migration assav for wildtype (TREMZ ") and TREMZ?™H
BMDMs, respectively, treated with an sotype control antibody or an anti-TREM?Z2 agonist
antibody {(Antibody 2) as measured by a real-time cell confluence assay. The anti-TREM?2
agonist antibody treatment has no effect on the migration of the wildtvpe and TREM2R47H
BMDMs in this assay.

[665%] Figure 124 shows the differential regulation of CDC20 transcriptls as measured by
gPCR in wild-type (TREM2'"), TREM2M and TREM27 macrophages at day 5 and day 6.
16652 Figure 128 shows the differential regulation of PKB transcripts as measured by
gPCR in wild-type (TREM2""), TREM2M™  and TREM2- macrophages at day 5 and day 6.
[6053] Figure 12C shows the differential regulation of NDCEO transcripts as measured by
gPCR in wild-type (TREM2'"), TREM2™M7H and TREM2" macrophages at day 5 and day 6.
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16654 Figure 12D shows the differential regulation of CCR2 transcripis as measured by
gPCR in wild-type (TREM2""), TREM2M™ and TREM2” macrophages at day 5 and day 6.
3055 Figure 13A depicts the differential regulation of ApoE transcripts as measured by
gPCR in wild-type (TREM2'"}, heterozy gous (TREM2'), and knockout (TREMZ)
macrophages at different time points in cultire. All gene expression levels are normalized to
wiid-ty pe control macrophages ai Dray 4 of culture.

[6656] Figure 13B depicts the differential regulation of ApoFE transcripts as measured by
gPCR in wild-type (TREM2'"), R47H heterozy gous (TREM 2P} and R47H homozy gous
(TREM2™7%y macrophages at different time points in culture. All gene expression levels are
normalized to wild-type control macrophages at Day 4 of culture.

{6657 Figure 13C depicts the differential regulation of IL-1a transcripts as measured by
gPCR in wild-type (TREM2''"), heterozygous {TREM2 '), and knockout (TREM27)
macrophages at different time points in culture. Al gene expression levels are normalized to
wild-type control macrophages at Day 4 of culture,

16658 Figure 13D depicts the differential regulation of IL-1a transcripts as measured by
gPCR in wild-type (TREM2""), R47H heterozy gous (TREM2M7Y) and R47H homozy gous
(TREMZ%™y macrophages at different time points in culture. All gene expression levels are
normalized to wild-type control macrophages at Dav 4 of culture.

[6659] Figure 13K depicts the differential regulation of CX3CR1 transcripts as measured by
gqPCR in wild-type (TREM2'"), heterozy gous (TREM2'), and knockout (TREM27)
macrophages at different fime points in culture. All gene expression levels are normalized to
wild~type control macrophages at Dav 4 of culture.

[6060] Figure 13F depicts the differential regulation of CX3CR1 transcripts as measured by
gPCR in wild-type (TREM2""), R4TH heterozygous { TREM2RX7%} and R47H homozy gous
{(TREMZ®™y macrophages at different time points in culture. All gene expression levels are
normalized to wild-type control macrophages at Day 4 of culture.

[6661] Figure 13G depicts the differential regulation of FLT1 transcripis as measured by
gPCR in wild-type (TREM2'"), heterozy gous {TREMZ2™), and knockout {TREM27)
macrophages at different time points in culture. All gene expression levels are normalized to
wild-type control macrophages at Day 4 of culture,

[6662] Figure 13H depicts the differential regulation of FLT1 transcripts as measured by
gPCR in wild-type (TREM2""), R47TH heterozygous {TREM2*%} and R47H homozygous
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{(TREM2™7%Y macrophages at different time points in culture. All gene expression levels are
normalized to wild-type control macrophages at Day 4 of culture,

[30663] Figures 13F and 13J depict the differential regulation of Clga transcripts as measured
by gPCR in wild-type (TREM2'"), R47H heterozygous (TREM2ZR47TH' ), and R47H
homozy gous (TREM2™™) macrophages at different time points in culture. All gene
expression levels are normalized to wild-type control macrophages at Dav 4 of culture.
[6664] Figures 13K and 13L depict the differential regulation of (/5 transcripis as
measured by qPCR in wild-type (TREM2'"), R47H heterozy gous (TREM2R47H"" and
TREMZ2'"), and R47H homozygous (TREM2™ and TREMZ”") macrophages at different
time points in culture. All gene expression levels are normalized to wild-type control
macrophages at Day 4 of culture.

[0065] Figures 13M and 13N depict the dufferential regulation of Cel22 transcripts as
measured by gPCR in wild-type (TREM2""), R47H heterozy gous (TREM2R47H" and
TREM2%}, and R47TH homozygous (TREM2?™ and TREM27) macrophages at different
time poinis 1o culture. All gene expression levels are normalized to wild-type control
macrophages at Day 4 of culture.

[6666] Figures 130 and 13P depict the differential regulation of U3 transcripts as measured
by qPCR in wild-type (TREM2""), R47H heterozygous {TREMZR47H" and TREM2""), and
R47H homozygous {TREM2M7 and TREM2) macrophages at different time points in
culture. All gene expression levels are normalized to wild-type control macrophages at Day 4
of culture.

10067} Figure 144 5 a graph depicting percent cell confluence over time 1n a culture
compartment in a migration assay for wild-type (TREMZ"") and knockout (TREMZ™)
BMDMs as measured by a real-time cell confluence assay. The TREM2 knockout
macrophages exhibit a migration defect as compared to wild-type macrophages m this in
Vitro assay.

00638} Figure 148 s a graph depicting percent cell confluence over time in a culture
compartment in a migration assay for wild-type (TREM2"") and TREM2R7H BMDMs as

28 macrophages exhibit a

measured by a real-time cell confluence assay. The TREM
migration defect as compared to wild-type macrophages in this in vifro assay.

[0069] Figure 15A shows a reduction in secreted CCL2 protein from TREM2R4™ and
TREMZ" macrophages as compared with wild-type {TREMZ2"") macrophages as measured

by ELISA.
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16670} Figure 158 depicts levels of secreted CCL2 protein as measured by ELISA from
TREMZ2M™ and wild-type TREM2'" macrophages treated with an anti-TREM?2 agonist
antibody or isotype control. Anti-TREM?Z2 agomist antibody treatment restores levels of
secreted CCL2 protein from TREM2M™H macrophages.

[6G71] Figure 16A shows the resulis of the pathway analvsis of genes regulated by anti-
TREM?2 agonist antibody treatment in TREM2RM™ macrophages. The modulated genes
mclude those involved in regulation of myeloid cell mugration, proliferation, cell cycle and
survival.

[3072] Figure 16B shows the RNA-Seq analysis comparing wildivpe (TREM2'"), knockout
(TREM2) and TREM2M™ macrophages at day 7 under limiting conditions of CSF-1.
Pathway analyses (WGCNA) identified 5 modules/gene networks that are differentially
regulated in the knockout and TREM2M™ macrophages compared to wild-type. The results
indicate a role for TREM?2 in cell cyele/proliferation and survival, immune response and
migration and lipid and cholesterol homeostasis.

16673} Figure 16C shows the differential regulation of UBE2C, MELK. and MMP14
transcripts as measured by qPCR in wild-type (TREM2'"") and TREM2RM™ macrophages
treated with an anti-TREM?Z2 agonist antibody {Antibody 1) or isoiype control. The data show
that expression of the expression of the MMP14 enzyme is upregulated while the expression
of the UBE2C and MELK enzymes is downregulated in the R47H macrophages, but the
changes can be restored with treaiment with the anti-TREM?Z agonist antibody.

16674 Figure 17 shows that antibody treatment increases the expression of homeostatic
microghial genes (P2rv 12, Tmem119) in WT and R47H KI mucroglia, WT muicroglia alone
and R47H K1 microglia alone (A, B and (). Also antibody treatment reduces the expression
pro-inflamamtory chemokines and cytokines such as Ccl3, Ccl4, Cel5, 1126 (D, E and F).
Al statistics are Wilcoxon rank scores. Expression ts In{counts+1).

G075} Figure 18 shows that the nicrogha infilirate population has increased expression of
myeloid and inflammatory genes and slightly lower expression of homeostatic microglia
genes (A and B), and that the administration of Trem?2 antibody decreased the pro-
inflaromatory chemokines and cvtokines in the infiltrate microgha cells from WT and R47H
Kimice, W'T only mice and R47THKI only mice (C, I and E). All statistics are Wilcoxon

rank scores. Expression is In{counts+1) adjusted for um count.

DETAILED BESCRIPTION
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16676] The present mvention relates to 1solated antigen binding proteins that specifically bind
to TREMZ2, particularly human TREM?2. In humans, the TREM 2 gene is located within a
TREM gene cluster at chromosome 6p21. 1. The TREM gene cluster encodes {four TREM
proteins (TREM1, TREM2, TREM4, and TREMS) as well as two TREM-hike proteins (TLT-
I and TLT-2). The TREMZ gene encodes a 230 amino acid protein consisting of an
extracellular domain, a transmembrane region, and a short cytoplasmic tail (Paradowska-
Gorycka ef of., Human Immunology, Vol. 74: 730-737, 2013). The extraceliular domain
contains a single type V Ig-super family domain, with three potential N-glycosylation sites.
The wild-type human TREM2 anuno acid sequence (NCBI Reference Sequence:

NP _061838.1) is provided below as SEQ ID NO: 1.

1 MEPLRLLILLFVTELSGAENTTVFQGVAGDSLOVSCPYDSMKEWGRRKAWCRQLGEKGPC 60

61 CRVVSTHENLWLLSEFLRRWNGSTAITDDTLGGTLTITLRNLOPHDAGLYQCOSLHGSEADT
120
121 LREKVLVEVLADPLDHRDAGDLWEPGESESFEDAHVERS ISRELLEGEIPFPPTSILLLLA
180

181 CIFLIKILAASALWAAAWHGQKPGTHPEPSELDCGHDPGYQLOTLEGLRDT 230

[6677] Amino acids | to 18 of the wild-tvpe human TREM?Z protein {(SEQGIDNO: 1)isa
signal peptide, which is generally removed from the mature protein. The mature human
TREM2 protein comprises an extracellular domain at amino acids 19-174 of SEQ IDNO: 1,
a transmembrane domain at anuno acids 175-195 of SEG 1D NO: 1, and a cytoplasnuc
domain at amino acids 196-230 of SEQ ID NO: 1. The amino acid sequence of the
extracellular domain (including the signal peptide) of human TREM2 1s provided below as

SEQID NO: 2.

1 MEPLELLILLEVTELSGAHNTTVEQGVAGQSLOVSCPYDSMKEWGRREAWCROLGEKGPC
60
61 QRVVSTHNLWLLSFLRRWNGSTAITDDTLGGTLT ITLRNLOPEDAGLYQCQSLHGSEADT
120

127 LREVLVEVLADPLDHRDAGDLWFPGESESFEDAHVEHSISRSLLEGEIPFPPTS 174

0078} The term “human triggering receptor expressed on myeloid cells-27 or “hurnan
TREMZ2” can refer to a polvpeptide of SEG 1D NO: 1, a polypeptide of SEQ 1D NO: 2,
polvpeptides of SEQ 1D NO: 1 or SEQ ID NG: 2 minus the signal peptide (amino acids 1-
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18}, allelic variants of human TREMZ, or splice variants of human TREM?2. In some
embodiments, the term “human TREMZ2” includes naturally occurring variants of TREM2,
such as mutations R4TH, Q33X (X is a stop codon), Y38C, TeoM, DTN, HIS7Y, RO9&8W,
and S116C,

[6679] Because the cytoplasmic domain of TREM2 lacks signaling capability, 1t must
interact with other proteins o transduce TREM2Z-activating signals. One such protein is
DNAX-activating protein of 12 kDa (DAP12). DAPI2 15 also known as killer cell activating
receptor-associated protein (KARAP) and tyrosine kinases binding protein {TYROBP).
DAP12 1s atype | transmembrane adaptor protein that comprises an I'TAM motif in its
cytoplasmic domain. The ITAM motif mediates signal propagation by activation of the
ZAPTO and Syk tyrosine kinases, which in furn activate several downstream signaling
cascades, including PI3K, PKC, ERK, and elevation of intracellular calcium (Colonna,
Nature Reviews Immunology, Vol. 3: 445-453, 2003, Ulrnich and Holtzman, ACS Chem
Meurosct., Vol 70 420-427, 20163, DAPI2 and TREM2 associate through their
transmerbrane domains; a charged lysine residue within the transmembrane domain of
TREM?2 mteracts with a charged aspartic acid residue within the transmembrane domain of
DAPI2.

(3088 Human DAPI12 is encoded by the TYRORP gene located on chromosome 19g13. 1
The human protein is 113 anuno acids i length and comprises a leader sequence {(amino
acids 1-27 of SEQ 1D NG: 3}, a short extracellular domain {amino acids 28-41 of SEQ ID
NG 3), a transmembrane domain (amano acids 42-65 of SEQ 1D NG: 3} and a cytoplasmic
domaim {amino acids 66-113 of SEQ [ NO: 3 Paradowska-Gorveka er of , Human
Immmmology. Vol. 74: 730-737, 2013} DAP12 forms a homodimer through two cysteine
residues in the short extracellular domain. The wild-type human DAPI2 amino acid sequence

{(NCBI Reference Sequence: NP _003323.1) 1s provided below as SEQ D NO: 3,

1 MGGLEPCSRLLLLPLLLAVSGLRPVOQAQAQSDCSCSTVSPGVLAGIVMGDLVLTVLIALA
oo

&0

6l VYFLGRLVPRGRGAAEAATRKORITETESPYQELQGORSDVYSDINTORPYYK 113

{6681 The term “human DAP12” can refer to a polypeptide of SEQ 1D NO: 3, a polvpeptide
of SEQ ID NO: 3 munus the leader peptide (amino acids 1-27), allelic variants of human

DAP12, or splice vanants of human DAP12.

21



WO 2018/195506 PCT/US2018/028691

16082} Tn some embodiments, the present invention provides isolated antigen binding
proteins that specifically bind to human TREMZ. As used herein, the term “antigen binding
prolein” refers to a protein that specifically binds to one or more larget antigens. An antigen
binding protein typically comprises an antigen-binding fragrment that specifically binds to an
antigen and, optionally, a scaffold or framework portion that allows the antigen-binding
fragment to adopt a conformation that promotes binding of the antigen binding protein o the
antigen. An “antigen binding fragment,” used interchangeably herein with “binding
fragment” or “fragroent.” is a portion of an antibody that lacks at least some of the ammno
acids present in a full-fength heavy chain and/or light chain, but which is still capable of
specifically binding to an antigen. An antigen-binding fragment includes, but is not limited
to, a single-chain variable fragment (scFv), a nanobody {e.g. VH domain of camelid heavy
chain antibodies; VHH fragment, see Cortez-Retamozo ef ¢/., Cancer Research, Vol.
64:2853-57, 2004}, a Fab fragment, a Fab' fragment, a F{ab"): fragment, a Fv fragment, a Fd
fragment, and a cormplementarity determining region (CDR) fragment, and can be denved
from any mammalian source, such as human, mouse, rat, rabhit, or camelid. Antigen-binding
fragments may compete for binding of a target antigen with an intact antibody and the
fragments may be produced by the modification of intact antibodies (e.g. enzymatic or
chemical cleavage) or syunthesized de novo using recornbinant DNA technologies or peptide
svithesis. In some embodiments, the antigen-binding fragment comprises at least one CDR
from an antibody that binds to the antigen, for example, the heavy chain CDR3 from an
antibody that binds to the antigen. In other embodiments, the antigen-binding fragment
comprises all three CDRs from the heavy chain of an antibody that binds to the antigen or all
three CDRs from the light chain of an antibody that binds to the antigen. In still other
embodiments, the antigen-binding fragment comprises all six CBRs from an antibody that
binds to the antigen {three from the heavy chain and three from the light chain). In certain
embodiments, an antigen binding protein 15 an antibody or binding fragment thereof.

{6G83] An antigen binding protein can also include a protein comprising one or more
antigen-binding fragmentis ncorporaied into a single polypeptide chain or into multiple
polvpeptide chains. For instance, antigen binding proteins can include, but are not himited to,
a diabody {see, e.g., EP 404,097, WO 93/11161; and Hollinger er a/., Proc. Natl. Acad. Sci.
USA, Vol 90:6444-6448, 1993}, an intrabody; a domain antibody (single VL or VH domain
or two or more VH domains joined by a peptide hinker; see Ward et al., Nature, Vol

341:544-546, 1989); a maxibody (2 scFvs fused to Fe region, see Fredericks ef o/, Protein
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Engineering, Design & Selection, Vol 17:95-106, 2004 and Powers er o/, Journal of
Immmological Methods, Vol. 251:123-135, 2001); a triabody; a tetrabodyv; a minibody {scFv
fused to CH3 domain; see Olafsen ef ¢/, Protein Eng Des Sel. |, Vol.17:315-23, 2004); a
pepiibody (one or more peptides attached to an Fc region, see WO 00/24782); a linear
antibody (a pair of tandem Fd segments (VH-CHI1-VH-CH1} which, together with
complementary hight chain polypeptides, form a pair of antigen binding regions, see Zapata ef

al., Protein Eng., Vol 8:1057-1062, 1993}, a small modular immunopharmaceutical {see U5,

lgG-Fab, 2scFv-1g(G, 4ecFv-IgG, VH-1gG, IgG-VH, and Fab-scFv-Fc; see, e.g., Spiess ef af.,
Mol Immunol., Vol 67(2 Pt A»95-106, 2015}

0084} The term “isolated molecule”™ (where the molecule 13, for example, a polypeptide, a
polynucleotide, antigen binding protein or an antibody) is a molecule that by virtue of its
origin or source of derivation (1) is not associated with naturally associated components that
accompany it in its native state, (2} 1s substantially free of other molecules from the same
species (3) 1s expressed by a cell from a different species, or {4} does not occur i nature.
Thus, a molecule that is chemically synthesized, or expressed in a cellular system different
from the cell from which it naturally originates, will be “isolated” from its natorally
associated components. A molecule also may be rendered substantially free of naturally
assoctated coraponents by isolation, using purtfication techniques well known in the art.
Molecule purity or homogeneity may be assayed by a number of means well known in the
art. For example, the purtty of a polypeptide sample may be assayed using polyacryvlamide
gel electrophoresis and staining of the gel to visualize the polypeptide using techmiques well
known in the art. For certain purposes, higher resolution may be provided by using HPLC or
other means well known in the art for purification.

[B08S] In certain embodiments of the invention, the antigen binding proteins specifically bind
to human TREM2. An antigen binding protein “specifically binds” to a target antigen when it
has a significantly higher binding affinity for, and consequently is capable of distinguishing,
that antigen compared to its affinity for other unrelated proteins, under similar binding assay
conditions. Antigen binding proteins that specifically bind an antigen roay have an
equilibrium dissociation constant (Kp) <1 x 10 M. The antigen binding protein specifically
binds antigen with “high affinity” when the Kp is <1 x 10* M. In one embodiment, the
antigen binding proteins of the invention bind to human TREM2 with aKpof <3 x 107 M.

In another embodiment, the antigen binding proteins of the invention bind to human TREMZ
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with a Kp of <1 x 107 M. In yet another embodiment, the antigen binding proteins of the
invention bind to human TREM?2 with a Kp of <5 x 10® M. In another embodiment, the
antigen binding proteins of the invention bind to human TREM2 with aKpof < I x 10% M.
In certain embodiments, the antigen binding proteins of the invention bind to hursan TREM2
with a Ko of <5 x 107 M. In other embodiments. the antigen binding proteins of the
invention bind to human TREM2 with a Kp of <1 x 10 M. In one particular embodiment,
the antigen binding proteins of the invention bind to human TREM2 with a Kp of <5 x 1070
M. In another particular ernbodiment, the antigen binding proteins of the invention bind to
human TREMZ with a Kp of <1 x 1071 M.

[6686] Affinity is determined using a variety of techniques, an example of which is an
affinity ELISA assay. In various embodiments, affinity 15 determined by a surface plasmon
resonance assay {e.g., BlAcore®-based assay). Using this methodology. the association rate
constant (ke in M'sY) and the dissociation rate constant (ke in s™') can be measured. The
equilibrivm dissociation constant (Kp in M) can then be calculated from the ratio of the
kinetic rate constants (ke/'ka). In some embodiments, affinity 15 deternuned by a kinetic
method, such as a Kinetic Exclusion Assay (KinEx A} as described in Rathanaswami ef @/,
Analytical Biochemistry, Vol. 373:52-60, 2008, Using a KinExA assay, the equilibrium
dissociation constant {Kp in M) and the association rate constant (ks in M's™1) can be
measured. The dissociation rate constant (ks in s} can be calculated from these values (Ko x
ka). In other embodiments, affinity is determuned by a bio-layer interferometiry method, such
as that described in Kumaraswamy ef @/, Methods Mol Biol, Vel 1278:165-82, 2015 and
emploved in Octet” systems (Pall ForteBio). The kinetic (k. and kq) and affinity (Ko)
constants can be calculated in real-time using the bio-layer interferometry method. In some
embodiments, the antigen binding proteins described herein exhibit desirable characteristics
such as binding avidity as measured by ke (dissociation rate constant) for human TREM?2 of
about 107, 107, 10, 107, 10 57 or lower (lower values indicating higher binding avidity),
and/or binding affinity as measured by Ko {(equilibrium dissociation constant} for human
TREM2Z of about 107%, 107, 1071, 1011 M or lower (lower values indicating higher binding
affinity).

16087} In certain embodiments, the antigen binding proteins of the invention specifically
bind to human TREMZ with a Kp from about 1 pM to about 100 nM as measured by bio-
laver interferometry at 25° C. For instance, in some embodiments, the antigen binding

proteins of the invention specifically bind to human TREMZ with a Ko less than 100 nM as
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measured by bio-layer interferometry at 25° C. In other erobodirents, the antigen binding
proteins of the invention specifically bind to human TREM?2 with a Ko less than 50 oM as
measured by bio-laver nterferometry at 25° C. In vet other embodiments, the antigen binding
proteins of the mvention specifically bind to human TREMZ2 with a Ko less than 25 nM as
measured by bic-layer interferometry at 25° C. In one particular embodiment, the antigen
binding proteins of the invention specifically bind to human TREM2 with a Ko less than 10
nM as measured by bio-layer interferometry at 25° C. In another pariicular embodiment, the
antigen binding proteins of the mvention specifically bind to human TREM?2 with a Ko less
than 5 nM as measured by bio-layer interferometry at 25° C. In another particular
embodiment, the antigen binding proteins of the mvention specifically bind to human
TREMZ with a Kp less than 1 nM as measured by bio-layer imterferometry at 25° C.

{0088} The antigen binding proteins of the invention may, in some embodiments, bind to a
particular region or epitope of human TREMZ. As used herein, an “epitope” refers 1o any
determinant capable of being specifically bound by an antigen binding protein, such as an
antibody or fragment thereof. An epitope 1s a region of an antigen that is bound by, or
interacts with, an antigen binding protein that targets that antigen, and when the antigenis a
profein, includes specific amino acids that directly contact, or inferact with, the antigen
binding protein. An epitope can be formed both by contigucus amino acids or non-
contiguous anune acids juxtaposed by terfiary {folding of a protein. A “linear epitope™ 15 an
epitope where an amino acid primary sequence comprises the recognized epitope. A linear
epitope typically includes at teast 3 or 4 amino acids, and more usually, at least 5, at least 6,
or at least 7 anuno acids, for example, about § to about 10 amino acids in a unique sequence.
A “conformational epitope”, in contrast to a linear epitope, is a group of discontinuous amino
acids {e.g., in a polypeptide, amino acid residues that are not contiguous in the polypeptide’s
primary sequence but that, in the context of the polypeptide’s lertiary and guaternary
structure, are near enough to each other to be bound by an antigen binding protein). Epitope
determinanis can include chemically active surface groupings of molecules such as amino
acids, sugar side chains, phosphoryl or sulfony! groups, and can have specific three
dimensional structural characieristics, and/or specific charge characteristics. Generally,
antigen binding proteins specific for a particular target molecule will preferentially recognize
an epitope on the target molecule in a complex mixture of proteins and/or macromolecules. In
sore embodiments, the antigen binding proteins bind to human TREMZ at an epitope within

the extracellular domain of human TREM2 (SEQ 1D NO: 2). In related embodiments, the
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antigen binding proteins bind to human TREM2 at an epitope within amino acids 19-174 of
SEQ ID NO: 1. In certain embodiments, the antigen binding proteins bind to human TREM?2
at an epitope within amino acids 23-128 of SEQ ID NG 1

0089} In certain embodiments, the antigen binding proteins of the invention do not
specifically bind to human TREMI. Like TREM2Z, TREM1 is a transmembrane glycoprotein
that 1s expressed on myeloid cells and signals through DAP12. Activation of TREM1
signaling results in inflammatory effects, such as pro-inflanwnatory cytokine production,
degranulation of neutrophils, and phagocyvtosis {Arts ef ¢/, Journal of Leukocvte Biology,
Vol 93: 209-215, 2013). As discussed above, TREM1 is encoded by the TRFAL] gene, which
is located in the TREM gene cluster along with the TREM 2 gene at chromosome 6p21.1. The
wild-type human TREM!1 amino acid sequence (NCBI Reference Sequence: NP 0611131} 1s
provided helow as SEQ D NG: 4.

1 MRKTRLWGLLWMLEVSELRAATKLTEEKYELKEGQTLDVKCDY TLERKFASSQKAWQIIRD
60
61 GEMPKTLACTERPSKNSHPVOVGRIILEDYHDHGLLRVRMVNLOVEDSGLYQCVIYRPPK
120

121 EPHMLFDRIRLVVTHKGFSGTPGSNENSTONVYKIPPTTTKALCPLYTSPRTIVTQAPPKST

181 ADVSTPDSEINLTNVIDIIRVPVENIVILLAGGFLSKSLVESVLFAVTLRSFVP 234

16098} The term “human TREMI1” can refer to a polypeptide of SEQ ID NO: 4, a
polypeptide of SEQ 1D NO: 4 minus the signal peptide {amino acids 1-20), allelic variants of
human TREMI, or splice variants of human TREM1. An antigen binding protein of the
invention “does not specifically bind” 1o human TREM1 if 1t has an equivalent or lower
binding affinity for human TREM]1 as it does for an unrelated human antigen protein.
Antigen binding proteins that do not specifically bind to human TREM1 mayv have a Ko for
human TREMI > 1 x 107 M, > 1 x 10 M, or >1 x 107 M as determined by any of the
methods for measuring atfinity as described herein. An antigen hinding protein of the
invention may be considered to not specifically bind human TREM1 if the antigen binding
protein has equivalent or lower binding to human TREMI as compared to the bindmg to
human TREM1 of an isotype control antibody as measured by any method known in the art,

such as the FACS binding method described in Example 2.
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6691} Tn certain embodiments, the antigen binding proteins of the invention are agonist
antigen binding proteins. An “agonist antigen binding protein” or “activating antigen binding
protein” is an antigen binding protein {e.g. an antibody) that binds to and induces or increases
one or more TREMZ-mediated functions or activities. TREMZ-mediated functions or
activities include, but are not linmuted to, DAP12 phosphorvlation (e.g. tyrosine
phosphorviation within the ITAM motif within the DAP12 cvioplasmic domain); Svk
phosphorylation; Src phosphoryvlation/activation; activation/phosphoryviation of extracellular
regulated kinase (ERK1/2); translocation of activated phosphatidylinositol 3-kinase (P13K) o
the membrane; activation of protein kinase B (PKB, also known as Akt); activation of NF-«B
and NF-«B-mediated transeription; activation of nuclear factor of activated T-cells (NFAT)-
mediated transcription; activation of protein kinase C (PKC); elevation of intraceiivlar
mositol (1,4,5)-triphosphate (1P3); elevation of intracellular calcium levels; increase in
survival or proliferation of myeloid cells, such as macrophages, macroghia, and dendritic

ells; reduction of apoptosis of myeloid cells, such as macrophages, microglia, and dendritic
cells; increase in CCL2 protein expression in macrophages, reduction of inflammatory
cvtokine {e.g. TNF-a, IL-6, IL~10, IL-12p70, and IFN-y) production from myeloid cells (e.g.
macrophages), and increase in phagocyiosis by macrophages and microglia of necrotic and/or
apopiotic cells (e g neuronal cells), cellular debris, and misfolded peptides.
(6092} The agonist TREM?2 antigen binding proteins of the invention are capable of inducing
or activating TREMZ-mediated functions in the absence of aggregation, clustering, and/or Fe-
mediated cross-hinking of the antigen binding protewns. Accordingly, in virro, the agonist
activity of the antigen binding proteins can be detected with soluble (1.e. not bound to a solid
support), menomeric, bivalent forms of the antigen binding proteins or antibodies. /1 vivo,
the agonist activity of the antigen binding proteins of the invention can occur in the absence
of the antigen binding proteins binding to receptors (e.g. Fe receptors) on adjacent cells to
cluster or aggregate the antigen binding protein. Thus, in sorme embodiments, the agonist
activity of the antigen binding proteins described herein is independent of the ability of the
antigen binding proteins to bind to or interact with Fe recepiors. In embodiments in which the
antigen binding proteins comprise an Fo region {e.g. antibodies), the antigen binding protems
retain TREM?2 agonist activity without binding or interacting with an Fcy receptor, such as
the FoyRIIB receptor. The cross-linking independent nature of the agounist antigen binding

proteins of the invention is advantageous for therapeutic uses of the antigen binding proteins
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because the agonist activity of the antigen binding proteins will not vary with the Foy receptor
expression or accessibility at the therapeutic site of action.

[6693] The dependence of TREM?Z agonist activity on cross-linking, aggregation, and/or
clustering of the antigen binding proteins can be assessed by measuring activation or
induction of any of the TREMZ-mediated functions described herein in the absence of a
cross-linking agent. A cross-hinking agent can be any agent that interacts with antigen binding
proteins at a site other than the antigen-binding site to cluster two or more antigen binding
proteins together. In embodiments in which the antigen-binding protein comprises an Fc
region {(e.g. an antibody), a cross-hinking agent can be a protein that binds to or interacts with
the Fe region, such as protein A, protein G, an anti-Fe antibody, or Foy receptor.

6094} In some embodiments, a TREM?2 agonist antigen binding protein of the invention
increases levels of phosphoryvlated Svk (pSyk) in cells expressing a TREM2 protein {e.g. a
human TREM?2 protein) relative to pSvk levels in the absence of the antigen binding protein
or relative to pSyk levels in the presence of a control. The cells can be cells of a myeloid
linage including, but not limited to, monocyles, macrophages, microghial cells, dendritic cells,
osteaclasts, neutrophils, basophuls, eosinophils, megakarvocytes, and platelets. In certain
embodiments, the TREM?Z agonist antigen binding proteins increase pSvk levels with an
EC50 less than about 100 nM, less than about 80 nM, less than about 60 nM, less than about
50 nM, less than about 40 nM, less than about 30 nM, less than about 20 nM, less than about
10 nM, less than about S nM, less than about 1 nM, less than about S00 pM, less than about
300 pM, or less than about 100 pM. In some embodiments, the TREM?2 agonist antigen
binding proteins increase pSyk levels with an EC50 from about 1 pm to about 100 nM, from
about 10 pM to about 50 nM, from about 50 pM to about 5 nM, from about 100 pM to about
I nM, or from about 150 pM to about 500 pM. An “ECS50” or “half maximal effective
concentration” is a measure of potency of the antigen binding protein and refers io the
concentration of antigen binding protein required to induce a response halfway between
baseline and maximal response afier a particular exposure period. The ECS0 of any particular
agonist can be determined by constructing a dose-response curve and examining the effect of
different concentrations of the agonist in inducing activity in a particular functional assay
{e.g. pSvk levels). The ECS0 is the concentration of the agonist at which 50% of 1ts maximal
effect 1s observed. Increases in intraceliular pSyk levels induced by the TREM?2 agonist
antigen binding proteins of the invention can be assessed by vartous methods, such as the

cell-based assays described in Examples 2 and 6. For instance, cells expressing TREM2 (e.g.
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human TREM2) are contacted with one or more concentrations of an agonist antigen binding
protein, the cells are Ivsed, and pSvk levels in the cell lysates are assessed, for example by
Western blot, FRET-based assay or chemiluminescent assay {e.g. Alphal. IS A-based assay).
The cells in the cell-based assay may be cells, such as HEK293T cells or CHO cells, which
recombinantly express TREM?2 (e ¢ human TREM2} Altemnatively, the cells in the cell-
based assay are cells thai natively express TREM2 (e.g. human TREM?2), such as THP-1
cells, macrophage, microghal cells, or dendritic cells.

16695 In certain embodimenis, the potency of the TREM2 agonist antigen binding proteins
for inducing or increasing pSyk levels in a cell expressing TREMZ {e.g. human TREM2} is
retained in the absence of a cross-linking agent. For instance, in some embodiments, the
TREM?Z agomist antigen binding proteins of the invention increase pSyk levels with an EC50
from about 1 pM to about 100 nM, from about 10 pM to about 50 nM, from about 50 pM 1o
about 5 nM, from about 100 pM to about T nM, or from about 150 pM to about 500 pM in the
absence of a cross-linking agent as measured by a cell-based pSyk assay. In one embodiment,
the TREMZ2 agorist antigen binding protein increases pSvk levels with an EC50 less than 5
nM in the ahsence of a cross-linking agent as measured by a cell-based pSyk assay. In
another embodiment, the TREM?2 agonist antigen binding protein mcreases pSyvk levels with
an EC30 less than 1 oM in the absence of a cross-linking agent as measured by a cell-based
pSvk assay. In another ernbodiment, the TREM?2 agonist antigen binding protein increases
pSyk tevels with an EC50 less than 500 pM in the absence of a cross-linking agent as
measured by a cell-based pSyk assay. In still another embodiment, the TREMZ agonist
antigen binding protein increases pSvk levels with an ECS50 less than 300 pM in the absence
of a cross-linking agent as measured by a cell-based pSyk assay. In yet another embodiment,
the TREM?Z agonist antigen binding protein increases pSyk levels with an ECS0 less than 100
pM in the absence of a cross-linking agent as measured by a cell-based pSyk assay.

[6096] The TREMZ agonist antigen binding proteins of the invention may comprise one or
more complementarity determining regions (CDRs} from the light and heavy chain variable
regions of antibodies that specifically bind to human TREM2 as described herein. The term
“CDR” refers to the complementarity determining region {also termed “munimal recoguition
units” or “hypervariable region”} within antibody variable sequences. There are three heavy
chain variable region CDORs (CDRH1T, CDRH2 and CDRH3) and three light chain variable
region CDRs (CDRLI, CDRLZ and CDRL3). The term “CDR region”™ as used herein refers

to a group of three CDRs that occur in a single variable region (i.¢. the three light chain
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CDRs or the three heavy chain CDR3). The CDRs in each of the two chains typically are
aligned by the framework regions (FRs} to form a structure that binds specifically with a
specific epitope or domain on the target protein {e.g., human TREM2). From N-terminus to
C-terminus, naturally-occurring light and heavy chamn variable regions both typically
conform with the following order of these elements: FR1, CDR1, FRZ, CDR2, FR3, CDR3
and FR4. A numbering system has been devised for assigning numbers to amino acids that
occupy postiions in each of these domains. This numbering system is defined in Kabat
Sequences of Proteins of Immunological Interest (1987 and 1991, NIH, Bethesda, MD), or
Chothia & Lesk, 1987, J Mol Biol 196:901-917; Chothiaer af., 1989, Nature 342:878-883.
Complementarity determining regions (CDRs) and framework regions (FR) of a given
anttbody may be identified using this svstem. Other nombering systems for the amino acids
in immunoglobulin chains include IMGT® (the international iImMunoGeneTics information
system, Lefranc ef a/., Dev. Comp. Imimumnol. 29:185-203; 2005} and AHo (Honegger and
Pluckthun, J. Mol. Biol. 309(3):657-670; 2001). One or more CDRs may be incorporated
into a molecule either covalently or noncovalently to make it an antigen binding protem.
[6697] In some embodiments, an antigen binding protein of the invention may incorporate
the CDR({s) as part of a larger polypeptide chain, may covalently link the CDR(s) to another
polypeptide chain, or may incorporate the CDR{s) noncovalenily. The antigen binding
proteins may comprise at least one of the CDRs described herein incorporated nto a
biocompatible framework structure. In one example, the biocompatible framework structure
comprises a polypeplide or portion thereof that is sufficient to form a conformationally stable
structural support, or framework, or scaffold, which is able to display one or more sequences
of amino acids that bind to an antigen (g.g., CDRs, a variable region, etc.) in a localized
surface region. Such structures can be a naturally occurring polypeptide or polypeptide
“fold” (a structural motif), or can have one or more modifications, such as additions,
deletions or substitutions of amino acids, relative to a naturally occurring polypeptide or fold.
Thase scaffolds can be derived from a polypeptide of any species {(or of more than one
species), such as a human, other mammal, other vertebrate, invertebrate, plant, bacteria or
VITUS.

16698] In certain embodiments, the TREMZ agonist antigen binding proteins of the invention
comprise at least one light chain variable region comprising a CDRL1Y, CDRL2, and CDRL3,
and at least one heavy chain vanable region comprising a CDRHI, CDRH2, and CDRH3

from an anti-TREM2 agonist antibody described herein. Light chain and heavy chain variable
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regions and associated CDRs of exemplary hurnan anti-TREM2 antibodies are set forth

below in Tables 1A and 1B, respectively.

Table 1A. Exemplary Anti-Human TREM?2 Antibody Light Chain Variable Region

Amino Acid Seg

USIECS

Ab 1D,

A28
Group

VI Amino Acig
Seguence

CDRLI

ChBRLZ

UBRL3

12G10

LV-01

QAVPTOPSSLSASPGV
LASLTCTLRSGINVGT
YRIYWYQOQKPGSPPQ
YLLRYKSDSDKQQGS
GVPSRFSGSKDASANA
GILLISGLQSEDEADYY
CMIWYSSAVVFGGGT
KLTVL (SEQ ID NO: 46)

TLRSGINVGTYRIY
(SEQ ID NO: 5)

YKSDSDKQOGS
(SEQ ID NC: 19)

MIWYSS5AVY
(SEQ D NO:
3D

26A10

Lv-62

SYELTQPPSVSVSPGQ
TASITCSGDKLGDKYV
CWYQOKPGOSPVLVI
YQDSKERPSGIPERFSGS
NSGNTATLTISGTOAM
DEADYYCQAWDSNTY
VEGGGTKLTVL (SBEQ
1 NO: 47)

SGDKLGDKYVC
(SEGQ ID NO: 6)

(DSKRPS
(SEQ ID NO:

o]
<D
-

QAWDSNTVV
(SEQ ID NO:
32)

26C10

LY-03

SFELTOQPPSYSVIPGQT
ASITCSGDKLGDEYVC
WYQOKPGQSPMLVIY

QDTKRPSGIPERFSGSN
SONTATLTISGTOAMD
EADYYCQAWDSSTVY
FGGGTKLTVL (SEQ ID
NQO: 48)

SGDELGDEYVC
(SEQ ID NO: 6)

ODTKRPS
(SEQ ID NO: 21)

QOAWDSSTVY
(SEQ ID NO:
33)

26F2

LV-04

SYELTQPPSVSVSPGQ
TASITCSGDKLGDKYV
CWYQUKPGOSPVLVIF
QDSKRPSGIPERFSGSN
SGNTATLTISGTQAMD
EADYYCQAWDSRTVY
FGGGTKLTVL (SEQ ID
NO: 49

SGDKLGDKYVC
(SEQ 1D NO: 6)

QDSKRPS
(SEQ D NG: 20)

QAWDSSTVV
(SEQ D NO:

33}

33812

LV-05

SYELTQPPSVEVSPGQ
TASITCSGDKLGDKYVY
CWYQOKPGRSPVLVI
YQDSERPSGIPERFSGS
NSGNTATLTISGTOAM
DEADYYCQAWDSSTV
VEGCGGTKLTVL (SEQ
113 NO: 50)

SCDKLGDKYVC
(SEQ ID NO: 6)

QDSKRPS
{SEQ ID NO: 20)

QAWDSSTVV
(SEQ ID NO:
33)

24C12

LY-06

GIVMTQSPDSLAVSLG
ERATINCKSSREVLYSES
NNKNYLAWYQOKPG
QPPKVLIYWASTRESG
VPDRFSGSGRCTDFTL
TISSLOAEDVAVYNCQ
(YYITPITFGQGTRLEI
K (SEQ ID NO: 51)

KSSRSVLYSSNNEKNYLA
(SEQ 1D NO: 73

WASTRES
(SEQ 1D NO: 22)

QQYYITPIT
(SEQ 1D NO-
34)
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Ab 1D,

A28
Group

VI Amino Acig
Seguence

CDRLI

ChBRLZ

UBRL3

2406

L7

DIVMIGQSPDSLAVSLG
ERATINCKSSQSVLYSS
NNKHFLAWYQOKPGQ
PPKLLIYWASTRESGV
PDRFSGSGSGTDFTLTY
SSLOAEDVAFYYCQQ
YYSTPLTFGGGTKVEI
K (SEQ ID NO: 52)

KRSORVL Y SSNNRIIFLA
(SEQ ID NO: 8)

WASTRES
(SEQ ID NO: 22)

OUYYSTPLT
(SEQ 1D NO:
35)

24A10

Lv-08

DIVMTQSPDSLAVSLG
ERATITCKSSHNVLYS

SNNKNYLAWYQOKPG
OPPKLLIYWASTRESG

VPDRFSGSGSGTDFTL

TISSLQAEDVAVYYCH
QYYSTPCSFGQGTKLE
IK (SEQ ID NO: 53)

KSSHNVLYSSNNENYLA

(SEQ ID NO: 9)

WASTEES
(SEQ ID NG: 22)

HOYYSTPCS
(SEQ ID NG:
36}

10E3

LV-39

EIVMTOSPATLSVSPG
ERATLSCRASQSVSSN
LAWFQOQKPGQAPRLLI
YGASTRATGIPARFSV
SGSGTEFTLTISSLOSE
DFAFYYCLODNNWPP
TFGPGTKVDIK (SEQ
1D NO: 54)

RASQSVEENLA
(SEQ ID NO: 10)

GASTRAT
(SEQ ID NOG: 23)

LODNNWPPT
(SEQ ID NO:
37)

13E7
14C1z2

LV-16

EIVMTOSPATLSVSPG
ERATLSCRASQSVSSN
LAWFQUEPGQAPRLLI
YGASTRATGIPARFSY
SGSGTEFTLTISSLOSE
DFAVYYCLOQDNNWPP
TFGPGTKVDIK (SEQ
1D NO: 55)

RASQSVSSNLA
(SEQ 3 NO: 10

GASTRAT
(SEQ ID NO: 23)

LODNNWEPT
(SEQ ID NO:
37)

Lv-11

EEVMTQSPATLSVSPG
ERATLSCRASQSVNNN
LAWY QQKPGOAPRLL
IYGASTRATGIPARFSG
SGSGTEFTLTISSLOSE
DFAVYYCOQQYNNWPR
TFGOGTKVEIK (SEQ
ID NG 563

RASQSVNNNLA
(SEQ ID NO: 11)

GASTRAT
(SEQ ID NG: 23)

QOYNNWPRT
(SEQ ID NG:
38)

LV-12

EFVLTQSPGTLSLSPGE
RATLSCRASQIISSNYL
AWYQOKPGQAPRLLI
VSASSRATGIPDRFSGS
GSGTDFILTISRLEPED
FAVYYCOQOQFDSSPITF
GRGTRLDIK (SEQ ID
NO: 57)

RASOQUISENYLA
(SEQ ID NGy 12}

SARSRAT
(SECQ ID NG: 24)

QOFDSSPIT
(SEQ D NO:
39)

24F4

LV-13

EIVLTGSPGTLSLSPGE
RATLSCRASQSVSSSY

LAWYQQKPGOQAPRLL
IYGASSRATGIPDRFSG
SGSGTDFTLTISRLEPE

DFALYYCOQQYDTSPFT
FGPGTRVDIK (SEQ D

NO: 583

RASQSVYSSSYLA
(SEQ 1D NO: 13)

GASSRAT
(SEQ ID NO: 25)

GOYDTSPFT
(SEQ ID NO:
40)

(43
NS




WO 2018/195506 PCT/US2018/028691

Ab 1D, Vi VI Amino Acig CBRLT CBRL2 CDBRL3
Group Seguence
1688 LV-14 | DIGMTOSPRSVEASYEG | RASQEINSWLA AASSLOT QOQSNSFPIT
DRVTVTCRASGDINS (SEQ D NQ: 14 (SEQ ID NO: 26) { (SEQID NO:
WLAWYQOKPGKAPK 41)

LLIYAASSLQTGVPSRY
SGRGRGTDFTLTISALG
PEDFATYSCQQSNSFPI

TFGOGTRLEIK (SBQ
D NO: 59)

1C5 LV-15 | DIOMTQSPSSVSASVG | RASQGISNWLA AASSLOV QGADSFPRN
DRVTITCRASQGISNW | (SEQ ID NO: 15) (SEQID NO: 27) | (SEQ ID NO:
LAWYQQKPGKAPKLL 42)

IYAASSLOVGYPLRFS
GSGSGTDFTLTISSLOP
EDFATYYCQQADSFPR
NFGQGTKLEIK (SEQ
D NO: 60)

6E7 LV-16 | DIQMTOQSPSSVSASVG | RASQGISSWLA AASSLON QOADSFPRT
DRVTITCRASQGISSW | (SEQ ID NO: 16) (SEQ ID NO: 28) | (SEQ ID NO:
LAWYQOQKPGKAPKLL 43)

TYAASSLONGVPSRFS
GSGSGTDFTLTISSLOP
EDFATYFCQUADSFPR

TFGQGTKLEIK (SEQ
1D NO: 61)

5E3 LV-17 | DIQMTGSPSSLEASVG | RASQGISNYLA AASSLOS GOYSTYPFT
DRVTITCRASQGISNY | (SEQ I NO: 17) (SEQ ID NO: 29) | (SEQ ID NO-
LAWPQUEPGK APKSLI 44)
YAASSLOSGVPSKFSG
SGSGTDFTLTISSLOPE
DFATYYCQQYSTYPFT
FGPGTEVDIK (SEQ ID
NO: 62)

1GI0 | LV-18 | DIOMTOSPSSLSASVG | RASQGIRNDLG AASSLPS LOHNSYPWT
DRVTITCRASQGIRND | (SEQ ID NO: 18) (SEQ ID NO: 30) | (SEQ ID NO:
LOWYQQKPGNAPKRL 45)

IYAASSLPSGVESRFSG
SGSGPEFTLTISSLOFPE
DFATYYCLQHNSYPW
TFGQGTKVEIT (3EQ
ID NG 63}

Table 1B. Exemplary Anti-Human TREMZ Antibody Heavy Chain Variable Region
Amino Acid Sequences

Ab 1D, VH VH Amino Acig CDBRH1 CDRH2 CDBRH3
Growp Sequence

12GH0 | HV-01 | EVQLLESGGGLVQ | SYAMS | AIGGGGYSTYCADSVKG FYIAVAGSHFDY

24C12 PGGSLELSCAASG | (SEQID | (SEQID NO: 87) {(SEQ ID NQ: 95)

FTIFSSYAMSWVRG | NO: 77)
APGKCLEWVSAIG
GGGVSTYCADSY
KGRFTISRDNSKN
TLYLQMNSLRAED
TAVYYCAKFYIAV
AGSHFDYWGQGT
LVTVSS

(SEQ ID NO: 110}
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Ab 1D,

VH
Group

VH Aming Acid
Seguence

CDBREBY

CDBREZ

CDBRHES3

26410

HV-02

EVOLVESGOAL VO
RGGSLRLSCAASR
FTFSSFGMSWVRO
APGKCGLEWVSYIS
SSSFTIYYADSVKG
RETISRINAKNSE
YLOMNSLRDEDT
AVYYCAREGGLT
MVRGVSSYGLDVY
WGQGTTVIVSS
(SEQ ID NO: 111}

SEGMS
(SEQ D
NO: 78)

YISSSSFTIYYADSVKG
{(SEQ ID N 88)

EGGLTMVYRGVISYGLDY
{(SEQ ID NG: 96}

26C10

HV-03

EVOLVESGGALVG
PGGSLRLSCAASG
FTFSSFGMSWVRQ
APGKCLEWVSYIS
SSSFTIYYADSVKG
RFTISRDNAKNSF
YLOMNSLRDEDT
AVYPCYREGGITM
VRGVSSYGMDVW
GQGTTVIVSS
(SEQ ID NO: 112)

SFGMS
(SEQ ID
NO: 78)

YISSSSFIIYYADSVKG
(SEQID NG: 88)

EGGITMVRGVSSYGMBY
(SEQID NG: 97

26F2

HV-04

EVQLVESGGALVQ
PGGSLRLACAARG
FTFSSFOMAWVERQ
APGKGLEWISYISS
SEFTTY YADSVKG
RFTISEDNAKNSF
YLOMNSLRDEDT
AVYFCAREGGITM
VRGVSSYCMBVW
GOOGTTVIVSES
(SEQ ID NG: 113)

SFGMS
(SEQ ID
NO: 783

VISSSSFTIY YADSVKG
(SEQ ID NO: 88)

EGGITMVRGVSSYGMDY
(SEQ ID NO: 97

33812

HV-03

EVOLVESGGALVO
PGGSLRLSCAASG
FTFSSFGMSWVRQ
APGKGLEWVSYIS
KSSFTIYYADSVK
GRFTISRDNAKNS
FYLOMNSLRDEDT
AVYYCAREGGLT
MVRGVSSYGLDV
WGQGTTVIVSS
(SEQ D NO: 114)

SFGMS
(SEQ ID
NO: 78)

YISKSSFTIYYADSVEG
(SEQ ID NO: 89)

EGGLTMVROVYSSYGLDY
(8EQ ID NOG: 96)

24G6

HV-06

EVQLLESGGGLVQ
PGGSLRLSCAASG
FIFSSY AMSWVRE
APGKGLEWVSAIS
GSGGSTYYADSVK
GRFTISRDNSKNTL
YLOMNSLRAEDT
AVYYCAKAYTPM
AFFDYWGQGTLY
TVSS

(SECQ D NO: 115)

SYAMS
(SEQ D
NQO: 77

AISGSGGSTYYADSVKG
{(SEQ ID N 90}

AYTPMAFFDY
{(SEQ ID NG: 98)
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Ab 1D,

VH
Group

VH Aming Acid
Seguence

CDBREBY

CDBREZ

CDBRHES3

24410

HV-07

EVQVLESGGLL VO
PGGSLRLSCAASG
FTFSNYAMSWVE
QAPGKGLEWVYSAI
SGRCGSTYYADSY
KGRFTISRINSKN
TLYLOMNSLRAED
TAVYYCAKGGWE
LEYWGQGTLVTY
S8

(SEQ ID NO: 116}

NYAMS
(SEQ D
NO: 79

AISGSGGRTYYADSVKG
{(SEQ ID N 90}

GOWELFY
{(REQ ID NG: 99

10E3

HV-08

EVOLVOSGAEVK
KPGESLMISCKGS
GYSFINYWIGWY
ROMPGKGLEWMG
IIYPGDSDTRYSPS
FOGOVTISADKSIS
TAYLOWSSLKASD
TAMYFCARRRQGI
WODALDIWGOGT
LVTVSS

(SEQ ID NO: 117y

NYWIG
(SEQ ID
NO: 80)

HYPGDSDTRYSPRFOG
(SEQ ID NO: 9D

RROGIWGDALDI
{SE(} ID NO: 100

137
14C12

HY-09

EVQLVGSGAEVK
KPCESLMISCKGS
GYSFISYWIGWVR
OMPGKGLEWMGI
YPCDSDTRYSPRF
QOQVTISADKSIST
AYLQWSSLKASDT
AMYFCARRRQGI
WGODALDFWGQGT
LYTVSS

(SEQ ID NOG: 1185

SYWIG
(SEQ ID
NO: 813

BYPGDSDTIRYSPSFOQG
(SEG ID NO: 9D

RROGIWGDALDF
(SEQ ID NO: 101)

25F12

HV-10

OVOLOQWGAGLL
KPSETLSLTCAVY
GGSFSSYYWSWIR
QPPGKGLEWIGEI
NHSGNTNYNPSLE
SRVTISVDTSKNQF
SLKLSSVTAADTA
VY YCAREGYYDIL
TGYHDAFDIWDQ
GTMVTVFS

(SEQ D NO: 119)

5YYWS
(SEQ ID
NO: 82)

EINHSGNTNYNPSLES
(SEQ ID NO: 92)

EGYYDILTGYHDAFD]
(8EQ ID NO: 102)

32E3

HV-11

EVOLVQSGAEVK
KPGESLKISCKGSG
YSFTSYWIGW VR
MPGKGLEWMGHY
PGDSDTRYSPSFQ
GQVTISADKSISTA
YLOWSTLEASDT
AIYYCARHDIIPAA
PGAFDIWGQGTM
VTVSS

(SEC D NO: 120

SYWIG
(SEQ D
NO: 81)

HYPGDSDTRYSPSFQG
(SEQ ID NG 91

HDIPAAPGAFDI
{(SEQ D NO: 103)
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Ab 1D,

VH
Group

VH Aming Acid
Seguence

CDBREBY

CDBREZ

CDBRHES3

TAr4

HV-12

EVOLVOSGABVK
KPGESLEISCKGSG
YTFTSYWIGWVR
OMPGKGLEWMGH
YPGDSDTRYSPSE
QCOQVTISVDKSSS
TAYLOWSSLKASD
TAIYYCTRQAIAV
TGLGGFDPWGOG
TLVTVSS

(SEQ ID NO: 121}

SYWIG
(SEQ D
NO: 81)

IFYPGDSDTRYSPSFQG
(SEQ ID NG 91

QAIAVTGLGGFDP
(SEQ ID NG: 104)

1688

HV-13

OVOLVOSGAEVE
KPGASVKVSCKAS
GYTFINYGISWVR
QAPGQGLEWMG

WISAYNGNTNYA
QKLQGRVTMTITD
TSTSTVYMELRSL
RSDDTAVYYCAR
RGYSYGSFDYWG
QGTLVTVSS

(SEQ 1D NO: 122)

NYGIS
(SEQ ID
NO: 83)

WISAYNONTNYAQKLOG
(SEQ ID NO: 93)

RGYSYGHIDY
(SEQ ID NO: 105)

4C5

HV-14

EVQLVGSGAEVK
KPGESLKISCKGSG
HSFTNYWIAWVR
OMPGKGLEWMGH
YPGDSDTRYSPSF
QGOVTISADKSIST
AYLOWSSLKASDT
AVYFCARQRTFYY
DSSGYFDYWGQG
TLVTVSS

(SEQ ID NO: 123)

NYWIA
(SEQ ID
NO: 84}

BYPGDSDTIRYSPSFOQG
(SEG ID NO: 9D

QRTFYYDSSGYFDY
(SEQ ID NO: 106)

6E7

HV-15

EVOLVQSGAEVE.
KPGESLKISCKGSG
YSFTSYWIAWVRQ
MPGKGLEWMGITY
PGDSDTRYSPSFO
GOVTISADKSISTA
YLOWSSLKASDTA
MYFCARQRTFYY
DSSDYFDYWGQG
TLVTVSS

(SEQ ID NO: 124)

SYWIA
(SEQ ID
NO: 85)

1Y PCDSDTRY SPSFOG
(SEQ ID NO: 91)

CRIFYYDSSDYFDY
(S8EQ ID NO: 107)

Uy
i
WS

HV-16

QVOLVGSGAEVK

KPGASVKVSCKAS
GYTFTGYYHIWYR
QAPGLCLEWMGW
INPYSGGTTSAQK

FQURVTMTRDTS]

SSAYMELSRLRSD

DTAVYYCARDGG

YLALYGTDVWGQ
GTTVTVSS

(SEQ D NO: 125)

CYYIH
(SEQ D
NO: 86)

WINPYSGGTTSAQKFQG
(SEQ ID NO: 94)

PGGYLALYGTDY
{(SEQ ID NG: 108)
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Ab 1D, YH VH Aming Acid CDRHY CDRH2 CDRE3
Group Seguence

AG10 | HV-17 | BVOLVQSGABVK | SYWIA | LIYPGDSDTRY SPAFOIG QUGIEVIGTOGLDY
KPGESLKISCKGSG | (SEQID | (SEQ ID NO: 91} (SEQ ID NO: 109)
YSFPSYWIAWVRQ | NO: 85)
MPGKGLEWMGHY
PGDSDTRYSPSFQ
GOQVTISADKSISTA
FLKWSSLEKASDTA
MYFCARQGIEVTG
TGGLDVWGQGTT
VIVSS

(SEQ ID NO: 126}

16099 The TREM?2 agonist antigen binding proteins of the invention may comprise one or
more of the CDRs presenied in Table 1A (light chain CDRs; i.e. CBRLs) and Table 1B
{(heavy cham CDRs, 1.e. CDRHs). For instance, in certain embodiments, the TREM?2 agonist
antigen binding proteins coraprise one or more hight chain CDRs selected from (i) a CDRLI
selected from SEQ ID NQOs: 5 10 18, (1) a CPRL2Z selected from SEQ I N{s: 1910 30, and
(1) a CDRL3 selectied from SEQ ID NOs: 31 10 45, and (iv) a CBRL of (1), () and (1) that
contains one or more, e.g., one, two, three, four or more amino acid substitutions (e.g.,
conservative amino acid substitutions), deletions or insertions of no more than five, four,
three, two, or one amino acids. In these and other embodiments, the TREM?2 agonist antigen
binding proteins comprise one or more heavy chain CDRs selected from (1) a CDRH1
selected from SEQ ID NQs: 77 1o 86, (1) a CDRH2 selected from SEQ 1D NOs: 87 to 94,
and (111) a CDRHS3 selected from SEQ ID NOs: 9516 109, and (v a CBRH of (1), (i1} and
(111} that contains one or more, e.g., one, two, three, fowr or more amino acid substitutions
{e.g., conservative amuno acid substitutions), deletions or msertions of no more than five,
four, three, two, or one anuno acids amino acids.

[G106] In certain embodiments, the TREM2Z agonist antigen binding proteins may comprise
1.2, 3,4, 5, or 6 variant forms of the CDRs listed in Tables 1A and 1B, each having at least
80%., 85%, 90% or 95% sequence 1dentity to a CDR sequence listed in Tables 1A and 1B. In
some embodiments, the TREM?Z agonist antigen binding proteins include 1, 2.3, 4, 5, or 6 of
the CDRs listed in Tables 1A and 1B, each differing by no morethan 1, 2, 3, 4 or 5 amino
acids from the CDRs listed in these tables. In some embodiments, the TREM2 agonist
antigen binding proteins of the invention comprise a CDRL1 comprising a sequence selected
from SEGQ ID NOs: 5-18 or a vanant thereof having one, two, three or fow amino acid
substitutions; a CBRL2 comprising a sequence selecled from SEQ 1D NOs: 19-30 or a

variant thereof having one, two, three or four amino acid substitutions; a CDRL3 comprising
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a sequence selected from SEQ [D NOs: 31-45 or g vanant thereof having one, two, three or
four amino acid substitutions; a CDRH1 comprnsing a sequence selected from SEQ 1D NOs:
77-86 or a variant thereot having one, two, three or four armino acid substitutions; a CDRH2
comprising a sequence selected from SEQ ID NQOs: 87-94 or a variant thereof having one,
two, three or four amino acid substitutions; and a CDRH3 comprising a sequence selected
from SEG 1D NOs: 95-109 or a variani thereof having one, two, three or four amino acid
substitutions. In other embodiments, the TREM2 agonist antigen binding proteins of the
imvention comprise a CDRL1 comprising a sequence selected from SEQ {13 NOs: 5-18; a
CDRL2 comprising a sequence selected from SEQ 1D NOs: 19-30; a CDRL3 comprising a
sequence selected from SEQ ID NOs: 31-45; a CDRH1 comprising a sequence selected from
SEQ ID NOs: 77-86; a CDRHZ comprising a sequence selected from SEQ ID NOs: 87-94;
and a CDRH3 comprising a sequence selected from SEQ 1D NQOs: 95-109.

{6101] In particular embodiments, the TREM2 agonist antigen binding proteins of the
mvention comprise a light chain vanable region comprising a CDRLT, a CDRE2, and a
CDRL3, wherein: (a) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NOs: 5,
19, and 31, respectively; (b) CORL1, CDRL2Z, and CDRL3 have the sequence of SEQ 1D
WOs: 6, 20, and 32, respectively; (¢} CDRL1, CDRL2Z, and CPRL3 have the sequence of
SEQ ID NQGs: 6, 21, and 33, respectively; (d) CDRL1, CDBRL2, and CDRL3 have the
sequence of SEQ ID NOs: 6, 20, and 33, respectively; {e) CDRL1, CDRL2, and CDRL3 have
the sequence of SEQ 1D NOs: 7, 22, and 34, respectively; (f) CBRL1, CDRL2Z, and CDRL3
have the sequence of SEQ ID NOs: 8, 22, and 35, respectively; (g) CDRLI, CDRL2, and
CDRL3 have the sequence of SEQ 1D NQOs: 9, 22, and 36, respectively; (h) CDRLI, CDRL2,
and CDRL3 have the sequence of SEQ 1D NOs: 10, 23, and 37, respectively; (1) CDRLI,
CDRL2, and CDRL3 have the sequence of SEQ 1D NOs: 11, 23, and 38, respectively; (§)
CDRL1, CDRLZ, and CDRL3 have the sequence of SEQ 1D NOs: 12, 24, and 39,
respectively; (k) CDRL1, CDRL2, and CDRL3 have the seguence of SEQ 113 NGs: 13, 25,
and 40, respectively; (1) CDRL1, CORL2, and CDRL3 have the sequence of SEQ 1D NOs:
14, 26, and 41, respectively; (m) CDRLI, CDRL2, and CDRL3 have the sequence of SEQ ID
MNQs: 15, 27, and 42, respectively; (n) CDRL1Y, CDRL2, and CDRL3 have the sequence of
SEQ ID NOs: 16, 28, and 43, respectively: (o) CORL1I, CDRL2, and CDRL3 have the
sequence of SEQ I NOs: 17, 29, and 44, respectively, or {p) CDRL1, CDRLZ, and CDRL3
have the sequence of SEQ 1D NQOs: 18, 30, and 45, respectively.
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16102 Tn other particular embodiments, the TREM?2 agonist antigen binding proteins of the
invention comprise a heavy chain variable region comprising a CDRH1, a CDRH2, and a
CDRH3, wherein: {(a) CDRH1, CDRH2, and CDRH3 have the sequence of SEQ ID NQs: 77,
87, and 953, respectively; (b} CDRHI, CDRH2, and CDRH3 have the sequence of SEQ ID
NGs: 78, 88, and 96, respectively; (¢) CORHI1, CDRH2Z, and CDRH3 have the sequence of
SEQ ID NOs: 78, 88, and 97, respectively; {d} CDRHI1, CDRH2, and CDRH3 have the
sequence of SEQ ID NOs: 78, 89, and 96, respectively: (e} CDRHI, CDRH2, and CDRH3
have the sequence of SEQ ID NOs: 77, 90, and 98, respectively; () CDRHI, CDRHZ, and
CDRH3 have the sequence of SEQ 1D NOs: 79, 90, and 99, respectively; (g) CDRH1,
CDRHZ, and CDRHS3 have the sequence of SEQ 1D NOs: 80, 91, and 100, respectively; (h}
CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 81, 91, and 101,
respectively; (1) CDRH1, CORH2, and CDRH3 have the sequence of SEQ 1D NQOs: 82, 92,
and 102, respectively; (i3 CDRHI, CDRHZ, and CDRH3 have the sequence of SEQ 1D NOs:
81, 91, and 103, respectively; (k3 CDRHI, CDRHZ, and CDRH3 have the sequence of SEQ
ID NOs: 81, 91, and 104, respectively; (1) CDRH1, CDRHZ, and CDRH3 have the sequence
of SEQ 1D NOs: 83, 93, and 105, respectively; {(m) CDRH1, CDRHZ, and CDRH3 have the
sequence of SEQ I NOs: 84, 91, and 106, respectively; (n} CDRHI1, CDRH2, and CDRH3
have the sequence of SEQ 1D NQs: 85, 91, and 107, respectively; {0y CDRHI, CDRH2, and
CDRH3 have the sequence of SEQ 1D NOs: 86, 94, and 108, respectively; or {p) CDRHI,
CDRH2, and UDRH?3 have the sequence of SEQ ID NGs: 85, 91, and 109, respectively.
16163} In certain embodiments, the TREM2 agonist antigen binding proteins of the invention
comprise a hight chain variable region comprising a CDRLY, a CDRLZ, and aCDRL3 and a
heavy chain varniable region comprising a CDRHI, a CDRH2, and a CDRH3, wherein:

{a) CDRL1, CDRLZ, and UDRL3 have the sequence of SEQ 1D NOs: 5, 19, and 31,
respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ 1D NGs: 77, 87,
and 95, respectively;

{(by CDRL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NOs: 6, 20, and 32,
respectively, and CDRHI, CDRHZ2, and CDRH3 have the sequence of SEQ 1D NQOs: 78, 88,
and 96, respectively;

{c) CDRL1, CDRLZ, and CDRL3 have the sequence of SEQ 1D NOs: 6, 21, and 33,
respectively, and CDRH1, CDRH2Z, and CDRH3 have the sequence of SE{Q ID NOs: 78, 88,

and 97, respectively;
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() CDRL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NQs: 6, 20, and 33,
respectively, and CORH1, CDRHZ, and CDRH3 have the sequence of SE( ID NOs: 78, #8,
and 97, respectively;

{e} CDRL1, CDRL2, and CDRL3 have the sequence of SEQ D NOs: 6, 20, and 33,
respectively, and CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 78, 89,
and 96, respectively;

() CDRLY, CBRL2, and CDBRL3 have the sequence of SEQ ID NQs: 7, 22, and 34,
respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ ID NOs: 77, 87,
and 95, respectively;

{g) CDRL1, CDRLZ, and CERL3 have the sequence of SEQ 1D NOs: 8, 22, and 35,
respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ 1D NGs: 77, 90,
and 98, respectively;

(hy CDRL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NOs: 9, 22, and 36,
respectively, and CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NGs: 79, 90,
and 99, respectively;

(1) CDRL1, CDRLZ, and CDRL3 have the sequence of SEQ 1D NOs: 10, 23, and 37,
respectively, and CDRH1, CDRH2Z, and CDRH3 have the sequence of SE{( ID NGs: 80, 91,
and 100, respectively;

(1) CDRL1, CDRL2, and CDRI.3 have the sequence of SEQ 1D NOs: 10, 23, and 37,
respectively, and CDRHI1, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: &1, 91,
and 101, respectively;

(k) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ ID NQs: 11, 23, and 38,
respectively, and CDRH1, CDRHZ, and CDRH3 have the sequence of SE(Q ID NOs: 82, 92,
and 102, respectively;

() CDRL1, CDRL2, and CDRL3 have the sequence of SEQ D NOs: 12, 24, and 39,
respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ ID NOs: 81, 91,
and 103, respectively;

(m) CDRLIL, CDRLZ, and CDBRL3 have the sequence of SEQ ID NOs: 13, 25, and 40,
respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ ID NOs: 81, 91,
and 104, respectively;

{n) CDRL1, CDRLZ, and CERL3 have the sequence of SEQ 1D NOs: 14, 26, and 41,
respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ 1D NQs: 83, 93,

and 105, respectively;
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(o) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ ID NQs: 15, 27, and 42,
respectively, and CORH1, CDRHZ, and CDRH3 have the sequence of SE( ID NOs: 84, 91,
and 106, respectively;

{p) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NQOs: 16, 28, and 43,
respectively, and CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 45, 91,
and 107, respectively;

{q) CDRL1, CDRL2, and CDBRL3 have the sequence of SEQ ID NQOs: 17, 29, and 44,
respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ ID NOs: 86, 94,
and 108, respectively; or

{ry CDRL1, CDRL2Z, and CXRL3 have the sequence of SEQ 1D NOs: 1€, 30, and 45,
respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ 1D NQOs: 85, 91,
and 109, respectively.

{6104 In one embodiment, the TREM?Z agonist antigen binding proiein comprises a light
chain vanable region comprising a CDRL1L, a CDRL2, and a CDRL3 and a heavy chain
variable region comprising a CDRHI, a CDRH2, and a CDRH3, wherein CDRL1, CDRL2,
and CDRL3 have the sequence of SEQ 1D NOs: 10, 23, and 37, respectively, and CDRHI,
CDRH2, and CDRHS3 have the sequence of SEQ 1D NQs: 80, 91, and 100, respectively. In
another embodiment, the TREMZ agorist antigen binding protein coraprises a light chamn
variable region comprising a CDRL1, a CDRLZ, and a CDRL3 and a heavy chain variable
region comprising 3 CORHI, a CDRH2, and a CDRH3, wherein CDRL1, CDRL2, and
CDRL3 have the sequence of SEQ 1D NOs: 10, 23, and 37, respectively, and CDRH1,
CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 81, 91, and 101, respectively. In
vet another embodiment, the TREMZ agonist antigen binding protein comprises a light chain
variable region comprising a CDRL1, a CDRLZ, and a CDRL3 and a heavy chain variable
region comprising a CDRH1, a CDRH2Z, and a CDRH3, wherein CDRL1T, CDRL2, and
CDRLS3 have the sequence of SEQ 1D NOs: 15, 27, and 42, respectively, and CDRHI,
CDRH2, and UDRH?3 have the sequence of SEQ ID NGs: 84, 91, and 106, respectively. In
still another embodiment, the TREMZ agomist antigen binding protein comprises a light chan
variable region comprising a CDRL 1L, a CDRL2, and a CDRL3 and a heavy chain variable
region comprising a CDRH1, a UDRH2, and a CDRH3, wherein CDRLI, CDRLZ, and
CDRL3 have the sequence of SEG 1D NOs: 16, 28, and 43, respectively, and CDRH]1,
CDRH2, and CDRHS3 have the sequence of SEQ 1D NGs: 83, 91, and 107, respectively. In

one particular embodiment, the TREMZ2 agonist antigen binding protein comprises a light
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chain varnable region comprising a CORL1, a CDRL2, and a CDRL3 and a heavy chaim
variable region comprising a CDRH1, a CDRH2, and a CDRH3, wherein CDRLU1, CDRL2,
and CDRL3 have the sequence of SEQ 1D NGs: 17, 29, and 44, respectively, and CDRHI,
CDRH2, and CDRHS3 have the sequence of SEQ 1D NGs: 86, 94, and 108, respectively. In
another particular embodiment, the TREM?Z agonist antigen binding protein comprises a light
chain vanable region comprising a CDRL1, a CDRL2Z, and a CDRL3 and a heavy chain
variable region comprising a CORH1, a CBRH2, and a CDRH3, wherein CDRLT, CDRL2,
and CDRL3 have the sequence of SEQ 1D NOs: 8, 22, and 35, respectively, and CDRHI,
CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 77, 90, and 98, respectively.
[6105] In certain embodiments, the TREM2Z agonist antigen binding proteins of the invention
comprise an immunoglobulin heavy chain variable region (VH) and an immunoglobulin light
chain varable region (VL} from an antibody that specifically binds to human TREM?Z2, such
as the antibodies described herein. The “vartable region,” used interchangeably herein with
“variable domain” (variable region of a light chain (VL), vanable region of a heavy chain
(VH)). refers to the region in each of the light and heavy tmmunoglobulin chains which s
involved directly in binding the antibody o the antigen. As discussed above, the regions of
variable light and heavy chains have the same general structure and each region comprises
four framework (FR) regions, the sequences of which are widely conserved, connected by
three CDRs. The framework regions adopt a beta~-sheet conformation and the CDRs may
form loops connecting the beta-sheet structure. The CDRs in each chain are held in their
three-dimensional structure by the framework regions and form, together with the CDRs from
the other chain, the antigen binding site.

16106] In some embodiments, the TREM?2 agonist antigen binding proteins of the invention
may comprise a light chain variable region selected from LV-01, LV-02, LV-03, LV-04, LV~
05, LV-06, LV-07 LV-08, LV-09, LV-10, LV-11, LV-12 LV-13, LV-14, LV-15 LV-1¢6,
LV~17, and LV-18, as shown in Table 1A, and/or a heavy chain vanable region selected
from HV-01, HV-(2, HV-03, HV-04, HVY-05, HV-06, HV-07, HV-08, HV-09, HV-10, HV-
T HV-12, HY-13, HV-14, HV-15, HV-16, and HV-17, as shown in Table 1B, and
functional fragrmoents, derivatives, muteins and variants of these light chain and heavy chain
variable regions.

{3187} Each of the light chain variable regions listed in Table 1A may be combined with any
of the heavy chain variable regions listed in Table 1B to form an anti-TREMZ binding

domain of the antigen binding proteins of the invention. Examples of such combinations
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include, but are not lintted to: LV-01 (SEQ 1D NO: 46) and HV-01 (SEQ ID NO: 110): LV-
02 (SEQ 1D NO: 47) and HV-02 (SEQ ID NO: 111); LV-03 (SEQ ID NO: 48) and HV-03
(SEQ ID NO: 112); LV-04 (SEQ ID NO: 49) and HV-04 (SEQ 1D NO: 113); LV-05 (SEQ
1D NO: 50) and HV-05 (SEQ ID NO: 114): LV-06 (SEQ ID NO: 51) and HV-01 (SEQ ID
NO: 110); LV-07 (SBQ ID NO: 52) and HV-06 (SEQ ID NO: 115); LV-08 (SEQ ID NO: 53)
and HV-07 (SEQ ID NO: 116); LV-09 (SEQ ID NG: 54) and HV-08 (SEQ ID NO: 117);, LV-
10 (SEQID NG 55 and HV-09 (SEQ 1D NOG: 118), LV-11 (SEQ ID NO: 56y and HV-10
(SEQ ID NO: 119); LV-12 (SEQ ID NO: 57 and HV-11 (SEQ 1D NO: 120); LV-13 (SEQ
D NO: 58) and HV-12 (SEQ ID NO: 121); LV-14 (S8EQ 1D NO: 59) and HV-13 (SEQ ID
NO: 122); LV-15 (SEQ ID NO: 60} and HV-14 (SEQ ID NO: 123); LV-16 (SEQ ID NO: 61)
and HV-1S (SEQ ID NG: 124); LV-17 (SEQ 1D NO: 62) and HV-16 (SEQ TD NO: 125); and
LY-18 (SEQ ID NO: 63) and HV-17 (SEQ ID NO: 126).

[6108] In certain embodiments, the TREM?2 agonist antigen binding proteins of the invention
comprise a hight chain variable region comprising the sequence of LV-09 (SEQ ID NG: 543
and a heavy chain variable region comprising the sequence of HV-08 (SEQ ID NO: 117). In
some embodiments, the TREM?2 agonist antigen binding proteins of the invention comprise a
light chain variable region comprising the sequence of LV -10 (SEQ ID NO: 55} and a heavy
chain variable region comprising the sequence of HV-09 (SEQ 1D NO: 118). In other
embodiments, the TREMZ2 agonist antigen binding proteins of the invention comprise a light
chain variable region comprising the sequence of LV-15 {(SEQ 1D NQO: 60} and a heavy chain
vartable region comprising the sequence of HV-14 (SEQ ID NO: 123). In still other
embodiments, the TREM?2 agonist antigen binding proteins of the invention comprise a light
chain variable region comprising the sequence of LV-16 (SEQ ID NO: 61) and a heavy chain
variable region comprising the sequence of HV-15 (SEQ ID NQO: 124}, In some
embodiments, the TREM2 agonist antigen binding proteins of the invention comprise a light
chain variable region comprising the sequence of LY-17 (SEQ 1D NO: 62) and a heavy chain
variabie region comprising the sequence of HV-16 (SEQ ID NG: 125). In certain
embodiments, the TREM2 agonist antigen binding proteins of the invention comprise a light
chain variable region comprising the sequence of LV-07 (SEQ 1D NO: 52) and a heavy chain
variable region comprising the sequence of HV-06 {(SEQ 1D NG 115}

31069} In some embodiments, the TREM2 agonist antigen binding proteins comprise a light
chamn variable region comprising a sequence of contiguous amino acids that differs from the

sequence of a light chain variable region in Table 1A, 1.e. a VL selected from LV-01, LV-02,
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LV-03, LV-04, LV-05, LV-06, LV-07, LV-08 LY-09, LV-10, LV-11, LVY-12, LV-13, LV-
14, LV-15, LV-16, LV-17, or LV-18, atonly 1,2, 3,4, 5,6, 7, 8,9, 10, 11,12, 13, 14 or 15
amino acid residues, wherein each such sequence difference is independently either a
deletion, insertion or substitution of one amino acid, with the deletions, inseriions and/or
substitutions resulting in no more than 15 amino acid changes relative to the foregoing
variable domain sequences. The light chain variable region in some TREM?2 agonist antigen
binding proteins comprises a sequence of amuino acids that has at least 70%, at least 75%, at
least 0%, at least 85%, at least 0%, at least 95%, at least 97% or at least 999% sequence
identity to the amino acid sequences of SEQ 1D NOs: 46-63 (i.e. the light chain varniable
regions in Table 1A} In one embodiment, the TREM?2 agonist antigen binding protein
comprises a light chain variable region comprising a sequence that is at feast 90% identical o
a sequence selected from SEQ ID NOs: 46-63. In another embodiment, the TREMZ agonist
antigen binding protein comprises a light chain variable region comprising a sequence that i3
at least 95% identical to a sequence selected from SEQ ID NQs: 46-63. In vet another
embodiment, the TREM2 agonist antigen binding protein comprises a light chain variable
region comprising a sequence selected from SEQ 1D NOs: 46-63. In some embodiments, the
TREM?2 agonist antigen binding protein comprises a light chain varnable region comprising a
sequence of SEQ ID NO: 54 In other embodiments, the TREM2Z2 agonist antigen binding
protein comprises a hight chain variable region comprising a sequence of SEQ 1D NO: 55 In
yet other embodiments, the TREM?2 agonist antigen binding protein comprises a light chain
vartable region comprising a sequence of SEQ ID NG: 60. In still other embodiments, the
TREM?2 agonist antigen binding protein comprises a light chain variable region corprising a
sequence of SEQ ID NO: 61. In certain embodiments, the TREMZ agonist antigen binding
protein comprises a light chain variable region comprising a sequence of SEG ID NGO 62 In
other embodiments, the TREMZ agonist antigen binding protein comprises a light chan
variable region comprising a sequence of SEQ 1D NO: 52.

[6118] In these and other embodiments, the TREM2 agonist antigen binding proteins
comprise a heavy chain variable region compnising a sequence of contiguous amino acids that
differs from the sequence of a heavy chain variable region in Table 1B, 1.e.. a VH selected
from HY-01, HV-02, HV-03, HV-04, HV-05, HV-06, HY-07, HV-08, HV-09, HV-10, HV-
11, HY-12, HV-13, HV-14, HV-15, HV-16, or HV-17, atoniv 1,2, 3,4, 5,6, 7,8, 9, 10, 11,
i2, 13, 14 or 15 amino acid residues, wherein each such sequence difference is independently

sither a deletion, inserfion or substitution of one amino acid, with the deletions, nsertions
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and/or substitutions resulting m no more than 15 anuno acid changes relative to the foregoing
variable domain sequences. The heavy chain variable region in some TREM2 agonist antigen
binding proteins comprises a sequence of amino acids that has at least 70%, at least 75%, at

~
7
b

teast 80%, at least §5%, at least 90%, at least 95%, at least 97% or at least 99% sequence
identity to the amino acid sequences of SEQ 1D NOs: 110-126 (1.2 the heavy chain variable
regions in Table 1B). In one embodiment, the TREM?Z2 agonist antigen binding protein
comprises a heavy chain variable region comprising a sequence that is at least 90% identical
to a sequence selected from SEQ ID NOs: 110-126. In another embodiment, the TREM?Z2
agonist antigen binding protein comprises a heavy chain variable region comprising a
sequence that is at least 95% identical io a sequence selected from SEQ 1D NOs: 116-126. In
yet another embodiment, the TREM2 agonist antigen binding protein comprises a heavy
chain vanable region comprising a sequence selected from SEQ ID NOs: 110-126. In some
embodiments, the TREM2 agonist antigen binding protein comprises a heavy chain variable
region comprising a sequence of SEQ 1D NO: 117, In other embodiments, the TREM?2
agonist antigen binding protein comprises a heavy chain variable region comprising a
sequence of SEQ ID NO: 118, In yet other embodiments, the TREM?2 agonist antigen
binding protein comprises a heavy chain variable region comprising a sequence of SEQ ID
NGO: 123, In still other embodiments, the TREM2Z2 agonist antigen binding protein comprises
a heavy chain variable region comprising a sequence of SEQ 1D NO: 124, Tn certain
embodiments, the TREM?Z agonist antigen binding protein comprises a heavy chain variable
region comprising a sequence of SEQ 1D NO: 125, In other embodiments, the TREM?2
agonist antigen binding protein comprises a heavy chain variable region comprising a
sequence of SEQ 1D NO: 115,

{6111} The term “identity,” as used herein, refers {o a relationship between the sequences of
two or more polypeptide molecules or two or more nucleic acid molecules, as determined by
aligning and coroparing the sequences. “Percent identity,” as used herein, means the percent
of identical residues between the amino acids or nucleotides in the compared molecules and
i3 calculated based on the size of the smallest of the molecules being compared. For these
calculations, gaps in alignments (if any) must be addressed by a particular mathematical
model or computer program {i.e, an “algorithin™). Methods that can be used to calculate the
identity of the aligned nucleic acids or polvpeptides include those described in Computational
Molecular Biology, (Lesk, A. M., ed.), 1988, New York: Oxford University Press;

Biocomputing Informatics and Genome Projects, (Sroith, D W, ed.), 1993, New York:
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Academic Press; Computer Analysis of Sequence Data, Part 1, (Griffin, A. M., and Griffin, H.
G, eds .}, 1994, New Jersey: Humana Press; von Heinje, G, 1987, Sequence Analysis in
Molecular Biology, Mew York: Academic Press; Sequence Analysis Primer, (Gribskov, M.
and Devereux, 1, eds.), 1991, New York: M. Stockion Press; and Carillo et al | 1988, SIAM
J. Applied Math. 48:1073. For example, sequence identity can be determined by standard
methods that are commonly used to compare the similarity in position of the amino acids of
two polypeptides. Using a computer program such as BLAST or FASTA, two polypeplide or
two polynucleotide sequences are aligned for optimal matching of their respective residues
{etther along the full length of one or both sequences, or along a pre-determined portion of
one or both sequences). The programs provide a default opening penalty and a default gap
penalty, and a scoring matrix such as PAM 250 (Davhoff et al, in Atlas of Protein Sequence
and Structure, vol 5, supp. 3. 1978) or BLOSUMG62Z {(Henikoff et al., 1992, Proc. Natl. Acad.
Sci. U.S A 89:10915-10919} can be used in conjunction with the computer program. For
example, the percent identity can then be calculated as: the total number of 1dentical matches
multiplied by 100 and then divided by the sum of the length of the longer sequence within the
matched span and the number of gaps introduced into the longer sequences in order fo align
the two sequences. In calculating percent ideniity, the sequences being compared are aligned
i a way that gives the largest match between the sequences.

[3112] The GCG program package 1s a computer program that can be used to determine
percent identity, which package includes GAP (Devereux et al., 1984, Nucl. Acid Res.
12:387; Genetics Computer Group, University of Wisconsin, Madison, W1}, The computer
algorithm GAP 1s used 1o align the two polypeptides or two polynucleotides for which the
percent sequence identity is to be deternined. The sequences are aligned for optimal
matching of their respective amino acid or nucleotide (the “matched span™, as determined by
the algorithm). A gap opening penalty {which is calculated as 3x the average diagonal,
wherein the “average diagonal” is the average of the diagonal of the comparison matrix being
used; the “diagonal” is the score or number assigned o each perfect amino acid match by the
particular comparison matnx) and a gap extension penalty (which is usually 1/10 ttmes the
gap opening penalty), as well as a comparison matrix such as PAM 250 or BLOSUM 62 are
used in conjunction with the algorithm. In certamn embodiments, a standard comparison
matrix (see, Davhoff et al., 1978, Atlas of Protein Sequence and Structure 5:345-352 for the
PAM 250 comparison matrix; Henikoff et al,, 1992, Proc. Natl. Acad. Sci. U.S AL 89:10915-

10919 for the BLOSUM 62 comparison matnix ) is also used by the algorithm.
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16113} Recormnmended parameters for determining percent wdentity for polypeptides or
nucleotide sequences using the GAP program include the following:

Algorithm: Needleman et al., 1970, 1. Mol Biol. 48:443-453;

Comparison matrix: BLOSUM 62 from Hemkoff et al., 1992, supra;

Gap Penalty: 12 (but with no penalty for end gaps)

Gap Length Penalty: 4

Threshold of Similarnity: ©
0114} Certain alignment schernes for aligning two amino acid sequences may resulf in
matching of only a short region of the two sequences, and this small aligned region may have
very high sequence identity even though there is no significant relationship between the two
full-length sequences. Accordingly, the selected ahgnment method (GAP program) can be
adjusted if so desired to result in an alignment that spans at {east 530 contiguous amino acids
of the target polypeptide.
[6115] Vanants of the anti-TREM2Z2 antibodies described herein can be generated by
substituting one or more amino acids m the hight chain or heavy chain vanable regions to
address chemical liabilities {e.g. aspartate isomerization, asparagine deamudation, {ryptophan
and methionine oxidation) or correct covariance violations (see WO 2012/125495, which is
hereby incorporated by reference in its entirety )} as described in Examaple 7. Such vananis can
have improved biophysical, expression, and/or stability properties as compared with the
parental antibody. Thus, in some embodiments, the TREM?Z2 agonist antigen binding proteins
of the invention comprise a light chain variable region and/or heavy chain variable region
having one or more of the amuno acid substitutions set forth 10 any of Tables 13-18.
[3116] Unless indicated otherwise by reference to a specific sequence, throughout the present
specification and claims, the numbering of the amino acid residues in an immunoglobulin
heavy chain or light chain is according to Kabat-EU numbering as described in Kabat ef a/.,
Sequences of Proteins of Immunological Interest, 5th Ed., US Department of Health and
Human Services, NIH publication No. 91-3242, pp 662,680,689 (1991} and Edelman ef a/.,
Proc. Natl. Acad. USA, Vol 63: 78-85 (1969). The Kabat numbering scheme 1s typically
used when referring to the position of an amino acid within the variable regions, whereas the
EU numbering scheme is generally used when referring to the position of an amino acid with
an immunoglobulin constant region. A chart summarizing correspondence between Kabat
and EU numbering schemes with other numbering schemes is available on the IMGT®

website (the international ImMunoGeneTics information system).
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16117} An amano acid substitution i an anino acid sequence 1s typically designated herein
with a one-letter abbreviation for the anmino acid residue in a particular position, followed by
the numerical amino acid posttion relative to an original sequence of interest, which is then
tollowed by the one-letier abbreviation for the amino acid residue substituted . For
exarple, “T30D" symbolizes a substitution of a threonine residue by an aspartate residue at
amino acid position 30, refative to the original sequence of interest. Another example,
“S218G” symbolizes a substitudion of a serine residue by a glyveine residue at amino acid
paosition 218, relative to the original anino acid sequence of interest.

16118 In some embodiments, the TREM?2 agonist antigen binding protein comprises a light
chain variable region comprising the sequence of SEQ ID NO: 54 with a mutation at one or
more amino acid postlions 64, 79, 80, 83, 94, and/or 100. Such mutations can inchude VG64G,
V64A, QT9E, Q79D, SROP, SS0A, F85V, FRSL, F85A, FRSD, F85L, F8SL, F85M, F85T,
WO4F, WO4Y, WO4S, W4T, WO4A, WO4H, WOo4l, Wo4Q, P1OOR, P100Q, P100G, or
combinations thereof. In these and other embodiments, the TREMZ2 agonist antigen binding
protein comprises a heavy chain vanable region corprising the sequence of SEQ IDNO: 117
with a mutation at one or more amino acid positions 19, 55, 56, 57, 58, and/or 104. In certain
embodiments, the nudation is selected from M19K, M19R, M19T, MI9E, M19N, M19Q,
DSSE, D35G, DSSN, DSST, SS6A, 85360, S56V, DSTS, 357E, DSTQ, T38A, T38V, WIO4F,
WI104Y, W104T, W104S, W104A, WI04H, W1041, W104Q, or combinations thereof
[6119] In other embodiments, the TREM?Z2 agonist antigen binding protein comprises a light
chain variable region comprising the sequence of SEQ 1D NG: 55 with a mutation at one or
more amino acid positions 64, 79, 80, 94, and/or 100, In some embodiments, the mutation is
selected from V64G, V64A, Q79E, Q79D, SR0P. S80A, WO4F. W94Y, W94S, W94T,
WO4A WO4H, W94l Wo4(, PI100R, P100Q, P100G, or combinations thereof In cerfain
embodiments, the mulation 15 selected from V64G, V644, Q79F, SE0P, S80A, Wo4Y,
W45, PIOOR, P100Q, or combinations thereof For instance, in some embodiments, the
TREM?2 agonist antigen binding protein comprises a light chain variable region comprising
the sequence of SEQ 1D NO: 55 with one or more mustations selected from V643, Q79E,
S80P, W94Y, and P100Q. In these and other embodiments, the TREM?2 agonist antigen
binding protein comprises a heavy chain variable region comprising the sequence of SEQ 1D
WG 118 with a mutation at one or more amino acid positions 19, 55, 36, 57, 38, and/or 104.
Such mutations can include MI9K, MI19R, M19T, MISE, M19N, M19Q, D53E, D355,
DASSN, D35T, $56A, 8560, 856V, D378, D5TE, D37(Q, T538A, T8V, WI04F, W104Y,
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WI04T, WI04S, W104A, W104H, W104], W104Q, or combinations thereof. In certain
embodiments, the mutation is selected from M12K, D55SE. 856A, DSTE, T58A, W104Y,
W1047T, or combinations thereof,

3128} In certain other embodiments, the TREM2 agonist antigen binding protein comprises
a light chain variable region comprising the sequence of SEQ ID NO: 60 with a mutation at
one or more aming acid positions 60, 92, and/or 93. The mutation can be selecied from L60S,
L60OP, L60D, L60A, DO2E, DO2Q, DO2T, DOZN, 893A, §93N, §93Q, 893V, or combinations
thereof. In these and other embodiments, the TREMZ2 agornist antigen binding protein
comprises a heavy chain variable region comprising the sequence of SEQ ID NQO: 123 with a
mutation at one or more amino acid positions 27, 55, 536, 57, 58, 105, and/or 106. In some
embodiments, the mutation is selected from H27Y, H27D, H27F, H27N, D53E, D55Q,
D35N, D5ST, 564, 8560, 856V, D578, DS7E. D570, TS8A. T58V, DIOSE, D105Q,
D103T, DI0SN, B105G, S106A, 81064, 8106V, 81067, or combinations thereof

16121} In some embodiments, the TREM?2 agonist anfigen binding protemn compnses a hight
chain varable region comprising the sequence of SEQ ID NGO: 61 with a mutation at one or
more amino acid positions 36, 57, 92, and/or 93, In certain embodiments, the mutation is
selected from N568, N56T, N56Q, N36E, GSTA, G357V, DO2E, D920, D92T, D92N, S93A,
S93N, 8930, §93V, or combinations thereof. In some embodiments, the mutation is selected
from N368, N56Q, G37A, DU2E, D92Q, S934, or combinations thereof. In particular
embodiments, the TREM2 agonist antigen binding protein comprises a light chain variable
region comprising the sequence of SEQ ID NO: 61 with one or more mutations selected from
MN368, DU2E, and 593A . In these and other embodiments, the TREM? agonist antigen
binding protein comprises a heavy chain variable region comprising the sequence of SEQ 1D
WG 124 with a mutation at one or more amino acid positions 35, 536, 57, 58, 105, and/or 106.
The mutation can be selected from DSSE, D35Q, DSSN, DBSST, S86A, 856Q, §36V, DSTS,
DSTE, DS7Q, T58A, T38V, DI0SE, DI03Q, DI10ST, DIOSN, D103G, S1064A, S106Q),
8106V, S106T, or combinations thereof. In certain embodiments, the mutation is D55E,
D355Q, S56A, DBSTE, TSRA, DI05E, OSSN, S106A, or combinations thereof In some
embodiments, the TREM?2 agonist antigen binding protein comprises a heavy chain variable
region comprising the sequence of SEQ 1D NO: 124 with one or more mutations selected
from DSSE, 856A, DSTE, D103E, and S106A.

6122} In other embodiments, the TREM2 agomst antigen binding protein comprises a light

chain variable region comprising the sequence of SEQ ID NO: 62 with a mutation at amino
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acid position 36, 46, 61 and/or 100. In particular embodiments, the routation 1s selected from
F36Y, 8461, S46R, 846V, S46F, KA1R, P100(, P100G, PI0OR or combinations thereof. In
some embodiments, the mutation is F36Y, K6IR, P100Q, or combinations thereof In some
embodiments, the mutation is S461L, P100Q, or combinations thereof. In these and other
embodiments, the TREM?Z agonist antigen binding protein comprises a heavy chain vanable
region comprising the sequence of SEQ ID NO: 125 with a mutation at one or more amino
acid positions 43, 76, 85, 99, 100, and/or 116, The mustation can be selected from 143,
L43K, L43H, 1767, R85S, R85G, RESN, R85D, DO9E, DYOQ, D998, DOOT, G100A, GI100Y,
G100V, T1i6L, T116M, T116P, T116R, or combinations thereof. In certain embodiments,
the mutation is L43Q, 1767, RRS8, DO9E, GI00A, G100Y, T116L, or combinations thereof
[3123] In still other embodiments, the TREM?2 agonist antigen binding protein comprises a
light chain variable region comprising the sequence of SEQ ID NG 52 with a mutation at
amino acid position 91. The mutation can be selected from FOIV, FO1L FOI1T, FOIL, or
Fo1D. In one embodiment, the mutation is F91V. In these and other embodiments, the
TREM?2 agonist antigen binding protein comprises a heavy chain variable region comprising
the sequence of SEQ ID NO: 115 with a mutation at amino acid position 62 and/or 63. In
particular embodiments, the mutation is selected from D62E, D62Q, DO2ZT, D62, S63A,
S63(, 863V, or combinations thereof. In some embodiments, the mutation 15 selected from
DoOZE, D62Q, S63A, or combinations thereof,

(6124} In certain embodiments, the TREM?2 agonist antigen binding proteins of the invention
comprise a hight chain variable region comprising the amino acid sequence of SEQ 1D NO:
326 and a heavy chain variable region comprising the anuno acid sequence of SEQ D NO:
327. In certain embodiments, the TREM?Z agonist antigen binding proteins of the invention
comprise a light chain variable region comprising the amino acid sequence of SEQ ID NO:
328 and a heavy chain variable region comprising the amino acid sequence of SEQ 1D NO:
329 1In certain erobodiments, the TREM?2 agonist antigen binding proteins of the invention
comprise a light chain variable region comprising the amino acid sequence of SEQ 1D NO:
330 and a heavy chain variable region comprising the amino acid sequence of SEQ D NO:
331. In certain embodiments, the TREM2 agonist antigen binding proteins of the invention
comprise a light chain variable region comprising the amino acid sequence of SEQ 1D NO:
332 and a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

333,
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16125} Tn certain embodiments, the TREMZ2 agonist antigen binding proteins of the invention
comprise a light chain variable region consisting of or consisting essentially of the amino acid
sequence of SEQ D NQO: 326, 328, 330 or 332, In certaimn embodiments, the TREM2 agonist
antigen binding proteins of the invention comprise a heavy chamn variable region consisting
of or consisting essentially of the amino acid sequence of SE( 1D NO: 327, 329, 331 or 333,
In a specific embodiment, the TREM2 agonist antigen binding proteins of the invention
comprise a hight chain variable region and a heavy chain vanable region, wherein the light
chain variable region consisting of or consisting essentially of the anuno acid sequence of
SEQ ID NO: 326 and the heavy chain variable region consisting of or consisting essentially
of the amino acid sequence of SEQ ID NO: 327. In a specific embodiment, the TREM2Z
agonist antigen binding proteins of the invention comprise a light chain variable region and a
heavy chain variable region, wherein the light chain variable region consisting of or
consisting essentially of the amino acid sequence of SEQ ID NO: 328 and the heavy chain
variable region consisting of or consisting essentially of the amino acid sequence of SEQ ID
NG 329 In a specific embodiment, the TREMZ2 agorust antigen binding proteins of the
invention comprise a light chain variable region and a heavy chain variable region, wherein
the light chain variable region consisting of or consisting essentially of the amino acid
sequence of SEQ ID NO: 330 and the heavy chain variable region consisting of or consisting
essentially of the amino acid sequence of SEQ 1D NG: 331 In a specific embodument, the
TREM?2 agonist antigen binding proteins of the invention comprise a hight chain variable
region and a heavy chain variable region, wherein the light chain variable region consisting
of or consisting essentially of the anuno acid sequence of SEQ 113 NO: 332 and the heavy
chain variable region consisting of or consisting essentially of the amino acid sequence of
SEQ ID NQO: 333,

[3126] Additional variants of the anti-TREM?2 antibodies described herein can be generated
by aftinity modulating any of the anti-TREMZ2 antibodies described heremn. An “affinity~
modulated antibody™ is an antibody that comprises one or more aming acid substitutions in iis
Light chain variable region sequence and/or heavy chain variable region sequence that
ncreases or decreases the affinity of the antibody for the target antigen as compared to the
parental antibody that does not contain the amino acid substitutions. Antibody affinity
modulation methods are known {o those of skill in the art and can include CDR walking
mutagenests {Yang et al., J. Mol. Biol,, 254, 392-403, 1995), chain shuffling (Marks et al,

Bio/Technology, 10, 779-783, 1992), use of mutation strains of £, coli (Low et al., J. Mol
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Biol,, 250, 350-368, 1996), DNA shuffling (Patien et al., Curr. Opin. Biotechnol., 8, 724-733,
1997), phage display {Thompson et al., J. Mol. Biol., 256, 7-88, 1996}, PCR techniques
{Crameri, et al., Nature, 391, 288-291, 1998}, and other mutagenesis sirategies (Barbas et al.
Proc Nat. Acad. Sci. USA 91:3809-3813, 1994; Schier et al. Gene 169:147-155, 1995; Yelton
et al. J. Immmunol. 155:1994-2004, 1995; Jackson et al., J. Immunol. 154(7):3310-9, 1993; and
Hawkins et al, . Mol Biol. 226:889-896, 1992). Methods of affinity modulation are
discussed in Hoogenboom, Trends 1n Biotechnology, Vol. 15: 62-70, 1995 and Vaughan er
al., Nature Biotechnology, 16: 535-339, 1998, Oue specific method for generating affinity-
modulated variants of the anti-TREM?2 antibodies described herein is the use of a yeast-
display Fab mutagenesis library as described in Example 8.

3127} In certain embodiments, the TREM2 agonist antigen binding proteins of the invention
comprise a light chain variable region and/or heavy chain variable region from an affinity-
modulated variant of the 6E7 antibody {(Example 8). For instance, in some embodiments, the
TREM?Z agonist antigen binding proteins comprise a light chain varnable region and/or a
heavy chain variable region having one or more of the amino acid substitutions set forth in
Table 23. In one embodiment, the TREM?2 agonist antigen binding protein comprises a light
chain variable region comprising the sequence of SEQ ID NO: 61 with a mutation at one or
more amino acid positions 24, 31, 50, 52, 54, 56, 89, 92, 93, 94 and/or 96. In certain
embodiments, the mutation is selected from R24A, §31R, AS08, AS0G, 852G, L34R, N36K,
N36R, N56L, NS6T, 389G, D92V, 893R, Fo4Y, F94L, R96H, R96L, or combinations
thereof. In these and other embodiments, the TREMZ2 agonist antigen binding protein
comprises a heavy chain variable region comprising the sequence of SEQ ID NO: 124 with a
mutation at one or more amino acid posttions 27, 28, 30, 32, 50, 34, 58, 60, 61, 63, 66, 99,
101, 103, 104, and/or 110, In some embodiments, the mutation is selected from Y278, 8280,
S28H, TION. T30G, T30E, T30A, Y32E, I50T, G548, TS8V, Y60L. $61A, 863G, S63F,
Go613, Q99G, QUOS, QYoM, TI01G, YIO3R, Y104, F1108S, or combinations thereof.
Amino acid sequences for light chain and heavy chain variable regions and assoctated CDRs
of exemplary variants of the 6E7 antibody with improved affinity are set {orth below in
Tables 2A and 2B, respectively. Anuno acid sequences for light chain and heavy chain
variable regions and associated CDRs of exemplary variants of the 6E7 antibody with
reduced affinity are set forth below in Tables 3A and 3B, respectively. The corresponding

sequences for the 6E7 antibody are listed for comparison.
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Table ZA. Light Chain Variable Region Amine Acid Sequences for Improved Affinity
TREM? Antibodies

Variant VL VL Amine Acid Sequence CDRILI CDRI2 CDRL3
AbID. | Group
AE7 LV-16 | DIQMTOSPSSVSASVGDRVTIT | RASQGISSWLA | AASSLON | OQADSFPRT
CRASQGISSWLAWYQOQKPGK | (SEQIDNO: 16) | (SEQ ID NO: | (SEQ ID NO:
APKLLIYAASSLONGVPSRFESG 283 43}
SGSGTDFTLTISSLOPEDFATYF
COQADSFPRTFGQGTKLEIK
(SEQ ID NO: 61)
V3 LV- DIOMTQSPSSVSASVGDRVTIT | RASQGISSWLA | AASSRON | QQADRFPRT
P01 CRASQGISSWLAWYQQKPGK (SEQIDNO: 16} | (SEQID NG: | (SEQ ID NG:
APKLLIY AASSRONGVPERFSG 143} 148}
SGSGTDFTLTISSLOPEDFATYF
CQQADRFPRTFGQGTKLEIK
(SEQ ID NO: 153)
V24 LV- DIQMTOSPSSVSASVGDRVTIT | RASQGISSWLA | AASSLOK QOADSFPHT
102 CRASQGISSWLAWYQQKPGK (SEQID NO: 16) | (SEQID NO: | (SEQ D NGO
APKLLIY AASSLOKGVYPSRESG 144) 149}
SGSGTDFTLTISSLOPEDFATYF
CQQADSFPHTFGOQGTKLEIK
{(SEQ D NG: 154)
V27 LV- DIQMTOSPSSVSASVGDRVTIT | RASQGISSWLA | AASSLOR QOADSFPRT
103 CRASQGISSWLAWYQQKPGK (SEQID NO: 16) | (SEQID NO: | (SEQ D NGO
APKLLIY AASSLORGYPSRFSG 145} 43}
SGSGTDFTLTISSLOPEDFATYF
CQQADSFPRTFGQGTKLEIK
{(SEQ ID NG: 155
V40 Y- DIOMTQSPSSVSASVGERVTIT | RASQGISSWLA | AASSLQL QOADRFPRT
P04 CRASGGISSWLAWYQUQKPGK. (SEQID NO: 16) | (SEQID NO: | (SEQ D NGO
APKLLIY AASSLOLGVPSRFSG 146} 148}
SGSGTDFTLTISSLOPEDFATYF
COQADRFPRTFGOGTKLEIK
{(SEC D NO: 156)
V48 V- DIQOMTOQSPSSVSASVGERVTIT | RASQGISSWLA | AASSLQT QOADSLPRT
103 CRASQGISSWLAWYQQKPGK. | (SBQID NO: 16) | (SEQ 1D NO: | (SEQ D NO:
APKLLIYAASSLOTGVPSRFSG 26} 150}
SGSGTDFTLTISSLOPEDFATYF
COQADSLPRTFGOGTKLEIK
(SEG ID NQO: 157)
V49 V- DIOMTQSPSSVSASVGDRVTIT | RASQGISSWLA | AASSRON QOQADSYPRT
V73 106 CRASQGISSWLAWYQQKPGK. | (SBQID NO: 16) | (SEQ 1D NO: | (SEQ D NO:
APKLLIYAASSRQNGVPSRFSG 143} 150
SGSGTDFTLTISSLOPEDFATYY
COOADSYPRTFGOOGTKLEIK
{SE( ID NO: 158)
V52 V- DIOMTQSPSSVSASVGDRVTIT | RASQGISSWLA | AASSLOR OQADRFPRT
107 CRASQGISSWLAWYQQKPGK. | (SEQ ID NO: 16) | (SEQ ID NO: | (SEQ ID NO;
APKLLIYAASSLORGVPISRFSG 145} 148}
SGSGTDFTLTISSLOPEDFATYY
COOADRFPRTFGOGTKLEIK
(SEG ID NQ: 159)
Vo V- DIOMTQSPSSVSASVGDRVTIT | RASQGISSWLA | AASSLOR GQADSFPRT
108 CRASQGISSWLAWYQQKPGK. | (SEQ ID NO: 16) | (SEQ ID NO: | (SEQ ID NO;
APKLLIYAASSLORGVPISRFSG 145} 152}

SGSGTDFTLTISSLOPEDFATYF
CGOADSFPRTFGQCTELEIK
(SEQ ID NO: 160)

i
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Variant VL Vi Amine Acid Seguence CDRLA CDRL2 CDRL3
Ab IB. | Group
V76 V- DIOMTOQSPSSVSASVGDRVTIT | RASQGISSWLA | AASSLOK QOGADSFPRY
109 CRASQGISSWELAWYQOKPGK | (SEQIDNO: I6) { (SEQIDNG: | (SEQ D NG
APKLLIYAASSLOKGVPSRFSG 144) 43}

SGSGRDFTLTISSLOPEDFATYF
COQADSFPRTFGQGTKLEIK
(SEYID NC: 161

VB4 LV- DIOMTQSRPSSVSASVGDRVTIT | RASQGISSWLA | GASSLON | QOADSFPRT
110 CRASOGISSWLAWYQOKPGEK. | (SEQID NO: 16) | (SEQ ID NO: | (SEQ D NO:
APKLLIYGASSLONGVPSRFSG 147) 43)

SGSGTDFTLTISSLOPEDFATYF
COQADSFPRTFGQGTKLEIK
(SEY ID NG 162

Table 2B. Heavy Chain Variable Region Aminge Acid Sequences for Improved Affinity
TREM? Antibodies

Variant YVH YVH Amine Acid FR1/ CDRHE1 CDBRHZ CDBRH3
Ab 1B, | Greup Sequence CDRH1I
Border
6E7 HV-15 | EVQLVQSGAEV | YSFT SYWIA | HIYPGDSDTRYSPESFQG | QRTFYYDSSDYFDY
KKPGESLKISCK | (S3EQID | (SEQTID | (SEQ D NO: 9 {(SEQ ID NG 107
GSGYSFTSYWIA | NO: 163) | NO: 85
WVROMPGKGLE
WMGHYPGDSDT

RYSPSFQGQVTI
SADESISTAYLO
WSSLKASDTAM
YFCARGRTFYY
DSSDYFDYWGQ
GTLVTVSS

(SEQ ID NO: 124)

V3 HV- EVOQLVOSGAEV | YSFA SYWIA | IIYPGDSDTRYSPSF(QD | GRTIFYYDSSDYFDY
101 KEPGESLKISCK | (SEQID | (SEQID | (SEQID NO: 170} (SEQ ID NG: 176)
GSGQYSFASYWIA | NO: 164) | NO: 85)
WYVROMPGKGLE
WMGHYPGDSDT
RYSPSFQDQVTI
SADKSISTAYLQ
WESLKASDTAM
YFCARGRETFYY
DSSDYFDYWGO
GTILVYTVSS

(SEQ ID NG 180)

V24 HV- | EVOLVQSGAEV | YSFT SYWIA | HYPGDSDVRYSPSFQG | SRTFYYDSSDYFDY
102 KKPGESLKISCK | (SEQID | (SEQID | (SEQID NO: 171) (SEQ ID NO: 177)

GSCYSFTSYWIA | NO: 163) | NO: 85)
WYROMPGKGLE
WMGHYPGDSD
VRYSPSFQGQVT
ISADKSISTAYLQ
WSSLKASDTAM
YFCARSRTFYYD
SSDYFDYWGCOG
TLYTVSS

(SEQ ID NO: 181)

L
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Yariant
Ab 8.

VH
Group

VH Aming Acid
Seguence

FR1/
CDRH:
Border

CDBREY

CDRH2

CDBRHE3

P
/27

HBV-
103

EVOLVGQSGAEY

KKPGESLKISCK

GSGYSFTSYWIA
WVROMPGKGLE
WMGITYPGDSDT
RYAPSFQGQVTI

SADKSISTAYLO

WSSLKASDTAM
YFCVRSRIFYYD
SSOYFIYWGQG
TLVIVSS

(SEQ ID NO: 182)

YSFT
(SEQ ID
NO: 163)

SYWIA
(SEQ 1D
NO: 85

HYPGDADTRYAPSFQOG
SEG I NG 17D

SRTFYYDISDYFDY
(SEGQID NG: 177

V40

HY-
104

EVOLVOSGAEY
KKPGESLKISCK
GSGYSFGSYWIA
WVRQMPGKGLE
WMGHYPGDSD
VRYSPSFOGOVT
ISADKSISTAYLOQ
WSSLKASDTAM
YFCARQRTFYY
DSSDYSHY WGO
GTLVIVSS

(SEQ ID NO: 183)

YSFG
(SEQ ID
NO: 165)

SYWIA
{(SECQ D
NQ: 85)

TYPGDSDVRYSPSFOG
(SEQ ID NO: 171)

ORTFYYDSSDYSDY
(SEQ ID NO: 178)

V48

HBV-
105

EVOLVGQSGAEY
KKPGESLKISCK
GSGYSFGSYWIA
WVROMPGKGLE
WMGITYPGDSD
VRYSPSFOGOVT
[SADKSISTAYLQ
WSSLKASDTAM
YECARMRTFYY
DSSDYFDYWGQ
GTLVTVSS

(SEQ 1D NO: 184)

YSFG
(SEQ ID
NO: 165)

SYWIA
(SEQ 1D
NO: 85

HYPGDADVRYSPSFQG
SEG I NG 17D

MRIFYYDSSDYFDY
(SEGQID NG: 179)

V49

HY-
106

EVOLVQSGAEY

KKPGESLKISCE

GSGYSFNSYWIA
WVRQMPGKGLE
WMGTIYPGDSD

TRLSPSFQGOVT

ISADKSISTAYLOQ
WSSLKASDTAM

YFCARSRTFYYD
SSDYFDYWGQG

TLVTVSS

(SEQ ID NO: 185)

YSFN
(SEQ ID
NO: 166)

SYWIA
{(SECQ D
NQ: 85)

TIYPGDSDTRLSPSFQG
(SEQ ID NO: 173)

SRTFYYDSSDYFDY
(SEQ ID NO: 177)

V52

HBV-
107

EVOLVQSGAEY
KKPGESLKISCK
GSGYSFESYWIA

YSFE
(SEQ ID
NO: 167)

SYWIA
(SEQ 1D
NO: 85

HYPGDSDTRYSPSFQG
(SEQ 12 NO: 91)

GRTFYYDSSDYFDY
{SEGQID NG: 176)

(94
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Yariant
Ab 8.

VH
Group

VH Aming Acid
Seguence

FR1/
CDRH:
Border

CDBREY

CDRH2

CDBRHE3

WVROMPGKOLE,
WMGIIYPGDSDT
RYSPSFQGQVTI
SADKSISTAYLO
WSSLKASDTAM
YFCARGRTFYY
DSSDYFDYWGQ
GTLVIVSS

(SEQ 1D NO: 186)

Voo

HV-
108

EVOLVQSGAEV
KKPGESLKISCK
GSGYHFTSYWIA
WVRQMPGKGLE
WMGHYPGDSD
VRYSPSFQGQVT
[SADKSISTAYLO
WSSLK ASDTAM
YFCARQRTFYY
DSSDYSDYWGQ
GTLVTVSS

(SEQ 1D NO: 187)

YHFT
(SEQ ID
NO: 168)

SYWIA
(SEQ ID
NO: 85)

YPGDSDVRY SPSPOG
(SEQ ID NO: 171

QRTIFYYDSSDYSDY
(SEQ ID NOG: 178)

V73

HV-
109

EVOLVQSGAEV
KKPGESLKISCK
GSOYSPGSYWIA
WYROMPGKGLE
WMGIIYPGDSDT
RYSPGFQGQVTI
SADKSISTAYLO
WSSLKASDTAM
YFCARGRTFYY
DSSDYFDYWGQ
GTLVIVSS

(SEQ 1D NO: 188)

YSFG
(SEQ ID
NO: 165}

SYWIA
(SEQ ID
NO: 85)

HNYPGDSDTRYSPGFQG
(SEQ ID NO: 174

GRTFYYDSSDYFDY
{SEQ ID NO: 176}

V76

HV-
116

EVOLVOQSGAEV
KKPGESLKISCK
GSGYSFGSYWIA
WYROQMPGKGLE
WMGIIYPGDSDT
RYSPEFQGQVTI
SADKSISTAYLQ
WSSLK ASDTAM
YFCARQRTFYY
DSSDYSDYWGO
GTLVTVSS

(SEQ ID NO: 189)

YSFG
(SEQ ID
NO: 165)

SYWIA
(SEQ ID
NO: 85)

HNYPGDSDTRYSPEFQG
(SEQ ID NO: 175)

QRTIFYYDSSDYSDY
(SEQ ID NOG: 178)

Vé4

HY-
1331

EVOLVQSGAEY
KKPGESLKISCK
GSGYGPTSYWIA
WVYROMPGKGLE
WMGHYPGDSDT
RYSPSFQGQVTI
JADKSISTAYLO

YOFT
(SEQ ID
NO: 169)

SYWIA
(SEQ ID
NG: 85)

HYPGDRADTRYSPSFQG
(S8EQ ID NO: 91)

QRTFYYDSSDYSDY
{SEQ ID NO: 178}

(¥4
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Variant YH VH Aming Acid FRY/ CDRE CBRH2Z CDRHE3
ABIB. | Group Seguence CBRHEL
Border

WESLKASDTAM
YFCARQRTFYY
DSSDYSDYWGO
GTILVYTVSS

(SEQ ID NG 190

10128} The TREMZ agonist antigen binding proteins of the invention may comprise one or
more of the CDRs from the improved affinity varnants presented in Table ZA (light chain
CDRs:1.e. CDRLs) and Table 2B (heavy chain CDRs, t.e. CDRHs). In some embodiments,
the TREMZ2 agonist antigen binding proteins comprise a consensus CDR sequence derived
from the improved affinity variants. For instance, in one embodiment, the TREM?Z agonist
antigen binding proteins comprise a CDRL2 consensus sequence of X1ASSX(QXs (SEQ ID
NO: 139, where Xiis Aor G, XoisLor Ry and Xsis N, KO R, L, or T In another
embodiment, the TREM2Z agonist antigen binding proteins comprise a CDRL3 consensus
sequence of XiQADXKPXT (SEQ 1D NO: 140}, where X1 is Qor G, X21is Sor R, X515 F,
L,or ¥, and X4 is R or H. In yet another embodiment, the TREMZ2 agonist antigen binding
proteins comprise a CDRH2 consensus sequence of XUdYPGDSDXoRXGXGPXFOQXe (SEQ
IDNO: 141, where XaislorT; 20isTorV, X5isYor Ly Xsis S or A; X518 8, G, or E;
and Xs 13 G or B, In still another embodiment, the TREMZ agonist antigen binding proteins
comprise a CDRH3 consensus sequence of X IRTFYYDSSDYXoDY (SEQ ID NO: 142),
where X115 Q, 3, 8, or M; and X2 1s F or S. In certain embodiments, the TREM?2 agonist
antigen binding proteins comprise a light chain variable region comprising complementarity
determining regions CDRLY, CDRL2, and CDRL3 and a heavy chain variable region
comprising complementanity determuning regions CDRHI, CDRH?2, and CDRH3, wherein
CDRL1 comprises the sequence of SEQ D NG 16, CDRLZ comprises the consensus
sequence of SEQ I NO: 139, CBRL3 comprises the consensus sequence of SEG 1D NO:
140, CDRHI comprises the sequence of SEQ ID NG: 85, CDRH2 comprises the consensus
sequence of SEQ ID NO: 141, and CDRH3 comprises the consensus sequence of SEQ ID
NG 142,

16129} In some embodiments, the TREM2 agonist antigen binding proteins of the invention
comprise a CDRL1 comprising the sequence of SEQ 1D NO: 16; a CDRL2 comprising a
sequence selected from SEQ 1D NOs: 26 and 143-147; a CDRL3 comprising a sequence
selected from SEQ ID NOs: 43 and 148-152; a CDORHI1 comprising the sequence of SEQ ID

L
~3



WO 2018/195506 PCT/US2018/028691

NG: 85; a CDRH2 comprising a sequence selected from SEQ 1D NOs: 91 and 170-175; and a
CDRH3 comprising a sequence selected from SEQ 1D NOs: 176-179.

[3136] In particular embodiments, the TREM2 agonist antigen binding proteins of the
mvention cormprise a light chain variable region compnising a CDRLY, a CDRLZ, and a
CDRL3, wherein: (a) CDRUL, CDRL2, and CDRL3 have the sequence of SEQ ID NQOs: 16,
143, and 148, respectively; (b) CDRL1, CDRL2Z, and CDRL3 have the sequence of SEQ ID
MN(s: 16, 144, and 149, respectively, {¢) CDRL1, CDRLZ, and CDRL3 have the sequence of
SEQ ID MNOs: 16, 145, and 43, respectively; {(d) CDRLY, CORL2, and CDRL3 have the
sequence of SEQ 1D NQOs: 16, 146, and 148, respectively; {e) CORLI, UDRL2, and CDRL3
have the sequence of SEQ 1D NGs: 16, 26, and 150, respectively; (£ CDRL1, CDRL2, and
CDRL3 have the sequence of SEQ 1D NOs: 16, 143, and 151, respectively; {(g) CDRLI,
CDRL2, and CDRL3 have the sequence of SEQ 1D NOs: 16, 145, and 148, respectively; (h)
CDRL1, CDRL2, and CDRL3 have the sequence of SEG 1D NOs: 16, 145, and 152,
respectively; (i) CDRL1, CDRLZ, and CDRL3 have the sequence of SEQ 1D NOs: 16, 144,
and 43, respectively; or () CDRLI, CDRLZ, and CDRL3 have the sequence of SEQ ID NOs:
16, 147, and 43, respectively.

{6131} In related embodiments, the TREM2Z agonist antigen binding proteins of the invention
comprise a heavy chain variable region comprising a CDRHI, a CDRH2, and a CDRH3,
wherein: (a) CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 85, 170, and
176, respectively; {b) CBRH1, CDRHZ, and CDRH3 have the sequence of SEQ 1D NQOs: 85,
171, and 177, respectively; (¢) CDRHI, CDRH2, and CDRH3 have the sequence of SEQ ID
NQOs: 85, 172, and 177, respectively; (dy CDRHI, CDRH2, and CDRH3 have the sequence of
SEQID NOs: 85, 171, and 178, respectively; (e} CDRHI, CDRH2, and CDRH3 have the
sequence of SEQ 1D NOs: 85, 171, and 179, respectively; (fy CDRH1, CDRHZ, and CDRH3
have the sequence of SEQ 1D NOs: 85, 173, and 177, respectively; (g} CDRH1, CBRH2, and
CDRH3 have the sequence of SEQ 1D NQs: 85, 91, and 176, respectively; (h) CDRHI,
CDRH2, and CDRH3 have the sequence of SEQ ID N(s: 85, 174, and 176, respectively; (i)
CDRH1, CDRH2, and CDRH3 have the sequence of SEQ 1D NQOs: 85, 175, and 178,
respectively; or () CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NQs: 85, 91,
and 178, respectively.

{3132} In certain embodiments, the TREM2 agonist antigen binding proteins of the invention
comprise a light chain vanable region comprising a CDRLIL, a CDRL2, and aCDRL3 and a

heavy chain varnable region coraprising a CDRHI, a CORH2, and a CDRH3, wherein:
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(a) CDRL1, CDRLZ, and CDRL3 have the sequence of SEQ 1D NOs: 16, 143, and

148, respectively, and CDRHI, CDRH2, and CDRH3 have the sequence of SE( 1D NQOs: 85,
70, and 176, respectively.

(b CDRL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NQOs: 16, 144, and
149, respectively, and CDRH1, CDRHZ, and CDRH3 have the sequence of SEQ 1 NOs: 85,
171, and 177, respectively;

{c) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ ID NOs: 16, 145, and
43, respectively, and CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NQOs: 85,
172, and 177, respectively;

{d) CDRL1, CDRL2Z, and CERL3 have the sequence of SEQ 1D NOs: 16, 146, and
148, respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ D NQGs: 83,
171, and 178, respectively;

(&) CDRL1, CBDRLZ, and CDRL3 have the sequence of SEQ ID NOs: 16, 26, and
150, respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ D NQs: 85,
171, and 179, respectively;

() CORL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NQs: 16, 143, and
151, respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 83,
173, and 177, respectively;

{g) CDRL1, CDRLZ, and CDRL3 have the sequence of SEQ 1D NOs: 16, 145, and
148, respectively, and CDRH1, CDRH2, and CDRHS3 have the sequence of SEQ 1D NOs: 85,
91, and 176, respectively;

(h) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NQs: 16, 145, and
152, respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SE(Q ID NOs: 85,
171, and 178, respectively;

(1) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NOs: 16, 143, and
151, respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ D NOs: 85,
174, and 176, respectively;

() CORLY, CDRL2Z, and CDRL3 have the sequence of SEQ ID NOs: 16, 144, and 43,
respectively, and CDRHI1, CDRH2, and CDRH3 have the sequence of SEQ 1D NQOs: 85, 175,
and 178, respectively; or

{k) CDRL1, CDRLZ, and CERL3 have the sequence of SEQ 1D NGs: 16, 147, and
43, respectively, and CDRHI, CDRH2, and CDRH3 have the sequence of SEQ ID NOs: 85,

o1. and 178, respectively.

v
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16133} Tn some embodiments, the TREM?2 agonist antigen binding proteins of the invention
may comprise a light chain variable region selected from LY-101, LV-102, LY-103, LV-104,
LV-105, LV-106, LV-107, LV-108, LV-109, and LV-110, as shown in Table 2A, and/or a
heavy chain vanable region selected from HV-101, HV-102, HV-103, HV-104, HV-105,
HV-106, HV-107, HY-108, HV-109, HV-110, and HV-111, as shown in Table 2B, or
sequences that are at least 80% identical, at least 85% identical, at least 90% identical, or at
least 95% identical o any of the sequences in Tables 2A and 2B. For instance, in certain
emnbodiments, the TREM?2 agonist antigen binding proteins coroprise a hight chain variable
region comprising (1) a sequence that is at least 90% identical to a sequence selected from
SEQ ID NOs: 153-162, {i1) a sequence that is af least 95% identical to a sequence selected
from SEQ 1D NOs: 153-162, or (i11) a sequence selected {tom SEQ I NQGs: 153-162. In
related embodiments, the TREM2 agonist antigen binding proteins cormprise a heavy chain
variable region comprising (1} a sequence that is at least 90% identical to a sequence selected
from SEQ TD NOs: 180-190, (1) a sequence that is at least 95% 1dentical {o a sequence
selected from SEQ D NOs: 180-190, or (111) a sequence selected from SEQ 1D NQOs: 180-
190,

[6134] Each of the light chain variable regions listed in Table 2A may be combined with any
of the heavy chain variable regions listed in Table 2B to form an anti-TREMZ binding
domain of the antigen binding proteins of the invention. Examples of such combinations
include, but are not limited to: LV-101 (SEQ 1D NO: 153) and HV-101 (8EQ ID NO: 180);
LV-102 (SEQ ID NO: 154) and HV-102 (SEQ ID NO: 181): LV-103 (SEQ ID NO: 155) and
HV-103 (SEQ 1D NO: 182); LV-104 (SEQ 1D NO: 156) and HV-104 (SEQ D NO: 183);
LV-105 (SBEQ ID NO: 157) and HV-105 (SEQ ID NO: 184); LV-106 (SEQ 1D NO: 158) and
HV-106 (SEQ ID NO: 185); LV-107 (SEQ ID NO: 159) and HV-107 (SEQ ID NO: 186);
LV-108 (SEQ ID NO: 160) and HV-108 (SEQ ID NO: 187); LV-106 (SEQ 1D NO: 158) and
HV-109 (SEQ D NO: 188); LV-109 (SEQ ID NO: 161) and HV-110 (SEQ 1D NO: 189}
and LV-110 (SEQ 1D NO: 162) and HV-111 (S8EQ ID NO: 190).

Table 3A. Light Chain Variable Region Amine Acid Sequences for Reduced Affinity
TREM?Z Antibodies

Vartant VL VL Amino Acid Sequence CDRLI CDRL2 CDRL3

Ab I, | Group

AE7 LV-16 DIOMTQSPSSVSASYVGDRVT | RASQGISSWLA AASSLON QQADSFPRT
ITCRASQGISSWLAWYQQKP | (SEQ ID NG: 16) (SEQ ID NG: (SEQ ID NG
GEKAPKLLIYAASSLONGVPS 28} 43)
RESGSGSGTDFTLTISSLOPE

G
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Variant VL YL Amino Acid Sequeace {CBRLY CDRL2 CBRL3

Ab IB. | Group
DFATYFCQQADSFPRTFGQG
TKLEIK (SEQ ID NG: 61

N LV-16 DIOMTQRPSSVSASVGDRVT | RASQGISSWLA AASSLON QQADSFPRT

Y30 ITCRASQGISSWLAWYQUKP | (SEQ 13 NO: 16) (SEQ D NG (SEQ 1D NO:

V33 GEAPKLLIVAASSLONGVPS 28} 43)

V44 RFSGSGSGTDFTLTISSLQPE

V68 DFATYFCQQADSFPRTFGQG
TKLEIK (SEQ ID NG: 61y

Vio LV-201 | DIOMTQRPSSVSASVGURVT | RASQGISSWLA SASSLON (SEQ | QOADSFPRT
ITCRASQGISSWLAWYQUKP | (SEQ 13 NO: 16) 113 NO: 292) (SEQ 1D NO:
GEAPKLLIVSASSLONGVPS 43)
RFSGSGSGTDFTLTISSLQPE
DFATYFCQQADSFPRTFGQG
TKLEIK (3EQ 1D N{: 295)

V23 LV-202 | DIQOMTOSPSSVYSASVGIRVT | RASQGISSWLA AASSLON QQADSFPLT
ITCRASQGISSWLAWYQQKP | (SEQ D NO: 16) (SEQ D NG (SEQ 1D NO:
GKAPKLLIVAASSLOQNGVPS 28) 294)
RFSGSGRGTDFTLTISSLOPE
DFATYFCQOQADSFPLTFGQG
TKLEIK (SEQ ID NO: 296)

V57 LV-203 | DIOMTOQSPSSYSASVGDRYT | AASQGISSWLA | AASSLON CQOQADSFPRT
ITCAASQGISSWLAWYQOQKP | (SEQ ID NO: 290y | (SEQ ID NO: (SEQ ID NG
GKAPKLLIVAASSLOQNGVPS 28) 43)
RFSGSGRGTDFTLTISSLOPE
DFATYFCQQADSFPRTFGQG
TKLEIK (SEQ ID NO: 297)

V70 LV-204 | DIQOMTOQSPSSVYSASVGIRVT | RASQGISSWLA AAGBLON CQOQADSFPRT
ITCRASQGISSWLAWYQUKP | (SEQ ID NO: 16} (SEQ ID NG (SEQ ID NG
GKAPKLLIVAAGSLONGVPS 293) 43)
RFSGSGSGTDFTLTISSLOPE
DFATYFCQOQADSFPRTFGQG
TKLEIK (SEQ ID NO: 298)

V33 LV-205 | DIQMTOSPSSVSASVGDRVT | RASQGISSWLA AASSLON QOAVSFPRT
ITCRASQGISSWLAWYQQKP | (SEQ ID NO: 16) (SEQ ID NO; (SEQ ID NO;
GKAPKLLIYAASSLONGVPS 28) 2743
RFSGSGSGTDFTLTISSLOPE
DFATYFCQOQAVSFPRTFGQG
TKLEIK (SEQ ID NO: 299

V90 LV-206 | DIQMTOSPSSVSASVGDRVT | RASQGISRWLA | AASSLON QOADSFPRT
ITCRASQGISRWLAWYQQK | (SEQID NO: 291) | (SEQ ID NO: (SEQ ID NO;
PGKAPKLLIYAASSLONGVP 28) 43)

SRFSGSGSGTDFTLTISSLOP
EDFATYFCQQADSFPRTFGQ

GTKLEIK (SEQ ID NG 300y

Table 3B. Heavy Chain Variable Region Amine Acid Segquences for Reduced Affinity

TREMZ Antibodies
Variant YH VH Amine Acid FRY/ CDBRH1 CDBRHZ CDBRH3
Ab 1B, | Greup Sequence CDRH1I
border

6E7 HV-15 | EVOLVOSGAEY YSFT SYWIA IIYPGDSDTRYSPSFQG | QRTFYYDSSDYFDY
KKPGESLKISCK | (SEQID | (SEQID | (SEQ ID NQO: 9D (SEQ ID NG: 167
GSGYSFTSYWIA | NGO 163) | NO: 85
WVROMPOKGLE
WMGHYPGDSDT
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VH
Group

Yariant
Ab 8.

VH Aming Acid
Seguence

FR1/
CDRH:
border

CDBREY

CDRH2 CDBRHE3

RYSPSFOGOVTI
SADKSISTAYLQ
WSSLKASDTAM
YFCARQRTFYY
DSSDYFIYWGO
GTLVTVSS (SEQ
D NO: 124)

Vo Bv-

201

EVOLVQSGAEY

KKPGESLKISCK

GSGYSFTSYWIA
WYROMPGKGLE
WMGIIYPGDSDT
RYSPSFQGQVTI

SADKSISTAYLO

WSSLKASDTAM
YFCARQRGFYY

DSSDYFDYWGQ
GTLVIVES (SEQ
ID NO: 307)

YSFT
(SEGQ ID
NO: 163)

SYWIA
(SEQ ID
NO: 85)

HYPGDEDTRYSPSFQG
(SEQ ID NO: 91)

QRGFYYDSSDYFDY
(SEQ ID NO: 304)

Vio
V23
V57

iy
Va3

HV-15

EVQLVOSGAEY

KKPGESLKISCK

GSGYSFTSYWIA
WVYROMPGKGLE
WMGHYPGDSDT
RYSPSFQGQVTI

SADKSISTAYLQ
WSSLKASDTAM
YFCARQRTFYY

DSSDYFDYWGQ
GTLVIVSS (SEQ
1D NO: 124)

YSFT
(SEQ ID
NO: 163)

SYWIA
(SEQ ID
NG: 85)

HYPGDRADTRYSPSFQG
(S8EQ ID NO: 91)

QRTFYYDSSDYFDY
{SEQ ID NO: 167}

V30 HBV-

202

EVOLVGSGARY
KKPGESLKISCK
GSGSSFTSYWIA
WVROMPGKGLE
WMGIHYPGDSDT
RYSPSFQGOVTI
SADKSISTAYLQ
WSSLKASDTAM
YECARQRTFYY
DSSDYFDYWGQ
GTLVTVSS (SEQ
1D NO: 308)

SSFT
(SEQ ID
NO: 301)

SYWIA
(SEQ 1D
NO: 85

HYPGDSDTRYSPSFOG
(SEQ 1D NO: 91)

QRTFYYDSSDYFDY
{(SEQ ID NG 167

EVOLVQSGAEV
KKPGESLKISCK
GSGYSFTSYWIA
WVROQMPGKGLE
WMGITYPGDSDT
RYSPSFQGQVTI
SADKSISTAYLOQ
WSSLKASDTAM
YFCARQRTFYG
DSSDYFDYWGQ
GTLVTVSS (SEQ
D NO: 309}

YSFT
(SEQ ID
NO: 163)

SYWIA
(SEQID
NO: 85)

HYPGDSDTRYSPSFQG
(SEQ 1D NO: 91)

QRTFYGDSSDYFDY
(SEQ 1D NO: 305)
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Variant YH VH Aming Acid FRY/ CDRE CBRH2Z CDRHE3
ABIB. | Group Seguence CBRHEL
border
V44 HY- EVQLVQSGAEY | YSET SYWIA HYPRDSDTRYSPSFQG | QRTFYYDSSDYFDY
204 KKPGESLKISCK | (SEQID | (SEQID | (SEQ D NO: 303) {(SEQ ID NQ: 167y
GRGYSFTSYWIA | NO: 163) | NO: 85)
WVROMPGKGLE
WMGITYPSDSDT
RYSPSFQGOVTI
SADKSISTAYLQ
WARSLKASDTAM
YECARQGRTFYY
DSSDYFDYWGQ
GTLVTVSS (SEQ
1D NO: 31
V68 Hv- EVQLVQSGAEY | YSFT SYWIA | HYPGDSDTRYSPSFQG | QRTFRYDSSDYFDY
205 KKPGESLKISCK | (SEQID | (SEQID | (SEQ D NO: 9D {(SEQ ID NO: 3063
GSGYSFTSYWIA | NO: 163} | NO: 85)
WVROMPGKGLE

WMGIHYPGDSDT
RYSPSFQGOVTI
SADKSISTAYLQ
WSSLKASDTAM
YECARQRTFRY
DSSDYFDYWGQ
GTLVTVSS (SEQ
ID NO: 311)

V90 HV- | EVOLVQSGAEV | YSFT SEWIA | HYPGDSDTRYSPSFOG | ORIFYYDSSDYFDY
206 KKPGESLKISCK | (SEQID | (SEQID | (SEG ID NO: 91 (SEQ ID NO: 107)

GSGYSFTSEWIA | NG 163) | NO: 302)
WVROQMPGKGLE
WMGITYPGDSDT
RYSPSFQGQVTI
SADESISTAYLO
WSSLKASDTAM
YFCARGRTFYY
DSSDYFDY WGQ
GTLVTVSS (SEQ
ID NO: 312)

13135} The TREM2 agonist antigen binding proteins of the invention may comprise one or
more of the CDRs from the reduced affinity variants presented in Table 3A {light chain
CDRs; 1.e. CDRLs) and Table 3B (heavy chain CDRs, t.e. CDRHs). In some embodiments,
the TREM?2 agonist antigen binding proteins comprise a consensus CDR sequence derived
from the reduced affinity variants. For instance, in one embodiment, the TREM?2 agonist
antigen binding proteins comprise a CDRL1 consensus sequence of X1 ASQGISXoWLA
(SEQ ID NO: 284), where X1is R or A; and X218 S or R. In another erobodiment, the
TREM?2 agonist antigen binding proteins comprise a CDRL2 consensus sequence of
KiAXRSLON {(SEQ 1D NO: 2853, where Xpis Aor 8, and X218 8§ or G In another
embodiment, the TREMZ2 agonist antigen binding proteins comprise a CDRL3 consensus

sequence of QQAXGSFPXOT (SEQID NO: 280), where X 1sDorViand XoisRor L. In
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another ernbodioent, the TREM?2 agonist antigen binding proteins comprise a CDORHI
consensus sequence of SXGWIA (SEQ 1D NO: 287), where X, is Y or E. In vet another
embodiment, the TREM2 agonist antigen binding proteins comprise a CDRHZ2 consensus
sequence of HYPXGDSDTRYSPSFQG (SEQ 1D NG: 2883, where X118 G or 8. In still
another embodiment, the TREM2Z agonist antigen binding proteins comprise a CDRH3
consensus sequence of QRXFXXGDSSDYFDY (SEQ 1D NG: 289), where X1 is T or G Xz
i3Y or R and X518 Y or G. In certain embodiments, the TREM2 agonist antigen binding
proteins comprise a light chain variable region comprising complementarity determining
regions CDRL1, CDRLZ, and CDRL3 and a heavy chain variable region comprising
complementarity determining regions CBRHI1, CDRH2, and CDRH3, wherein CDRL1
comprises the sequence of SEQ D NQO: 284, CDRL2 comprises the consensus sequence of
SEQ 1D NO: 285, CDRL3 corprises the consensus sequence of SEQ 1D NO: 286, CDRH1
comprises the sequence of SEQ ID NG: 287, CDRH2 comprises the consensus sequence of
SEQ 1D NO: 283, and CDRH3 comprises the consensus sequence of SEQ ID NO: 289,
16136} Tn some embodiments, the TREM2 agonist antigen binding proteins of the invention
comprise a CDRL1 comprising a sequence selected from SEQ 1D NQOs: 16, 290, and 291 a
CDRL2 comprising a sequence selected from SEQ 1D NQOs: 28, 292, and 293, a CDRL3
comprising a sequence selected from SEQ D NQs: 43, 294, and 271; a CDRHI comprising
the sequence of SEQ ID NO: 85 or SEQ I3 NO: 302; a CDRH2 comyprising the sequence of
SEQ ID NG: 91 or SEQ 1D NO: 303; and a CDRH3 comprising a sequence selected from
SEQ ID NOs: 107 and 304-306.

16137 In particular embodiments, the TREM?2 agonist antigen binding proteins of the
invention comprise a light chain variable region comprising a CDRLY, a CDRL2, and a
CDRL3, wherein: {a) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NOs: 16,
28, and 43, respectively; (b) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ ID
NOs: 16, 292, and 43, respectively; (¢} CDRL1, CDRL2, and CDRL3 have the sequence of
SEQ ID NOGs: 16, 28, and 294, respectively; {(d} CDRL1, CDRL2, and CDRL3 have the
sequence of SEQ ID NOs: 290, 28, and 43, respectively: (e} CDRL1, CDRL2Z, and CDRL3
have the sequence of SEQ ID NQOs: 16, 293, and 43, respectively; () CDRL1, CDRL2, and
CDRL3 have the sequence of SEG 1D NGs: 16, 28, and 271, respectively; or (g) CDRL1,
CDRL2, and CDRL3 have the sequence of SEQ ID NOs: 291, 28, and 43, respeciively.
3138} In related embodiments, the TREM2 agonist antigen binding proteins of the invention

comprise a heavy chain vanable region coroprising a CDRHI, a CDRHZ, and a CDRH3,

64



WO 2018/195506 PCT/US2018/028691

wherein: (a) CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NQs: 85, 91, and
304, respectively; (b) CDRHI, CDRH2Z, and CDRH3 have the sequence of SEQ 1D NOs: 85,
91, and 107, respectively: {¢) CDRHI1, CDRH2, and CDRH3 have the sequence of SEQ ID
NOs: 85, 91, and 305, respectively; {(d) CDRH, CDRH2, and CDRH3 have the sequence of
SEQ 1D NOs: 85, 303, and 107, respectively; (e} CORHI, CDRHZ, and CDRH3 have the
sequence of SEQ ID NOs: 85, 91, and 306, respectively; or (fy CDRH1, CDRH2, and
CDRH3 have the sequence of SEQ ID NOs: 302, 91, and 107, respectively.

16139} In certain embodiments, the TREM2 agonist antigen binding proteins of the invention
comprise a light chain variable region comprising a CORLI, aCDRLZ, and aCDRI3 and a
heavy chain vanable region comprising a CDRH1, a CDRHZ, and a CDRH3, wherein:

{a) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ TD NOs: 16, 28, and 43,
respectively, and CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 45, 91,
and 304, respectively;

(b CDRL1, CDRL2, and CDBRL3 have the sequence of SEQ ID NQOs: 16, 292, and
43, respectively, and CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 85,
91, and 107, respectively;

{c) CDRL1, CDRLZ, and UBDRL3 have the sequence of SEQ 1D NOs: 16, 28, and
294, respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 83,
o1, and 107, respectively;

(dy CDRL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NOs: 16, 28, and 43,
respectively, and CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 85, 91,
and 107, respectively;

() CDRL1, CDRLZ, and CDRL3 have the sequence of SEQ 1D NOs: 16, 28, and 43,
respectively, and CDRH1, CDRH2Z, and CDRH3 have the sequence of SE{( ID NOs: 85, 91,
and 303, respectively;

(HHy CDRL1, CORL2, and CDRL3 have the sequence of SEQ 1D NOs: 16, 28, and 43,
respectively, and CDRHI1, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 85, 303,
and 107, respectively;

(Y CDRL L, CDRL2, and CDRL3 have the sequence of SEQ 1D NQs: 290, 28, and
43, respectively, and CDRHI1, CDRHZ, and CDRH3 have the sequence of SEQ ID NQOs: 85,

91, and 107, respectively:
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(h) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ ID NQs: 16, 28, and 43,
respectively, and CORH1, CDRHZ, and CDRH3 have the sequence of SE( ID NOs: 85, 91,
and 306, respectively;

(1) CDRL1, CDRL2, and CDRL3 have the sequence of SEQ 1D NOs: 16, 293, and 43,
respectively, and CDRHI, CDRH2, and CDRH3 have the sequence of SEQ 1D NOs: 45, 91,
and 107, respectively;

() CORLY, CDRLZ, and CDRL3 have the sequence of SEQ ID NOs: 16, 28, and 271,
respectively, and CDRH1, CDRH2, and CDRH3 have the sequence of SEQ ID NOs: 85, 91,
and 107, respectively; or

{k) CDRL1, CDRLZ, and CERL3 have the sequence of SEQ 1D NOs: 291, 28, and
43, respectively, and CDRHI, CDRH2, and CDRH3 have the sequence of SEQ ID NOs: 302,
01, and 107, respectively.

[6148] In some embodiments, the TREMZ agonist antigen binding proteins of the invention
may comprise a light chain variable region selected from LV-16, LV-201, LV-202, LV-203,
LV-204, LV-205, and LY-206, as shown 1n Table 3A, and/or a heavy chain vanable region
selected from HV-15, HV-201, HV-202, HV-203, HV-204, HV-205, and HV-206, as shown
it Table 3B, or sequences that are at least 80% identical, at least 85% identical, at least 90%
wdentical, or at least 95% identical to any of the sequences i Tables 3A and 3B. For nstance,
in certain embodiments, the TREM2 agonist antigen binding proteins comprise a light chain
variable region comprising (1} a sequence that is at least 90% identical to a sequence selected
from SEQ TD NOs: 61 and 295-300, (11) a sequence that 1s at least 95% identical to a
sequence selected from SEQ 1D NOs: 61 and 295-300, or (i11) a sequence selected from SEQ
1D NOs: 61 and 295-300. In related embodiments, the TREMZ2 agornust antigen binding
proteins comprise a heavy chain variable region comprising (i) a sequence that is at least 90%
identical to a sequence selected from SEQ ID NOs: 124 and 307-312, (i1} a sequence that is at
teast 95% identical to a sequence selected from SEQ 1D NOs: 124 and 307-312, or (it} a
sequence selected from SEQ 1D WNOs: 124 and 307-312.

16141} Each of the light chain variable regions listed 1n Table 3A may be combined with any
of the heavy chain variable regions listed in Table 3B to form an anti-TREM2 binding
domain of the antigen binding proteins of the invention. Examples of such combinations
include, but are not limited to; LV-16 (SEQ ID NQO: 61) and HV-201 {SEQ ID NG: 307 LV-
201 (SEQ ID NO: 295) and HV-15 (SEQ ID NO: 124); LV-202 (SEQ ID NO: 296) and HV-
15 (SEQ ID NO: 124): LV-16 (SEQ 1D NO: 61) and HV-202 (SEQ 1D NO: 308); LV-16
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(SEQ ID NO: 61) and HV-203 (SEQ 1D NO: 309), LV-16 (SEQ ID NO: 61) and HV-204
(SEQ ID NO: 310); LV-203 (SEQ 1D NO: 297) and HV-15 (SEQ 1D NO: 124); LV-16 (SEQ
1D NO: 61) and HV-205 (SEQ ID NO: 311): LV-204 (SEQ ID NO: 298) and HV-15 (SEQ
1D NO: 124); LV-205 (SEQ ID NO: 299) and HV-15 (SEQ ID NO: 124); and LV-206 (SEQ
ID NO: 300) and HY-206 (SEG 1D NG: 312).

(6142} In certain embodiments, the TREM?2 agonist antigen binding proteins of the invention
are anii-TREMZ2 agomst antibodies or binding fragments thereof. As used herein, the term
“antibody” refers o a tetrarveric inwnunoglobulin protein comprising two light chain
polypeptides {about 25 kDa each) and two heavy chain polvpeptides (about 50-70 kia each).
An “antibody™ 1s a species of an antigen binding protein. The term “light chain™ or
“rmunoglobulin light chain™ refers to a polypeptide cornprising, from amine terminus to
carboxyl terminus, a single immunoglobulin light chain variable region (VL) and a single
immunoglobulin hight chain constant domain (CL). The immunoglobulin light chain constant
domain (CL) can be a human kappa (i) or human fambda (1) constant domain. The term
“heavy chain™ or “immunoglobulin heavy chain™ refers 1o a polypeptide comprising, from
amino ternunus o carboxyl terminus, a single immunoglobulin heavy chain varniable region
(VH). an immunoglobulin heavy chain constant dorain 1 (CHI1), an immunoglobulin hinge
region, an immunoglobulin heavy chain constant domain 2 (CH2), an immunoglobulin heavy
chain constant domain 3 (CH3), and optionally an immunoglobulin heavy chain constant
domain 4 (CH4). Heavy chains are classified as mu (), delta (A), gamma (y), alpha (w0}, and
epsilon (g}, and define the antibody's 1sotype as IgM, IgD, IgG. IgA, and IgE, respectively.
The IgG-class and IgA-class antibodies are further divided into subclasses, namely, 1gGl,
152, 1g(G3, and Ig(G4, and IgAl and IgAZ2, respectively. The heavy chamns in [gG, IgA, and
IgD antibodies have three domains (CHI, CH2, and CH3), whereas the heavy chains in IgM
and fgF antibodies have four domains (CH1, CH2, CH3, and CH4). The mmuwnunoglobulin
heavy chain constant domains can be from anv immunoglobulin isotype, including subtypes.
The antibody chains are linked together via inter-polypeptide disutfide bonds between the CL
domamn and the CHI domain (i.e. between the hight and heavy chain) and between the hinge
regions of the antibody heavy chains.

6143} The anti-TREM?Z antibodies of the invention can comprise any immunoglobulin
constant region. The term “constant region” as used herein refers to all domains of an
antibody other than the variable region. The constant region 1s not involved directly in

binding of an antigen, but exhibits various effector functions. As described above, antibodies
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are divided mio particular isotypes (IgA, 1gD, IgE, IgG, and IgM} and subtypes (1gGl, 1gG2,

1gG3, 1gG4, 1gAl IgA2) depending on the amino acid sequence of the constant region of

thetr heavy chains. The light chain constant region can be, for example, a kappa- or lambda-

type hight chain constant region, e.g., a human kappa- or lambda-type light chain constant

region, which are found inn all five antibody i1sotypes. Examples of human immunoglobulin

light chain constant region sequences are shown in the following table.

Table 4. Exemplary Human Immunogiobulin Light Chain Constant Regions

lambda vi

Designation | SEQ CL Domain Amino Acid Seguence
D
MO
Human 191 | GOPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKA

DGSPVKAGVETTKPSKQSNNKY AASSYLSLTPEQWKSHRSYSC
QVTHEGSTVEKTVAPTECS

kappa v2

Human 192 | GOQPKAAPSVTLFPPSSEELGANKATLVCLISDEFYPGAVTIVAWKA

lambda v2 DSSPVEKAGVETTTPSKOSNNEKYAASSYLSLTPEQWKSHRSYSCQ
VTHEGSTVEKTVAPTECS

Human 193 | QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVIVAWKAD

lambda v3 SSPVKAGVETTTPSKQSNNKY AASSYLSETPEQWKSHRSYSCQV
THEGSTVEKTVAPTECS

Human 194 | GOPKAAPSVTLFPPSSEELGANKATLVCLISDFYPGAVTIVAWKA

lambda v4 DSSPVKAGVETTTPSKOQSNNEKYAASSYLSLTPEQWKSHESYSCQ
VTHEGSTVEKTVAPTECS

Human 195 | GOPRKAAPSYTLFPPSSEELQANKATLVCLVSDEYPGAVTIVAWK

lambda v5 ADGSPVKVGVETTKPSKQSNNKY AASSYLSLTPEQWERSHRSYS
CRVTHEGSTVEKTVAPAECS

Human 196 | TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDN

kappa v1 ALQSGNSQESVTEQDSKEDSTYSLASTLTLSKADYERKHKVYACEVY
THOGLSSPVTRSFNRGEC

Human 197 | RTVAAPSVEIFPPSDEQLKSGTASVVCLLNNFYPREAKVOQWERVD

NALQSGNSQESVTEQDAKDSTYSLSSTLTLSKADYERKHKVYACE
VTHQGLSSPYTKSFNRGEC

3144} The heavy chain constant region of the anti-TREM?2 antibodies of the mvention can

be, for example, an alpha-, delta~, epsiton-, garnma-, or mu-type heavy chain constant region,

e.g., a human alpha-, delta-, epsilon-, gamma-, or mu-type heavy chain constant region. In

some embodiments, the anti-TREM?2 antibodies comprise a heavy chain constant region from

an [gG1, 12G2, 12G3, or g4 immunoglobulin. In one embodiment, the anti-TREM?2

antibody comprises a heavy chain constant region from a human 1gGl ioynunoglobulin. In

such embodiments, the human IgG1 immunoglobulin constant region may comprise one or

more mttations to prevent glycosylation of the antibody as described in more detail herein. In
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another ernbodirvent, the anti-TREM2 antibody comprises a heavy chain constant region

from a human IgG2 immunoglobulin. In yvet another embodiment, the anti-TREM2 antibody

comprises a heavy chain constant region from a homan TgG4 smmunoglobulin, Examples of

human [gGl, 1gG2, and 1gG4 heavy chain constant region sequences are shown below in

Table 5.

Table 5. Exemplary Human Immunogiobulin Heavy Chain Constant Regions

Ig isotype SEQ Heavy Chain Censtant Region Amine Acid Sequence
D
NO:
Human [gGlz | 198 | ASTKGPSVEFPLAPSSKSTSGGTAALGCLYVKDYFPEPVTVEWNS

GALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVN
HKPSNTKVDKKVEPKSCDK THTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEK TISKAKGQPREPQVY TLPPSREEMTKNQVSLTCLVKG
FYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDK
SRWOQOQGNVESCSVMHEALHENHYTOKSLSLSPGK

Human IgGlza

199

ASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNS
GALTSGVHTFPAVLOQSSGLYSLSSVVTVPSSSLGTOTYICNVN
HEKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PRDTLMISRTPEVTCVVVDVSHEDPEVEFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKYVSNKAL
PAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGF
YPSPHAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWOQONVFSCSVMHEALHNHYTQRSLSLSPGK

Human IgGlf

200

ASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVEWNS
GALTSGVHTFPAVEQSSGLYSLASVVTVPSSSLOTOQTYICONVN
HKPSNTRVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEGYNSTYRVVSVLTVLHODWILNGKEYKCKVSNKAL
PAPIEKTISKAKGQPREPQVYTLPPSREEMTENQVSLTCLVEKG
FYPSDIAVEWESNGOPENNYKTTIPPVLDSDGSFFLYSKLTVDE
SRWOQQOGNVFSCSVMHEALHNHYTOQKSLSLSPGK

Human IgGlifa

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNS
GALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVN

HKPSNTKVDKRVEPK SCDKTHTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKAL
PAPIEK TISKAKGOQPREPQVY TLPPSRDELTENQVSLTCLVKGE
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWOOQGNVESCSYMHEALHNHY TOKSLSLSPGK

Human IgGliz
aglycosylated
vi

202

ASTKGPSVFPLAPSSKETSGOGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTOTYICNVN

HEKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PEDTLMISRTPEVTICVVVDVSHEDPEVEFNWYVDGVEVHNA
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Ip isotype

SEQ
L1)]
NG

Heavy Chain Censtant Region Amine Acid Sequence

KTKPREEQYGSTYRVVSVLTVLHODWLNGKEYKCKVSNKAL
PAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKG
FYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDK
SRWOOONVESCSYVMHEALHNHYTOKSLSLSPGK

Human IgGlz
aglycosviated
V2

ASTRKGPSVFPLAPSSKSTSGOGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVEQSSGLYSLASVVTVPSSSLGTOTYICONVN
HEPSENTRKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPCEEQYGSTYRCVSVLTVLHODWLNGKEYKCKVSNKAL
PAPIEKTISKAKGOPREPOQVYTLPPSREEMTENQVSLTCLVKG
FYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDBK
SRWOOONVFSCSVMHEALHNHYTOKSLSLSPGK

Human IgG2

204

ASTKGPSVEFPLAPCSRSTSESTAALGCLVEDYFPEPVTVSWNS

GALTSGVHTFPAVLOSSGLYSLSSVVTVPSSNFGTOQTYTCNVD
HEPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLFPPKPEDT
LMISRTPEVTCVVVDVSHEDPEVOQFNWYVDGVEVHNAKTKP

REEQFNSTFRVVSVLTVVHQDWILNGKEYKCKVSNKGLPAPIE
KTISKTRGOPREPOQVYTLPPSREEMTENQVSLTCLVKGFYPSD
TAVEWESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDEKSRW(
QGNVFSCSVMHEALHNHYTQKSLSLSPGK

Human IgG4

205

ASTKGPSVEFPLAPSSKSTSGOTAALGCLVEKDYFPEPVTVSWNS
GALTSGVHTFPAVLOQSSGLYSLSSVVTVPSSSLGTOTYICNVN
HKPSNTRVDKEVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PRDTLMISRTPEVTCVVVDVSHEDPEVEFNWY VDGVEVHNA
KTKPCEEQYGSTYRCVSVLTVLHOQDPWLNGKEYKCKVSNKAL
PAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKG
FYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDK
SRWOOONVESCSYVMHEALHNHYTOKSLSLSPGK

(3145} Each of the light chain variable regions disclosed in Tables 1A, 2A, and 3A and each

of the heavy chain vanable regions disclosed in Tables 1B, 2B, and 3B may be attached to

the above light chain constant regions (Table 4) and heavy cham constant regions (Table 5) fo

form complete antibody light and heavy chains, respectively. Further, each of the so

generated heavy and light chain sequences may be combined to form a complete antibody

structure. It should be understood that the heavy chaim and light chain variable regions

provided herein can also be attached to other constant domaing having different sequences

than the exemplary sequences listed above,

8146} The TREMZ agonist antigen binding proteins of the invention can be any of the anti-

TREM?Z antibodies disclosed herein. For example, in certain embodiments, the anti-TREM2

agonist antigen binding protein is an anti-TREM?Z antibody selected from antibodies 12G10,

26A10, 26C10, 26F2, 33812, 24C12, 24G6, 24A10, 10E3, 13E7, 1412, 25F12, 32E3, 24F4,
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1688, 4C5, 6E7, 5E3, and 4G10, the varable region and CDR sequences of which are set
forth in Tables 1A and 1B. In some embodiments, the anti-TREM?Z agonist antigen binding
prolein is an anti-TREM2 antibody selected from antibodies 24G6, 10E3, 13E7, 4C5, 6E7,
and 5E3. In other embodiments, the anti-TREM2 agonist antigen binding protein is an anli-
TREM?Z antibody selected from antibodies V3, V24, V27, V40, V48, V49, V52, V60, V73,
V76, and V&4, the variable region and CDR sequences of which are set forth in Tables 2A
and 2B. In certain other embodiments, the anti-TREM?2 agonist antigen binding protein is an
anti-TREM2Z antibody selected from antibodies VO, V10, V23, V30, V33, V44, V37 V6R,
V70, V83, and V90, the variable region and CDR sequences of which are set forth in Tables
3A and 3B.

06147} The TREMZ agonist antigen binding proteins of the invention can be monoclonal
antibodies, polyclonal antibodies, recombinant antibodies, human antibodies, humanized
antibodies, chimeric antibodies, or multispecific antibodies. In certain embodiments, the
TREM?2 agonist antigen binding protein s a monoclonal antibody. In such embodiments, the
anti-TREM2 antibody mav be a chimeric antibody, a hurmnanized antibody, or a fully human
antibody having a human immunoglobulin constant domain. In these and other
embodiments, the anti-TREM?2 antibody is a human IgGl, 1g(G2, 1gG3, or 1G4 antibody.
Thus, the anti-TREMZ antibody may, in some embodiments, have a human IgGl, 12,
Ig(G3, or fg(G4 constant domamn. In one embodiment, the anti-TREM2 antibody 15 a
monoclonal human IgGl antibody. In another embodiment, the anti-TREM2 antibodv 1s a
monoclonal human 1gG2 antibody. In vet another embodiment, the anti-TREM?2 antibody is
a monoclonal human 1gG4 antibody.

3148] The term “monoclonal antibody™ (or “mAb”} as used herein refers to an antibody
obtamed from a population of substantially homogeneous antibodies, i.¢., the individual
anttbodies comprising the population are identical except for possible naturally occurring
mutations that may be present in munor amounts. Monoclonal antibodies are highly specific,
being directed against an mdividual antigenic site or epitope, in contrast to polyclonal
antibody preparations that typically inchude different antibodies divected against different
epttopes. Monoclonal antibodies may be produced using any technique known in the art, e g,
by immortalizing spigen cells harvested from an animal after completion of the immunization
schedule. The spleen cells can be immortalized using any technique known in the art, e.g., by
fusing them with myeloma cells to produce hybndomas. See, for example, Antibodies;

Harlow and Lane, Cold Spring Harbor Laboratory Press, 1% Edition, e.g. from 1988, or 2
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Edition, e.g. from 2014. Myeloma cells for use in hvbridoma-producing fusion procedures
preferably are non-antibody-producing, have high fusion efficiency, and enzyme deficiencies
that render them incapable of growing in certain selective media, which support the growth of
only the desived fused cells (hybridomas). Examples of suitable cell lines for use in fusions
with mouse cells include, but are not limited to, 8p-20, P3-X63/Ag8, P3-X63-Ag8 653,
NS1/1.Ag 41, Sp210-Agld, FO, NSO/U, MPC-11, MPC11-X45-GTG 1.7 and S194/5XX0
Bul. Example of suitable cell lines used for fusions with rat cells include, but are not Hmited
to, R2IORCY3, Y3-Ag 1.2.3, IR983F and 4B210. Gther cell ines useful for cell fusions are
U-266, GM1500-GRG2, LICR-LON-HMy2 and UC729-6.

[¢149] In some instances, a hybridoma cell line is produced by immunizing an amimal (.., a
rabbit, rat, mouse, or a transgenic animal having human immuonoglobulin sequences) with a
TREM?Z immumogen (such as the immunogens described in Fxample 1}; harvesting spleen
celis from the immunized animal; fusing the harvested spleen cells to a myeloma cell line,
thereby generating hybridoma cells; establishing hybridoma cell lines from the hybridoma
cells, and 1dentifying a hybridoma cell line that produces an antibody that binds o human
TREM?2. Another useful method for producing monoclonal antibodies is the SLAM method
described 1n Babcook ef af., Proc. Natl. Acad. Sci. USA, Vol 93 78437848, 1996,

[3156] Monoclonal antibodies secreted by a hybridoma cell line can be purified using any
technique known in the art, such as protein A-Sepharose, hydroxylapatite chromatography,
gel electrophoresis, dialysis, or affimity chromatography. Hybridoma supernatants or mAbs
may be further screened (o identify mAbs with particular properties, such as the ability to
bind hurnan TREMZ, cross-reactivity to TREM2 proteins from other species (e.g., roouse
TREM?2, rat TREMZ, and cynomologus monkey TREMZ), cross-reactivity to other TREM
family members (e.g. human TREMT1), ability to induce or increase TREMZ2-mediated
signaling, e.g. using a pSvk assay as described herein, or ability o induce or increase
TREMZ-mediated function or activities as described herein (e.g. proliferation or survival of
TREM2Z-expressing myeloid cells).

16151} In some embodiments, the TREM2 agonist antigen binding proteins of the mvention
are chireric or humanized antibodies based upon the CDR and vanable region sequences of
the anti-TREM?2 antibodies described herein. A chimeric antibody 13 an antibody composed
of protein segments from different antibodies that are covalently joined to produce functional
mmunoglobulin light or heavy chains or binding fragments thereof. Generally, a portion of

the heavy chain and/or light chain is 1dentical with or homologous to a corresponding
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sequence in antibodies derived from a particular species or belonging to a particular antibody
class or subclass, while the remainder of the chain(s} is/are identical with or homologous to a
corresponding sequence m antibodies derived from another species or belonging (o another
antibody class or subclass. For methods relating o chimeric antibodies, see, for example,
United States Patent No. 4,816,567 and Morrison et af., 1983, Proc. Natl. Acad. Sci. USA
81:6851-6855, both of which are hereby imcorporated by reference in their entireties.

16152} Generally, the goal of making a chimeric antibody 1s to create a chimera in which the
number of amino acids from the intended species 15 maximized. One example 1s the “CDR-
grafted” antibody, in which the antibody comprises one or more CDRs from a particular
species or belonging to a particular antibody ¢lass or subclass, while the remainder of the
antibody chain{s) is/are identical with or homologous 1o a corresponding sequence in
antibodies derived from another species or belonging to another antibody class or subclass.
CDR grafting 1s described, for example, in United States Patent No. 6,180,370, No.
5,693,762, No. 5,693,761, No. 5,585,089, and No. 5,530,101, For use in humans, the
variable region or selected CDRs from a rodent or rabhit antibody often are grafted into a
human antibody, replacing the naturally-occwrring variable regions or CDRs of the human
antibody.

[3153] One useful type of chimeric antibody 15 a “humanized” antibody. Generally, a
humanized antibody is produced from a monoclonal antibody raised irutially in a non-human
animal, such as a rodent or rabbit. Certain amino acid residues in this monoclonal antibody,
typteally from non-antigen recognizing portions of the antibody, are modified to be
homologous to corresponding residues in a human antibody of corresponding isotype.
Humanization can be performed, for example, using various methods by substituting at least
a portion of a rodent or rabbit variable region for the corresponding regions of a human
antibody (see, e.g.. Untled States Patent No. 5,585,089, and No. 5,693,762, Jones ef al., 1986,
Nature 321:522-525; Riechmann ef ¢f., 1988, Nature 332:323-27; and Vethoeven ef af., 1988,
Science 239:1534-1536).

[6154] In one aspect, the CDRs of the light and heavy c¢hain variable regions of the
antibodies provided herein {see, Tables 1A, 18, 2A, 28, 3A and 3B) are grafted to framework
regions (FRs} from antibodies from the same, or a different. phviogenetic species. For
example, the CDRs of the heavy and light chain variable regions listed in Tables 1A, 1B, 2A,
2B, 3A, and 3B can be grafted to consensus human FRs. To create consensus haman FRs,

FRs from several human heavy chain or light chain amino acid sequences may be aligned to
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identify a consensus aruine acid sequence. Alternatively, the grafted variable regions from
the one heavy or light chain may be used with a constant region that is different from the
constant region of that particular heavy or light chain as disclosed herein. In other
embodiments, the grafled variable regions are part of a single chain Fv antibody.

[G158] In certain embodiments, the TREM?2 agonist antigen binding proteins of the invention
are filly human antibodies. Fully human antibodies that specifically bind to human TREM2
can be generaled using the immumogens or fragments thereof described herein, such as
polvpeptides consisting of the sequences of SEQ 1D NOs: | and 2 or the imuinunogens
described in Example 1. A “fully human antibody™ is an antibody that comprises variable and
constant regions derived from or indicative of human germ line immunoglobulin sequences.
One specific means provided for implementing the production of fully human antibodies is
the “humanization” of the mouse humoral immune system. Introduction of human
immunoglobulin (Ig) loci into mice in which the endogenous Ig genes have been mactivated
is one means of producing fully human monoclonal antibodies (mAbs) in mouse, an anmimal
that can be immumzed with any desirable antigen. Using fully human antibodies can
minimize the immunogenic and allergic responses that can sometimes be caused by
administering mouse or mouse-derived mAbs to humans as therapeutic agents.

3186} Fully human antibodies can be produced by immunizing transgenic ammals (usually
mice} that are capable of producing a repertoire of human antibodies in the absence of
endogenous immunoglobulin production. Antigens for this purpose typically have six or
more contiguous amino acids, and optionally are conjugated to a carrier, such as a hapten.
See, e.g., Jakobovits ef al., 1993, Proc. Natl. Acad. Sci. US4 90:2551-2555; Jakobovits et
al., 1993, Nature 362:255-258; and Bruggermann ef ¢/, 1993, Year in Immmunol. 7:33 In one
example of such a method, transgenic animals are produced by incapacitating the endogenous
mouse immunoglobulin loct encoding the mouse heavy and lght immunoglobulin chains
therein, and inserting into the mouse genome large fragroents of human genome DNA
containing loci that encode human heavy and light chain proteins. Partially modified
antmals, which have less than the full complement of hurman immunoglobulin loci, are then
cross-bred to obtain an aramal having all of the desired immune system modifications. When
administered an immunogen, these transgenic animals produce antibodies that are
tmmunospectfic for the immunogen but have human rather than murine amino acid
sequences, includimg the variable regions. For further details of such methods, see, for

example, WO96/33735 and W0O94/02602. Additional methods relating to transgenic mice
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for making human antibodies are described in United States Patent No. 5,545.807; No.
6,713.610; No. 6,673.986: No. 6,162,963; No. 5,939,59%: No. 5,545 807; No. 6,300,129:
No. 6,255,458, No. 5,877,397, No. 5,874,299 and No. 5,545.806; in PCT publications
WO21/10741, WO90/04036, WO 94/02602, W 96/30498, WO 98/24893 and in EP
54607381 and EP 346073A1.

{6157] The transgenic mice described above, referred to herein as “HuMab™ mice, contain a
human immunoglobulin gene mintlocus that encodes unrearranged human heavy (mu and
gamma) and kappa hight chain invmunoglobulin sequences, together with targeted nutations
that inactivate the endogenous mu and kappa chain loct {Lonberg er g/, 1994, Nature
368:856-859). Accordingly, the mice exhibit reduced expression of mouse fgh and kappa
proteins and in response to immunization, the introduced hurman heavy and light chain
transgenes undergo class switching and somatic mutation to generate high affinity human [gG
kappa monoclonal antibodies (Lonberg and Huszar, 1995, Intern. Rev. Immunol. 13 65-93;
Harding and Lonberg, 1995, Ann. NUY Acad. Sci. 764:536-546). The preparation of HuMab
mice is described in detail in Taylor er ¢l 1992, Nucleic Acids Research 20:6287-6295;
Chen e al., 1993, Intemational immunology 5:647-656; Tuaillon ef gl , 1994, J. Immumol.
152:2912-2920; Lonberg ef a/l., 1994, Nature 368:856-859; Lonberg, 1994, Handbook of
Exp. Pharmacology 113:49-101; Taylor er af., 1994, International Tmmunology 6:579-591;
Lonberg and Huszar, 1995, Intem. Rev. Immunol 13:65-93; Harding and Lonberg, 1995,
Ann, N.Y Acad. 5c¢i. 764:536-546; Fishwild er /., 1996, Nature Biotechnology 14:845-851;
the foregoing references are hereby incorporated by reference n their entireties for all
purposes. See, further United States Patent No. 5,545,806; No. 5,569,825, No. 5,625,126;
N, 5,633,425, No. 5,785,650; No. 5,877,397, No. 5,661,016, No. 5,814.318; No. 5,874,299,
and No. 5.770.,429; as well as United States Patent No. 5,545 807; International Publication
WNos. WO 93/1227, WG 92/22646; and WO 92/03913, the disclosures of all of which are
hereby incorporated by reference in their entireties for all purposes. Technologies utilized for
producing human antibodies in these transgenic mice are disclosed also in W0 98/24893, and
Mendez ef ol 1997, Nature Genetics 15:146-156, which are hereby incorporated by
reference. For example, the HCo7 and HCo12 transgenic mice strains can be used to
generate fully human anti-TREM2 antibodies. One particular transgenic mouse line suitable
for generation of fully human anti-TREM antibodies is the XenoMouse® transgenic mice
described in Example 1 and in U.S. Pat. Nos. 6,114,598, 6,162,963, 6,833,268.7.049.426;
7.064,244; Green et af., 1994, Nature Genetics 7:13-21; Mendez ef af ., 1997, Nature



WO 2018/195506 PCT/US2018/028691

Geneftics 15:146-156; Green and Jakobovitis, 1998, J. Ex. Med, 188:483-493; Green, 1999,
Journal of Immunological Methods 231:11-23; Kellerman and Green, Current Opinion i
Biotechmology 13, 593-597, 2002, all of which are hereby incorporated by reference n their
entirefies.

[G158] Human-derived antibodies can also be generated using phage display techniques.
Phage display is described ine.g., Dower er /., WO 91/17271, McCafferty ef o/, WO
92/01047, and Caton and Koprowski, Proc. Natl, Acad. Sci. USA, 87:6450-6454 (1990), each
of which is incorporated herein by reference m 115 entirety. The antibodies produced by
phage technologv are usually produced as antigen binding fragments, e.g. Fv or Fab
fragments, in bacteria and thus lack effector functions. Effector functions can be introduced
by one of two strategies: The fragments can be engingered either inio complete antibodies
for expression in mammalian cells, or into bispecific antibody fragments with a second
binding site capable of triggering an effector function, if desired. Typically, the Fd fragment
(VH-CH1) and hight chain (VL-CL) of antibodies are separately cloned by PCR and
recombined randorly in combinatorial phage display libraries, which can then be selected for
binding to a particular antigen. The antibody fragments are expressed on the phage surface,
and selection of Fv or Fab (and therefore the phage containing the DNA encoding the
antibody fragment) by antigen binding is accomplished through several rounds of antigen
binding and re-amplification, a procedure termed panning. Antibodv fragments specific for
the antigen are enriched and finally isolated. Phage display techniques can also be used in an
approach for the humanization of rodent monoclonal antibodies, called “guided selection™
{see Jespers, L. 8., et al.. Bio/Technology 12, 899-903 {1994)). For this, the Fd fragment of
the mouse monocional antibody can be displayed in combination with a human light chain
library, and the resulting hybrnid Fab library may then be selected with antigen. The mouse
Fd fragment thereby provides a template to guide the selection. Subsequently, the selected
human light chains are combined with a human Fd fragment library. Selection of the resulting
library vields entirely human Fab.

16159} Once cells producing anti-TREM2 antibodies according to the invention have been
obtained using any of the above-described immumzation and other techniques, the specific
antibody genes may be cloned by isolating and amplifying DNA or mRNA therefrom
according to standard procedures as described herein. The antibodies produced therefrom

mayv be sequenced and the CDRs wdentified and the DNA coding for the CDRs may be
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manipulated as described herein to generate other TREM?Z agonist antigen binding proteins or
antibodies according to the invention.

3168} In certain embodiments, the TREM2 agonist antigen binding proteins of the invention
{e.g. monoclonal antibodies or binding fragments thereof) compete for binding {0 human
TREMZ (SEQ 1D NO: 1) or an extracellular domain of human TREMZ (SEQ 1D NGO 2) with
a reference antibody, such as one or more of the anti-TREM?2 antibodies described herein.
The term “compete” refers to the ability of an antibody or other antigen binding protemn {o
interfere with the binding of other antibodies or binding fragments to a target (e.g. human
TREM2}. The extent to which an antibody or binding fragment is able to interfere with the
binding of another antibody or binding fragment to a target {e.g. human TREM?2), and
therefore whether it can be said to compete, can be determined using competition binding
assayvs. Numerous types of competitive binding assays can be used, including for example:
solid phase direct or indirect radicimmunoassay (RIA), solid phase direct or indirect enzyme
immuncassay (EIA), sandwich competition assay (see, e.g., Stahli er g/, 1983, Methods in
Enzymology 9:242-253); solid phase direct biotin-avidin EIA (see, e.g., Kirkland ef af., 1986,
J Immunol. 137:3614-3619); solid phase direct-iabeled assay, solid phase direct-labeled
sandwich assay (see, e.g., Harlow and Lane, 1988, Antibodigs, A Laboratory Manual, Cold
Spring Harbor Press); solid phase direct label RTA using 1-125 Iabel (see, e g., Morel e/ /.,
1988, Molec. Inununol. 25:7-15); sohid phase direct biotin-avidin EYA {(see, e.g., Cheung, ef
al., 1990, Virplogy 176:546-552); surface plasmon resonance-based assays {e.g. using
Biacore® sysiems); bio-layer interferometry-based assavs (e.g. using Octet® sysiems); and
direct labeled RIA (Moldenhauer ef o/, 1990, Scand. J. Immunol. 32:77-82). Typically, a
competitive binding assay involves the use of purified antigen bound to a solid surface or
cells bearing the antigen, an unlabeled test antibody or other anfigen binding protein, and a
tabeled reference antibody or other antigen binding protein. Competitive inhibition is
measured by determiting the amount of label bound to the solid surface or cells in the
presence of the test antibody or other antigen binding protein. Usually the test antibody or
other antigen binding protein is present in excess. Antibodies or other antigen binding
proteins wdentified by competition assay (i.e. competing antibodies and antigen binding
proteins) include antibodies and antigen binding proteins binding io the same epitope as the
reference antibody or antigen binding protein. Usually, when a competing antibody or other
antigen binding protein is present in excess, it will inhibit specific binding of a reference

antibody or other anfigen binding protein to a target antigen by at least 40%, 45%, 50%, 55%,
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60%, 63%, 70% or 75%. In some instances, binding of the reference antibody or other
antigen binding protein 15 inhibited by at feast 80%, 85%, 90%, 95%, or 97% or more. In
some embodiments, a competing antigen binding protein (e.g. antibody or binding fragment
thereof) reduces human TREM2 binding of a reference antibody between about 40% and
about 100%, such as about 60% and about 100%, specifically between about 70% and abouwt
100%, and more specifically between about 0% and about 100%.

[616%] A particularly suitable quantitative assay for detecting competitive binding uses a
Biacore® machine which measures the extent of interactions using surface plasnion resonance
technology. An exemplary Biacore®-based competitive binding assay involves the
immobilization of a reference antibody to a sensor chip. The target antigen is then coniacted
with the sensor chip where the target antigen is captured by the immobilized reference
antibody. Test antibodies are then mjected over the captured target antigen. If the injected test
antibody recognizes a distinct epitope from that recognized by the immobilized antibody,
then a second binding event 13 observed and the test anttbody would be considered not to
compete for binding to the target antigen with the reference antibody.

[6162] Another particularly suitable assay for detecting competitive binding employs
kinetic sensors used with Octet® systems (Pall ForteBio), which measures binding
mteractions using bio-laver interferometry methodology. Such an assav is described in
Example 4, in which each of sixteen different anti-TREMZ antibodies described herein were
evaluated against each other for the ability to compete for binding to human TREM2. The
results of the analvsis provided in Table 9 show that the sixteen different antibodies could be
grouped mto four distinct epitope bins. That s, one group of antibodies (antibodies 10E3,
13KE7, 24F4, 4C5, 4G10, 32E3, and 6E7) competed with each other for binding to human
TREM?Z, indicating that they share the same or similar epitope on human TREMZ2. Antibodies
1688, 26A10, 26C10, 26F2, 33B12, and 5E3 competed with gach other for TREM2 binding,
but did not compete with antibodies in the first group or antibodies 24A10, 24G6, or 25F12,
indicating that this second group of antibodies bind to a distinct epitope on human TREM2.
Antibodies 24A10 and 24G6 share a similar epttope on human TREMZ as these two
antibodies competed with each other for human TREM2 binding, but did not compete with
any other antibody. Antibody 25F12 did not compete with any of the other tested antibodies
for human TREM?2 binding, indicating that this antibody binds {o yet another epitope.

(3163} In some embodiments, a TREM?2 agonist antigen binding protemn of the invention

competes with a reference antibody for binding to human TREM2, wherein the reference
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antibody comprises a light chain variable region comprising a sequence selected from SEQ
1D NOs: 46-63 and a heavy chain variable region comprising a sequence selected from SEQ
ID NOs: 110-126. In other embodiments, a TREM2 agonist antigen binding protein of the
mvention cornpetes with a reference antibody {or binding to human TREMZ, wherein the
reference antibody comprises a light chain variable region comprising a sequence selected
from SEG 1D NOs: 153-162 and a heavy chain variable region comprising a sequence
selected from SEQ ID NOs: 180-190. In still other emnbodiments, a TREM2 agonist antigen
hinding protein of the invention corpetes with a reference antibody for binding to human
TREM2Z, wherein the reference antibody comprises a light chain variable region comprising a
sequence selected from SEQ ID NOs: 61 and 295-300 and a heavy chain vartable region
comprising a sequence selected from SEQ 1D NQs: 124 and 307-312. Tn certain
embodiments, a TREM2 agonist antigen binding protein of the invention competes for
binding to human TREM2 with one or more of the anti-TREM2 antibodies described herein,
mcluding 12G10, 26 A10, 2610, 26F2, 33B12, 24C12, 2406, 24A10, 10E3, 13E7, 14C12,
25F12, 3263, 24F4. 16B8, 4C5, 6E7, 5E3, 4G10, V3, V9, V10, V23, V24, V27, V30, V33,
V40, V44, V48 V49 V52 V57, V60, VO, V70, V73, V76, VR3, V84, and V90,

[6164] In one embodiment, the TREM?2 agonist antigen binding protein competes with a
reference antibody for binding to human TREM2, wherein the reference antibody comprises
a light chain variable region comprising the sequence of SEQ ID NO: 61 and a heavy chain
variable region comprising the sequence of SEQ I NO: 124, In such embodiments, antigen
binding proteins that cornpete with this reference antibody for binding to human TREM2
would bind the same or similar epitope as antibodv 6E7 or any of the other antibodies m
epitope bin A {e.g 10E3, 13E7, 24F4, 4CS5, 4G10, 32E3), as described in Example 4.

[¢165] In another embodiment, the TREM?Z2 agonist antigen binding protein competes with a
reference antibody for binding to human TREM2, wherein the reference antibody comprises
a light chain variable region comprising the sequence of SEQ ID NO: 62 and a heavy chain
variabie region comprising the sequence of SEQ I NO: 125, In such embodiments, antigen
binding proteins that cornpete with this reference antibody for binding to human TREM2
would bind the same or similar epitope as antibodv SE3 or any of the other antibodies m
epitope bin B (e.g. 16B&, 26A10, 26C10, 26F2, 33B12), as described in Example 4.

[6166] In vet another embodiment, the TREM2 agonist antigen binding protein competes
with a reference antibody for binding to human TREM2, wherein the reference antibody

comprises a light chain variable region comprising the sequence of SEQ ID NO: 52 and a
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heavy chain varnable region comprising the sequence of SEQ ID NO: 115 In such
embodiments, antigen binding proteins that compete with this reference antibody for binding
to human TREM?2 would bind the same or similar epitope as antibody 24G6 or antibody

24 A10 {epttope bin € as described in Example 4).

[6167] In still another embodiment, the TREM?Z agonist antigen binding protein competes
with a reference antibody for binding to human TREM2, wherein the reference antibody
comprises a light chain variable region comprising the sequence of SEQ ID NO: 56 and a
heavy chain varnable region comprising the sequence of SEQ ID NO: 119 In such
embodiments, antigen binding proteins that compete with this reference antibody for binding
to human TREM?Z2 would bind the same or similar epitope as antibody 25F12 {(epitope bin D
as described m Example 4),

[G168] In certain embodiments, the TREM?Z agonist antigen binding proteins of the
mvention may comprise one or more mutations or modifications to a constant region. For
example, in embodiments in which the TREMZ agonist antigen binding proteins comprise an
Fcregion (e g monoclonal antibodies), the heavy chain constant regions or the F¢ regions of
the antigen binding proteins {e.g monoclonal antibodies) may comprise one or more anmino
acid substitutions that affect the glvcosylation, effector function, and/or Fey receptor binding
of the antigen binding protein.

16169} The term “Fc region”™ refers to the C-termunal region of an immunoglobulin heavy
chain which may be generated by papain digestion of an intact antibody. The Fe region of an
immunoglobulin generally comprises two constant domains, a CH2 domain and a CH3
domain, and optionally comprises a CH4 domain. In certain embodiments, the Fe region is
an Fc region from an IgG1, 1gG2, 1gG3, or IgG4 immumoglobulin. In some embodiments,
the Fe region comprises CHZ and CH3 domains from a human TgGl or human IgG2
immunoglobulin, The Fe region may retain effector function, such as Clg binding,
complement-dependent cvitotoxicity (CDC), Fe receptor binding, antibody-dependent cell-
mediated cytotoxicity (ADCC), and phagocviosis. In other embodiments, the Fe region may
be modified to reduce or eliminate effector function as described in further detail below.
[3178] One of the functions of the Fc region of an immunoglobulin is to communicate to the
immune system when the immunoglobulin binds its target. This 1s commonly referred to as
“effector function.” Commumication feads ADCC, antibody-~dependent cellular phagocytosis
(ADCP), and/or CDC. ADCC and ADCP are mediated through the binding of the Fe region

to F¢ receptors on the surface of cells of the immune system. CDC is mediated through the
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hinding of the F¢ with proteins of the coraplement system, e.g.. Clq. In some embodiments,
the antigen binding proteins, e g. monoclonal antibodies, of the invention comprise one or
more amino acid substitutions in the Fe region o enhance effector function, imcluding ADCC
activity, CDC activity, ADCP activity, and/or the clearance or half-hife of the antigen binding
protein. Exemplary amino acid substitutions {according to EU numbering scheme) that can
enhance effector function include, but are not limited to, E233L, L2341, 1.234Y, L2358,
G236A, 8235D, F2431, F243V, P2471, D2BOH, K290S, K290E, KZ90N, K290Y, R292P,
E2941, Y296W, S298A, 8298D, 8298V, S298G, S298T, TZ99A, Y300L, V3051, Q311 M,
K326A. K326B, K326W. A330S, A330L. A330M. A330F, 1332E, D333A. B33398, E333A,
K334A, K334V, A339D, A339(3, P396L, or combinations of any of the foregoing.
[317%] In other embodiments, the TREM?Z2 agonist antigen binding proteins {e.g. monoclonal
antibodies) of the invention comprise one or more amino acid substitutions in a heavy chain
constant region to reduce effector function. Exemplary amino acid substitutions {according to
EU numbering scheme} that can reduce effecior function include, bul are not himited o,
2208, C2268, C2298, E233P, L234A, L234V, V234A, L234F, L235A, L235E, G237A.
P238S. 8267E, H2680. N29TA. N297G, V309L. B318A, L328F, A330S, A331S, P331S or
combinations of any of the foregoing.
[6172] Glycosylation can contribute to the effector function of antibodies, particularly Ig(Gl
anttbodies. Thus, in some embodiments, the TREM?2 agonist antigen binding proteins of the
mvention may comprise one or more amino acid substitutions that affect the level or type of
glveosylation of the binding protems. Glyveosylation of polypeptides 1s typically either N-
linked or O-linked. N-linked refers to the attachment of the carbohydrate moiety 1o the side
chain of an asparagine residue. The tri-peptide sequences asparagine-X-serine and
asparagine-X-threonine, where X is any amino acid except proline, are the recognition
sequences for enzymatic attachment of the carbohy drate moiety to the asparagine side chain.
Thus, the presence of either of these tri-peptide sequences in a polypeptide creates a potential
glveosylation site. (-linked glycosylation refers 1o the attachment of one of the sugars N-
acetylgalactosamine, galactose, or xylose, 1o a hydroxyaming acid, most comunonly serine or
threonine, although 5-hydroxyproline or S-hydrosyivsine may also be used.
166173} In certain embodiments, glvcosvlation of the TREM?2 agonist antigen binding proteins
described herein is increased by adding one or more glycosylation sites, e.g., to the Fe region
of the binding protein. Addition of glveosvlation sites to the antigen binding protein can be

conveniently accomplished by altering the anmino acid sequence such that i contams one or
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more of the above-described tri-peptide sequences (for N-linked glycosylation sites). The
alteration may also be made by the addition of, or substitution by, one or more serine or
threcnine residues to the starting sequence (for O-linked glycosylation sites). For ease, the
antigen binding protein amino acid sequence may be aliered through changes at the DNA
level, particularly by mutating the DNA encoding the target polypeptide at preselecied bases
such that codons are generated that will translate into the desired amino acids.

16174} The invention also encompasses production of TREM2 antigen binding protein
mwolecules with altered carbohydrate structure resulting in altered effector activity, including
antigen binding proteins with absent or reduced fucosylation that exhibit improved ADCC
activity. Various methods are known m the art to reduce or eliminate fucosylation. For
example, ADCC effector activity 13 mediated by binding of the antibody molecule o the
FeyRIH receptor. which has been shown to be dependent on the carbohvdrate structure of the
N-linked glycosylation at the N297 residue of the CH2 domain. Non-fucosylated antibodies
bind this receptor with increased affinity and tnigger FoyREH-mediated effector functions
more efficiently than native, fucosylated antibodies. For example, recombinant production of
non-fucosylated antibody in CHO cells in which the alpha-1,6-fucosyl transferase enzyme
has been knocked out results in antibody with 100-fold increased ADCC activity (see
Yamane-Ohnuki ef ¢/, Biotechnol Biceng. 87(5).614-22, 2004}, Sumular effects can be
accomplished through decreasing the activity of alpha-1.6-fucosyl transferase enzyme or
other enzymes in the fucosylation pathway, e.g., through siRNA or antisense RNA treatment,
engineering cell lines to knockout the enzy me(s), or culturing with selective glvcosviation
inhibitors {see Rothman er ol , Mol Immunol. 26{12):1113-23, 1989). Some host cell strains,
e.g. Lecl3 or rat hybridoma YB2/0 cell line naturally produce antibodies with lower
fucosylation levels {see Shields e7 a/.. J Biol Chem. 277(30%.26733-40, 2002 and Shinkawa e/
al., I Biol Chem. 278(5):3466-73, 2003). An increase in the level of bisected carbohydrate,
e.g. through recombinantly producing antibody in cells that overexpress GnTHI enzyme, has
also been determined to increase ADCC activity {see Umana et a/., Nat Biotechnol.
17(2:176-80, 1999).

16175 In other embodiments, glvcosviation of the TREM?Z agonist antigen binding proteins
described herein is decreased or eliminated by removing one or more glycosvlation sites, e.g.,
from the Fc region of the binding protein. In some embodiments, the TREM2 agonist antigen
binding protein i3 an aglvcosylated human monoclonal antibody, e.g. an aglvcosylated human

IgG1 monoclonal antibody. Amino acid substitutions that eliminate or alter N-hnkec
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glycosvlation sites can reduce or elinunate N-linked glycosylation of the antigen binding
protein. In certain embodiments, the TREM?Z2 agonist antigen binding proteins described
herein comprise a mulation at position N297 (according to EU numbering scheme), such as
WN297¢, N297A, or N297G. In some embodiments, the TREM2 agonist antigen binding
proteins of the invention comprise an Fc region from a human IgG1 antibody with a mutation
at position N297. In one particular embodiment, the TREMZ2 agonist antigen binding proteins
of the ivention comprise an Fe region from a human [gG1 antibody with a N297G mutation.
For instance, in some embodiments, the TREM?2 agonist antigen binding proteins of the
mvention comprise a heavy chain constant region comprising the sequence of 8E(Q ID NO:
202.

[6176] To improve the siability of molecules comprising a N297 mutation, the Fe region of
the TREM?2 agonist antigen binding proteins may be further engineered. For instance, in
some embodiments, one or more amino acids in the Fe region are substituted with cvsteine o
promole disulfide bond formation i the dimeric state. Residues corresponding to V259,
A287, R292, V302, 1.306, V323, or 1332 (according to EU numbering scheme) of an [gG1 Fe
region may thus be substituted with cysteine. Preferably, specific pairs of residues are
substituted with cysieine such that they preferentially form a disulfide bond with each other,
thus limiting or preventing disuifide bond scrambling. Preferred pairs include, but are not
timited to, A287C and L306(C, V259C and L306C, R292C and V302C, and V323C and
I332C. In certain embodiments, the TREM?Z agonist antigen binding proteins described
herein comprise an Fe region from a human IgGl antibody with mustations R292C and
V302C. In such embodiments, the Fc region may also comprise a N297 mutation, such as a
WN297G mutation. In some embodiments, the TREM?Z2 agonist antigen binding proteins of the
invention comprise a heavy chain constant region comprising the sequence of SE( ID NG:
203,

3177} Modifications to the hinge region and/or CH1 domain of the heavy chain and/or the
constant region of the light chain of the TREM?2 agonist antigen binding proteins (e.g.
monoclonal antibodies) of the invention can be made to reduce or eliminate disulfide
heterogeneity. Structural hetereogeneity of IgG2 antibodies has been observed where the
disulfide bonds in the hinge and CH1 regions of Ig(G2 antibodies can be shuffled to create
differant structural disuifide isoforms (IgG2A, 1gG2B, and [gG2A-B), which can have
different levels of activity. See, e.g., Dillon ez o, J Biol. Chem., Vol. 283: 16206-16215;

Martinez 2f ai., Biochemistry, Vol 47: 7496-7508, 2008; and White ef o/, Cancer Cell, Vol
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27 138-148, 2015, Anuno acid substitutions can be made in the hinge region, CH1 domain,
and/or light chain constant region to promote the formation of a single disulfide isoform or
tock the antigen bindimg protein {e.g. monoclonal antibody} into a particular disulfide 1soform
{e.g IgG2A or Tg(G2B). Such mutations are described in WO 2009/036209 and White ef /.,
Cancer Cell, Vol. 27: 138-148, 2015, both of which are hereby incorporated by reference in
its entirety, and include C1318, C2198, and €2208 {according to EU numberning scheme)
mutations in the heavy chain and a C2148 (according to EU numbering scheme) mutation in
the hight chain. In certain embodiments, the TREMZ2 agonist antigen binding proteins of the
invention are human 1gG2 anti-TREM2 agonist antibodies. In some such embodiments, the
TREM?2 agonist antibodies comprise a C131S mutation {according to the EU numbering
scheme) in their heavy chains. In other embodiments, the TREMZ2 agomist antibodies
comprise a C2148 mutation (according to the EU numbering scheme) in their light chains and
a 2208 mutation (according to the EU numbering scheme) in their heavy chains. In still
other embodiments, the TREM2 agonist antibodies comprise a C2148 mutation (according o
the EU numbering scheme) in their light chains and a C2198 mutation {according to the EU
numbering scheme} in their heavy chains.

[6178] In other embodiments, the TREM?2 agonist antigen binding proteins of the inveniion
are anti-TREM2 agonist antibodies comprising a CH1 region and hinge region from a human
Ig(G2 antibody and an Fe region from a human IgGl antibody. The unique arrangement of the
disulfide bonds in the hinge region of 1g(G2 antibodies has been reported to impart enhanced
stirnulatory activity for certain anticancer antibodies (White er al., Cancer Cell, Vol 27: 138-
148, 2015). This enhanced activity could be transferred to IgGl-type antibodies by
exchanging the CH1 and hinge regions of the 1gG1 antibody for those in the Ig(G2 antibody
(White ef a/., 2013}, The Ig(32 hinge region includes the amino acid sequence
ERKCCVECPPCPE (SEQ D NG: 206). The amino acid sequence of the CHU and hinge
regions from a human 1gG2 antibody may comprise the anmino acid sequence of
ASTKGPSVEPR LAPCSRSTSE STAALGCLVK BYFPEPVTVS WNEGALTSGV
HTFPAVLQSS GLYSLSSVVT VPSSNEGTQT YTONVDHKPS NTKVDKTVER
KCCVECPPCP (SEQ ID NO: 207). Thus, in some embodiments, the anti-TREM?2 agonist
antibodies comprise the sequence of SEQ 1D NO: 207 in combination with an Fc region from
a human IgG1 antibody. In such embodiments, the anti-TREM2 antibodies can comprise one
or more of the mutations described above to lock the anti-TREMZ antibodies into a particular

disulfide isoform. For instance, in one embodiment, the anti-TREM?2 antibody comprises a
> E o
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CHI1 region and hinge region from a human IgG2 antibody and an Fc region from a huran
1gG1 antibody and comprises a C1315 mutation {according to the EU numbering scheme) in
its heavy chaim. In ancther embodiment, the anti-TREM?2 antibody comprises a CH1 region
and hinge region from a human [gG2 antibody and an Fc region from a human fgG1 antibody
and comprises a {2148 mutation {according to the EU numbering scheme) in its light chain
and a C2205 mutation {according to the EU numbering scheme) in 1is heavy chain. In yet
another ernbodiment, the anti-TREM2 antibody compnises a CHI region and hinge region
from a human Ig(G2 antibody and an Fc region from a huran IgG1 antibody and comprises a
{21485 mutation {according to the EU numbering scheme} in its light chain and a2 2198
mutation (according to the EU numbering scheme) in its heavy chain.
[6179] In embodiments in which the anti-TREM2 antibodies comprise a CHI region and
hinge region from a human [gG2 antibody and an Fc region from a human {gG1 antibody, the
anti-TREM?Z2 antibodies may comprise any of the muiations in the Fc region described above
to modulate the glvcosylation of the antibodies. For instance, the human IgG1 Feregion of
such anti-TREM?2 antibodies may comprise a mutation at arono acid position N297
{according to the EU numbering scheme} in its heavy chain. In one particular embodiment,
the N297 mutation is a W297G mutation. In certain embodiments, the Fc region may further
comprise R292C and V302C mutations (according to the EU numbering scherne) in ifs heavy
cham,
(6188} In certain embodiments, the anti-TREMZ antibodies of the invention comprise a CH1
region and hinge region from a human IgG2 antibody and an Fe region from a human IgG1
antibody, wherein the Fe region comprises the anuno acid sequence of:
APELLGGPSVFLFPPRKPKDTEMISRTPEVTCVYVDVSHEDPEVRKENWY
VBGVEVHNAKTRPREEQYGSTYRVVSYVLTVLHQDWLNGKEYKCKVYS
NEKALPAPIEKTISKAKGOPREPOVY TLPPSREEMTRNQVSLTCLVKGE
YPSDHAVEWESNGQOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW(QO
GNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ 1D NG: 281).
[6181] In other embodiments, the anti-TREM2 antibodies of the mvention comprise a CH1
region and hinge region from a human IgG2 antibody and an Fe region from a human fgGl
antibody, wherein the Fe region comprises the amino acid sequence of:
APELLGGPSVFLFPPKPKDTLMISRTPEVTCVYVDVSHEDPEVKENWY
/DGVEVHNARTRPCEEQY GSTYRCVSVLTVLHODWLNGKEYKCKYS
NKALPAPIEKTISKAKGOPREPOQVY TLPPSREEMTKNQVSLTCLVKGF
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YPSDIAVEWESNGOPENNYKTTPPVLDSDGSFRFLYSKLTVDKSRWQG

GNVFSCSYVMHEALHNHYTOKSLSLSPGK (SEQ 1D NO: 282,
0182} Modifications of the TREMZ agonist antigen binding proteins of the invention 1o
mncrease serum half~life also may desivable, for example, by incorporation of or addition of a
salvage receptor binding epitope {e.g., by muiation of the appropriate region or by
incorporating the epitope inio a peptide tag that is then fused {o the antigen binding protein at
etther end or in the middle, e.g., by DNA or peptide synthesis; see, e.g., W096/32478}) or
adding molecules such as PEG or other water soluble polymers, including polysaccharide
polymers. The salvage receptor binding epitope preferably constitutes a region wherein any
one or more amine acid residues from one of two loops of an Fc region are transferred to an
analogous position in the antigen binding protein. Even more preferably, three or more
residues from one or two loops of the F¢ region are transferred. Still more preferred, the
epitope is taken from the CH2 domain of the Fc region (e.g., an IgG Fe region) and
transferred {o the CHI, CH3, or VH region, or more than one such region, of the antigen
hinding protein. Alternatively, the epitope is taken from the CH2 domain of the Fc region and
transferred to the CL region or VL region, or both, of the antigen binding protein. See
International applications W 97/34631 and WO 96/32478 for a description of Fc variants
and their interaction with the salvage receptor,
G183} In some embodiments, the TREMZ2 agorust antigen binding proteins of the invention
comprise a light chain comprising the sequence of SEQ ID NG: 334 and a heavy chain
comprising the sequence of SEQ 1D NG: 335, In some embodiments, the TREMZ2 agonist
antigen binding proteins of the invention comprise a light chain comprising the sequence of
SEQ ID NO: 334 and a heavy chain comprising the sequence of SEQQ ID NO: 336, In some
embodiments, the TREM2 agonist antigen binding proteins of the invention comprise a light
chain comprising the sequence of SEQ ID NO: 337 and a heavy chain comprising the
sequence of SEQ 1D NO: 338, In some embodiments, the TREM2 agonist antigen binding
proteins of the invention comprise a light chain comprising the sequence of SEQ ID NG: 339
and a heavy chain comprising the sequence of SEQ ID NQO: 340, In some embodiments, the
TREM?2 agonist antigen binding proteins of the iovention comprise a light chain coraprising
the sequence of SEQ 1D NO: 341 and a heavy chain comprising the sequence of SE(3 ID NO:
342.
[3184] In some embodiments, the TREMZ agonist antigen binding proteins of the invention

comprise a light chain consisting of or consisting essentially of the anuno acid sequence of
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SEQ 1D MNO: 334, 337, 339 or 341, In some embodiments, the TREM?2 agonist antigen
binding proteins of the invention comprise a heavy chain consisting of or consisting
essentially of the amino acid sequence of SEQ ID NO: 335, 336, 338, 340, 0r 342 In a
specific embodiment, the TREMZ agonist antigen binding proteins of the mvention comprise
a light chain and a heavy chain, wherein {(a} the light chain consisting of or consisting
essentially of the amino acid sequence of SEQ 1D NG: 334 and the heavy chain consisting of
or consisting essentially of the amino acid sequence of SEQ ID NO: 335; (b) the light chaimn
consisting of or consisting essentially of the anuno acid sequence of SEQ ID NO: 334 and the
heavy chain consisting of or consisting essentially of the amino acid sequence of SEQ 1D
WG 336; {¢) the hight chain consisting of or consisting essentially of the amino acid sequence
of SEQ TD NO: 337 and the heavy chain consisting of or consisting essentially of the amino
acid sequence of SEQ D NO: 338, (d) the light chain consisting of or consisting of
essentially of the amino acid sequence of SEQ 1D NG: 339 and the heavy chain consisting of
or consisting essentially of the amino acid sequence of SEQ ID NO: 340 or {e) the light
chain consisting of or consisting essentially of the amino acid sequence of SEQ 1D NO: 341
and the heavy chain consisting of or consisting essentially of the amino acid sequence of SEQ
1D NO: 342,

3185} In some embodiments, the TREMZ agonist antigen binding proteins of the invention
are “bispecific” meaning that they are capable of specifically binding to two different
antigens, human TREM2 and a second antigen. In certain embodiments, the second antigen is
a protein that facilitates transport across the blood-brain barrier, such as a receptor that
mediates blood-brain barner transport. Such receptors include, but are not himited to, the
msulin receptor, the transfernn receptor, the leptin receptor, the insulin-like growth factor
(1GF) receptor, low density lipoprotein recepiors (e.g. low density lipoprotein receptor-
related protein 8 (LRP8), low density lipoprotein receptor-related protein 1 (LRP1), low
density hipoprotein receptor-related protein 2(LRP2)), heparin-binding epidermal growth
factor-like growth factor, CD98 heavy chain {CD98hc), basigin, the human transmembrane
protein 30A (TMEM30A), and Glucose Transporier Type 1 {Ghutl). In one embodiment, the
second antigen 1s the human insulin receptor. fn one erobodirent, the second antigen is the
human insulin-like growth receptor. In another embodiment, the second antigen is the human
transferrin receptor. In one embodiment, the second antigen is TMEM30A. In anv of these
mnstances, the human TREM2 binding domain could be at the N-terminal end or the C-

terroinal end of the multivalent bispecific (IgG-Fab, IgG-scFv), or expressed in the roulti-
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specific binding formats described in Spiess, C. et al, Molecular Immunology 67, 95-106
(2015) and Brinkman, U. er al, AMABS 9(2)182-212 (2017).

3186} In certain embodiments, the TREM2 agonist antigen binding proteins are multivalent.
The valency of the binding protein denotes the number of individual antigen binding domains

3% <4

within the binding protein. For example, the terms “monovalent,” “hivalent,” and
“tetravalent” with reference to the antigen binding proteins of the invention refer to binding
proteins with one, two, and four antigen binding domaimns, respectively. Thus, a multivalent
antigen binding protein comprises two or more antigen binding domains. In some
embodiments, the bispecific antigen binding proteins of the invention are bivalent. Thus, such
bispectfic, bivalent antigen binding proteins contain two antigen binding domains: one
antigen-binding domain binding to hursan TREM?Z and one antigen-binding domain binding
to a second antigen, such as an antigen that facilitates transport across the blood-brain barrier.
In other embodiments, the bispectfic antigen binding proteins are multivalent. For mstance, in
certain embodiments, the bispecific antigen binding proteins are {rivalent or tetravalent
comprising three or four antigen-binding domains: one or two antigen-binding dormains
binding to human TREM2 and one or two antigen-binding domains binding to a second
entigen, such as an antigen that facilitates transport across the blood-brain barrier.

0187} The term “antigen binding domain,” which is used interchangeably with “binding
domain,” refers to the region of the antigen binding protein that contains the amino acid
residues that interact with the antigen and confer on the antigen binding protein its specificity
and atfinity for the antigen. The binding domain may be derived from an antibody or
functional fragroent thereof that specifically binds to the antigen. In certain embodiments,
the bispecific antigen binding proteins of the mvention comprise one anfigen-binding domain
binding to human TREM2Z and one antigen-binding domain binding to the human insulin
receptor. In other embodiments, the bispecific antigen binding proteins of the invention
comprise one antigen-binding domain binding to human TREM?Z2 and one antigen-binding
domain binding to the human transferrin receptor. In some embodiments, the bispecific
antigen binding proteins of the invention comprise two antigen-binding domains binding 1o
human TREM2 and two antigen-binding domains binding to the human insulin receptor. In
other embodiments, the bispecific antigen binding proteins of the invention comprise two
antigen-binding domains binding to human TREM?2 and two antigen-binding domains
binding to the human transferrin receptor. In one embodiment, the bispecific antigen binding

proteins of the invention comprise one or two antigen-binding domains binding to human
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TREM?2 and one or two antigen-binding domains binding to the human insulin-like growth
receptor. In one embodiment, the bispecific antigen binding proteins of the invention
comprise one or two antigen-binding domains binding to buman TREM2 and one or two
antigen-binding domains binding to TMEM30A. The antigen binding domains binding o
human TREM?2 of the bispecific TREM?Z2 agonist antigen binding proteins can be derived
from any of the anti-TREM?2 agonist antibodies described herein. The antigen binding
domains binding to the human insulin receptor, the human msulin like growth receptor,
TMEM30A, or the human transferrin receptor can be derived from monoclonal antibodies to
these receptors known in the art, such as those described in US Patent No. 7,388,079; US
Patent No. 8,663,598; and US Patent Publication No. 2015/0110791, Abulrob, A eral., J
Newrochen. 95, 1201-1214 (2005), and Muruganandam, A ef al, FASEB J 16, 240-242
{2002}. In certain embodiments, the antigen binding domains binding to the human msulin
receptor, the human insulin like growth receptor, TMEM30A, or the human transferrin
receptor is a single domain antibody. In certain embodiments, the human TREM2 binding
domain is at the N-teromunal end or the C~ternunal end of the multivalent bispecific (IgG-Fab,
IgG-scFv), or expressed in the multi-specific binding formats known in the art, such as those
described in Spiess, C. et al., Molecular Immunoclogy 67, 95-106 (2015) and Brinkman, U. es
al., MARS 9(23182-212 (2017},

[0188] Methods of making bispecific antibodies are known in the art. One such method of
making a “bispecific” antigen binding protein or antibody involves the fusion of hybridomas
or linking of Fab™ fragments. See, e g, Songsivilal and Lachmann, 1990, Clin. Exp. Imminol.
engingering the Fc¢ portion of the heavy chains such as to create “knobs™ and “holes™ which
facilitate heterodimer formation of the heavy chains when co-expressed in a cell. See, e.g.,
WO 96/027011. Still another method also involves engineering the Fe portion of the heavy
chain but uses electrostatic steering to encourage heterodimer formation while discouraging
homodimer formation of the heavy chains when co-expressed in a cell. See, e.g,
WOZ000089004 and WO2014081955.

16189 The present mvention includes one or more 1solated polvnucleotides or 1solated
nucleic acids encoding the TREM2Z agomnist antigen binding proteins, such as the anti-TREM?2
agonist monocional antibodies, described herein. In addition, the present invention
encompasses vectors comprising the nucleic acids, host cells or cell lines comprising the

nucleic acids, and methods of making the antigen binding proteins of the mvention. The
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nucleic acids cormprise, for example, polvnucleotides that encode all or part of an antigen
binding protein, for example, one or both chains of an antibody of the invention, ora
fragment, derivative, mutein, or varniant thereof, polvnucleotides sufficient for use as
hybridization probes, PCR primers or sequencing primsers for identifving, analyzing, mutating
or amplifying a polvnucleotide encoding a polypeptide, anti-sense oligonucleotides for
inhibiting expression of a polynuclectide, and complementary sequences of the foregoing.
The nucleic acids can be any length as appropriate for the desired use or function, and can
comprise one or more additional sequences, for example, regulatory sequences, and/or be part
of a larger nucleic acid, for example, a vector. Nucleic acid molecules of the invention
include DNA and RNA in both single-stranded and double-stranded form, as well as the
corresponding complementary sequences. DNA ncludes, for example, cDNA, genomic
DNA, chenucally synthesized DNA, DNA amplified by PCR, and combinations thereof The
nucleic acid molecules of the invention include full-fength genes or cDNA molecules as well
as a combination of fragments thereof The nucleic acids of the invention can be derived from
human sources as well as non-human species.

163196] Relevant amino acid sequences from an immmunoglobulin or region thereof (e.g.
variable region, Fc region, efc.} or polvpeptide of interest may be determined by direct
profein sequencing, and suifable encoding nucleotide sequences can be designed according to
a universal codon table. Alternatively, genoraic or cDNA encoding monoclonal antibodies or
binding fragments thereof of the invention can be isolated and sequenced from cells
producing such antibodies (e.g. hybridomas) using conventional procedures, such as the
methods described in Example 3.

{3191} An “isolated nucleic acid,” which 1s used interchangeably herein with “isolated
polynucleotide,” is a nucleic acid that has been separated from adjacent genslic sequences
present in the genome of the organism {rom which the nucleic acid was isolated, in the case
of nucletc acids 1solated from naturally-occurring sources. In the case of nucleic acids
synthesized enzymatically from a template or chemically, such as PCR products, cDNA
molecules, or ohigonuciectides for example, 1t is understood that the nucleic acids resulting
from such processes are 1solated nucleic acids. An isolated nucleic acid molecule refers to a
nucleic acid molecule in the form of a separate fragment or as a component of a larger
nucleic acid construct. In one preferred embodiment, the nucleic acids are substantially free
from contaminating endogenous material. The nucleic acid molecule has preferably been

derived from DNA or RNA isolated at least once in substantially pure form and in a quantity
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or concentraiion enabling wdentification, manipulation, and recovery of ifs coraponent
nucleotide sequences by standard biochemical methods {such as those outlined in Sambrook
et al., Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY (1989}). Such sequences are preferably provided and/or constructed
in the form of an open reading frame uninterrupted by internal non-translated sequences, or
mtrons, that are typically present in eukarvotic genes. Sequences of non-transtated DNA can
be present 5" or 3' from an open reading frame, where the same do not interfere with
manipulation or expression of the coding region. Unless specified otherwise, the left-hand
end of any single-stranded polynucleotide sequence discussed herein is the 5° end; the lefi-
hand direction of double-stranded polynucleotide sequences is referred to as the 5° direction.
The divection of 5' {0 3' production of nascent RNA transcripts is referred to as the
transcription direction; sequence regions on the DNA strand having the same sequence as the
RMNA transcript that are 5' to the 5 end of the RNA transcript are referred to as “upstream
sequences”; sequence regions on the DNA strand having the same sequence as the RNA
transcript that are 3' to the 3' end of the RNA transcript are referred to as “downstream
sequences.”

[3192] The present invention also includes nucleic acids that hybridize vnder moderately
stringent conditions, and more preferably highly stringent conditions, to nucleic acids
encoding polypeptides as described heren. The basic parameters affecting the choice of
hybridization conditions and guidance for devising switable conditions are set forth by
Sambrook,, Fritsch, and Mamatis (1989, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y ., chapters 9 and 11; and Current
Protocols in Molecular Biology, 1995, Ausubel et al |, eds., John Wiley & Sons, Inc., sections
2.10 and 6.3-6.4}), and can be readily determined by those having ordinary skill in the art
based on, for example, the length and/or base composition of the DNA. One way of achieving
maoderately stringent conditions mnvelves the use of a prewashing solution containing 5 x
88C, 0.5% SD5, 1.0 mM EDTA {pH 8.0), hybndizaiion buffer of about 50% formamide, 6 x
SSC, and a hybridization temperature of about 55°C (or other sunilar hybridization solutions,
such as one containing about 50% formamide, with a hvbridization temperature of about
42°C), and washing conditions of about 60°C, in 0.5 x 88C, 0.1% SDS. Generally, highly
stringent conditions are defined as hyvbridization conditions as above, but with washing at
approximately 68°C, 0.2 x §8C, 0.1% SDS. SSPE (1 x SSPE 15 0.15M NaCl, 10 mM
NaHPO4, and 1.25 mM EDTA, pH 7.4) can be substitinied for S8C (1 x 88 15 0.15M NaCl
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and 15 mM sodium citrate) in the hybridization and wash buffers; washes are performed for
15 minutes after hybridization is complete. It should be understood that the wash temperature
and wash salt concentration can be adjusted as necessary to achieve a desived degree of
stringency by applying the basic principles that govern hybridization reactions and duplex
stability, as known to those skilled in the art and described further below (see, e.g., Sambrook
efal., 1989).

[6123] When hybridizing a nucleic acid to a target nucleic acid of unknown sequence, the
hybrid tength 1s assumed to be that of the hybridizing nucleic acid. When nucleic acids of
known sequence are hybridized, the hybrid length can be determined by aligning the
sequences of the nucleic acids and identifying the region or regions of optimal sequence
complementarity. The hybnidization temperature {or hybrids anticipated to be less than 50
base pairs in length should be 5 to 10°C less than the melting temperature (Tm) of the hybiid,
where Tm is determined according to the following equations. For hvbrids less than 18 base
patrs in length, Tm (°C) = 2(# of A + T bases) + 4(# of G + C bases). For hybrids above 18
base pairs in length, Tm (°C) = 81.5 + 16.6(logl0 [Na+]) + 0.41(% G + C) - (600/N), where
W is the number of bases in the hvbrid, and {Na+] is the concentration of sodium ions in the
hyvbridization buffer ({Na+{ for 1 x S8C = 0.165M). Preferably, each such hybridizing nucleic
actd has a length that is at Teast 15 nucleotides (or more preferably at feast 18 nuclectides, or
at feast 20 nucleotides, or at leasi 25 nucleotides, or at least 30 nuclsotides, or at least 40
nucleotides, or most preferably at least 50 nucleotides}, or at least 25% {more praferably at
teast 50%, or at least 60%, or at least 70%, and most preferably at least 809) of the tength of
the nucleic acid of the present invention to which it hybridizes, and has at least 60% sequence
identity {more preferably at least 70%, at least 75%, at least 80%, at least 81%. at least 82%,
at feast 83%, at least 84%, at least 85%, at least 869, at least 87%, at least 88%, at least 89%,
at feast 909, at Teast 91%, at least 92%, ai least 939, at least 94%, at least 95%, al least 96%,
at least 97%, at least 98%, or at least 99%, and most preferably at least 99.5%) with the
nucleic acid of the present inveniion to which it hybridizes, where sequence identity is
determined by comparing the sequences of the hybridizing nucleic acids when aligned so as
to maxirmize overlap and identity while minimizing sequence gaps as described in more detail
above.

16194} Variants of the antigen binding proteins, inchuding the variants described herein, can
be prepared by stte-specific mutagenesis of nucleotides in the DNA encoding the

polypeptide, using cassette or PCR mutagenesis or other techniques well known in the art, to
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produce DNA encoding the variant, and thereafter expressing the recombinant DNA 1o cell
culture as outlined herein. However, antigen binding proteins comprising variant CDRs
having up o about 100-150 residues may be prepared by in vifro synthesis using established
techniques. The varianis typically exhibit the same qualiiative biological activity as the

naturally occurring analogue, e.g., binding to antigen. Such variants include, for example,

deletions and/or msertions and/or substitutions of residues within the amino acid sequences of

the antigen binding proteins. Any combination of deletion, insertion, and substitution is
made to arnve at the final construct, provided that the final construct possesses the desired
characteristics. The amino acid changes also may alter post-transiational processes of the
antigen binding protein, such as changing the number or position of glvcosyvlation sites. In
certain embodiments, antigen binding protein variants are prepared with the intent to modify
those amino acid residues which are directly involved in epitope binding. In other
embodiments, modification of residues which are not directly involved in epitope binding or
residues not involved in epitope binding in any way, is desirable, for purposes discussed
herein. Mutagenesis within any of the CDR regions, framework regions, and/or constant
regions is contemplated. Covariance analysis techniques can be employed by the skilled
artisan to design useful modifications m the amino acid sequence of the antigen binding
prolein. See, e.g., Choulier, ef o/, Proteins 41:475-484, 2000; Demarest ef al., J. Mol. Biol.
335:41-48, 2004; Hugo er al, Protein Engineering 16(5):381-86, 2003; Auroraef al,, US
Patent Publication No. 2008/0318207 A1, Glaser ef af., US Patent Pubkication No.
2009/0048122 Al; Urech er o/, WO 2008/110348 Al Borras ef af, WO 2009/000099 A2,
Such modifications determined by covariance analysis can improve potency,
pharmacokinetic, pharmacodynamic, and/or manufacturability characteristics of an antigen
binding protein.

[3195] Table 6 shows exemplary nucletc acid sequences encoding the light and heavy chain
variable regions of anti-TREM?2 antibodies described hersin. Polynucleotides encoding the
anti-TREM?Z antibody variable regions can be used to construct the antigen binding proteins

described hersin,

Table 6. Exemplary Anti-TREM2Z Antibody Variable Region Nucleic Acid Sequences

AbID. | VL orVH Nucleie Acid Seguence
Group
Designation

SEG
D
MO

Light chain variable regions
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AbID. | VL erVH Nucleic Acid Seguence SEQ
Groep D
Designation NO:
12G10 | LV-01 CAGGCTGTGUCGACTCAGCCOGTCTTCCOTCTCTGCATCTCCTGGAGTATT | 208

AGCCAGTCTCACCTGCACCTTACGCAGTGGCATCAATCGTTGGTACCTAC
AGGATATACTGGTACCAGCAGAAGCCAGGCGAGTCCTCCCCAGTATCTCC
TOGAGGTACAAATCAGACTCAGATAAGUAGCAGGGCTCTGGAGTCCCCA
GCCGCTTCTCTGGATCCAAGGATGCTTCGGCCAATGCAGCGATTTTACT
CATCTCTGGGCTCCAGTCTGAGGATGAGGCTCGACTATTACTGTATGATT
TGGTACAGCAGTGCTGTGGTATTCGOCGGAGGGACCAAACTGACCGTC
CTA

D

26A10 | LV-G2 TCCTATGAGCTGACTCAGCCACCCTCAGTGTCCGTGTCCCCAGGACAGA | 26
CAGCCAGCATCACCTOCTCTOGGAGATAAATTGGUGAGATAAGTATGTTTIC
CTGGTATCAGCAGAAGCCAGGCCAGTCCCCTGTGUTGUTCATCTATCAA
GATAGCAAGCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACT
CTGGGAACACAGCCACTCTGACCATCAGCGGGACCCAGGCTATGGATG
AGGCTCACTATTACTOTCAGGUGTCGUACAGTAACACTGTGGTATTICGG
CCGAGGGACCAAGCTGACCGTCCTA

26C10 TCCTTTCGAGCTCACTCAGCCACCCTCAGTGTCCGTGTCCCCAGGACAGA | 210
LV-03 CAGCCAGCATCACCTGCTCTGGAGATAAATTGGGGGATAAGTATGTTTG
CTGGTATCAGCAGAAGCCAGGCCAGTCCCCTATGTTGOTCATCTATCAA
GATACCAAGCOGGCCCTCAGLGATCCCTGAACGATTCTCTCGUTCCAALT
CTGGGAACACAGCCACTCTCACCATCAGCCGGGACCCAGGCTATGGATG
AGGCTGACTATTACTGTCAGGCGTGGGACAGCAGCACTGTGGTCTTCGS
CCGGAGGGACCAAGCTGACCGTCCTA

26F2 TCCTATGAGCTCACTCAGCCACCCTCAGTGTCCGTGTCCCCAGGACAGA | 21
LV-64 CAGCCAGCATCACCTGLTCTGGAGATAAATTGGGGGATAAGTATGTTIC
CTGGTATCAGUAGAAGCCACGGUCAGTCCCCTGTOTITOGTCATCTTTICAA
GATAGCAAGCGGCCCTCAGGGATCCCTGAGCCATTCTCTGGCTCCAACT
CTGGGAACACAGCCACTCTCGACCATCAGUGGGACCCAGGCTATGGATG
AGGCTGACTATTACTGTCAGGCGTGGGACAGCAGCACTGTGGTATTCGE
CGOAGGGACCAAGCTGACCGICCTA

33812 TCCTATGAGCTCACTCAGCCACCCTCAGTCTCCGTOGTCCCCAGGACAGA | 212
LV-05 CAGCCAGCATCACCTGCTCTGGAGATAAATTGOGGGATAAGTATGTTTC
CTGGTATCAGCAGAAGCCAGGCCAGTCCCCTGTCTTGGTCATCTATCAA
GATAGCAAGCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACT
CTGGGAACACAGCCAUTCTGACCATCAGCGGGACCCAGGCTATGGATG
AGGCTGACTATTACTOTCAGGCGTGGOACAGTAGCACTGTGOTATTCCG
CGGAGGGACCAAGCTGACCCGTCCTA

2412 GUGCATCOTCATGACCCAGTCTCCAGACTCCCTRGCTGTGTCTCTGGGCG | 213
LV-06 AGAGGGCCACCATCAACTGCAAGTCCAGCCGGAGTGTTITGTACAGCTC
CAACAATAAGAACTACTTAGCTTGGTACCAGCAGAAACCAGGACAGCC
TCOCTAAGOGTGUTCATITACTGOGCATCTACCCOGGRAATCCGGGOTCCCT
GACCOATTCAGTGGCAGCGCGGTCTCGCACAGATTTCACTCTCACCATCA
GCAGCCTGCAGGCTGAAGATGTGCCAGTTTATAACTGTCAGCAATATTA
TATTACTCCGATCACCTTICGGCCAAGGCACACGACTGUAGATTAAA

24G6 | LYVOT GACATCGTGATGACCCAGTCTCCAGACTCCCTGGLTGTGTCTCTGGGCG | 214
AGAGGLCCACCATCAACTCGCAAGTCCAGUCAGAGTOTTTITATACAGCTC
CAACAATAAGCACTTCTTAGCTTOGTACCAGCAGAAACCAGGACAGCC
TCCTAAGCTGCTCATTTACTGGGCATCTACCCGGGAGTCCGGGGTCCCT
GACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCA
GCAGCCTGCAGGCTOAAGATGTGOCATTTTATTACTGTCAGCAATATTA
TAGTACTCCGCTCACTTTCGGCOGAGGGACCAAGGTGOAGATCAAA

24A10 | LVOR GACATCGTOATCACCCAGTUTCCAGACTCCOTGOLCTGTOTCTUTGOGGLG | 248
AGAGGGCCACCATCACCTGCAAGTCCAGCCACAATOTTTITATACAGCTC
CAACAATAAGAACTACTTAGCTTGGTATCAGCAGAAACCAGCGACAGCC
TCCTAAACTGUTCATTTACTGGGCATCTACCCCGOGUAATCCGGGHTCOOT
GACCGATTCAGTGGCAGCGCGTCTGOGGACAGATTTCACTCTCACCATCA
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AbID. | VL erVH Nucleic Acid Seguence SEQ
Groep D
Designation NO:

GCAGCCTGCAGGCTGAAGATGOTGGCAGTTTATTACTGTCACCAATATTA
TAGTACTCCGTGCAGTTTTGGCCAGGGGACCAAGCTGGAGATCAAA

18E3 LY-09 GAAATAGTGATCACGCAGTCTCCAGCCACCCTCTCTGTGTCTCCAGGGG | 216
AAAGAGCCACCCTCTCCTGCAGGGCCAGTCAGAGTGTTAGCAGCAACTT
AGCCTGOTTCCAGCAGAAACCTGGCCAGGCTCCCAGGUTCCTCATCTAT
GOGTOCTTCCACCAGGOGCCACTGUTATTCCAGCCAGGTTUAGTGTCAGTG
GOTCTGOCACAGAGTTCACTCTCACCATCAGCAGCCTGCAGTCTGAAGA

TTTTGCATTITATTACTGTCTGCAGGATAATAATTGGCCTCCCACTTTCG
GCCCTGGGACCAAAGTGGATATCAAA

13E7 LV-10 GAAATAGTGATGACGCAGTCTCCAGCCACCCTCTCTGTGTCTCCAGGGS | 217
AAAGAGCCACCCTCTCCTGCAGGGLCAGTCAGAGTGTTAGCAGCAACTT

AGCCTGOTTCCAGCAGAAACCTGGCCAGGCTCCCAGCGCTCCTCATCTAT

GOTGCTTCCACCAGGGCCACTGGTATTCCAGCCAGGTTCAGTGTCAGTG

GOTCTGGGACAGAGTTCACTCTCACCATCAGCAGCCTGCAGTCTGAAGA
TTTTGCACTITATTACTCTCTGCAGGATAATAATTGQGCCTCCCACTTITCG

GCCCTGGCGACCAAAGTGGATATCAAA

25F12 | LV-i1 GAAAAAGTGATCGACGUAGTCTCCAGCCACCCTOGTCTOTGTUTCCAGGG: | 218
AAAGAGCCACCCTCTCCTGCAGGCCCAGTCAGACTGTTAACAACAACTT
AGCCTGGTACCAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT
GOTGCATCCACCAGGGCCACTOGTATCCCAGCCAGGTTICAGTGGCAGTG
GGTCTGGGACAGAGTTCACTCTCACCATCAGCAGCCTGCAGTUTGAAGA
TITTGCAGTTITATTACTCTCAGCAGTATAATAACTCGGCCTCGGACGTICG
GCCAAGGGACCAAGGTGGAAATCAAA

32E3 Lv-12 GAATTTGTCTTGACGCAGTCTCCAGGCACCCTGTCTTTGTICTCCOGGGEG | 219
AAAGAGCCACCCTCTCCTGCAGGGCCAGTCAGATTATTAGCAGCAACTA
CTTAGCCTGGTACCAGCAGAAACCTOGGUCAGGCTCCCAGGCTUCTCATC
TATAGTGCATCCAGCAGGGCCACTGCGCATCCCAGACAGGTTCAGTGOC
AGTGOOGTCTGOCACAGACTTCACTCTCACCATCAGCAGACTGGAGCCIC
AAGATTTTGCAGTGTATTACTGTCAGCAGTTTGATAGCTCACCGATCALC
CTTCGOGCCOGAGGCACACGACTGOACATTAAA

24F4 1v-13 GAAATTGTGTTIGACGCAGTCTCCAGGCACCCTGTICTTITGTCTCCAGGGG | 220
AAAGAGCCACCCTCTCCTGCAGOGUCAGTCAGAGTGTTAGCAGUAGCT
ACTTAGCCTCGTACCAGCAGAAACCTGGUCACGCTCCCAGGCTCCTCAT
CTATGGTGCATCCAGCAGGGCCACTGGCATCCCAGACAGGTTCAGTGGC
AGTGOGTCTGGGACAGACTTCACTCTCACCATCAGCAGACTGGAGCCTG
AAGATTITCCACTGTATTACTGTCAGCAGTATCATACCTCACCATICALT
TTCGGCCCTGCGACCAAAGTGGATATCAAA

1688 Lv-14 GACATCCAGATGACCCAGTCTCCATCTTICCGTOTCTGCATUTGTAGGAG | 221
ACAGAGTCACCCGTCACTTGTCGGGCGAGTCAGGATATTAACAGCTGGTT
AGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TGCTGCATCOTCTTTGCAAACTGOGGTCCCTTCAAGGTTCAGCGGCAGT
GUATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTCTTGTCAACAGTCTAACAGTTTCCCGATCACCTTC
GGCCAAGGCACACGACTGGAGATTAAA

4C5 Lv-15 GACATCCAGATGACCCAGTCTCCATCTICCGTGTCTGCATCTGTAGGAG | 222
ACAGAGTCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAACTGGTT
AGCCTGGTATCAGCAGAAACTCAGGUAAAGCCCCTAAGUTCOTGATCTA
TCCTGCATCCAGTTTGCAAGTTIGGOGTCCCATTAAGOTTCAGCCGCAGT
GGATCTGGGACAGATTITCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTATTGTCAACAGGCTGACAGTTTCCCTCGCAATTTT
GGCCAGGGGACCAAGCTOGAGATCAAA

OE7 Lv-16 GACATCCAGATGACCCAGTCTCCATCTTCCOGTGTCTGCATCTGTAGGAG | 223
Vo ACAGAGTCACCATCACTTGTCCGUOCCGAGTCAGGGTATTAGCAGCTCGTT

V30 AGCCTGOTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA

V33 TGCTGCATCCAGTTTGCAAAATGGGOTCCCATCAAGGTTCAGCGGCAGT

V44 GOATCTOGOACACATTTICACTCTCACCATCAGCAGCCTGCAGCCTOAAG
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Ab 1D,

VL or VH
Grovp
Dcsignaﬁun

Nucleic Acid Seguence

SEQ
D

V65

ATTTTGCAACTTACTTITGTCAACAGGCTCACAGTTTCCCTCGCACTTIT
GGCCAGGGGACCAAGCTGGAGATCAAA

v
i
o

Lv-17

GACATCCAGATGACCCAGTCTCCATCCTCACTGTCTGCATCTOTAGGAG
ACAGAGTCACCATCACTTGTCCGGCGAGTCAGGGCATTAGCAATTATIT
AGCCTGOTTTCAGCAGAAACCAGGGAAAGCCCCTAAATCCCTGATCTAT
GCTGCATCCAGTTTGCAAAGTGOLGUTCCCATCAAAGTTCAGCGGLAGTG
GATCTGGCGACAGATTTCACTCTICACCATCAGCAGCCTCCAGCCTGAAGA
TTTTGCAACTTATTACTGCCAACAGTATAGTACTTACCCATTCACTTICG
GCCCTGGGACCAAAGTGGATATCAAA

224

4G10

LV-18

GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAG
ACAGAGTCACCATCACTTGCCGOGCAAGTCAGGGCATAAGAAATGATT
TAGGCTGUTATCAGCAGAAACCAGCGAATGCOCCTAAGCGCCTCGATCT
ATGCTGCATCCAGTTTGCCAAGTGGGOGTCCCATCAAGGTTCAGCGGCAG
TGGATCTGGGCCAGAATTCACTCTCACAATCAGCAGTCTGCAGCCTGAA

GATTTTCCAACTTATTACTGTCTACAGUATAATAGTTACCCGTGGACGTT

CGGCCAAGGGACCAAGGTGGAAATCACA

b2
N
4]

LV-101

GACATCCAGATGACCCAGTCTCCATCTTCCGTOTCTGCATCTGTAGOAL
ACAGAGTCACCATCACTTGTCCGLGLCGAGTCAGGOTATTAGCAGCTGETT
AGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TGCTGCATCCAGTAGGCAAAATGGGOTCCCATCAAGGTICAGCGGCAG
TGGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGUCTGAA
GATTTTGCAACTTACTTTTGCTCAACAGGCTCACAGGTTCCCTCGCACTTT
TGGCCAGGGGACCAAGCTCGGAGATCAAA

226

V24

Ly-102

GACATCCAGATCACCCAGTCTCCATCTTCCOGTGTCTGCATCTGTAGGAG
ACAGAGTCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAGCTGGTT
AGCCTGGTATCAGCAGAAACTCAGGUAAAGCCCCTAAGUTCOTGATCTA
TCCTGCATCCAGTTTGCAAAAGGGGOTCCCATCAAGGTTCAGCGGCAGT
GOATCTOGGACAGATITCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTTTTGTCAACAGGCTGACAGTTTCCCTCATACTTIT
GGCCAGGGGACCAAGCTOGAGATCAAA

227

LVY-103

GACATCCAGATGACCCAGTCTCCATCTTCCOTGTCTGCATCTGTAGGAG
ACAGAGTCACCATCAUTTCTCOGGGCOGAGTCAGOGGTATTAGCAGCTGOTT
AGCCTGOTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TGCTGCATCCAGTTTGCAACGTGGGGTCCCATCAAGGTTCAGCGGCAGT
GGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCOTGAAG
ATTTTGCAACTTACTTTIGTCAACAGGUTCGACAGTTTCCCTCGCALTTTT
GGCCAGOGGOACCAAGUTGGAGCATCAAA

228

V40

LV-i04

GACATCCAGATGACCCAGTCTCCATCTTCCGTOTCTGCATCTGTAGOGAL
ACAGAGTCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAGCTGGTT
AGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TGCTGCATCCAGTTTIGCAACTTGGGOGTCCCATCAAGGTTCAGCGGCAGT
GUATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTTTITGTCAACAGGCTGACCGTTTCCCTCGCACTTIT
GGCCAGGGGACCAAGCTGGAGATCAAA

229

V48

LV-105

GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAG
ACAGAGTCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAGCTGGTT
AGCCTGGTATCAGCAGAAACTCAGGUAAAGCCCCTAAGUTCOTGATCTA
TCCTGCATCCAGTTITGCAAACGOGOUTCCCATCAAGGTTCAGCGGCAGT
GGATCTGGGACAGATTITCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTTTTGTCAACAGGCTGACAGTTTGCCTCGCACTTIT
GGCCAGGGGACCAAGCTOGAGATCAAA

236

V49

LV-186

GACATCCAGATGACCCAGTCTCCATCTICCOTGTCTGCATCTGTAGGAG
ACAGAGTCACCATCACTTGTCCGOCGAGTCAGGGTATTAGCAGCTEGTT
AGCCTGOTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TGCTGCATCCAGTCOGGCAAAATGGGOTCCCATCAAGGTTCAGCGGCAGT
GOATCTOGOACACATTTCACTCTCACCATCAGCAGCCTGCAGCCTOAAG
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AbID. | VL erVH Nucleic Acid Seguence SEQ
Groep D
Designation NO:

ATTTTGCAACTTACTTITGTCAACAGGCTGACAGTTATCCTCGCACTTIT
GGCCAGGGGACCAAGCTGGAGATCAAA

V52 LV-107 GACATCCAGATCACCCAGTCTCCATCTTCCOTGTCTGCATCTGTAGGAG | 232
ACAGAGTCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAGCTGGTT
AGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA

TOCTGCATCCAGTTTGUAAAGGGGLOTCCCATCAAGGTTCAGCGGCAGT
GOATCTOGGACAGATITCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTTTTIGTCAACAGGCTGACCGTTTCCCTCGCACTTIT

GGCCAGGGGACCAAGCTGGAGATCAAA

V60 LV-1¢8 GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAG
ACAGAGTCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAGCTGGTT
AGCCTGOTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TGCTGCATCCAGTTTGCAAAGGGCGOTCCCATCAAGGTTCAGCGGCAGT
GGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTTTIGTGGCCAGGUTGACAGTTICCCTCCGCACTTIT
GGCCAGOGGOACCAAGUTGGAGCATCAAA

b2
[SN]
(98]

V73 LV-106 GACATCCAGATCGACCCAGTCTCCATCTTICCOTOTCTGCATCTGTAGGAG | 234
ACAGAGTCACCATCACTTGTCCGLGLCGAGTCAGGOTATTAGCAGCTGETT
AGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TGCTGCATCCAGTCGTCAAAATGOGOTCCCATCAAGGTTCAGCGGCAGT
GGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTTITGTCAACAGGCTGACAGTTATCCTCGCACTTIT
GGCCAGGGGACCAAGCTGGAGATCAAA

V76 LV-109 GACATCCAGATGACCCAGTCTCCATCTICCGTGTCTGCATCTGTAGGAG | 23!
ACAGAGTCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAGCTGGTT
AGCCTGGTATCAGCAGAAACTCAGGUAAAGCCCCTAAGUTCOTGATCTA
TCCTGCATCCAGTTTGCAAAAGGGGOTCCCATCAAGGTTCAGCGGCAGT
GOATCTOGGAGAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTTITGTCAACAGGCTGACAGTTTCCCTCGCACTTET
GGCCAGGGGACCAAGCTOGAGATCAAA

W

Va4 LVY-116 GACATCCAGATGACCCAGTCTCCATCTTCCOTGTCTGCATCTGTAGGAG | 236
ACAGAGTCACCATCAUTTCTCOGGGCOGAGTCAGOGGTATTAGCAGCTGOTT
AGCCTGOTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TGOTGCATCCAGTTTGCAAAATGGGGTCCCATCAAGGTTCAGCGGCAGT
GGATCTGGGACAGATTITCACTCTCACCATCAGCAGCCTGCAGCOTGAAG
ATTTTGCAACTTACTTITIGTCAACAGGUTCGACAGTTTCCCGUGCACTTYY
GGCCAGOGGOACCAAGUTGGAGCATCAAA

V1o LV-201 GACATCCAGATGACCCAGTCTCCATCTTCCGTOTCTGCATCTGTAGOGAL
ACAGAGTCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAGCTGGTT
AGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TICTGCATCCAGTTTGCAAAATGOGGTCCCATCAAGGTTCAGCGGLCAGT
GUATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTTTITGTCAACAGGCTGACAGTTTCCCTCGCACTTIT
GGCCAGGGGACCAAGCTGGAGATCAAA

a2}
8

V23 Lv-262 GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAG | 314
ACAGAGTCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAGCTGGTT
AGCCTGGTATCAGCAGAAACTCAGGUAAAGCCCCTAAGUTCOTGATCTA
TCCTGCATCCACGTTTGCAAAATGCGETCCCATCAAGGTTCAGCGGCAGT
GGATCTGGGACAGATTITCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTTTTGTCAACAGGCTGACAGTTTCCCTCTTACTTIT
GGCCAGGGGACCAAGCTOGAGATCAAA

V57 1LV-203 GACATCCAGATGACCCAGTCTCCATCTICCOTGTCTGCATCTGTAGGAG
ACAGAGTCACCATCACTTGTGCGGCGAGTCAGGGTATTAGCAGCTEGTT
AGCCTGOTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TGCTGCATCCAGTTTGCAAAATGGGOTCCCATCAAGGTTCAGCGGCAGT
GOATCTOGOACACATTTCACTCTCACCATCAGCAGCCTGCAGCCTOAAG

J
et
(%4
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ATTTTGCAACTTACTTITCTCAACAGCCTCACAGTTTCCCTCGCACTTIT
GGCCAGGGGACCAAGCTGGAGATCAAA

V70 LV-204 GACATCCAGATCACCCAGTCTCCATCTTCCOTGTCTGCATCTGTAGGAG | 316
ACAGAGTCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAGCTGGTT
AGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TOCTGCAGGGAGTTITGUAAAATGCGOTCUCATCAAGOTTCAGCGGCAG
TGOATCTCGGACACATTITCACTCTCACCATCAGCAGCCTCGCAGCCTGAA
GATTTTGCAACTTACTTTTGTCAACAGCGCTCACAGTTTCCCTCGCACTTT
TOGGCCAGGGGACCAAGCTGGAGATCAAA

V&3 LV-205 GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAG
ACAGAGTCACCATCACTTGTCGGGCGAGTCAGGGTATTAGCAGCTGGTT
AGCCTGOTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TGCTGCATCCAGTTTOCAAAATGGOGTCCCATCAAGGTTCAGCGGCAGT
GGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTTTIGTCAACAGGUTGTGAGTTTCCCTCGUACTTIT
GGCCAGOGGOACCAAGUTGGAGCATCAAA

(9%}
iy
~J

Vo0 LV-206 GACATCCAGATCGACCCAGTCTCCATCTTICCOTOTCTGCATCTGTAGGALG | 318
ACAGAGTCACCATCACTTGTCCGGGCGAGTCAGGOTATTAGCAGATGGTT
AGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTA
TGCTGCATCCAGTTTGCAAAATGGOGGTCCCATCAAGGTTCAGCGGCAGT
GGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAG
ATTTTGCAACTTACTTITGTCAACAGGCTCACAGTTTCCCTCGCACTTIT
GGCCAGGGGACCAAGCTGGAGATCAAA

Heavy chain variagble regions

12G10 | HV-03 GAGGTGCAGCTOTTGGAGTCTCGLGCAGGCTTGGTACAGCCTOGGGGG | 237
24C12 TCCCTCAGACTCTCCTGTGCAGCCTCTGCATTCACCTTITACGCAGCTATGE
CATCGAGCTGGOTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCTC

AGCTATTGGTGOTOGGTOGCTOTTACGCACATACTCCGCAGACTCCOGTGAAG
GGCCOGTTCACCATCTCCAGAGACAATTCCAAGAATACGCTGTATCTIGC
AAATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTGTGCGA
AATTTITATATAGCAGTGGCTGOTTICTCACTTITGACTACTGGGGLCAGGG
AACCCTCGGTCACCGTCTCCTICA

26A10 | HV-02 GAGOGTGCAACTGOTGGAGTCTGGGGGAGCCTTGGTACAGCGGGGGGGE | 238
TCCCTCGAGACTCTCCTGTGCAGCCTCTAGATTCACCTTCAGTAGCTTTGG
CATCGAGCTCGETCOCCCAGGCTCCAGGGAAGGCGCTGCAGTGLGTTIC
ATACATTAGTAGTAGTAGTTTTACCATATATTACGCAGACTCTGTGAAG
GGCCGATTCACCATCTCCAGAGACAATGCCAAGAATTCATTCTATCTGE
AAATCGAACAGCCTGAGAGACGAGGACACGGCTOTCTATTACTGTGLGA
GAGAGGOGGOGTCTTACTATGUTTCOGOCAGTCTCTITCCTACGGTTITGGA
CCTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

26C10 | HY-03 GAGGTGCAACTGOGTGOAGTCTCGGGGAGCCTTGGTACAGCCTGGGGGG | 239
TCCCTCGAGACTCTCCTGTGCAGCCTCTGOATTCACCTTCAGTAGCTTTGG
CATGAGUTGOLGTCCGUCAGGCTCCAGGGAAGGGOLCTGGAGTCGETTTC
ATACATTAGTAGTAGTAGTTTTACCATATACTACGCAGACTCTOTGAAG
GOGCCCGATTCACCATCTCCAGAGACAATGCCAAGAATTICGTTCTATCTGC
AAATGAACAGCCTGAGAGACGAGGACACGGCTGTGTATTTCTGTGTGA
GAGAGGGGGOTATAACTATCGTTCGOGGGAGTCTCTTCCTACGGTATGGA
COTCTGGRCGUCAAGCGACCACCGTCACCCTICTCCICA

26F2 HV-04 GAGGTGCAACTGOTCGAGTCTGHOGGOAGCCTTGCTACAGCUTGLGOLGEL | 246
TCCCTCAGACTCTCCTGTGCAGCCTCTGOATTCACCTTCAGTAGCTTICG
CATGAGCTCGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGATTTC
ATACATTAGTAGTAGTAGTTITACCATATACTACGCAGACTCTGTGAAG
GGCCOATTCACCATCTCCAGAGACAATGCCAAGAATTCATTICTATITGC
AAATGAACAGCCTGAGAGACGAGUGACACGOUTCGTIGTATITCTGTGLCGA
GAGAGGGGGCTATTACTATGGTTCCGGCAGTCTCTTCCTACGGTATGGA
COTCTGGGCGCCAAGGGACCACGGTCACCGTCTCCTCA
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33812 | HV-05 GAGOTGCAACTGGTGOAGTCTGGGGOAGCCTTGGTACAGCCTGGGGGG | 241

TCCCTCGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTTTGS
CATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGLCTGGAGTGGGTTTC
ATACATTAGTAAAAGTAGTTTTACCATATACTACGCAGACTCTGTGAAG
GOGCCGATTCACCATCTCCAGAGACAATGCCAAGAATTICATTCTATCTCGC
AAATGAACAGCCTGAGAGACGAGGACACGGCTGTGTATTACTGTGCGA
GAGAGGGGGETCTTACTATGOGTTCGGGGAGTCTCTTCCTACGOGTTTGGA
COTCTOGGOGUCAAGCGACCACGGTCACCGTCTCCICA

24G6 | HV-06 GAGGTGCAGCTGTTGGAGTCTGGGGGAGGUTTGGTACAGCOTGGGGGG | 242
TCCCTCAGACTCTCCTGTGCAGCCTCTGGATTCACCTTITACGCAGUTATGE
CATGAGCTCLOGTCCGCCAGCGUTCCAGOGAAGGGACTGGAGTGGETCTC
AGCTATTAGTGGTAGTGCGTGGTAGCACATACTACGCAGACTCCGTGAAG
GOGCCGGTTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGO
AAATGAACAGCCTGAGAGCCCAGGACACOGGUCGTATATTACTGTGCGA
AGGCGTATACACCTATGGCATTCTTTGACTACTGGGGCCAGGGAACCCT
GOGTCACCGTCTCCTCA

24A10 | HV-07 GAGGTGCAGGTGTTGGAGTCTGGGCGGAGGCTTGGTACAGCCTGGGGGE | 243
TCCCTCGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTITAGCAACTATGE
CATCAGCTCGOTCCCGCCAGGCTCCAGGGAAGGOGUTGGAGTGOLGTCTC
AGCTATTAGTGGTAGTGOGTCGGTAGCACATACTACGCAGACTCCGTGAAG
GGCCGGTTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGC
AAATGAACAGCCTGAGAGCCGAGGACACGGCOCGTATATTACTGTGCGA
AAGGAGGGTCGCAGCTATTTTACTGOGGGCCAGGGAACCCTGGTCACCG
TCTCCTCA

10E3 HV-08 GAGGTGCAGCTGOGTGCAGTCTGUAGCAGAGGTGAAAAAGCCCGGGEAG | 244
TCTCTGATGATCTCCTGTAAGGOGTTCTGGATACAGCTTTACCAACTACTG
GATCGGCTGGOGTGCOGCCAGATGCCCOGGGAAAGGECTGGAGTGGATGGE
GATCATCTATCCTGGAGACTCTGATACCAGATACAGCCCGTCCTTCCAA
GUGCCAGGTCACCATCTCAGCCCACAAGTCCATCAGCACCOGLCTACCTCC
AGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTITCTGTGCGAG
ACGGAGACAGGGGATCTGGGOTCATGUTCTTGATATCTGGGGCCAAGE
GACATTGCTCACCGTCICTICA

13E7 HV-09 GAGGTGCAGCTGOGTCGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAG | 245
TCTCTOGATCATUTCCTGTAAGGOGTTCTGOGATACAGCTTTACCAGUTACTG
GATCOGCTCGOCGTCCOGCCAGATGUCCOGGRAAAGGLCTGGAGTGGATGGG
GATCATCTATCCTGGAGACTCTGATACCAGATACAGCCCGTCCTTCCAA
GGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTGO
AGTCCAGCAGCCTOAAGOCCTCGRACACCGCCATOTATTITUTGTGCGAG
ACCGGAGACAGGGGATCTGCGOGTCATGUTCTTCGATTTICTCGGGUCAAGG
GACATTGGTCACCGTCICTICA

25F12 | HV-10 CAGGTGCAGCTACAGCAGTGGGGCGCAGGACTGTTGAAGCCTTCGGAG | 246
ACCCTGTCCCTCACCTGCGUTGTCTATGOTOGGOGTCCTTICAGTAGTTACTA
CTGCAGCTCGATCCGCCAGCCCCCAGGUAAGGOGUTGGAGTGOATICG
GUAAATCAATCATAGTGGAAACACCAACTACAACCCGTCCCTCAAGAG
TCCGAGTCACCATATCAGTAGACACGTCCAAGAACCAGTTCTCCCTGAAG
CTGAGCTCTGTGACCGCCGCGGACACGGOTOTGTATTACTGTGCGAGAG
AGGGOTATTACGATATCTTGACTCGTTATCATGATGUTTTTCGATATTITGG
GACCAAGGOACAATGOTCACCGTNTITICA

32E3 HV-11 GAGOTGUAGCTGOGTGCAGTCTGGAGCAGAGOTCAAAAAGCCCGGGRAG | 247
TCTCTGAACGATCTCCTGTAAGGGTTCTGGATACAGCTITACCAGCTACT
GGATCGGCTGCGGTGCGCCAGATGUCCGGGAAAGGCCTGGAGTGCATGE
GGATCATCTATCCTGGTCGACTCTGATACCAGATACAGCCCGTCCTTCCA
AGGCCAGCTCACCATCTCAGUCGACAAGTCCATCAGUCACCGCCTACCTG
CAGTGCAGCACCCTGAAGGUCTCGGACACCGCCATATATTACTGTGCGE
GACATGACATTATACCAGCAGCCCCTGGTGCTTTTGATATCTGGGGCCA
AGGGACAATOGCICACCOTCTCTTICA
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24F4

HV-12

GAGGTCGCAGCTGOTGCAGTCTGCAGCAGAGGTCGAAAAAGCCCGGGUAG
TCTCTGAAGATCTCCTGTAAGCGGTICTGGATACACCTTTACCAGCTACT
GGATCGGOCTGGGTGCGCCAGATGCCCGGGAAAGGCCTGGAGTGCGATGE
GOATCATCTATCCTCGGTCACTCTGATACCAGATACAGCCCGTCUTTCCA
AGGCCAGCTCACCATCTCAGTCGACAAGTCCAGCAGCACCGCCTACCTG
CAGTGCGAGCAGCCTGAAGGCCTCGGACACCGCCATATATTACTGTACG
AGACAGGCCATAGCAGTCGACTGGTTTGGGOGGOTTTCCGACCOCTGGGGE
CAGCGAACCCTGGTCACCGTOTCCTICA

248

16B8

HV-13

CAGGTTCAGCTGOTGCAGTCTGGAGCTCGAGGTGAAGAAGCLTGGGGEC
TCAGTGAAGOTCTCCTCCAAGGCTICTGOTTACACCTTTACCAACTATG
GTATCAGCTGOGGTCCOACAGGUCCCTGUACAAGGGCTTGAGTGCATGG
GATGGATCAGCGCTTACAATGGTAACACAAACTATGCACAGAAGCTCC
AGGGCAGAGTCACCATGACCACAGACACATCCACGAGTACAGTCTACA
TGGAGCTCAGGAGCCTOAGATCTCGACGACACGGUCGTOTATTACTCTGC
GAGACGGGGATACAGCTATGCGTTCCTTTGACTACTGGGGCCAGGGAAL
CCTIGGTCACCGTCTCCTCA

249

4C5

HV-14

GAGGTGCAGCTGCTGCAGTCTGGAGCAGAAGTGAAAAAGCCCGGGGAG
TCTCTGAAGATCTCCTGTAAGGGTICTGGACACAGTTTTACCAACTACT
GOATCCCCTGOGTGCGCCAGATGCCCOGGGAAAGGUCTGGAGTGUATGG
GUATCATCTATCCTGUTGACTCTCATACCAGATACAGCCCGTCCTTCCA
AGGCCAGGTCACCATCTCAGCCCGACAAGTCCATCAGCACCGCCTACCTG
CAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCGTGTATTICTGTGCGA
GACAAAGGACGTTITTACTATGATAGTAGTOUTTATTTTGACTACTGGGE
CCAGGGAACCCTGGTICACCGTCTCCTCA

256

6E7

HV-15

GAGGTGCAGCTGOGTGCAGTCTGUAGCAGAGGTGAAAAAGCCCGEGEAG
TCTCTGAAGATCTCCTOTAAGCGTTCTGCGATACAGTITTACCAGCTACT
GGATCGCCTGOOGTGCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGG
GOATCATCTATCCTCGGTCACTCTGATACCAGATACAGCCCGTCUTICCA
AGGCCAGCTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGCGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTTICTGTGCGA
GACAAAGGACGTTTTATTATGATAGTAGTGATTATTTTGACTACTGGGG
CCAGGGAACCCTGOGTCACCOTCTCCTCA

Uy
i
WS

HV-16

CAGGTGCAGCTGOTOGCAGTCTGGOGCTGAGCGTGAAGAAGCCTGGGGLC
TCAGTGAAGOTCTCCTCCAAGGUTTCTGOATACACCTTCACCGGCTACT
ATATACACTGGGTGCOACAGGCCCCTGGACTAGGGCTTCAGTCGATGG
GATGCGATCAACCCTTACAGTGGTGGCACAACCTCTGCACAGAAGTTICA
GOGCAGGGTCACCATGACCAGGGACACGTCCATCAGCTCAGCCTACAT
GGAACTCGAGCAGOGCTOAGATCTCGACGACACGGUCGTOTATTACTCTGO
GAGAGATGGAGGCTACCTGOCCCTCTACGOTACGOGACGTCTGGGGCCA
AGGGACCACGGTCACCGTCTCCTCA

252

4G10

HV-17

GAGGTGCAGCTGCTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAG
TCTCTGAAGATCTCCTGTAAGGGTTCTGGATACAGCTTTCCCAGCTACT
GOATCCCCTGOGTGCGCCAGATGCCCOGGGAAAGGUCTGGAGTGUATGG
GUATCATCTATCCTGUTGACTCTCATACCAGATACAGCCCGTCCTTCCA
AGGCCAGCGTCACCATCTCAGCCCACAAGTCCATCAGCACCGCCTTTITIC
AAGTGGAGTAGCCTGAAGGCCTCGGACACCGCCATGTATTTCTGTGLGC
GACAGGOGTATAGAAGTGACTGGTACGUGGAGGTTTGGACGTCTGGGEC
AAGGGACCACGGTCACCGTCICCTCA

253

HV-181

GAGGTGUAGCTGOTGCAGTCTGCAGCAGAGGTGAAAAAGCCCGHGGHAG
TCTCTGAACGATCTCCTGTAAGGGTTCTGGATACAGTTITIGCGAGCTACT
GGATCGCCTGGGTCCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGG
GGATCATCTATCCTGGTCGACTCTGATACCAGATACAGCCCGTCCTTCCA
AGATCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGCAGCAGCCTGAAGGCCTCGCACACCGCCATGTATTTICTOTGCGA
GAGGGAGGACGTTTTATTATGATAGTAGTGATTATTTTGACTACTGGGG
CCAGQGGGAACCCTGOTCACCOTOTICUTCA
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V24 HY-102 GAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAA AAGCCCGGGEAG | 255

TCTCTGAAGATCTCCTGTAAGCGGTTICTGGATACAGTTTTACCAGCTACT
GGATTGCCTGGETGCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGG
GOATCATCTATCCTCGTCACTCTGATGTGAGATACAGCCCGTCOTTCCA
AGGCCAGCTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGCGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTTCTGTGCGA
GATCTAGGACGTTTTATTATGATAGTAGTGATTATITTGACTACTGGGG
CCAGGGAACCCTGOTCACCOTGTICUTCA

V27 HV-103 GAGGTGCAGCTGGTCGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAG | 256
TCTCTGAAGATCTCOCTGTAAGGOTTCTGGATACAGTTTTACCAGCTALT

GUATCGCCTCGOTGCOGCCAGATGCCCGGGAAAGGCCTCGAGTGGATGG
GGATCATCTATCCTGCTGACTCTCATACCAGATACGCTCCGTCCTTCCA

AGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGOCTACCTA
CAGTGGAGCAGCCTCAAGGCCTCGGACACCGUCATOTATTITICTGTGTGA
GAAGTAGGACGTTTTATTATGATAGTAGTGATTATTITTGACTACTGGGG

CCAGGGAACCCTOGTCACCGTGTCCICA

V40 HV-104 GAGGTGCAGCTGCGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAG | 257
TCTCTGAAGATCTCCTGTAAGGGTTCTGGATACAGTTTTGGGAGCTACT

GOATCCCCTGOGTGCGCCAGATGCCCOGGGAAAGGUCTGGAGTGGATGG
GUATCATCTATCCTGOTGACTCTCATGTTAGATACAGCCCOTCCTICCA

AGGCCAGGTCACCATCTCAGCCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTICTGTGCGA
GACAAAGGACGTTTTATTATGATAGTAGTCGATTATTCGGACTACTGGOGG
CCAGGGAACCCTCGGTICACCGTGTCCICA

Vig HV-1058 GAGGTGCAGCTGUGTGCAGTCTGUAGCAGAGGTGAAAAAGCCCGGGEAG | 258
TCTCTGAAGATCTCCTGTAAGGGTTCTGGATACAGTTITTGGTAGCTACT

GGATCGCCTGOOGTGCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGG
GOATCATCTATCCTCGTCACTCTGATGTGAGATACAGCCCGTCOTTCCA

AGGCCAGCTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGCGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTTCTGTGCGA
GAATGAGGACGTTTTATTATGATAGTAGTGATTATTTTGACTACTGOGGG
CCAGGGAACCCTGOTCACCOTOTICCTCA

V49 HV-106 GAGGTGCAGCTGGTCGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAG | 259
TCTCTGAAGATCTCCTCTAAGGOTTCTGGATACAGTTTITAATAGCTALT

GUATCGCCTCGOTGCOGCCAGATGCCCGGGAAAGGCCTCGAGTGGATGG
GGACGATCTATCCTGGTGACTCTGATACCAGACTCAGCCCGTCCTTCCA
AGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGOCTACCTA
CAGTGGAGCAGCCTCAAGGCCTCGGACACCOQCCATOTATTICTGTGCGA
GAAGTAGGACGTTTTATTATGATAGTAGTCGATTATTITCACTACTGGGG
CCAGGGAACCCTGGTCACCGTGTCCTCA

V52 HV-107 GAGGTGCAGCTGCGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAG | 260
TCTCTGAAGATCTCCTGTAAGGGTTCTGGATACAGTTTTGAGAGCTACT

GOATCCCCTGOGTGCGCCAGATGCCCOGGGAAAGGUCTGGAGTGUATGG
GUATCATCTATCCTGUTGACTCTCATACCAGATACAGCCCGTCCTTCCA

AGGCCAGGTCACCATCTCAGCCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTICTGTGCGA
GAGGGAGGACOGTTTTATTATGATAGTAGTGATTATTTTGACTACTGGGG
CCAGGGAACCCTCGGTICACCGTGTCCICA

V60 HV-108 GAGOGTGUAGCTGOGTGCAGTCTGGAGCAGAGGTGAAAAAGCCOCGEGEAG | 261
TCTCTGAAGATCTCCTGTAAGGGTTCTGGATACCATTTTACCAGCTACTG
GATCGCCTGGGTGCGCCAGATGCCCGGGAAAGGCCTGCAGTGGATGGG
GATCATCTATCCTGGTGACTCTCGATGTGAGATACAGCCCGTCCTTCCAA
GGUCAGGTCACCATCTCAGCCCACAAGTCCATCAGCACCGCCTACCTAL
AGTGOAGCAGCCTGAACGCCTCOGGACACCGCCATGTATTTCTCTGCGAG
ACAAAGCGACGTTTTATTATGATAGTAGTCATTATAGTGACTACTGGGGC
CAGCGAACCCTGGTCACCGTOTCCICA
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V73 HV-109 GAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGEAG | 262

TCTCTGAAGATCTCCTGTAAGGGTTICTGGATACAGTTTTGGTAGCTACT
GGATCGCCTGOOGTGCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGG
GOATCATCTATCCTGCGTCACTCTGATACCAGATACAGCCCGGOGGTTCCA
AGGCCAGCTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGCGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTTCTGTGCGA
GAGGGAGGACGTTITATTATGATAGTAGTGATTATTTTGACTACTGGGG
CCAGGGAACCCTGOTCACCOTGTICUTCA

Via HV-116 GAGGTGCAGCTGOGTGCAGTCTGGAGCAGAGGTGAAAAAGCCOCGGGGAG | 263
TCTCTGAAGATCTCCTCTAAGGOTTCTGGATACAGTTTTGGGAGCTACT
GUATCGCCTCGOTGCOGCCAGATGCCCGGGAAAGGCCTCGAGTGGATGG
GGATCATCTATCCTGCGTCGACTCTCATACCAGATACAGCCCGGAGTTCCA
AGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGOCTACCTA
CAGTGGAGCAGCCTCAAGGCCTCGGACACCOQCCATOTATTICTGTGCGA
GACAAAGGACGTTTTATTATGATAGTAGTGATTATAGTGACTACTGGGG
CCAGGGAACCCTOGTCACCGTGTCCICA

V84 HV-111 GAGGTGCAGCTGCTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAG | 264
TCTCTGAAGATCTCCTGTAAGGGTTCTGGATACGGGTTTACCAGCTACT
GOATCCCCTGOGTGCGCCAGATGCCCOGGGAAAGGUCTGGAGTGUATGG
GUATCATCTATCCTGOTGACAGTCATACCAGATACAGCCCGICCTTCCA
AGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTTICTGTGCGA
GACAAAGGACGTTTTATTATGATAGTAGTCGATTATTCGGACTACTGGOGG
CCAGGGAACCCTCGGTICACCGTGTCCICA

Vo HV-201 GAGGTGCAGCTGOGTGCAGTCTGUAGCAGAGGTGAAAAAGCCCGGGEAG | 319
TCTCTGAAGATCTCCTOTAAGCGTTCTGCGATACAGTITTACCAGCTACT

GGATCGCCTGOOGTGCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGG
GOATCATCTATCCTCGGTCACTCTGATACCAGATACAGCCCGTCUTICCA

AGGCCAGCTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGCGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTTCTGTGCGA
GACAAAGGGOGGTTITATTATGATAGTAGTGATTATTTTGACTACTGGGEG
CCAGGGAACCCTGOTCACCOTGTICUTCA

Vio HV-13 GAGGTGCAGCTGGTCGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAG | 326

V23 TCTCTGAAGATCTCOCTGTAAGGOTTCTGGATACAGTTTTACCAGCTALT

V57 GUATCGCCTCGOTGCOGCCAGATGCCCGGGAAAGGCCTCGAGTGGATGG

V70 GGATCATCTATCCTGGTGACTCTCATACCAGATACAGCCCGTCCTTCCA

Va3 AGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGOCTACCTA
CAGTGGAGCAGCCTCAAGGCCTCGGACACCOQCCATOTATTICTGTGCGA

GACAAAGGACGTTTTATTATGATAGTAGTCGATTATTTTGACTACTGGGG
CCAGGGAACCCTGGTCACCGTGTICCTCA

V30 HV-202 GAGGTGCAGCTGCTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAG | 321
TCTCTGAAGATCTCCTGTAAGGGTTCTGGATCGAGTTITTACCAGCTACT
GOATCCCCTGOGTGCGCCAGATGCCCOGGGAAAGGUCTGGAGTGUATGG
GUATCATCTATCCTGUTGACTCTCATACCAGATACAGCCCGTCCTTCCA
AGGCCAGGTCACCATCTCAGCCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTICTGTGCGA
GACAAAGGACGTTTTATTATCGATAGTAGTCGATTATTTTGACTACTGGGO
CCAGGGAACCCTCGGTICACCGTGTCCICA

V33 HV-203 GAGOTGUAGCTGOTGCAGTCTGGAGCAGAGOTCAAAAAGCCCGGGLAG | 322
TCTCTGAAGATCTCCTOTAAGCGTTCTGCGATACAGTITTACCAGCTACT
GGATCGCCTGGGTCCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGG
GGATCATCTATCCTGGTCGACTCTGATACCAGATACAGCCCGTCCTTCCA
AGGCCAGCTCACCATCTCAGUCGACAAGTCCATCAGUACCGCUTACCTA
CAGTGCAGCAGCCTGAAGGCCTCGCACACCGCCATGTATTTICTOTGCGA
GACAAAGGACGTTTTATGGGGATACGTAGTGATTATITTGACTACTGGGG
CCAGQGGAACCCTGOTCACCOTOTICUTCA
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V44 HV-204 GAGOTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAA AAGCCCGGGEAG | 323

TCTCTGAAGATCTCCTGTAAGCGGTTICTGGATACAGTTTTACCAGCTACT
GGATCGCCTGOOGTGCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGG
GOATCATCTATCCTAGTCACTCTGATACCAGATACAGCCCGTCUTICCA
AGGCCAGCTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGCGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTTICTGTGCGA
GACAAAGGACGTTTTATTATGATAGTAGTGATTATTTTGACTACTGGGG
CCAGGGAACCCTGOTCACCOTGTICUTCA

Vo6& HV-205 GAGGTGCAGCTGGTCGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAG | 324
TCTCTGAAGATCTCOCTGTAAGGOTTCTGGATACAGTTTTACCAGCTALT

GGATCGCCTGGGTGCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGG
GGATCATCTATCCTGGTGACTCTCATACCAGATACAGCCCGTCCTTCCA

AGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGOCTACCTA
CAGTGGAGCAGCCTCAAGGCCTCGGACACCOQCCATOTATTICTGTGCGA
GACAAAGGACGTTTAGGTATGATAGTAGTGATTATTTTGACTACTGGGG
CCAGGGAACCCTOGTCACCGTGTCCICA

V90 HV-206 GAGGTGCAGCTGCTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAG
TCTCTGAAGATCTCCTGTAAGGGTTCTGGATACAGTTITTACCAGCGAGT
GOATCCCCTGOGTGCGCCAGATGCCCOGGGAAAGGUCTGGAGTGUATGG
GUATCATCTATCCTGUTGACTCTCATACCAGATACAGCCCGTCCTTCCA
AGGCCAGGTCACCATCTCAGCCCGACAAGTCCATCAGCACCGCCTACCTA
CAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTICTGTGCGA
GACAAAGGACGTTTTATTATCGATAGTAGTCGATTATTTTGACTACTGGGO
CCAGGGAACCCTCGGTICACCGTGTCCICA

9]

[3196] Isolated nucleic acids encoding the anti-TREM?Z binding domain of the antigen
binding proteins of the invention may comprise a nucleotide sequence that is at least 80%
identical, at least 90% identical, at least 95% identical, or at least 98% identical to any of the
nucleotide sequences listed in Table 6. In some embodiments, an 1solated nucleic acid
encoding an anti-TREMZ antibody light chain variable region comprises a sequence that is at
least 80% identical, at least 90% identical, at least 95% identical, or at least 98% 1dentical to
a sequence selected from SEQ ID NOs: 208-236 and 313-318. In certain embodiments, an
isolated nucleic acid encoding an anti-TREM2 antibody light chain variable region comprises
a sequence selected from SEQ ID NQOs: 208-236 and 313-318. In related embodiments, an
isolated nucleic acid encoding an anti-TREM2 antibody heavy chain variable region
comprises a sequence that 1s at least 80% identical, at least 90% 1dentical, at teast 95%
identical, or at least 98% 1dentical to a sequence selected from SEQ ID NQs: 237-264 and
319-325. In other related embodiments, an isolated nucleic acid encoding an anti-TREM2
antibody heavy chain variable region comprises a sequence selected from SEQ TD NOs: 237-
264 and 319-325.

[6197] The nucleic acid sequences provided in Table 6 are exemplary only. As will be

appreciated by those in the art, due to the degeneracy of the genetic code, an extremely large
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number of nucleic acids may be made, all of which encode the CDRs, variable regions, and
heavy and light chains or other components of the antigen binding proteins described herein.
Thus, having 1dentified a particular amino acid sequence, those skilled in the art could make
any number of different nucleie acids, by siraply modifving the sequence of one or more
codons in a way which does not change the amino acid sequence of the encoded protein.
{6198] The present invention also includes vectors comprising one or more nucleic acids
encoding one or more components of the antigen binding proteins of the invention (e.g.
variable regions, hight chains, and heavy chans}). The term “vector” refers to any molecule or
entity (e g.. nucleic acid, plasmid, bacteriophage or virus) used to transfer protein coding
information inio a host cell. Examples of vectors include, but are not limited to, plasmids,
viral vectors, non-episomal mammalian vectors and expression vectors, for example,
recombinant expression vectors. The term “expression vector” or “expression consiruct” as
used herein refers {0 a recombinant DNA molecule containing a desired coding sequence and
appropriate nucleic acid control sequences necessary for the expression of the operably linked
coding sequence in a particular host cell. An expression vector can include, but is not lirnited
1o, sequences that affect or conirol transcription, translation, and, if introns are present, affect
RINA splicing of a coding region operably linked thereto. Nucleic acid sequences necessary
for expression in prokaryotes include a promoter, optionally an operator sequence, a
ribosome binding stte and possibly other sequences. Eukaryotic cells are known to utilize
promoters, enhancers, and {fermination and polyadenylation signals. A secretory signal
peptide sequence can also, optionally, be encoded by the expression vector, operably linked
to the coding sequence of interest, so that the expressed polvpeptide can be secreted by the
recombinant host cell, for more facile isolation of the polypeptide of interest from the cell, if
desired. For instance, in some embodiments, signal peplide sequences may be
appended/fused to the amino terminus of any of the variable region polypeptide sequences
listed in Tables 1A, 1B, 2A, 2B, 34, and 3B. In certain embodiments, a signal peptide
having the amino acid sequence of MDMRVPAQLLGLLLLWLRGARC {SEQ ID NO: 265)
13 fused to the amino terminus of any of the variable region polypeptide sequences in Tables
1A, 1B, 2A, 2B, 3A, and 3B. In other embodiments, a signal peptide having the amino acid
sequence of MAWALLLLTLLTQGTGSWA (SEQ 1D NO: 266) 15 fused to the anmino
terminus of any of the variable region polypeptide sequences in Tables 1A, 1B, 2ZA, 2B, 3A,
and 3B. In still other embodimments, a signal peptide having the amino acid sequence of

MTCSPLLLTLLIHCTGSWA (SEQ ID NO: 267) 15 fused to the amino terminus of any of
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the variable region polypeptide sequences in Tables 1A, 1B, 2A, 2B, 3A, and 3B. Other
suitable signal peptide sequences that can be fused to the amino terminus of the variable
region polypeptide sequences described herein include: MEAPAQLLFLLLLWLPDTTG
(SEQ ID NGO 268y, MEWTWRVLFLVAAATGAHS (SEQ 1D NG: 269},
METPAQLLFLLLLWLPDTTG (SEQ ID NO: 270), MKHLWFFLLLY AAPRWVLS (SEQ
IBNG: 272), MEWSWVFLFFLSVTTGVHS (SEQ ID NO: 273),
MDIRAPTQLLGLLLLWLPGAKC (SEQ 1D NO: 274), MDIRAPTQLLGLLLLWLPGARC
(SEQ ID NO: 275), MDTRAPTOQLLGLLLLWLPGATE (SEQ ID NGO 276),
MDTRAPTOQLLGLLLLWLPGARC (SEGQ 1D NG: 277), METGLRWLLLVAVLEGVQC
(SEQIDNG: 278, METGLRWLLLVAVLKGVQCQE (SEQ ID NO: 279}, and
MDMRAPTQLLGLLLLWLPGARC (SEQ ID NO: 280). Other signal or secretory peptides
are known to those of skill in the art and may be fused to any of the variable region
polvpeptide chains listed in Tables 1A, 1B, 2A, 2B, 3A, and 3B, for example, to facilitate or
optimize expression i particular host cells.

16199} Typically, expression vectors used in the host cells to produce the TREMZ agorust
antigen binding proteins of the mvention will contain sequences for plasmid maintenance and
for cloning and expression of exogenous nucleotide sequences encoding the components of
the antigen binding proteins. Such sequences, collectively referred to as “flanking
sequences,” in certain embodiments will typically include one or more of the following
nucleotide sequences: a promoter, one or more enhancer sequences, an ongin of replication, a
transcriptional termination sequence, a complete intron sequence containing a donor and
acceptor splice site, a sequence encoding a leader sequence for polypeptide secretion, a
ribosome binding site, a polvadenylation sequence, a polvlinker region for inserting the
nucleic acid encoding the polypeptide o be expressed, and a selectable marker element. Each
of these sequences is discussed below,

[3200] Optionally, the vector may contain a “tag -encoding sequence, 1.e., an oligonucleotide
molecule located at the 5 or 3' end of the polvpeptide coding sequence; the oligonucieotide
tag sequence encodes polyHis (such as hexaHis), FLAG, HA ¢hemaglutimn mfluenza virus),
myc, or another “tag” molecule for which conunercially available antibodies exist. This tag 15
typically fused to the polypeptide upon expression of the polypeptide, and canserve as a
means for affinity purification or detection of the polypeptide from the host cell. Affimity

purification can be accomplished, for example, by columm chromatography using antibodies
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against the tag as an affiruty matrix. Optionally, the tag can subsequently be removed from
the purified polypeptide by various means such as using certain peptidases for cleavage.
[6201] Flanking sequences may be homologous (i.e., from the same species and/or sirain as
the host cell}, heterologous (.., from a species other than the host cell species or sirain),
hybrid (i.e., a combination of flanking sequences from more than one source}, svnthetic or
native. As such, the source of a flanking sequence may be any prokaryotic or eukaryotic
organism, any veriebrate or inveriebrate organism, or any plant, provided that the flanking
sequence is functional in, and can be activated by, the host cell machinery.

166202] Flanking sequences useful in the vectors of this invention may be obtained by any of
several methods well known in the art. Tvpically, flanking sequences useful herein will have
been previously identified by mapping and/or by restriction endonuclease digestion and can
thus be isolated from the proper tissue source using the appropriate restriction endonucieases.
In some cases, the full nucleotide sequence of a flanking sequence may be known. Here, the
flanking sequence may be synthesized using routine methods for nucleic acid svunthesis or
cloning.

16203] Whether all or only a portion of the flanking sequence is known, it mav be obtained
using polymerase chain reaction (PCR) and/or by screening a genomic library with a suitable
probe such as an oligonucleotide and/or flanking sequence fragment from the same or another
species. Where the flanking sequence 15 not known, a fragment of DNA containing a flanking
sequence may be isolated from a larger piece of DNA that may contain, for example, a
coding sequence or even another gene or genes. Isolation may be accomplished by restriction
endonuclease digestion to produce the proper DNA fragrent followed by isolation using
agarose gel purification, Qiagen® column chromatography (Chatsworth, CA), or other
methods known to the skilled artisan. The selection of suitable enzymes to accomplish this
purpose will be readily apparent to one of ordinary skill in the art.

0204} An origin of replication s typically a part of those prokaryotic expression vectors
purchased commercially, and the origin aids in the amplification of the vector in a host cell. If
the vector of choice does not contain an origin of replication site, one mway be chemically
synthesized based on a known sequence, and higated into the vector. For example, the origin
of replication from the plasnud pBR322 (New England Biolabs, Beverly, MA} is suitable for
most gram-negative bacteria, and vanous viral origins {e.g., 8V40, polyoma, adenovirus,
vesicular stomatitus virus (VSV), or papiliomaviruses such as HPV or BPV) are useful for

cloning vectors in mamumalian cells. Generally, the origin of rephication component is not
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needed for maromalian expression vectors (for example, the V40 origin is often used only
because 1t also contains the virus early promoter).

[3288] A transcription termination sequence 18 typically located 3' to theend of 2
polypeptide coding region and serves 1o ternmunate transcription. Usually, a transcription
termination sequence in prokaryotic cells is a G-C rich fragment followed by a poly-T
sequence. While the sequence is easily cloned from a library or even purchased commercially
as part of a vector, it can also be readily synthesized using known methods for nucleic acid
synthesis.

[6206] A selectable marker gene encodes a protein necessary for the survival and growth of
a host cell grown in a selective culture medium. Typical selection marker genes encode
proleins that {a) confer resistance o antibiotics or other toxins, e.g., ampicillin, tetracycling,
or kanamycin for prokaryotic host cells; (b) complement auxotrophic deficiencies of the cell;
or {c¢} supply critical nutrients not available from complex or defined media. Specific
selectable markers are the kanamycin resisiance gene, the ampicillin resistance gene, and the
tetracycline resistance gene. Advantageously, a neomycin resistance gene may also be used
for selection n both prokaryotic and eukaryotic host cells.

[6207] Other selectable genes mav be used to amplify the gene that will be expressed.
Amplification is the process wherein genes that are required for production of a protein
critical for growth or cell survival are retterated in tandem within the chromosomes of
successive generations of recombinant cells. Examples of suitable seleciable markers for
mammalian cells include dihy drofolate reductase {DHFR) and promoterless thymidine kinase
genes. Manunalian cell transformants are placed under selection pressure wherein only the
transformants are uniquely adapted to survive by virtue of the selectable gene present in the
vector. Selection pressure is imposed by culturing the transformed celis under conditions in
which the concentration of selection agent in the medium is successively increased, thereby
leading to the aroplification of both the selectable gene and the DNA that encodes another
gene, such as one or more components of the antigen binding proteins described herein. As a
result, increased quantities of a polypeptide are synthesized from the amplified DNA.

16208} A nbosome-binding site 15 usually necessary for translation inttiation of mRNA and 1s
characterized bv a Shine-Dalgarno sequence (prokarvotes) or a Kozak sequence (eukaryotes).
The element 1s typically focated 3" to the promoter and 5" to the coding sequence of the

polypeptide to be expressed. In certain embodiments, one or more coding regions may be
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operably linked to an internal ribosome binding site (JRES), allowing translation of two open
reading frames from a single RINA transcript.

[3209] In some cases, such as where glycosylation is desired in a eukaryotic host cell
expression system, one may manipulate the various pre- or prosequences {o improve
glycosylation or yield. For example, one may alter the peptidase cleavage site of a particular
signal peptide, or add prosequences, which also may affect glycosyiation. The final protein
product may have, i the -1 position (relative to the first amino acid of the mature protein)
one or more additional amino acids mcident to expression, which may not have been totally
removed. For example, the final protein product may have one or two aming acid residues
found in the peptidase cleavage site, attached fo the amino-terminus. Alternatively, use of
some enzyme cleavage sites may result in a slightly truncated form of the desired
polypeptide, if the enzyme cuts at such area within the mature polypeptide.

i6218] Expression and cloning vectors of the invention will typically contain a promoter that
i3 recognized by the host organism and operably linked to the molecule encoding the
polypeptide. The term “operably linked” as used herein refers to the linkage of two or more
nucleic acid sequences in such a manner that a nucleic acid molecule capable of directing the
transcription of a given gene and/or the synthesis of a desired protein molecule is produced.
For example, a control sequence in a vector that is “operably linked” to a protein coding
sequence 1s ligated thereio so that expression of the protein coding sequence 1s achieved
under conditions compatible with the transeriptional activity of the control sequences. More
specifically, a promoter and/or enhancer sequence, including any combination of cis~acting
transcriptional control elements is operably linked to a coding sequence if it stimulates or
modulates the transcription of the coding sequence in an appropriate host cell or other
expression system.

(3211} Promoters are non-transcribed sequences located upstream (i.e., ') to the start codon
of a structural gene {generally within about 100 to 1000 bp) that conirol transcription of the
structural gene. Promoters are conventionally grouped into one of two classes: inducible
promoters and constitative promoters. Inducible promoters inttiate increased levels of
transcription from DNA under their control in response to some change in culture conditions,
such as the presence or absence of a nutrient or a change in temperature. Constitutive
promoters, on the other hand, uniformly transcribe a gene to which thev are operably finked,
that 1s, with little or no control over gene expression. A large number of promoters,

recognized by a variety of potential host cells, are well known. A suttable promoter is
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operably linked to the DNA encoding e.g., heavy chain, light chain, or other component of
the antigen binding proteins of the invention, by removing the promoter from the source
DNA by restriction enzyme digestion and inserting the desired promoter sequence into the
vector.

[6212] Swtable promoters for use with veast hosts are also well known in the art. Yeast
enhencers are advantageousty used with veast promoters. Suitable promoters for use with
mammalian host cells are well known and include, but are not limited to, those obtained from
the genomes of viruses such as polvoma virus, fowlpox virus, adenovirus (such as
Adenovirus serotypes 2, 8 or 93, bovine papilioma virus, avian sarcoma virus,
cytomegalovirus, refroviruses, hepatitis-B virus and Simian Virgs 40 (5V40). Other suitable
mammalian promoters include heterologous mammalian promoters, for example, heat-shock
promoters and the actin promoter.

i6213] Additional promoters which may be of interest include, but are not himited to: V40
early promoter {Benotst and Chambon, 1981, Nature 290:304-310), CMV promoter
{(Thomsen et al., 1984, Proc. Natl. Acad. U.S. A, 81:659-663); the promoter contained n the
3" long terminal repeat of Rous sarcoma virus (Yamamoto et al., 1980, Cell 22:787-797);
herpes thymudine kinase promoter {Wagner et al., 1981, Proc. Natl. Acad. Sci. US. A 78:
1444-1445); promoter and regulatory sequences from the metallothionine gene Prinster et al,
1982, Nature 296:39-42); and prokaryotic promoters such as the beta-lactamase promoter
(Villa-Kamaroff et al., 1978, Proc. Natl. Acad. Sci. U.S. A 75:3727-3731); or the tac
promoler {BeBoer et al,, 1983, Proc. Natl. Acad. Sci. U S A, 80:21-25). Also of interest are
the following animal transcriptional control regions, which exhibit tissue specificity and have
been utilized in fransgenic animals: the elastase | gene control region that is active in
pancreatic acinar cells {Swift et al., 1984, Cell 38:639-646; Ormitz et al., 1986, Cold Spring
Harbor Symp. Quant. Biol. 50:399-409; MacDounald, 1987, Hepatology 7:425-515); the
msulin gene control region that is active in pancreatic beta cells (Hanahan, 1983, Nature 315:
115-122); the immunoglobulin gene control region that is active in lymphoid cells
{Grosschedi et al., 1984, Cell 38:647-658; Adames et al., 1985, Nature 318:533-538;
Alexander et al., 1987, Mol Cell. Biol. 7. 1436-1444); the mouse marmmary tumor virus
control region that is active in festicular, breast, lymphoid and mast cells (Leder et al., 1986,
Cell 45:485-495); the albumin gene control region that is active in hiver {Pinkert et al., 1987,
Genes and Devel. 1.268-276); the alpha-feto-protein gene countrol region that is active in liver

{(Krumlauf et al., 1985, Mol. Cell. Biol. 5; 1639-1648; Hammer et al., 1987, Science 253:33-
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58); the alpha l-antitrypsin gene control region that 1s active i liver (Kelsey et al., 1987,
Genes and Devel. 1 161-171); the beta-globin gene conirol region that is active in myeloid
cells (Mogram et al, 1985, Nature 315:338-340; Kollias et al, 1986, Cell 46:89-94); the
myelin basic protein gene control region that 1s active in oligodendrocyte cells in the brain
{Readhead et al., 1987, Cell 48:703-712); the myosin light chain-2 gene control region that is
active in skeletal muscle (Sani, 1985, Nature 314:283-286}; and the gonadotropic releasing
hormone gene control region that is active in the hypothalarus (Mason et al., 1986, Science
234: 1372-1378).

6214} An enhancer sequence may be inserted into the vector to increase transcription of
DNA encoding a component of the antigen binding proteins {e.g., light chain, heavy chain, or
variable regions) by higher eukarvotes. Enhancers are cis-acling elements of DNA, usually
about 10-300 bp in length, that act on the promoter fo increase transcription. Enhancers are
relatively orientation and position independent, having been found at positions both 5" and 3
1o the transcription unit. Several enhancer sequences available from mammalian genes are
known {(e.g., globin, elastase, albunin, alpha-feto-protein and insulin). Typically, however,
an enhancer from a virus is used. The SV40 enhancer, the cytomegalovirus early promoter
enhancer, the polvoma enhancer, and adenovirus enhancers known in the art are exemplary
enhancing elements for the activation of eukarvotic promoters. While an enhancer may be
posttioned in the vector either 3’ or 3' to a coding sequence, it 15 typically located at a site &'
from the promoter. A sequence encoding an appropriate native or heterologous signal
sequence {leader sequence or signal peptide) can be mcorporated into an expression vector, (o
promote extracellular secretion of the antigen binding protein. The choice of signal peptide or
leader depends on the type of host cells in which the antigen binding protein is to be
produced, and a heterologous signal sequence can replace the native signal sequence.
Examples of signal peptides are described above. (ther signal peptides that are functional in
marmmalian host cells include the signal sequence for interdeukin-7 (1L-7) described in US
Patent No. 4,965,195, the signal sequence for interleukin-2 receptor described in Cosman ef
al. 1984, Nature 312768, the interleukin-4 recepior signal peptide described in EP Patent No.
0367 566; the type T interleukin~1 receptor signal peptide described in U.S. Patent No.
4,968,607, the type H interfeukin-1 receptor signal peptide described i EP Patent No. 0 460
346,

[3215] The expression vectors may be constructed from a starting vector such as a

commercially available vector. Such vectors may or may not contain all of the desired
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flanking sequences. Where one or more of the flanking sequences described herein are not
already present in the vector, they may be individually obtained and ligated into the vector.
Methods used for obtaining each of the flanking sequences are well known to one skilled in
the art. The expression veciors can be introduced into host cells 1o thereby produce profeins,
including fusion proteins, encoded by nucleic acids as described herein,

[6216] In certain embodiments, nucleic acids encoding the different components of the
TREM?2 agonist antigen binding proteins of the imvention may be inserted into the same
expression vector. For mnstance, the nucleic acid encoding an anti-TREM2 antibody light
chain or variable region can be cloned into the same vector as the nucleic acid encoding an
anti-TREM2 antibody heavy chain or vartable region. In such embodiments, the two nucleic
actds may be separated by an inlernal ribosome entry site (IRES) and under the control of a
single promoter such that the light chain and heavy chain are expressed from the same
mRINA transcript. Alternatively, the two nucleic acids may be under the conirol of two
separate promoters such that the hight chain and heavy chain are expressed from two separate
mRNA transcripts. In some embodiments, the nucleic acid encoding the anti-TREM?2
antibody light chain or variable region is cloned into one expression vector and the nucleic
actd encoding the anti-TREM?Z antibody heavy chain or variable region is cloned into a
second expression vector. In such ernbodiments, a host cell may be co-transfected with both
expression vectors to produce complete antigen binding proteins of the mvention.

i6217] After the vector has been construcied and the one or more nucleic acid molecules
encoding the components of the antigen binding proteins described herein has been inserted
nto the proper site(s) of the vector or vectors, the completed vecior(s) may be inserted into a
suitable host cell for amplification and/or polypeptide expression. Thus, the present
invention encompasses an isolated host cell or cell line comprising one or more expression
vectors encoding the components of the TREM2Z agonist antigen binding proteins described
heremn. The term “host cell” as used herein refers to a cell that has been transformed, or is
capable of being {ransformed, with a mucleic acid and thereby expresses a gene of interest.
The term includes the progeny of the parent cell, whether or not the progeny is identical in
morphology or in genetic make-up to the ornginal parent cell, so long as the gene of mterest 1s
present. A host cell that comprises an isolated nucleic acid of the invention, preferably
operably linked to at least one expression control sequence (e.g. promoter or enhancer}, is a

“recombinant host cell.”
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16218 The transformation of an expression vector for an antigen binding protein into a
selected host cell may be accomplishad by well-known methods including transfection,
wmfection, calcium phosphate co-precipitation, electroporation, micromgection, lipofection,
DEAE-dextran mediated transfection, or other known techniques. The method selected will
in part be a function of the type of host cell to be used. These methods and other suitable
methods are well known 1o the skilled artisan, and are set forth, for example, in Sambrook et
al., 2001

16219} A host cell, when cultured under appropriate conditions, synthesizes an antigen
binding protein that can subsequently be collected from the culture medium (if the host cell
secretes it into the medium) or directly from the host cell producing it (if it 1s not secrated).
The selection of an appropriate host cell will depend upon various factors, such as desired
expression levels, polypeptide modifications that are desirable or necessary for activity (such
as giycosviation or phosphorviation) and ease of folding into a biologically active molecule.
[6228] Exemplary host cells include prokaryote, veast, or higher eskaryote cells. Prokarvotic
host cells include eubactenia, such as Gram-negative or Gram-positive organisms, for
example, knterobacieriaceae such as Escherichia, e.g., £ coli, Enterobacter, Erwinia,
Klebsiclla, Proteus, Salmonella, e.g., Salmonella tvphimurium, Serratia, e.g., Servatia
marcescans, and Shigella, as well as Bacillus, such as 5. subtilis and B. licheniformis,
Pseudomonas, and Strepromyces. Eukaryotic nucrobes such as filamentous fungi or veast are
suttable cloning or expression hosts for recombinant polypeptides. Saccharomyees cerevisiae,
or common baker's veast, is the most commonly used among tower eukaryotic host
microorganisms. However, a nuraber of other genera, species, and strains are cornmonly
available and useful herein, such as Pichia, e.g. P. pastoris, Schizosaccharomyces pombe;
Kluvveromyces, Yarrowia, Candida; Trichoderma reesia, Neurospora crassa,
Schwanniomyces, such as Schwamiomyces occidentalis; and filamentous fungi, such as, eg.,
Newrospora, Penicillium, Tolvpocladium, and Aspergilius hosts such as A. nidulans and A.
niger.

[622%] Host cells for the expression of glycosylated antigen binding proteins can be derived
from multicellular organisros. Examples of invertebrate cells include plant and insect cells.
MNumerous baculoviral strains and variants and corresponding permissive insect host cells
from hosts such as Spodoptera frugiperda (caterpiliar), dedes aegypti (mosquito), Aedes

albopictus (mosquito), Drosophila melanogaster (fraitfly), and Bombyx mori have been
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identified. A vanety of viral strains for transfection of such cells are publicly available, e g.,
the L~1 vaniant of dutographa californica NPY and the Bm-5 strain of Bombyx mori NPV.
[3222] Vertebrate host cells are also suitable hosts, and recombinant production of antigen
binding proteins from such cells has become routine procedure. Mammalian cell hines
avatiable as hosts for expression are well known in the art and include, but are not limited to,
immortalized cell lines available from the American Type Culture Collection (ATCC),
mcluding but not limited to Chinese hamster ovary (CHO) cells, including CHOKI cells
(ATCC CCL61), DXB-11, DG-44, and Chinese hamster ovary cells/-DHFR (CHO, Urlaub ef
al., Proc. Nath Acad. Sci. USA 77: 4216, 1980); monkey kidney CV1 line transformed by
SV40 (COS8-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned
for growth 1n suspension culture, (Grahamef @/, J. Gen Virol 36: 59, 1977); baby hamster
kidney cells (BHK, ATCC CCL 10); mouse sertoli cells {TM4, Mather, Biol. Reprod. 23;
243-251, 1980); monkey kidney cells (CV1 ATCC CCL 70}, African green monkey kidney
cells (VERO-76, ATCC CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL
23, canine kidney cells (MDCK, ATCC CCL 34); buffalo rat hiver cells (BRL 3A, ATCC
CRI, 1442); human lung cells (W138, ATCC CCL 73); human hepatoma celis {(Hep G2, HB
8065}, mouse mammary tumor (MMT (060562, ATCC CCL51); TRI cells (Mather et al.,
Annals N.Y Acad. Sci. 383 44-68, 1982); MRC S cells or FS84 cells; mammalian myeloma
cells, and a number of other cell lines. In certain embodiments, cell lines may be selected
through determining which cell lines have high expression levels and constitutively produce
antigen binding proteins with human TREM2 binding properties. In another embodiment, a
cell line from the B cell ineage that does not make its own antibody but has a capacity to
make and secrete a heterologous antibody can be selected. (HO cells are preferred host celis
in some embodiments for expressing the TREM?Z agonist antigen binding proteins of the
mvention.

63223} Host cells are transformed or transfected with the above-described nucleic acids or
vectors for production of TREMZ2 agonist antigen binding proteins and are cultured in
conventional nutrient wedia modified as appropriate for inducing promoters, selecting
transformants, or amplifying the genes encoding the desired sequences. In addition, novel
vectors and transfected cell lines with multiple copies of transcription units separated by a
selective marker are particularly useful for the expression of antigen binding proteins. Thus,
the present mvention also provides a method for producing a TREM2 agonist antigen binding

protemn described herein, such as an anti-TREM2 agonist monoclonal antibody or binding
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fragment thereof, comprising culturing a host cell coraprising one or more expression vectors
described herein in a culture medium under conditions pernutting expression of the antigen
binding protein encoded by the one or more expression vectors; and recovering the antigen
binding protein from the culture medium or host cell.

[6224] The host cells used to produce the antigen binding proteins of the invention may be
cultured in a variety of media. Commercially available media such as Ham's F16 (Sigma},
Mimumal Essential Mediom (MEM, Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified
Eagle's Medium (DMEM, Sigma) are suitable for culturing the host cells. In addition, any of
the media described in Ham ef ¢/, Meth. Enz. 58: 44, 1979; Barmes e ¢/, Anal. Biochem.
102: 255, 1980; U.S. Patent Nos. 4,767,704 4,657,866, 4,.927,762: 4,560.655; or 5,122.469;
WO20103430; WO 87/00195, or U.S. Patent Re. No. 30,985 may be used as culture media
for the host cells. Any of these media may be supplemented as necessary with hormones
and/or other growth factors (such as insulin, transferrin, or epidermal growth factor), salis
(such as sodium chloride, calcium, magnesium, and phosphate}, buffers (such as HEPES),
nucleotides (such as adenosine and thymidineg), antibiotics (such as Gentamycin™ drug),
trace elements {defined as inorganic compounds usually present at final concentrations in the
micromolar range}, and glucose or an equivalent energy source. Any other necessary
supplements may also be included at appropriate concentrations that would be known to
those skilied in the art. The culture conditions, such as temperature, pH, and the like, are
those previously used with the host cell selected for expression, and will be apparent to the
ordinary skilled artisan.

16225] Upon culturing the host cells, the antigen binding protein can be produced
mtracellularly, in the periplasmic space, or directly secreted mto the medium. If the antigen
binding protein is produced intracelhularly, as a first step, the particulate debris, either host
cells or lvsed fragments, is removed, for example, by centrifugation or ultrafiltration. The
antigen binding protein can be pwrified using, for example, hydroxyapatite chromatography,
cation or anion exchange chromatography, size-exclusion chromatography, or preferably
affimity chromatography, using the antigen{s) of interest or protein A or protein G as an
affinity Hgand. Protein A can be used to purify proteins that include polvpeptides that are
based on human immumoglobulin v1, v2, or v4 heavy chains (Lindmark e7 o/, J. Immunol.
Meth. 62: 1-13, 1983). Protein G 1s recommended for all mouse 1sotypes and for human
immunoglobuhn v3 (Guss ef g/, EMBO 1. 5: 15671575, 1986). The matrix to which the

affinity ligand 1s attached 1s most often agarose, but other matrices are available.
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Mechanically stable matrices such as controlied pore glass or poly{(styrenedivinylbenzene
allow for faster flow rates and shorter processing times than can be achieved with agarose.
Where the protein comprises a CH3 domain, the Bakerbond ABX™ resin (J. T. Baker,
Phillipshurg, N.J.) 1s useful for purification. Other techniques for protein purnification such as
ethanol precipitation, Reverse Phase HPLC, chromaiofocusing, SDS-PAGE, and ammonium
sulfate precipitation are also possible depending on the particular antigen binding protein (o
be recovered.

[6226] In certain embodiments, the invention provides a composition {e.g. a pharmaceutical
composifion) comprising one or a plurality of the TREM2 agonist antigen binding proteins of
the ivention (e.g. anti-TREM?2 agonist monoclonal antibodies or binding fragments thereof)
together with pharmaceutically acceptable diluents, carriers, excipients, solubilizers,
emulsifiers, preservatives, and/or adjuvants. Pharmaceutical compositions of the invention
mnclude, but are not limited to, hquid, frozen, and lyophilized compositions.
“Pharmaceutically-acceptable” refers to roolecules, compounds, and compositions that are
non-toxic to human recipients at the dosages and concentrations emploved and/or do not
produce allergic or adverse reactions when administered to humans. In some embodiments,
the pharmaceutical composition may contain formulation materials for modifying,
maintaining or preserving, for example, the pH, osmolarity, viscosity, clarity, color,
isotonicity, odor, sterility, stability, rate of dissolution or release, adsorption or penetration of
the composition. Tn such embodiments, suitable formulation materials include, but are not
Limited to, amino acids (such as glycine, glutanmine, asparagine, arginine or lysine);
antinicrobials; antioxidants (such as ascorbic acid, sodium sulfite or sodiwm hydrogen-
sulfite); buffers (such as borate, bicarbonate, Tris-HCI, citrates, phosphates or other organic
acids); bulking agents {such as mannitol or glycine), chelating agents {such as
ethvlenedianune tetraacetic acid (EDTA)), complexing agents (such as catfeine,
polyvinylpyrrolidone, beta-cvclodextirin or hydroxypropyi-beta-cvclodextrin); fillers;
monosaccharides; disaccharides; and other carbohydrates (such as glucose, mannose or
dextrins}; proteins (such as serum albumin, gelatin or immunoglobuling); coloring, flavoring
and diluting agents; emulsifying agents; hydrophilic polymers (such as
polvvinylpvrrolidone); low molecular weight polypeptides; salt-forming counterions {such as
sodium}; preservatives (such as benzalkonium chloride, benroic acid, salicylic acid,
thimerosal, phenethyl alcohol, methylparaben, propyviparaben, chlorhexidine, sorbic acid or

hydrogen peroxide); solvents (such as glvcerin, propylene glycol or polvethylene glycol):
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sugar alcohols (such as mannitol or sorbitol); suspending agents; surfactants or wetting agents
(such as pluronics, PEG, sorbitan esters, polvsorbates such as polysorbate 20, polysorbate 80,
triton, tromethamine, lectthin, cholesterol, tvloxapal); stability enhancing agents (such as
sucrose ot sorbitol}; tonicity enhancing agents (such as alkali metal halides, preferably
sodium or potassium chloride, mannitol sorbitol); delivery vehicles; diluents; excipients
and/or pharmaceutical adjuvants. Methods and suitable materials for formulating molecules
for therapeutic use are known in the pharmaceutical arts, and are described, for example, in
REMINGTON’S PHARMACEUTICAL SCIENCES, 18th Edition, (AR, Genrmeo, ed.),
1990, Mack Publishing Company.

[6227] In some embodiments, the pharmaceutical composition of the invention comprises a
standard pharmaceutical carrier, such as a sterile phosphate buffered saline solution,
bacteriostatic water, and the like. A variety of agueous carriers may be used, e.g., water,
buffered water, 0.4% saline, 0.3% glycine and the like, and may include other proteins for
enhanced stability, such as albumin, lipoprotein, globulin, eic., subjected to mild chemucal
modifications or the hike,

16228] Exemplary concentrations of the antigen binding proteins in the formulation may
range from about 0.1 mg/ml to about 200 mg/mi or from about 0.1 mg/mL to about 50
mg/ml, or from about 0.5 mg/mL to about 25 mg/mL, or alternatively from about 2 mg/mL
to about 10 mg/mL. An aqueous formulation of the antigen binding protein may be prepared
in a pH-buffered solution, for example, at pH ranging from about 4.5 to about 6.5, or from
about 4.8 1o about 5.5, or alternatively about 5.0, Examples of buffers that are suitable fora
pH within this range include acetate {e.g. sodium acetate), succinate (such as sodium
succinate), gluconate, histidine, citrate and other organic acid buffers. The buffer
concentration can be from about 1 mM to about 200 mM, or from about 10 mM to about 60
mM, depending, for example, on the buffer and the desired 1sotonicity of the formulation.
(0229} A tonicity agent, which may also stabilize the antigen binding protein, may be
included in the formulation. Exemplary tonicity agents include polyols, such as mannitol,
sucrose or trehalose. Preferably the aqueous formulation is 1sotonic, although hypertonic or
hypotonic solutions roay be suttable. Exemplary concentrations of the polyol in the
formulation may range from about 1% to about 15% w/v.

[6236] A surfactant mav also be added to the antigen binding protein formulation to reduce
aggregation of the formulated antigen binding protein and/or minimize the formation of

particulates in the formulation and/or reduce adsorption. Exemplary surfactants include
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nonionic surfactants such as polysorbates (e.g. polysorbate 20 or polysorbate 80) or
poloxamers {e.g. poloxamer 188} Exemplary concenirations of surfactant may range from
about 0.001% to about 0.5%, or from about 0.005% to aboul 0.2%, or alternatively from
about 0.004% to about 0.01% w/v.

[6231] In one embodiment, the formulation contains the above-identified agents (1 e. antigen
binding protein, buffer, polvol and surfactant) and 15 essentially free of one or more
preservatives, such as benzyl alcohol, phenol, m-cresol, chlorobutanol and benzethonium
chloride. In another embodiment, a preservative may be included in the fornwlation, e g., at
concentrations ranging from about 0.1% to about 2%, or alternatively from about 0.5% to
about 1%. One or more other pharmaceutically acceptable carriars, excipients or stabilizers
such as those described in REMINGTON'S PHARMACEUTICAL SCIENCES, 18th
Edition, {A.R. Genrmo, ed.}, 1990, Mack Publishing Company, may be included in the
formudation provided that they do not adversely affect the desired characteristics of the
formudation.

16232 Therapeutic formulations of the antigen binding protein are prepared for storage by
mixing the antigen binding protein having the desired degree of purity with optional
physiologically acceptable carriers, excipients or stabilizers (REMINGTON'S
PHARMACEUTICAL SCIENCES, 18th Edition, {A. R Genrmo, ed.}, 1990, Mack
Publishing Company), in the form of lvophilized forraulations or aqueous solutions.
Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations emploved, and include buffers (e.g. phosphate, citrate, and other organic
acids); antioxidants {(e.g. ascorbic acid and methionine); preservatives (such as
octadecyldimethylbenzyl ammonium chloride, hexamethonium chloride, benzalkonium
chloride, benzethonium chloride, phenol, butyl or benzyvl alcohol, alkyl parabens such as
methyl or propyl paraben, catechol; resorcinol, cyvclohexanol, 3-pentanol, and m-cresol); low
molecular weight (e.g. less than about 10 residues) polypeptides; proteins {such as serum
albumin, gelatin, or immunoglobulins); hydrophilic polymers {e.g. polyvinyipyrrolidone);
amino acids {e.g. glycine, glutamine, asparagine, histidine, arginine, or lysing);
monosaccharides, disacchandes, and other carbohydrates including glucose, mannose,
maliose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol,
trehatose or sorbitol; sali-forming counter-ions such as sodium; metal complexes {e.g., Zn-
prolein complexes); and/or non-ionic surfactants, such as polysorbates (e.g. polysorbate 20 or

polysorbate 80) or poloxamers {e.g. poloxamer 188}, or polvethyvlene glycol (PEG).
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16233 Tn one embodiment, a suttable formulation of the claimed nvention contains an
isotonic buffer such as a phosphate, acetate, or TRIS buffer in combination with a tonicity
agent, such as a polyol, sorbitol, sucrose or sodium chloride, which tonicifies and stabilizes.
One example of such a tonicity agent 1s 5% sorbitol or sucrose. In addition, the formulation
could optionally include a surfactant at 0.01% to 0.02% wt/vol, for example, 1o prevent
aggregation or improve stability. The pH of the formulation may range from4.5t06.50r 4.5
10 5.5, Other exemplary descriptions of pharmaceutical formulations for antigen binding
proteins may be found in US Patent Publication No. 2003/0113316 and US Patent No.
6,171,586, each of which is hereby incorporated by reference in its entirety.

[6234] Suspensions and crystal forms of antigen binding proteins are also contemplated.
Methods to make suspensions and crystal forms are known to one of skill n the art.

[6235] The formulations to be used for iz vivo adminisiration must be sterile. The
compositions of the invention mav be sterilized by conventional, weli-known sterilization
techniques. For example, sterilization is readily accomplished by filtration through sterile
filtration membranes. The resulting solutions may be packaged for use or filtered under
aseptic conditions and lvophilized, the lyophilized preparation being combined with a sterile
solution prior to administration.

[3236] The process of fregze-dryving is often employed 1o stabilize polypeptides for long-term
storage. particularly when the polvpeptide is relativelv unstable in hquid compositions. A
tvophilization cyvcle is usually composed of three steps: freezing, primary dryving, and
secondary drying {see Wilhams and Polli, Joumal of Parenteral Science and Technology,
Volure 38, Number 2, pages 48-59, 1984). In the freezing step, the solution 1s cooled until it
is adequately frozen. Bulk water in the solution forms ice at this stage. The ice sublimes in
the primary drying stage, which is conducted by reducing chamber pressure below the vapor
pressure of the ice, using a vacuum. Finally, sorbed or bound waler 1s removed at the
secondary drving stage under reduced chamber pressure and an elevated shelf temperature.
The process produces a material known as a lvophilized cake. Thereafter the cake can be
reconsiituied prior to use.

16237] The standard reconstitution practice for lvophilized material is to add back a volume
of pure water ({ypically equivalent to the volume removed during lyophilization}, although
dilute solutions of antibacterial agents are sometimes used in the production of
pharmaceuticals for parenteral administration (see Chen, Drug Development and Industrial

Pharmacy, Volume 18: 1311-1354, 1992),
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16238] Excipients have been noted in some cases to act as stabilizers for freeze-~dried
products (see Carpenter ef ¢/, Volume 74: 225-239, 1991). For example, known excipients
include polyols {ncluding mannitol, sorbitol and glveerol); sugars (including glucose and
sucrose); and amino acids (inchuding alanine, glycine and glutamic acid).

[6239] In addition, polyvols and sugars are also often used to protect polvpeptides from
freezing and drving-induced damage and to enhance the stability during storage in the dried
state. Tn general, sugars, in particular disaccharnides, are effective in both the freeze-drying
process and during storage. Other classes of molecules, including mono- and di-saccharides
and polymers such as PVP, have also been reported as stabilizers of Ivophilized products.
{3248 For injection, the pharmaceutical formulation and/or medicament may be a powder
sutiable for reconstitution with an appropriate sohulion as described above. Examples of
these include, but are not limited to, freeve dried. rotary dried or spray dried powders,
amorphous powders, granules, precipitates, or pariiculates. For injection, the formmuations
may optionally contain stabilizers, pH modifiers, surfactants, bicavailability modifiers and
combinations of these.

166241} Sustained-release preparations may be prepared. Suitable examples of sustained-
release preparations include semipermeable matrices of solid hydrophobic polymers
containing the antigen binding protein, which matrices are in the form of shaped articles, e.g.,
filmos, or microcapsule.  Examples of sustained-release matrices include polyesters,
hydrogels (for example, poly(2-hydroxyethyl-methacrylate}, or polv{vinylalcohol}},
polylactides (U.S. Patent No. 3,773,919), copolvmers of L-glutamic acid and v ethyl-L-
glutamate, non-degradable ethviene-vinyl acetate, degradable lactic acid-glveolic acid
copolymers such as the Lupron Depot™ (injectable microspheres composed of lactic acid-
glycolic actd copolymer and leuprolide acetate), and poly-D-{-}-3-hvdroxybutyric acid. While
polymers such as ethvlene-vinyl acetate and tactic acid-glycolic acid enable release of
maolecules for over 100 days, certain hydrogels release proteins for shorter tirne periods.
When encapsulated polypeptides remain in the body for a long time, they may denature or
aggregate as a result of exposure {0 moisture at 37°C, resulting in a loss of biological activity
and possible changes in tmmunogenicity. Rational strategies can be devised for stabilization
depending on the mechanism involved. For example, if the aggregation mechanism is
discovered to be intermolecular $--8 bond formation through thio-disulfide interchange,

stabilization may be achieved by modifyimg sulfhydrvl residues, Ivophilizing from acidic
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solutions, controliing moisture content, using appropriate additives, and developing specific
polymer matrix compositions.

[6242] The formulations of the invention may be designed o be short-acting, fast-releasing,
tong-acting, or sustained-releasing. Thus, the pharmaceutical formulations may also be
formulated for controlled release or for slow release.

16243 Specific dosages may be adjusted depending on the disease, disorder, or condition {o
be treated (e.g. Alzheimer’s disease, multiple sclerosis, frontotermnporal dementia, or Nasu-
Hakola disease), the age, body weight, general health conditions, sex, and diet of the subject,
dose intervals, administration routes, excretion rate, and combinations of drugs.

16244} The TREM?2 agonist antigen binding proteins of the invention can be administered by
any suitable means, including parenteral, subcutaneous, miraperitoneal, intrapulmonary,
intrathecal, iniracerebral, intracerebroveninicular, and intranasal, and, if desired for local
treatment, intralesional adminisiration. Parenteral administration includes intravenous,
mitraarierial, intrapertioneal, inframuscular, intradermal or subcutaneous administration. In
addition, the antigen binding protein is suitably administered by pulse infusion, particularly
with declining doses of the antigen binding protein. Preferably, the dosing is given by
injections, most preferably intravenous or subcutaneous injections, depending in part on
whether the administration is briet or chrome. Other administration methods are
contemplated, including topical, particularly transdermal, transmucosal, rectal, oral or local
admimstration e.g. through a catheter placed close to the desired site. In certain
embodiments, the TREM2 agonist antigen binding protein of the invention s administered
intravenously or subcutaneously in a physiological solution at a dose ranging between 0.01
mg/kg to 100 mg/kg at a frequency ranging from daily to weekly to monthly (e g every day,
every other day, every third dav, or 2, 3, 4, 5, or 6 times per week), preferably a dose ranging
from 0.1 10 43 mg/kg, 0.1 to 15 mg/kg or 0.1 to 10 mg/ke at a frequency of once per week,
once every two weeks, or once a month.

16245} The TREM2 agonist antigen binding proteins described herein (e.g. anti-TREM2
agonist monoclonal antibodies and binding fragments thereot) are useful {or preventing,
treating, or ameliorating a condition associated with TREM2 deficiency or loss of biological
function of TREM2Z in a patient in need thereof. As used herein, the term “freating” or
“treatment” is an intervention performed with the intention of preventing the development or
altering the pathology of a disorder.  Accordingly, “treatment” refers to both therapeutic

treatment and prophylactic or preventative measures. Patients in need of treatment include
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those alreadv diagnosed with or suffering from the disorder or condition as well as those in
which the disorder or condition is to be prevented, such as patients who are at risk of
developing the disorder or condition based on, for example, genetic markers. “Treatment”
mncludes any indicia of success in the amelioration of an injury, pathology or condition,
including anv objective or subjective parameter such as abatement, remission, diminishing of
symptoms, or making the injury, pathology or condition more tolerable to the patient, slowing
in the rate of degeneration or decline, making the final point of degeneration less debilitating,
or improving a patient’s physical or mental well-being. The treatment or amehoration of
symptoms can be based on objective or subjective parameters, including the results of a
physical examination, self-reporting by a patient, cognitive tests, motor function tests,
neuropsy chiatric exams, and/or a psychiatric evaluation,

[6246] TREM?2 biological activity has been implicated i various physiological processes,
including myeloid cell processes, such as phagocytosis, proliferation, survival, and regulation
of inflammatory cytokine production; osteoclastogenesis; osteoclast differentiation; negative
regulation of autoinwmunity; inflammatory responses; bone remodeling and repair; bone
resorption; tissue repair, microgliosis, and brain homeostasis. See, e g.. Colonna, Nature
Reviews Immunology, Vol. 3: 445-453, 2003, Paradowska-Goryeka ef af., Human
Immunology, Vol. 74: 730-737, 2013, and Ulrich and Holtzman, ACS Chem. Neurosci., Vol
7. 420-427, 2016. Loss of TREMZ2 function or TREM?Z deficiency has been linked to several
disorders and diseases inciuding polveystic ipomembranous osteodysplasia with sclerosing
leukoencephalopathy (PLOSL; also known as Nasu-Hakola disease), Alzheimer’s disease,
frontoteraporal dementia, multiple sclerosis, prion disease, stroke, osteoporosis, and
osteopetrosis. See, e.g , Jonsson ef ¢/, New England Joumal of Meadicine, Vol 368 107-116,
2013; Guerreiro ef of., New England Journal of Medicine, Vol 368: 117-127, 2013;
Paradowska-Gorycka ef o/, Human Immuonology, Vol. 74: 730-737, 2013; and Ulrich and
Holtzman, ACS Chem. Neurosci., Vol. 7: 420-427, 2016. Thus, the TREMZ agomst antigen
binding proteing of the invention can be administered {0 patients to prevent, ameliorate, or
treat any of these diseases or disorders or other conditions associated with TREM?2 deficiency
or loss of TREM2Z biological function or activity. In certain embodiments, the present
nvention provides methods for preventing, treating, or ameliorating a condition associated
with TREM?2 deficiency or loss of TREMZ function in a patient in need thereof comprising
administering to the patient an effective amount of a TREM2 agonist antigen binding protein

described herein. In certain embodiments, the TREM?Z agonist antigen binding protein is an
s o & &
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anti-TREM2 agonist monoclonal antibody or binding fragment thereof. The term “patient”
includes human patients and is used interchangeably with the term “subject.”

[3247] An “effective amount”™ is generally an amount sufficient to reduce the severity and/or
frequency of symptoms, eliminate the symptoms and/or underlying cause, prevent the
occurrence of symptoms and/or their underlying cause, and/or improve or remediate the
damage that resulis from or is associated with a particular condition. In some embodiments,
the effective amount is a therapeutically effective amount or g prophylactically effective
amount. A “therapeutically effective amount” is an amount sufficient to remedy a disease
state or symptom(s), particularly a state or symptom{s} associated with the disease state, or
otherwise prevent, hinder, retard or reverse the progression of the disease state or anv othar
undesirable symptom associated with the disease m any way whatsoever (i.e. that provides
“therapeutic efficacy™). A “prophylactically effective amount™ 1s an amount of antigen
binding protein, when administered to a subject, will have the intended prophylactic effect,
e.g.. preventing or delaying the onset (or reccawrrence) of the condition, or reducing the
likelthood of the onset {or recccurrence) of the condition. The full therapeutic or
prophylactic effect does not necessarily occur by admunistration of one dose, and may occur
only after administration of a series of doses. Thus, a therapeutically or prophylactically
effective amount may be administered m one or more admimstrations.

[6248] Conditions or disorders associated with TREM?2 deficiency or loss of TREMZ
function that may be prevented, treated, or ameliorated according to the methods of the
imvention include, but are not limted to, Nasu-Hakola disease, Alzheimer’s diseass,
frontoteraporal dementia, multiple sclerosis, Guillain-Barre syndrome, amyotrophic lateral
sclerosis, Parkinson’s disease, traumatic brain injury, spinal cord injury, systemic lupus
erythematosus, rheumatoid arthrnitis, prion disease, stroke, osteoporosis, osteopetrosis, and
osteosclerosis. In certain embodiments, the condilion or disorder to be prevented, treated, or
ameliorated according to the methods of the invention is Alzheimer’s disease, Nasu~-Hakola
disease, frontotemporal dementia, multiple sclerosis, prion disease, or stroke.

16249} In one embodiment, the present invention provides a method for preventing, treating,
or ameliorating Alzheimer’s disease mn a patient in need thereof comprising adnunistering to
the patient an effective amount of a TREM2Z agonist antigen binding protein described herein.
In certain embodiments, the TREM?2 agonist antigen binding protein admunistered to the
patient is an anfi-TREM2 agonist monoclonal antibody, such as the antibodies whose variable

and CDR sequences are set forth i Tables 1A, 1B, 2A, 2B, 3A, and 3B. In some
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emnbodiments, the patient fo be administered a TREM2 agonist antigen binding proteinis a
patient at risk of developing Alzheimer’s disease. For mstance, in one embodiment, the
patient has been determuned to have at least one allele containing the rs75932628-T mutation
i the TREM?2 gene, e.g. the patient has a genotype of CT at ra75932628. In related
embodiments, the patient af risk of developing Alzheimer’s disease is a patient who has been
determined to carry a TREMZ variant aliele that encodes a histidine in place of arginine at
position 47 1 SEQ 1D NO: 1. In other embodiments, the patient has been determined {0 have
at teast one allele containing the rs143332484-T mutation in the TREM? gene, e.g. the patient
has a genotvpe of UT at rs143332484 . In related embodiments, the patient at risk of
developing Alzheimer’s disease is a patient who has been determined to carrv a TREMZ
variant allele that encodes a histidine m place of arginine at position 62 in SEQID NO: 1. In
some embodiments, a patient at risk of developing Alzheimer’s disease has been deternuned
to have at least one allele containing the rs6910730-G mutation in the TRFEM/ gene, at least
one allele containing the rs7759295-C mutation upstream of the TREM2 gene, and/or at least
one e4 allele of the APOF gene.

{6256] In another embodiment, the present invention provides a method for preventing,
treating, or ameliorating frontotemporal dernentia or Nasu-Hakola disease in a patient in need
thereof comprising administering to the patient an effective amount of a TREMZ agonist
antigen binding protein described herein. In certain embodiments, the TREM?2 agonist
antigen binding proten administered to the patient is an anti-TREM2 agonist monoclonal
anttbody, such as the antibodies whose variable and CDR sequences are set forth in Tables
1A, 1B, 2A, 2B, 3A, and 3B. In some embodiments, the patient to be administered a TREM?2
agonist antigen binding protein is a patient at risk of developing fromtotemporal dementia or
Masu-Hakola disease. For example, in one such embodiment, the patient has been determined
to have at least one allele containing the rs104894002-A mutation in the TREM? gene, e.g.
the patient has a genotype of GA or AA at rs104894002. In related embodiments, the patient
at risk of developing frontotemporal dementia or Nasu-Hakola disease s a patient who has
been determined to carry a TREMZ2 variant allele that encodes a truncated TREMZ protein as
a result of the substitution of a stop codon in place of glutamine at position 33 in SEQ 1D
NGO: 1. In another embodiment, the patient has been determined to have at least one allele
contamning the rs201258663-A mutation n the TREM 2 gene, e.g. the patient has a genotype
of GA or AA at rs201258663. In related embodiments, the patient at nisk of developing

frontotemporal dementia or Nasu-Hakola disease is a patient who has been determined to
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carry a TREMZ2 variant allele that encodes a methionine in place of threonine at position 66 in
SEQ ID NG: 1. In some embodiments, the patient at risk of developing frontotemporal
dementia or Nasu-Hakola disease is a patient who has been determaned to carry a TREM2
variant allele that encodes a evsieine in place of {yrosine at posttion 38 in SEQ ID NG: 1.
[6251] In vet another embodiment, the present invention provides a method for preventing,
treating, or ameliorating multiple sclerosis in a patient in need thereof comprising
administering to the patient an effective amount of a TREMZ agonist antigen binding protein
described herein. In certain embodiments, the TREMZ2 agonist antigen binding protein
administered o the patient is an anti-TREM?2 agonist monoclonal antibody, such as the
antibodies whose variable and CDR sequences are set forth in Tables 1A, 1B, 2A, 2B, 3A,
and 3B. In some embodiments, the patient {0 be admunistered a TREM2 agonist antigen
binding protein is a patient at risk of developing multiple sclerosis.

16252] As described in Examples 9 and 10, an agonist anti-TREM2Z2 antibody capable of
activating TREM2/DAP12 signaling as measured by increases in pSvk levels rescued the
viability defect fromn macrophages and nmucrogha resulting from a loss of function mutation in
TREM?Z and restored CCL2 secretion from TREMZ2-deficient macrophages. These resulis
indicate that activation of TREM2/DAP12 signaling with an agonist anti-TREM2 antibody
can enhance macrophage/microghia function, which in tum could be therapeutic i conditions
assoctated with insufficient macrophage/microglia function. Thus, in certain embodiments,
the present imvention includes a method of increasing swrvival or proliferation of myeloid
cells, such as microgha, macrophages, or dendritic cells, in a patient in need thereof
comprising administering to the patient an effective amount of a TREMZ2 agonist antigen
binding protein described herein. In certain embodiments, the TREM2 agonist antigen
binding protein administered to the patient is an anti-TREM2 agonist monoclonal antibody,
such as the antibodies whose variable and CDR sequences are set forth in Tables 1A, 1B, 2A,
2B, 34, and 3B. In some embodiments, the patient in need of treatment is at risk for, suffers
from, or has been diagnosed with a newrodegenerative disorder. In one embodiment, the
neurodegenerative disorder is Alzhetmer’s disease. In some embodiments, the patient in need
of treatroent is at risk for, suffers from, or has been diagnosed with an awtoinymune disorder.
In one embodiment, the autoinymune disorder is mmultiple sclerosis.

162531 The TREM?2 agonist antigen binding proteins of the invention are also usefud for
detecting human TREM2 1n biological samples and identification of cells or tissues that

express human TREM2. For instance, the antigen binding proteins can be used in diagnostic
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assays, e.g., immunoassavs to detect and/or quantify TREMZ expressed in a tissue or cell
{macrophages or microglia} or presence of soluble forms of TREMZ in a bodily fluid, such as
cerebrospinal fluid, blood, serum, or plasma. In addition, the TREMZ2 agomist antigen binding
proteins described herein can be used to activate TREMZ/DAP12 signaling in myeloid cells,
thereby modulating the biological activity of these cells. Such biological activities include
cvtokine release, phagocyiosis, and microghiosis.

16254] The TREM2 agonist antigen binding proteins described herein can be used for
diagnostic purposes to detect, diagnose, or monitor conditions associated with TREM2
dysfunction, such as neurodegenerative diseases (e.g. Alzheimer’s disease, Parkinson’s
disease), central nervous system injury (traumatic brain injury, spinal cord injury, stroke),
autoimmune diseases {muliiple sclerosis, rtheumatoid arthritis, systemic lupus ervthematosus),
frontotemporal dementia, Nasu-Hakola disease, and bone disorders {e.g. osteoporosis,
osteopetrosis, osteosclerosis). For insiance, elevation in the level of a soluble form of
TREM2 in cerebrospinal fluid has been observed in patients with multiple sclerosis (Piccio ef
al., Brain, Vol 131: 3081-3091, 2008). Also provided are methods for the detection of the
presence of TREM?2 in a sample using classical immunohistological methods known to those
of skill in the art (e.g., Tijssen, 1993, Practice and Theory of Enzyme Immunoassays, Vol 15
(Eds R.H. Burdon and P.H. van Knippenberg, Elsevier, Amsterdam); Zola, 1987, Monoclonal
Antibodies: A Manual of Techmques, pp. 147-158 {CRC Press, Inc.); Jalkanen et al, 1985, J.
Cell. Biol. 101:976-985; Jalkanen et al., 1987, 1. Cell Biol. 105:3087-3096). Examples of
methods useful in the detection of the presence of TREM2 include immumnoassays, such as
the enzyme linked tnmounosorbent assay (FELISA) and the radioimmunoassay (RIA), using
the antigen binding proteins described herein. The detection of TREMZ can be performed in
Vivo or in vitro.

[3258] For diagnostic applications, the antigen binding protein can be labeled with a
detectable labeling group. Swuitable labeling groups include, but are not limuted to, the
following: radioisotopes or radionuclides (e.g., °H, #C, PN, 38, 90y P, i, 1251 131,
fuocrescent groups {e.g., FITC, rhodamine, lanthanide phosphors), enzymatic groups {e.g.,
horseradish peroxidase, B-galactosidase, luciferase, alkaline phosphatase), chemiluminescent
groups, biotinyl eroups, or predetermined polypeptide epitopes recogmzed by a secondary
reporter {e.g., leucine zipper pair sequences, binding sites for secondary antibodies, metal

binding domains, epitope tags). In some embodiments, the labeling group is coupled {0 the
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antigen binding protein via spacer arms of various lengths to reduce potential steric
hindrance. Various methods for labeling proteins are known in the art and may be used.
(8286} In another embodiment, the antigen binding proteins described herein can be used to
wdentify a cell or cells that express TREM2. In a specific embodiment, the antigen binding
protein is labeled with a labeling group and the binding of the labeled antigen binding protein
to TREMZ is detected. The antigen binding proteins can also be used in immunoprecipitation
assays in biological samples. Tn a further specific embodiment, the binding of the antigen
hinding protein to TREM2 1s detected in vive. Tn a further specific emnbodiment, the antigen
binding protein is isolated and measured using techniques known in the art. See, for example,
Harlow and Lane, 1988, Aniibodies: A Laboratory Manual, New York: Cold Spring Harbor
{ed. 1991 and penodic supplements); John E. Coligan, ed., 1993, Current Protocols In
Immunology New York: John Wiley & Sons.

162587} The following examples, including the experiments conducted and the results
achieved, are provided for illusirative purposes only and are not to be construed as limiting

the scope of the appended claims.

EXAMPLES
Example 1. Generation of Human Anti-TREM?Z Antibodies
Immumnizations
[6258] Fully human antibodies to human TREM?2 were generated by immunizing
NenoMouse® transgenic mice. These transgenic mice carry human immunogiobulin
transgenes that allow {or production of antigen-specific fully human antibodies upon
munization. See, e g, US. Pat. Nos. 6,114,598; 6,162,963; 6,833,268,7,049.426;
7,064.244; Green et af., 1994, Nature Genetics 7:13-21; Mendez ef ¢!/, 1997, Nature
Genetics 15:146-156; Green and Jakobovitis, 1998, J Fx. Aded, 188:483-495; (Green, 1999,
Journal of Tmmunological Methods 231:11-23; Kellerman and Green, Current Opinion in
Biotechnology 13, 393-597, 2002, all of which are hereby incorporated by reference in their
entireties. Animals from the XMG2-K, XMG2-KL, XMG4-K and XMG4-KL XenoMouse®
strains were used for immunizations. Mice of the XenoMouse? strains XMG2-K and XMG2-
KL produce fully human IgG2 antibodies with kappa light chams (XMG2-K) or both kappa
and lambda light chains (XMG2-KL). Mice of the XenoMouse® sirains XMG4-K and
XMG4-KL produce fully human 1gG4 antibodies with kappa light chains (XMG4-K) or both
kappa and lambda light chains (XMG4-KL).
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16259] Multiple immunogens and routes of immunization were used to produce an immune
response to human TREMZ in the XenoMouse® strains. For soluble recombinant protein
trmunizations, mice were immunized with a soluble TREM2 protein, which was a fusion
protein comprising the extracellular domain (ECD) of hurnan TREM2 (amino acids 1-174;
SEQ 1D NO: 2} fused to the N-terminus of a human 1g(G1 Fc region through a Gly-Ser-Ser
linker. Animals were immunized with the soluble TREM?Z protein mixed with CpG
oligodeoxynucieotides (CpG-ODBN) or CpG-0ODN and polymosinicipolyveyiidylic acid (Poly
LCY and QS-21 adjuvant, 8-12 times over 4-8 weeks using subcutaneous injections. The
mitial boost contained 10 pg of protein while subsequent hoosts contained S pg of protein.
[6268] The immunogen for genetic immunization was created by coating gold beads
(BioRad, Hercules, California} with mouse GM-CSF, CpG-ODN, and expression vectors
encoding wild-type human TREM2 (SEQ 1D NO: 1) and wild-tvpe human DAPI2 (SEQ ID
NG 3). The genetic immunogen was delivered to the epidermis of a shaved mouse abdomen
using the Helios Gene Gun system according to the manufacturer’s instructions (BioRad,
Hercules, Califormia). Mice were inununized with the genetic inununogen 12-16 times over
6-8 weeks.

16261} Human TREMZ-specific serum titers were momitored by live-cell FACS analysis on
an Accuri or FacsCalibur (BD Biosciences) flow cyvtometer or by TREMZ-specific ELISA.
Antmals with the highest serum native titers directed against human TREM2Z from four
separate harvests were sacrificed and used for hybridoma generation. Table 7 below provides

a description of each harvest group.

Table 7. TREMZ Immunization Groups

Group Immunogen Adjuvant XenoMouse® | Harvest
Strain
Harvest 1 Human TREM2 soluble CpG S}ZK 3 :m%ce
protein G2 3 mice
Harvest 3 | | uman ?figf soluble | o5 4 Poly 1:C + 08-21 éfé 2 e
pTT5 vector/human G2K 10 mice
Harvest 4 TREMZ + pTT5 CpG + mGM-CSF G2 4 mice
vector/human DAP12
pTTS vector/human GAK 4 mice
Harvest 5 TREM2 + pT75 CpG + mGM-{SF (G4KL 4 mice
vector/human DAP12

Preparation of Monoclonal Antibodies
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10262} Armamals exhibiting suitable antigen-specific serum titers were identified and
lvmphaocytes were obtained from spleen and/or draining lvmph nodes. Pooled lymphocytes
{from each harvest} were dissociated from lymphoid tissue by grinding i a suttable mednmm
{for example, Dulbecco’s Modified Eagle Medium (DMEM); Invitrogen, Carisbad, CA). B
cells were selected and/or expanded using standard methods, and fused with a suitable fusion
partner {e.g. non-secretory myeloma P3X63Ag8.653 cells) using conventional techniques.
[6263] For harvest 1, fused hybndoma pools from select immune tissue harvest were plated
as polyclonal wells, exhausted to generate conditioned media, and then screened for binding
to the soluble human TREM?2 protein {fusion protein described above). The hits from this
plating were pooled and then clonally FACS-sorted to obtain one live cell per well. For
harvest 3, 4 and 3, {used hvbridoma pools from select imnmune tissue were used as a source of
material for FACS-based enrichments. Specifically, hvbridoma cells were thawed and
cultured in DMEM selection media for 3-4 days. Media was changed to BDQY hybridoma
media a day before bulk sort. Cells were washed in 10 mL stertle FACS buffer and then
imcubated with biotinylated soluble TREM2 protein at 2 to 5 pug/ml concentration at | mk
reaction volume for 1 hour at 4° . For the harvest 3 group, which was immunized with
soluble TREM?2 protein, this step was performed in the presence of 100 pg/mL polyclonal
human [gG (Jackson ImmunoResearch) to block any binders to the Fc region. The
polyclonal human Ig( blocking step was omitied for harvest 4 and 5 as these harvests were
from genetically-immunized amimals.

(0264} After one dilution wash in 10 mL FACS buffer, 1 mL antibodv cocktail containing 3
ug/mi each of Alexa Fluor 488 corjugated goat anti-human 1gG (Jackson Immmnoresearch)
and Alexa Fluor 647 conjugated streptavidin (Jackson Immunoresearch) was added to the
cells. The cells were then incubated at 4° C for 30 minutes. After the incubation, the cells
were washed in 10 mL FACS buffer, resuspended in 2 mb of BDQY hybridoma media
containing 5 pL of 7-AAD (BD Pharmingen, Cat: 559925}, then pud through a 40 micron cell
strainer to remove any clumps. Cells were bulk sorted on BD FACSAna by gating on live
celi population dual positive for Alexa Fluor 488 and Alexa Fluor 647 fluorescence signals.
16265] Sorted cells were transferred into 24-well tissue culture plates and cultured for a few
days before they were counted and stained again using the method described above to check
for enrichment of antigen specific cells. The cells were then single cell sorted into 384-well
microtiter plates contaiming BDQY hvbridoma media and cultured for up to 2 weeks before

the supernatants were collected for screening.

128



WO 2018/195506 PCT/US2018/028691

Example 2. Selection of TREM2-Specific Binding Antibedies
[3266] Antibodies produced from the hybridomas described in Example T were screened for
binding to human TREMZ, agonist activity of human TREM2, and cross-reactivity to other

TREM proteins. The methods and results of these screens are described below.

Primary TREM?Z Binding Screen

16267} Exhausted hybridoma supernatants were tested for binding to human TREMZ2 by
ELISA. Briefly, neutravidin plates were generated by incubating a 384 well Coming Assay
Plate 3702 with neutravidin {Thermo 3100B} at 10 ug/mL (40 uL/well} in IX PBS at 4°C
overnight. The plates were washed with 1X PBS using a Biotek plate washer and then
blocked with 1% milk/1X PBS (90 pl/well) at room temperature (RT) for 30 minutes. The
plates were then washed again with 1X PBS using the plate washer. The capture sample was
biotinviated soluble human TREMZ2 protein (TREM2 ECD-hulgGt Fc fusion protein) and
was added at 0.5 yg/mk in 1% milk/TX PBS at a volume of 40pL/well. The plates were then
incubated at RT for 1 hour to immobilize the TREM?Z protein to the weils of the plates.
Following the incubation, the plates were again washed with 1X PBS using the plate washer.
10uL of each hybridoma supernatant {o be tested and 40uk of 1% milk/IX PBS (1:5 dilution)
were added to each well of the plates and incubated at R for 1 hour. Again, the plates were
washed with 1X PBS using the plate washer. Goat anti-human kappa-HRP {Southern
Biotech, 2060-05) and goat anti-human lambda-HRP (Southern Biotech, 2070-05) diluted
together 1:2000 mn 1% milk/1X PBS or goat anti-human IgG Fe POD diluted 1:4000 10 1%
milk/1X PBS was added to the plates (40 ul/well) and the plates were incubated at RT for 1
hour. After the plates were washed with 1X PBS using the plate washer, 40 pL/well of TMB
substrate (Neogen, lot # 150114} was added to the plaies and the plates were incobated at RT
for 30 nunutes. The reaction was quenched with IN hydrochlornic acid (40ul/well) following
the tncubation period. OD readings at 450 nm were obtained with a plate reader.

16268} The primary ELISA screen 1dentified 2,523 antibodies that were positive for
TREM?2 binding from the four separate harvests groups. These identified antibodies were

advanced to the functional assay screens.

TREM?Z2 Functional Assav Screens

129



WO 2018/195506 PCT/US2018/028691

16269} The antibodies that tested positive for TREM?2 binding in the ELISA assay were
evaluated for agonist activity of human TREM?Z in a celi-based phospho-Syk (pSyk}
signaling assay. Human TREM2Z, which 1s a transmembrane glycoprotein, couples with the
adaptor protein, DAP12, for signaling and function through the recruttment of tyrosine
kinases {-chain associate protein 70 (ZAP70) and spleen tyrosine kinase (Syk){(Colonna,
Nature Reviews Immumology, Vol. 3: 445-453, 2003). The phosphorviated form of Syk is
ndicative of activation of TREMZ2/DAP12 signaling. Thus, a cell-based Alphal.ISA (Perkins
Elmer) assay to detect phosphorylated forms of Syk in response to TREM2/DAP12
modulation was developed. The assay emplovs a rabbit-anti-pSyk antibody, a biotinylated
mouse anti-total Syk antibody, acceptor beads conjugated to anti-rabbit IgG antibodies, and
donor beads coated with streptavidin. Phosphorviated forms of Svk present in cell Iyvsates are
bound by both the rabbit-anti-pSyk antibody and the mouse anti-total Syk antibody. The
acceptor beads, which are conjugated {0 an anti-rabbit IgG antibody, bind {0 the rabbit anti-
pSvk antibody, and the streptavidin-coated donor beads bind to the biotinylated mouse anti-
total Svk antibody. Excitation of the donor beads at a wavelength of 680 nm resulis in the
release of singlet oxygen, which in turn produces an amplified fluorescent signal in the
acceptor beads, thereby producing an ernission at 615 nm. The enussion at 615 nim is not
detected if the donor and acceptor beads are not located within close proximity to each other
(i.e. acceptor bead is not recruiied to the complex because Syk is not phosphorylated and
thus, not bound by the rabbit anti-pSvk antibody). Thus, the amount of light emitted at 615
nm 15 proportional to the amount of phosphorvlated Svk present in the cell lvsate, which in
turn is indicative of activation of TREM2/DAP12 signaling by the anti-TREM?Z antibody.
16276} HEKZ293T cells stably expressing human TREM?Z and human DAP12 (G13 cell line)
were plated 1n growth media at 40,000 cells per well (in 90 or 80 gL} in tissue culture treated
96-half area well plates or 50,000 cells per well (in 200 yL) in poly-D-lysine-coated plates.
The cells were incubated overnight at 37°C and 5% CO2. Anti-human TREM?Z antibodies
were added etther at a single concentration (for initial single point screening) or a range of
concentrations {for potency testing). After incubation of cells and antibody at room
temperature for 30 to 40 minutes, culture media was completely removed. The cells were
tvsed with 20 pL (for 40,000 cells) or 25 uL (for 50,000 cells) of lysis buffer containing
protease/phosphatases mhibitors on ice for 45 (o 60 minutes. The cell lysate (§ ul) was
transferred to appropriate wells of a 384-well white assay plate containing a 15 ul. moixture of

rabbit anti-pSvk antibody (final concentration: I nM), biotinylated mouse anti-Syk antibodies
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{(final concentration: | nM) and acceptor beads conjugated fo anti-rabbit IgG antibodies (final
concentration: 10 ug/ml). The assay plates were then incubated on ice for 2 hours. Donor
beads coated with streptavidin {3 ul) were subsequently added to the wells {final
concentration: 40 ug/mL) and the assay plates were incubated al room temperature for 1 hour
in the dark. The Alphal.IS A signal {counts) was measured by EnVision Multilabel Reader.
The antibody agonist activity was reporied as fold over control {(S/B): §/B= Sample pSyk
signal {(counts)/Basal pSyk signal (isotype control pSvk signal counts).

16271} Antibodies from the hybridoroa supernatants that tested positive for TREM2 binding
were initially tested at a single concentration in the pSyk assay. For this single point
screening, exhausted hybridoma supematant (ESN) containing anti-huTREM?Z aniibody was
added to the cells either based on volume (10 ub for harvest 1, 1:10 dilution) or concentration
{20 uL of ESN that was previously normalized to 10 pg/mL for harvest 3, 4 and 5, 1.5
dilution). Of the 2,523 antibodies positive for TREM?2 binding from the four separate
harvesis, 140 antibodies exhibited activity in the pSyk assay at a single concentration. These
antibodies were advanced for potency screening.

3272} Potency screening was mitially performed on unpurified, quantitated clonal
hybridoma-derived anti-TREM2 antibodies and later on purified hybridoma-derived and/or
recombinant monoclonal antibodies. For harvest 1, the anti-TREMZ2 antibodies were senally
titrated at 3-fold from 100 yg/mb to 0.005 ug/mol and 10 pL of each dilution was added to
the cells (final antibody concentrations from 10 pg/mL to 0.0005 pg/mkb, 66.67 nM to 0.003
nM). For potency screening of harvest 3, 4, and 3, the culture medium was completely
removed from the cells. The anti-TREM2 antibodies were senally turated at 3 fold from 2
ug/mi to 0.003 ug/mb in growth media and 50 ul. of each dilution was added to the cells
{(final antibody concentration from 13.33 aM to (.02 nM}. The EC30 values for each anti-
TREM?Z antibody was determined by a four-parameter logistic it model of GraphPad Prism
Version 6.07 from the 10-point dose response curves,

{6273} Of the 140 antibodies screened for potency, 93 antibodies were selected for further
screening and characlerization. Figure 1A shows the dose-response curves for the {op agomst
anti-TREM?Z antibodies from harvest 1, whereas Figure 1B shows the dose-response curves
for the top agonist anti-TREM?2 antibodies from harvests 3, 4, and 5. EC50 values for the top
18 antibodies from all four harvests are provided in Table 8 below. As evident from the low
nanomolar or subnanomolar ECS0 values, the majority of the anti-TREM?2 antibodies are

potent agonists of TREMZ2/DAPI2 signaling. Several of the antibodies are more potent and
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produce a greater level of maximurn activation of TREM2/DAP 12 signaling than a
commercially available rat anti-human/mouse TREMZ antibody (mAb17291; Rat 1gG2b
Clone #237920, R&D Systems), which had an EC50 value of 0.50 nM and an Emax of 13.8
i this assay. Importantly, the agonist activity of the anti-TREMZ2 antibodies was observed in
the absence of a cross-linking agent {e.g. protein G, protein A, or anti-human secondary
antibodyv) or immobilization of the antibodies (e.g. plate-bound antibodies), suggesting the
antibodies can effectively engage and activate human TREMZ in a soluble, monomeric form.
For many agomst antibodies, cross-linking of their Fe regions 1s required to cluster the
antibodies to activate effectively the target receptor. See, e. g, Natoni ¢f a/., British Journal of
Haematology, Vol. 139 568577, 2007, Vonderheide and Glennie, Clin. Cancer Res., Vol
19: 1033-1043, 2013. Such a cross-hnking requirernent o achieve agonist activity for other
TREM?Z antibodies has been observed. See, e g.. U.S. Patent No. 8,981,061 and WO
2016/023019. The TREM?Z antibodies described herein have an advantage over these other
TREM2 antibodies in that they are cross-linking imdependent agomists of human TREM2 (e.g.
they do not require cross-hinking or oligomenzation via their Fc domains for agomstic

activity ).

Selectivitv and Cross-Reaciivity of TREM?Z Antibodies

[6274] The anti-TREM2 antibodies demonstrating agonist activity in the potency screen were
further evaluated for cross-reactivity to mouse and cynomologus TREM?2 as well as cross-
reactivity to human TREMI protein. For the species cross-reactivity screen, HEK293 cells
were transfected with expression vectors corprising either mouse TREM2 and mouse
DAP12 ¢cDNA or cynomolgus TREMZ and cynomolgus DAP12 cDNA, Gibeo™ Opti-
MEM® media (Gibeo, Cat. No. 31985088) and 293Fectin™ reagent (Invitrogen, Cat. No.
12347019} following the protocol set out by the manufacturer. TREMI cross-reactivity was
assessed using a cell line stably expressing human TREMI/DAP12. Hybridoma supernatants
were screened for the presence of monocional antibodies binding to human TREMI, mouse
TREM?Z or cvnomolgus TREMZ by incubating the supernatants on each of the transfected
cells for 1 hour, followed by wash steps. The cells were then incubated with a goat anti-
human Fc antibody conjugated to Alexa Fluor 647 (Jackson Imimunochemicals 109-6035-098)
for 15 minutes. The binding was detected by FACS using the Accurt FACS machine with
Intellicyt autosampler. Trrelevant isotype control antibodies were included in the FACS

analysis. The data was reported as geomean (GM) fold over trrelevant control antibody
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antibodies were cross-reactive with cynomolgus TREMZ and 9 antibodies were cross-reactive

with mouse TREM2. None of the tesied antibodies were ¢ross-reactive with human TREMI

The data from all screens for the top 18 anti-TREMZ2 monoclonal antibodies from all four

harvests are summarized in Table 8 below.

Table 8. Summary Data for Top Anti-TREM2 Monoclonal Antibodies {rom Hybridoma

Screen
D 458 , o
Antibody human pSvk fold pSyk Cyng Mouse Human
. : TREM? fsatype aver ECS0 TREM2 TREM?2 TREMI1
(ELI S A) control {al) GM Fold | GMFold | GM Fold
‘[ 4
43 3.62 G2 9.26 0.18 423 (.4 (.8
4G10 317 G2 11.72 0.47 96.3 4.1 1.2
5E3 388 G2 3.02 .24 836 26 11
6E7 317 G2 13.69 0.29 82.7 1.2 1.2
24A10 2.75 G2 6.8 329 1.4 1.1 1.1
24F4 1.20 G2 38 2.4 340 101 12
24G6 2.76 G2 11.8 1.8 12.2 3.9 13
25F12 1.29 G2 4.2 2.6 2.2 0.8 1.2
26A10 1.16 G2 6.0 13 375 0.8 1.5
26C10 1.39 G2 4.8 22 460 0.9 17
26F2 1.48 G2 54 14 72.8 1.1 1.6
32E3 1.41 G2 8.2 1.2 31.0 1.0 1.1
33B12 1.34 G2 6.0 1.0 21.7 1.0 14
10E3 .35 G2 121 0.4 828 11 16
12410 3.49 G2 111 0.4 21 1.1 1.1
13E7 $4.73 G2 114 0.4 67.5 11 14
14C12 0.71 G2 it 0.4 63.2 1.1 14
1688 .59 G4 ND ND 233 13 13
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Example 3. Sequencing of Human Anti-TREM?2 Agonist Antibodies

[3278] RNA {iotal or mRNA) was purified from wells containing the TREM?2 agonist
antibody-producing hvbridoma cells using a Qiagen RNeasy mini or the Invitrogen mRNA
catcher plus kit. Purified RNA was used to amplify the antibody heavy and light chain
variable region (V) genes using ¢DNA synthesis via reverse transcription, followed by a
polymerase chain reaction (RT-PCR). The fully human antibody gamma heavy chain was
obtained using the (Qiagen One Step Raverse Transcriptase PCR kit ((Qiagen). This kit was
used to generate the first strand ¢cDNA from the RNA template and then to amplify the
variable region of the gamma heavy chain using multiplex PCR. The 5 gamwa chain-
specific primer annealed to the signal sequence of the antibody heavy chain, while the 37
primer annealed to a region of the gamma constant domain. The fully human kappa light
chain was obtained using the Qiagen One Step Reverse Transcriptase PCR kit (Giagen). This
kit was used to generate the first strand cDNA from the RNA template and then to amphify
the variable region of the kappa light chain using multiplex PCR. The 53° kappa light chain-
specific primer annealed to the signal sequence of the antibody light chain while the 3°
primer annealed to a region of the kappa constant domain. The fudly human lambda Hight
chain was obtained using the Qiagen One Step Reverse Transcriptase PCR kit (Qiagen). Ths
kit was used to generate the first strand ¢BNA from the RNA template and then to amplify
the variable region of the lambda light chain using multiplex PCR. The 57 larnbda light
chain-specific primer annealed to the signal sequence of light chain while the 3” primer
annealed to a region of the lambda constant domain.

16276} The amplified cDNA was purified enzymatically using exonuclease I and alkaline
phosphatase and the purified PCR product was sequenced divectly. Amino acid sequences
were deduced from the corresponding nucleic acid sequences bioinformatically. Two
additional, independent RT-PCR amplification and sequencing cycles were completed for
each hybridoma sample in order to confirm that any mutations observed werenot a
consequence of the PCR. Amino acid sequences for the light chain vanable regions and
associated CDRs for exemplary antibodies are provided in Table 1A, whereas anuno acid
sequences for the heavy chain variable regions and associated CDRs for the antibodies are
provided in Table 1B. Table 6 provides nucleic acid sequences encoding the hight and heavy

chain variable regions of the exemplary antibodies.
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162771 The derived amino acid sequences for each light and heavy chain variable region were
then analvzed to determine the germline sequence origin of the antibodies and to identify
deviations from the germiine sequence. A comparison of each of the light chain and heavy
chain variable region sequences to their original germbine sequences are shown m Figures
2A-4B. The identity of the germiline genes is indicated next to each antibody clone number.
The amino acid sequences corresponding to CDRs of the sequenced antibodies were aligned

and these alignments were used to group the clones by similarity.

Exampie 4. Epitope Binning Analysis of Agonist Anti-TREM2Z Antibedies

16278} Epitope bins of a subset of agonist anti-human TREM?Z2 antibodies were determined
using anti-human Fc (Kinetic) sensors (18-3090) on an Octel™ HTX instrument (Pall
ForteBio}. Each of sixteen different anti-TREMZ2 antibodies produced from hybridomas were
quantitated and loaded onto one of the anti-human Fe sensors at 5 pg/mi. for 2 minutes
{“Load Antibody™}. The sensor was then blocked with 100 pg/mb of an trrelevant human
1g(32 antibody for 5 minutes. A recombinant soluble human TREM2Z protein (human
TREM?Z extracellular domain {amino acids 1-174) coupled to a Flag/His tag (human TREM2
ECD-FlagHis)) was added to the sensor at 4 pg/mL for 5 munutes to allow binding of the
soluble TREM2Z protein to the load antibody. Nexd, each of the sixteen different anti-TREM2
antibodies ("Sandwich Antibody ™) was added {0 the sensor at 5 pg/mb and allowed 1o bind
for S minutes. All assay buffers contained 10 mM Tris (pH 7.6), 0.1 % Triton X-100, 150
mM NaCl, 1 mM Callz, and 1 mg/mL BSA. The assay was conducted at 25° C.
Experimental kinetic results were fit to a 1:1 binding model.

{6279} If the load antibody and the sandwich antibody bind to a similar epitope on human
TREM2, then the addition of the sandwich antibody 1o the sensor will not produce a binding
event. However, if addition of the sandwich antibody produces a binding event, then the
sandwich antibody hinds to a different epitope on human TREM?Z than the load antibody and
the two antibodies are categorized into different epitope bins. Figure 5 depicts binding data
from a sensor loaded with the 6E7 antibody and exposed to either the SE3 antibody or the
6E7 antibody as the sandwich antibody. As expected, an increase in binding was observed
with the addition of the soluble human TREM2Z protein indicating that the 6E7 antibody
specifically bound an epitope on human TREM2. No further binding was observed when 6E7
was added as the sandwich antibody as the sensor-immobilized 6E7 antibody was already

bound to this particular epitope on human TREMZ2. However, when the SE3 antibody was
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added as the sandwich antibody, an increase in binding was observed, indicating that the SE3
antibody binds to a different epitope on human TREM?Z than the 6E7 antibody.

0288} A summary of the epitope binning data for sixteen different anti-TREMZ antibodies is
shown below in Table 9. Based on the binding data, the antibodies could be grouped into four
distinct epitope bins. Antibodies 10E3, 1387, 24F4, 4C5, 4G10, 32E3, and 6E7 appear (o
share a similar epitope (bin A), which is different than the epitope bound by antibodies 16B8,
26A10, 26C10, 26F2, 33B12, and 5E3 (bin B). Antibodies 24A10 and 24G6 share a similar
epitope on human TREM2Z (bin C), whereas antibody 25F12 has a distinct binding epitope

(bin I3} from any of the other tested antibodies.

Table 9. Summary of Epitope Binning Analysis

Sandwich dmnti

o

Load Ab Z$F4 A0S $GI 3283 6ET | 1688 SE3 | MA16 24065 | 25F1F Bis
BE3 U R LSRR D222 | &7 B33P oEER | A
13ET ND I R VAR R Q23| 0375 G358 A
23F4 2 e S GR LR SRR S A34 | 8588 8523 A
ACH ; N B LR R L R 1R SR ND MO 8433 A
4G} D BARNe SRR (R OA TR R AR WO ND 8378 &
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Example 5, Binding Affinity Determination of Agonist Anti-TREM?2 Antibodies

16281} To quantitate the binding affinity of agonist antibodies for human TREM?2,
association and dissociation rate constants as well as the equilibrium dissociation constant
were determined using anti-hurnan Fe (Kinetic) sensors on an Octet® HTX instrument (Pall
ForteBio}. Agonist anti-TREM?2 antibodies were made up in DMEM mull media, 250 pl at
10 ue/mi.. The, 25Cul of assay buffer (10 mM Tris (pH 7.6}, 0. 1% Triton X-100, 150 mM
NaCl, 1mM CaCls, and 1 mg/mb BSA) was added to the antibody solutions to a final volume
of 500 pL and final antibody concentration of 5 pg/ml. The anti-human Fc sensor was pre-
imcubated in 200 pul of the assay buffer for a mimimum of 10 minutes. The sensor was then
regenerated for 5 seconds in 10 oM glveine pH 1.5, Test agonist anti-TREMZ2 antibodies
were loaded onto the sensor for 2 minutes, and baseline measurements were taken for 2

minutes. The antibody-loaded sensor was bound to recombinant soluble human TREM?2
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protein thuman TREMZ2 extracellular domain (amino acids 1-174) coupled 1o a Flag/His tag
(human TREM2 ECD-FlagHis)} or recombinant soluble cynomolgus TREMZ protein
{cynomolgus TREM2 extracellular domain coupled to a Flag/His tag) in a 2-fold senal
dilution series starting at 100 nM with a 5-point dilution serigs. The recombinant TREM?2
proteins were allowed to associate with the antibody-loaded sensor for 10 nunutes, and then
dissociation was measured for 10 minutes. The assay was conducted at 25° . Experimental
kinetic resulis were globally fit to a 1:1 binding model in order o determine the association
and dissociation rate constants as well as the equilibrium dissociation constant. Table 10
provides the results of the assay for human TREM2 for select antibodies and Table 11

provides the results of the assay for cynomolgus TREM?2 for select antibodies.

Table 10. Binding Affinity for Human TREM?2

Antibody 1D Ko (M) a (M 157 ka (sh)
45 3 1E-09 1.6E+05 4 9E-04
4G10 33E-09 3.0E+05 9.8E-04
SE3 2. 1E-09 2. 5E+05 53E-04
6E7 2.6E-09 2. TE+05 6.9E-04
TOE3 pa -, .
1.03E-0% L 7TEAOS 1.82E-03
13E7 . ] 4
LI10E-08 1.44E+05 1.58E-03
24G6 . e R
3.13E-09 2.20E+05 6.88E-04

Table 11. Binding Affinity for Cyno TREM2

Antibody 1D Kp (M) ka (M1s7h) ka 57Y)
45 3 6E-09 33E+05 1.2E-03
410 1.7E-09 5.6E+05 9.6E-04
SE3 1.6E-09 TOE+0S 1.1E-03
6E7 2.5E-09 4 GE+05 1 1E-03
10E3 1.13E-08 3.24E+05 3.66E-03
13E7 8.71E-09 2.72E+05 2.37E-03
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Antibody 1D Kb (M} ka (M-1s7h) ka (s}
24G6 1.99E-08% 4 8O6E+05 9.65E-03

Example 6. Agonist Activity of Anti-TREM?2 Antibodies in THP-1 Cells

[6282] Select anti-TREM?Z antibodies were evaluated for their ability to activaie human
TREMZ/DAPI2 signaling in THP-1 cells. The THP-1 cell line 15 a human leukemia
monocytic cell line, which is commonly used as an iz vifro model of human monocyte and
macrophage function (Chanput er o/, International Immunopharmacology, Vol. 23: 37-45,
2014},

[0283] Suspension THP-1 cells (1210° cells/mL) were differentiated by incubation in growth
media (RPMI, 10% FBS (heat inactivated, 1% Glutamax, 1% Hepes, 1% Pen/Sirep)
containing 20 nM Phorbol 12-myristate 13-acetate (PMA) at 37°C /5% CO» for 72 howss.
After 72 hours stimulation, the cells attached to the surface of tissue culture-treated dishes.
PMA was gently washed off with PBS, and replerushed in fresh growth media containing 10
ng/mL IL-4. The cells were continually incubated at 37°C /5% CO: for another 72 hours. On
day 6 (end of cell differentiation), the cells were harvested with non-enzymatic cell
dissociation buffer or cell stripper and were plated 1n growth media at 100,000 cells per well
nto tissue culture-treated 96 - well plates. The cells were incubated overnight at 37°C /5%
COn,

{0284} On the following day. the cells were treated with anti-human TREMZ2 antibodies for
10 minutes at room temperature, and the media was subsequently removed. The cells were
tvsed with 30 pl bysis buffer for 45 to 60 minutes on tce. The cell fysate (5 pL) was
transferred into 384 well plates for determination of phosphorylated Svk (pSyk) levels using
the Alphal.ISA assay described in Example 2. The ECS50 for each anti-TREM2 antibody was
determined from a dose-response curve by a four-parameter logistic fit model of GraphPad
Prism Version 6.07.

[3285] The resulis of the experiment are shown in Figure 6 and Table 12, All of the tested
anti-TREM?2 antibodies induced pSyk levels in a dose-dependent manner in the differentiated
THRP-1 cells. All of the anti-TREM?2 antibodies produced greater activation of Svk than
mAB17291 (“RnD"), a commercial rat anti-human/mouse antibody (Rat IgG2b Clone
#237920, R&D Systems), with ten of the antibodies producing a 2-fold or greater maximoum
activation than the commercial antibody. Antibodies 10E3 and 13E7 exhibited the highest

Emax values, which were about 4.5-fold greater than that that for the commercial antibody.
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Table 12. Activation of TREMZ/DAPI1Z Signaling in THP-1 Cells by Anti-TREM2
Auntibodies

Anttbody 1D ECS0 {(nM) Emax®
4C5 1.715 2654
4G10 0.5791 2357
SE3 0.5935 1948
6E7 0.8989 2734
10E3 1.004 456.5
13E7 0.4617 439.6
16B38 0.4176 139.8
24G6 0.6622 2211
25F12 1.048 121.5
26F2 0.07778 207.4
32E3 1.246 196.6
33B12 2.845 2457
RnD 0.3834 100*

*Emax = % maximum activation of antibody compared to RnD antibody (fixed as 100%})

Example 7. Engineering of Agonist Anti-TREMZ Aniibodies

[3286] A subset of the anti-TREM2 antibodies were selected for subsequent engineering 1o
improve the biophysical. expression, and/or stability properties of the antibodies. Light and
heavy chain variable region sequences of antibodies 10E3, 13E7, 4C5, 6E7, SE3, and 24G6
were analvzed for potential chernical hotspots (e.g. aspartate 1somerization, asparagine
deamidation, and tryptophan oxidation) and covariance violations. Correction of covariance
violations can improve thermal stability, expression, and biophvsical properiies of antibodies
{see, e.g., WO 2012/125495). Tables 13-18 below summarize the results of the sequence
analysis for each of the six antibodies and wdentify specific mutations at particular positions
within the heavy and light chain variable region sequences that can be made to improve the
stability, expression, and/or biophvsical properties of the antibodies. The particular region
(e.g. framework regions 1, 2, 3, or 4 (FRI, FR2, FR3, or FR4) or complementarity
determining regions 1, 2, or 3 (CDR1, CDR2Z, or CDR3) within the sequence are also

indicated.
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Table 13. Engineered Variants of 10E3 Antibody
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Position in 16E3
Vi Sequence or
YH seguence

Hegion

Hot Spot

Parent
Amine Acid

Aming Acid
Substitutions

64 FR3 Covarance violalor Y G, A

79 FR3 Covartance violator Q E D

80 FR3 Covartance violator S PA

&5 FR3 Covartance violator F V,L A D L L M

T

G4 CDR3 Potential Tryptophan W FY,S, TAHLQ
Oxidation Site

100 FR4 Covariance violator P R Q.G

55-56 CDRZ Potential Isomerization 5 ES, 5, DA, NS,
Site DG, TS, DV

57-58 CDR2 Potential Isomerization DT ST, ET, DA, DV,
Site QT

104 CDR3 Potential Tryptophan W FY, TS, AHLQ
Oxadation Site

Table 14. Engineered Variants of 13E7 Antibody
Position in 13E7 | Region Hot Spot Parent Aming Acid

VL Seguence or
YH sequence

Amine Acid

Substitutions

FR4

64 FR3 Covartance violator v G, A
79 FR3 Covariance violator Q E D
80 FR3 Covartance violator S P.A
94 CDR3 Potential Tryptophan W FY,S, T AHLQ
Oxadation Site
i P

Covanance violator

Site

19 FR1 Covariance violator M KR TENOQ
55-56 CDR2 Potentigl Isomerization DS ES, 38, DA, DG,

NS, TS, DV
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Peosition in 13E7 | Region Hot Spot Parent Aminge Acid
VI Sequence or Amino Acid Substitutions
VH seguence

57-58 CDR2 Potential Isomenzation DT ST, ET, DA, DV, QT
Site
104 CDR3 Potential Tryptophan W FY TS, AHLQ

Oxadation Site

Table 13. Engineered Variants of 4C5 Antibody

Positien in 4C5 | Region Hot Spot Parent Amino Amine Acid
YL Sequence or Acid Substitutions
Y H sequence

60 FR3 Covanance violator L S, BB A
92-93 CDR3 Potential Isomerization 05 ES, QS D/x DN,
g;

Covanance violator

55-56 CDR2 Potential Isomerization DS ES, QS, DA, DQ,
Sile DV, TS, NS

57-58 CDR2 Potential Isomerization DT ST, ET. DA, DV,
Site QT

105-106 CDR3 Potential Isomenzation DS ES, OS5, DA, DQ,
Site DV, TS, NS, GT

Table 16. Engineered Variants of 6E7 Antibody

Position in 6K7 Region Hot Spot Parent Amino Acid
VL Seguence or Aming Substitutions
VH sequence Acid
56-57 CDR2/FR3 | Potential Deamidation NG SG, TG, GG, NA,
boundary Site EG, NV

92-93 CDR3 Potential Isomerization DS ES, S, DA DN,

55-56 CDR2 Potential Isomerization DS ES, 38, BA, DO
Site DV, TS, NS

37-58 CDR2 Potential Isomerization DT ST, ET, DA, DV,
Site Q1

103-106 CDR3 Potential Isomerization DS ES, GS, DA, DQ,
Site DV, TS, NS, GT
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Table 17. Engineered Varants of SE3 Antibody

PCT/US2018/028691

Position in SE3 Region Hst Spot Parent Aming Acid
VL Seguence Aming Substitutions
or VH Acid
SeQUence
36 FR2 Consensus violator F Y
46 FRZ Covartance violalor S LRV, F
61 FR3 Consensus violator Kk R
100 FR4 Covarance violator P QG R

43 FR2 {Covariance violator L O, K H

76 FR3 {Covanance violator i T

23 FR3 Covartance violator R S,G,N, D

99-100 CDR3 Potential Isomerization DG EG. DA, DY, DV,

Site QG, 5G. TG
116 FR4 Covariance violaior T LM PR
Table 18. Engineered Variants of 24G6 Antibody
Position in Hegion Hat Spot Pavent Amineo Acid
2446 VL Aming Substituiions

Sequence or Acid

VH segquence

91

FR3

Covariance violator

V,LT.L D

652-63

CDR2

Potential {somerization
Site

DS

ES. QS, DA, DO,
TS, DV. NS

Table 19. Exeraplary Variable Region Amino Acid Sequences of Engineered Antibodies

AbID. | EC variable region sequence HC variable region sequence

24G6 DIVMTQSPDSLAVSLGERATINCKSS | EVOQLLESGGGLVQPGGSLRLSC
(S5T28 | QSVLYSSNNKHFLAWYQQKPGQPP | AASGFTFSSYAMSWVRQAPGK
347 and | KLLIYWASTRESGVPDRFSGSGSGT | GLEWVSAISGSGGSTYYAESVK
S8T20 | DFTLTISSLQAEDVAVYYCQQYYST | GRFTISRDNSKNTLYLOMNSLR
4812y | PLTFGGGTKVEIK (SEQID NQO: 3263 | AEDTAVYYCAKAYTPMAFFDY
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WGQGTLVTVSS (SEQ ID NO:
3273

DIQMTQSPSSVSASVGDRVTITCRAS
QGISSWLAWYQOQKPGKAPKLLIYAA
SSLOSGVPSRFSGSGSGTDFTLTISSL
QPEDFATYFCQQADAFPRTFGQGTK
LEIK (SEQ ID NO: 328)

EVOLVQSGAEVKKPGESLKISC
KGSGYSFTSYWIAWVRQOMPGK

GLEWMGHYPGDADARYSPSFQ

GOVTISADKSISTAYLOWSSLKA
SDTAMYFCARQRTFYYDSSDYF
DYWGQGTLVTVSS (SEQ ID

NO: 329)

13E7
(S8T20
2443)

EIVMTQSPATLSVSPGERATLSCRAS
QSVSSNLAWFOOKPGOAPRLLIYGA
STRATGIPARFSGSGSGTEFTLTISSL

QPEDFAVYYCLQDNNFPPTFGQGTE
VDIK (SEQ 1D NO: 330)

EVQLVQSGAEVKKPGESLKISC
KGSGYSFTSYWIGWVROMPGK
GLEWMGHYPGDADARYSPSFQ
GQVTISADKSISTAYLQWSSLEKA
SDTAMYFCARRROGIFGDALDF
WGQGTLYTVSS (SEQ 1D NO:
331

U
eS|
(ot

(SST29
825)

DIQMTQSPSSLSASVGDRVTITCRAS
QGISNYLAWYQOQRKPGKAPKSLIYAA
SSLOSGVPSRESGSGSGTDFTLTISSL
QPEDFATYYCQQYSTYPFTFGOGTK
VDI (SEQ ID NO: 332)

QVQLVQSGAEVKKPGASVEVS
CKASGYTFTGYYIHWVRQAPGQ
GLEWMGWINPY SGGTTSAQKF
QGRVTMTRDTSTSSAYMELSRL
RSDDTAVYYCARDAGYLALYG
TDVWGQGTLVTVSS (SEQ ID
NO: 333)

Table 20. Exemplary Variable Nucleotide Sequences of Engingered Antibodies

Ab
iD.

LC variable region

HC variable region

24G6
(88T
2834
7 and
8812

GACATCGTGATGACCCAGTCTCCAG
ACTCCCTGGCTGTGTCTCTGGGCGA
GAGGGCCACCATCAACTGCAAGTCC
AGCCAGAGTGTTTTATACAGCTCCA
ACAATAAGCACTTCTTAGCTIGGTA
CCAGCAGAAACCAGGACAGCCTCCT

GAGGTGCAGCTGTTGGAGTCT
GGOOGGAGGCTTGGTACAGCCT
GGGOGGGTCCCTGAGACTCTCC
TGTGCAGCCTCTGGATTCACCT
TTAGCAGCTATGCCATCGAGCT
GOOTCCGCCAGGCTCCAGGGA
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0481
2)

AAGCTGCTCATTTACTGGGCATCTA
CCCGGGAGTCCGGGGTCCCTGACCG
ATTCAGTGGCAGCGGGTCTGGGACA
GATTTCACTCTCACCATCAGCAGCCT
GCAGGCTGAAGATGTGGCAGTTTAT
TACTGTCAGCAATATTATAGTACTCC
GCTCACTTTCGGCGGAGGGACCAAG
GTGGAGATCAAA (SEQ ID NO: 343)

AGGGACTGGAGTGGGTCTCAG
CTATTAGTGOTAGTGOTOOTA
GCACATACTACGCAGAATCCG
TGAAGGGCCGGTTCACCATCT
CCAGAGACAATTCCAAGAACA
CGCTGTATCTGCAAATGAACA
GUCTGAGAGCCGAGGACACGE
CCOTATATTACTGTGCGAAGG
CGTATACACCTATGGCATTCTT
TGACTACTGGGGCCAGGGAAL
CCTGOTCACCOTCTCCTCA
(SEQ ID NO: 344)

6E7
(SST
2985
7

GACATCCAGATGACCCAGTCTCCAT
CTTCCOTGTCTGCATCTGTAGGAGA
CAGAGTCACCATCACTTIGTCGGGCG
AGTCAGGOTATTAGCAGCTGOTTAG
CCTGOTATCAGCAGAAACCAGGGAA
AGCCCCTAAGCTCCTGATCTATGCT
GCATCCAGTTTGCAAAGTGGGGTCC
CATCAAGGTTCAGCGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATC
AGCAGCCTGCAGCCTGAAGATITIC
CAACTTACTTTTGTCAACAGGCTGA
COGCTTTCCCTCGCACTTITGGCCAGE
GGACCAAGCTGGAGATCAAA(SEQ
1D NO: 345)

GAGGTGCAGCTGGTGCAGTCT
GGAGCAGAGGTGAAAAAGCCC
GGGGAGTCTCTGAAGATCTCC
TGTAAGGGTTCTGGATACAGTT
TTACCAGCTACTGGATCGCCTG
GGTGCGCCAGATGCCCGGGAA
AGGCCTGGAGTGGATGGGGAT
CATCTATCCTGGTGACGCTGAT
GCCAGATACAGCCCGTCCTTCC
AAGGCCAGGTCACCATCTCAG
CCGACAAGTCCATCAGCACCG
CCTACCTACAGTGGAGCAGCC
TGAAGGCCTCGGACACCGCCA
TGTATTTCTGTGCGAGACAAA
GGACGTTTTATTATGATAGTAG
TGATTATTTTGACTACTGGGGC
CAGGGAACCCTGGTCACCGTG
TCCTCA (SEQ ID NO: 346)

13E7
(SST

GAAATAGTGATGACGCAGTCTCCAG
CCACCCTGTCTGTGTICTCCAGGGGA
AAGAGCCACCCTCTCCTGCAGGGCC

GAGGTGCAGCTGGTGCAGTCT
GOAGCAGAGGTGAAAAAGCCC
GGOGGAGTCTCTGAAGATCTCC
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2024
43)

AGTCAGAGTGTTAGCAGCAACTTAG
CCTGGTTCCAGCAGAAACCTGGCCA
GGCTCCCAGGCTCCTCATCTATGGT
GCTTCCACCAGGGCCACTGGTATTC
CAGCCAGGTTCAGTGGCAGTGGGTC
TGGGACAGAGTTCACTCTCACCATC
AGCAGCCTGCAGCCTGAAGATTTTG
CAGTTTATTACTGTCTGCAGGATAAT
AATTTCCCTCCCACTITCGGCCAAGG
GACCAAAGTGGATATCAAA (SEQ ID
NO: 347)

TGTAAGGGTTCTGGATACAGC
TTTACCAGCTACTGGATCGGCT
GGGTGCGCCAGATGCCCGGGA
AAGGCCTGGAGTGGATGGGGA
TCATCTATCCTGGAGATGCTGA
TGCCAGATACAGCCCGTCCTTC
CAAGGCCAGGTCACCATCTCA
GCCGACAAGTCCATCAGCACC
GCCTACCTGCAGTGGAGCAGC
CTGAAGGCCTCGGACACCGCC
ATGTATTTCTGTGCGAGGCGG
AGACAGGGGATCTTCGGTGAT
GCTCTTGATTTCTGGGGCCAAG
GGACATTGGTCACCGTGTCTTC
A (SEQ ID NO: 348)

GACATCCAGATGACCCAGTCTCCAT
CCTCACTGTCTGCATCTGTAGGAGA
CAGAGTCACCATCACTTGTCGGOGCG
AGTCAGGGCATTAGCAATTATTTAG
CCTGGTATCAGCAGAAACCAGGGAA
AGCCCCTAAATCCCTGATCTATGOT
GCATCCAGTTTGCAAAGTGGGGTCC
CATCAAGGTTCAGCGGCAGTGGATC
TGOGGACAGATTTCACTCTCACCATC
AGCAGCCTGCAGCCTGAAGATTTTG
CAACTTATTACTGCCAACAGTATAG
TACTTACCCATTCACTTTCOGCCAAG
GGACCAAAGTOGATATCAAA (SEQ
ID NO: 349)

CAGGTGCAGCTGGTGCAGTCT
GGGGCTGAGGTGAAGAAGCCT
GGGGCCTCAGTGAAGGTGTCC
TGCAAGGCTTCTGGATACACCT
TCACCGGCTACTATATCCACTG
GGTGCGACAGGCCCCTGGACA
AGGGCTTGAGTGGATGGGATG
GATCAACCCTTACAGTGGTGG
CACAACCTCTGCACAGAAGTT
TCAGGGCAGGGTCACCATGAC
CAGGGACACGTCCACCAGCTC
AGCCTACATGGAACTGAGCAG
GCTGAGATCTGACGACACGGC
CGTGTATTACTGTGCGAGAGA
TGCAGGCTACCTGGCCCTCTAC
GGTACGGACGTCTGGGGCCAA
GGGACCTTGGTCACCGTGTCCT
CA (SEQ ID NO: 350)
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16287} Select anti-TREM?2 antibodies, which were isolated from hybridomas as human IgG2
antibodies, were converted (o human TgGl antibodies or aglveosvlated variants of human
IgG1 antibodies (mutations N297G, R292C, V302C according to EU mumbering) by
transferring the variable regions of the antibodies onto human 1gG1 constant regions. The
1gG1-type aniibodies were evaluated for agonist activity using the Alphal.ISA pSyk
activation assay described in Example 2. Surpnisingly, conversion of these select antibodies
frora an IgG2 1sotype to an [gGl isotype resulted in a partial loss of agonist activity (Figure
7).

[6288] The umique arrangement of the disulfide bonds in the hinge region of Ig(G2 antibodies
has been reported to umpart enhanced stimulatory activity for certain anticancer antibodies
{(White ef @/, Cancer Cell, Vol 27: 138-148, 2015). This enhanced activity could be
transferred to IgGl-type antibodies by exchanging the CHI1 and hinge regions of the IgGl
antibody for those in the I2G2 antibody (White e/ a/,, 2015},

16289} To evaluate whether the agonist activity of the 24G6, 6E7 and 3E3 anti-TREM?2 1g(G2
antibodies could be enhanced or retained when converted to [g(31 isotypes, constructs were
made in which the heavy chain variable region sequences from each of the 24G6, 6E7 and
SE3 antibodies were mserted in frame {0 sequences encoding the CHI and hinge regions from
a human [g(G2 antibody and sequences encoding the Fe region (CH2 and CH3 regions) from
an aglycosylated human g3l antibody. The aglycosylated human IgG1 antibody Fe region
comprised the sequence of a human TgGlz Fe region with N297G, R292C, and V302C
mutations according to EU numbenng (SEQ 1D NO: 282).

66296 In addition to replacing the CH1 and hinge regions of the 1g(G1 antibodies with those
from the I2G2 antibodies, point mutations were made at specific residues within the hinge
and CHI regions to lock the antibodies info a particular disulfide bond configuration. 1t has
been reported that the disulfide bonds in the hinge and CH1 regions of IgG2 antibodies can
be shuffled to create different structural disulfide isoforms (IgG2A, 1gG2B, and I2G2A-B)
and these different disulfide isoforms can have different levels of activity. See, e.g., Dillon e
al., J. Biol Chem., Vol 283 16206-16215; Martinez ef 2/, Biochemistry, Vol. 47 7496~
7508, 2008; and White ef al., Cancer Cell, Vol. 27: 138-148, 2015, To lock the hinge-
modified IgG1 antibodies into a [g(G2B disulfide configuration, two sets of point mutations
were made: {1} a C127S mutation according to Kabat numberning (C1318 according to EU

numbering) in the heavy chain and (2) a C2145 mutation in the light chain combined with a
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2338 mutation in the heavv chain, both according to Kabat nurnbering (C2148 and C2208
according to EU numbering}. See, e.g, WO 2009/036209, which is hereby incorporated by
reference in its entirely. The Ig(G2-hinge modified 1gG1 versions of the 6E7 and 5E3
antibodies contaming the additional point mutations are expected to show equivalent or
supertor agonist activity in the Alphal ISA pSvk activation assay as the parental 1gG2
molecules.

Table 21. Light Chain and Heavy Chain Amano Acid Sequences of Exemplary Antibodies

Ab 1D, Seguence
24G6 LC | MDMRVPAQLLGLLLLWLRGARCDIVMTQSPEBSLAVSLGERA
(S8T28347) TINCKSSQSVLYSANNKHFLAWY QQEPGQPPKLLIYWASTRE

SGVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCOQYYSTPLTF
GGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP
REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLS
KADYEKHKVYACEVTHQOGLSSPYVTKSFNRGEC (SEQ ID NO-
334)

HC | MDMRVPAQLLGLLLLWLRGARCEVQLLESGGGLYQPGGSL
RLSCAASGFTFSSYAMSWYVRQAPGKGLEWVSAISGSGGSTY
YAESVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKAY
TPMAFFDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSL
S8VVTVPSSSLGTOTYICNVNHKPSNTK VDK KVEPKSCDKTH
TCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPCEEQYGSTYRCVSVLT
VLHODWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQV
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWOQQGNVFSCSVMHEA
LHNHYTOKSLSLSPGK (SEQ ID NO: 335)

24G6 LC | MDMRVPAQLLGLLLLWLRGARCDIVMTQSPDSLAVSLGERA
(S8T204812) TINCKSSQSVLYSSNNKHFLAWY QQKPGQPPKLLIYWASTRE
SGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYSTPLTF
GGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP
REAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLS
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AbID.

Sequence

KADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ 1D NO:

HC

MDMRVPAQLLGLLLLWLRGARCEVOLLESGGGLYQPGGSL
RLSCAASGFTFSSY AMSWVRQAPGKGLEWVSAISGSGGSTY
YAESVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKAY
TPMAFFDYWGQGTLVTVSSASTKGPSVFPLAPSSRSTSESTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
S8VVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECP
PCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPCEEQYGSTYRCVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISK AKGQPREPQVYTLP
PSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLY SKLTVDKSRWOQGNVFSCSVMHEALHNH
YTQKSLSLSPGK (SEQ ID NO: 336)

6ET
(S8T29857)

e

MDMRVPAQLLGLLLLWLRGARCDIGMTQSPSSYSASVGDRY
TITCRASQUGISSWLAWYQQKPGKAPKLLIY AASSLQSGVPSRE
SGSGSGTDFTLTISSLOPEDFATYFCQOQADAFPRTFGQGTKLE!
KRTVAAPSVEIFPPSDEQLKSGTASYVVCLLNNFYPREAKVOW

KVDNALQSGNSQESVTEQGDSKDSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSSPVTRSFNRGEC (SEQ ID NO: 337)

HC

MDMRVPAQLLGLLLLWLRGARCEVQLVQSGAEVRKKPGESL
KISCKGSGYSFISYWIAWVROMPOGKGLEWMGITYPGDADAR
YSPSFQGOVTISADKSISTAYLOWSSLKASDTAMYFCARGRT
FYYDSSDYFDYWGOQGTLVTVSSASTRGPSVEFPLAPSSRSTSES
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQASGL
YSLSSVVTVPESNFGTOTY TCNVDHKPENTKVDEKTVERKCC
VECPPCPAPELLGOPSVELFPPRPKDTLMISRTPEVICYVVEY
SHEDPEVREINWYVDGVEVHNARKTRPCEEQYGSTYRCVSVLT
VLHOQDWLNGKEYRKCEKVANKALPAPIEKTISKARGQOPREPQV
YTLPPSREEMTKNOVSLTCLVEKGFYPSDIAVEWESNGQPENN
YRTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEA
LHNHYTQKSLSLSPGK (SEQ ID NO: 338)
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AbID.

Sequence

U
(43
s}
~3

(857202443

)

ic

MDMRVPAQLLGLLLLWLRGARCEIVMTOSPATLSVSPGERA
TLSCRASQSVSSNLAWFQQKPGQAPRLLIYGASTRATGIPARF
SGSGSGTEFTLTISSLOPEDFAVYYCLQDNNFPPTFGQGTEVD
IKRTVAAPSVFIFPPSDEQLEKSGTASVVCLLNNFYPREAKV(
WEKVDNALQOSGNSQESVTEGDSKDSTYSLSSTLTLSKADYEK
HEKVYACEVTHOGLSSPVTESFNRGEC (8EQ ID NO: 339)

MDMRVPAQLLGLLLLWLRGARCEVQLVQSGAEVKKPGESL
KISCKGSGYSFTSYWIGWVRQMPGKGLEWMGIIYPGDADAR
YSPSFQGQVTISADKSISTAYLQWSSLKASDTAMY FCARRRQ
GIFGDALDFWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTYPSSSLGTQTYICNVNHKPSNTKVDEKKVEPKSCDKTH
TCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPCEEQYGSTYRCVSVLT
VLHQDWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQV
YTLPPSREEMTKNQVSLTCLYVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVMHEA
LHNHYTOQKSLSLSPGK (SEQ ID NO: 340)

SE3
(88T29825)

LC

MDMRVPAQLLGLLLLWLRGARC DIQMTQSPSSLSASVGDRV
TITCRASQGISNYLAWYQQKPGK APKSLIY AASSLOSGVPSRF
SGSGSGTDFTLTISSLOPEDFATYYCOQQYSTYPFTFGQGTEVD
IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQ
WK VDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 341)

HC

MDMRVPAQLLGLLLLWLRGARCQVQLVOSGAEVKKPGASY
KVSCKASGYTFTGYYIHWVROAPGQGLEWMGWINPY SGGT
TSAQKFQGRVIMTRDTSTSSAYMELSRLRSDDTAVYYCARD
AGYLALYGTDVWGQGTLVTVSSASTKGPSVEPLAPSSRSTSE
STAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSNFGTQTYTCNVDHKPSNTRVDKTVERKCC
VECPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDY
SHEDPEVKFNWYVDGVEVHNAKTKPCEEQYGSTYROVSVLT
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AbIDB. Seguence
VLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSREEMTRNOQVSLTCLVKGFYPSDIAVEWESNGQOPENN
YKTTPPVLDSDGSFFLYSKLTVDESRWQQGNVFSCSVMHEA
LHNHYTOQKSLSLSPGK (SEQ 1D NO: 342)

Table 22. Light Chain and Heavy Chain Nucleotide Sequences of Exemplary Antibodies

Ab 1D, Sequence
2406 LC | ATGGACATGAGGGTGCCCGCTCAGCTCCTGGGGCTCCTGC
(S8T28347) TGCTGTGGCTGAGAGGTGCGCGCTGTGACATCGTGATGAC

CCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGG
GCCACCATCAACTGCAAGTCCAGCCAGAGTGTTTTATACA
GCTCCAACAATAAGCACTTCTTAGCTTGGTACCAGCAGAA
ACCAGGACAGCCTCCTAAGCTGCTCATTTACTGGGCATCT
ACCCGGGAGTCCGGGGTCCCTGACCGATTCAGTGGCAGCG
GGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCA
GGCTGAAGATGTGGCAGTTTATTACTGTCAGCAATATTAT
AGTACTCCGCTCACTTTCGGCGGAGGGACCAAGGTGGAGA
TCAAACGAACGGTGGCTGCACCATCTGTCTTCATCTTCCCG
CCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGT
GTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTA
CAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCC
AGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCT
ACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTA
CGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAG
GGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAG
AGTGT (SEQ ID NO: 351)

HC | ATGGACATGAGGGTGCCCGCTCAGCTCCTGGGGCTCCTGC
TGCTGTGGCTGAGAGGTGCGCGCTGTGAGGTGCAGCTGTT
GGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCTG
AGACTCTCCTGTGCAGCCTCTGGATTCACCTTTAGCAGCTA
TGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGACTG
GAGTGGGTCTCAGCTATTAGTGGTAGTGGTGGTAGCACAT
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AbIDB. Seguence
ACTACGCAGAATCCGTGAAGGGUCGGTTCACCATCTCCAG
AGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGC
CTCGAGAGCCGAGGACACGGCCGTATATTACTGTGCGAAGG
CGTATACACCTATGGCATTCTTTGACTACTGGGGCCAGGG
AACCCTGOTCACCGTCTCCTCAGCCTCCACCAAGGGCCCA
TCGUTCTTICCCCCTGGCACCCTCCTCCAAGAGCACCTCTGG
GGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTC
CCCGAACCGOTGACGGTGTCGTGGAACTCAGGLGCCCTGA
CCAGCGGCOTGCACACCTTICCCGGCTOTCCTACAGTCCTC
AGGACTCTACTCCCTCAGCAGCOGTGGTGACCGTGCCCTCC
AGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATC
ACAAGCCCAGCAACACCAAGGTOGACAAGAAAGTTGAGC
CCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCC
AGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCC
CCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACLCCC
TCAGGTCACATGCGTGGTGOTGGACGTGAGCCACGAAGAC
CCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGG
TGCATAATGCCAAGACAAAGCCGTGCGAGGAGCAGTACG
GCAGCACGTACCGTTGCOTCAGCGTCCTCACCGTCCTGCA
CCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGT
GTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATC
TCCAAAGCCAAAGGGUAGCCCCGAGAACCACAGGTGTAC
ACCCTGCCCCCATCCCGGGAGGAGATCGACCAAGAACCAG
GTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCG
ACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGA
ACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGE
CTCCTTICTTCCTCTATAGCAAGCTCACCGTGGACAAGAGC
AGGTGGCAGCAGGGGAACGTCTTICTCATGCTCCGTGATGC
ATGAGGCTCTGCACAACCACTACACGUAGAAGAGCCTCTC
CCTOTCTCCOGOGCAAA (SEQ ID NO: 352)

24G6 LC | ATGGACATGAGOGOTGUCCGCTCAGCTCCTGGGOGITCCTGC
(S5T204812) TGCTOTOGOGCTGAGAGOTGCOGCGCTOGTGACATCGTGATGAC
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AbID.

Sequence

CCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGG
GCCACCATCAACTGCAAGTCCAGCCAGAGTGTTTTATACA
GCTCCAACAATAAGCACTICTTAGCTTGGTACCAGCAGAA
ACCAGGACAGCCTCCTAAGCTGCTCATTTACTGGGCATCT
ACCCGGGAGTCCGGGGTCCCTGACCGATTCAGTGGCAGCG
GGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCA
GGCTGAAGATGTGGCAGTTTATTACTGTCAGCAATATTAT
AGTACTCCGCTCACTTTCGGCGGAGGGACCAAGGTGGAGA
TCAAACGAACGGTGGCTGCACCATCTGTCTTCATCTTCCCG
CCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGT
GTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTA
CAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCC
AGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCT
ACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTA
CGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAG
GGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAG
AGTGT (SEQ ID NO: 351)

HC

ATGGACATGAGGOGTGCCCGCTCAGCTCCTGQGGCTCCTGC
TGCTGTGGCTGAGAGGTGCGCGUTGTGAGGTGCAGCTOTT
GGAGTCTGGOGGAGGCTTGGTACAGCCTGOOGGGTCCCTG
AGACTCTCCTGTGCAGCCTCTGGATTCACCTTTAGCAGCTA
TGCCATGAGCTOGOUGTCCGCCAGGUCTCCAGGGAAGGGACTG
GAGTGGGTGTCAGCTATTAGTGGTAGTGGTGGTAGCACAT
ACTACGCAGAATCCGTCGAAGGGCCGGTTCACCATCTCCAG
AGACAATTCCAAGAACACGCTOTATCTGCAAATGAACAGC
CTGAGAGCCGAGGACACGGCCGTATATTACTOGTGCGAAGH
CGTATACACCTATGGCATTCTTTGACTACTGGGGLCAGGG
AACCCTGGTCACCGTGTCCTCAGCCTCCACCAAGGGCCCA
TCOGOTCTTCCCCCTOGGCGUCCAGCTCCAGGAGCACCTCCG
AGAGCACAGCGGCCCTGOGUTGCCTGGTCAAGGACTACTT
CCCCGAACCOGGTGACGOTGTCGTGGAACTCAGGCGCTCTG
ACCAGCGGCGTGCACACCTTCCCAGCTOTCCTACAGTCCT
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AbID.

Sequence

CAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTC
CAGCAACTTCGGCACCCAGACCTACACCTGCAACGTAGAT
CACAAGCCCAGCAACACCAAGGTGGACAAGACAGTTGAG
CGCAAATGTTGTGTCGAGTGCCCACCGTGCCCAGCACCTG
AACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAA
ACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTC
ACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAG
GTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATA
ATGCCAAGACAAAGCCGTGCGAGGAGCAGTACGGCAGCA
CGTACCGTTGCGTCAGCGTCCTCACCGTCCTGCACCAGGA
CTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTGTCCAAC
AAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAG
CCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCC
CCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCT
GACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGOC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTAC
AAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTT
CCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAG
CAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTC
TGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCC
GGGCAAA (SEQ ID NO: 353)

6E7
(88T29857)

LC

ATGGACATGAGGOGTGCCCGCTCAGCTCCTGGOGOGCTCCTGC
TGCTGTGGCTGAGAGGTGCGCGCTGTGACATCCAGATGAL
CCAGTCTCCATCTTCCGTIGTICTGCATCTGTAGGAGACAGA
GTCACCATCACTTGTCGGOGCGAGTCAGGGTATTAGCAGCT
GOTTAGCCTGUGTATCAGCAGAAACCAGGGAAAGCCCCTAA
GCTCCTGATCTATGCTGCATCCAGTTTGUAAAGTGGGGTCC
CATCAAGUGTTCAGCGGCAGTGGATCTGOGACAGATTTCAC
TCTCACCATCAGCAGCCTGCAGCCTGAAGATTTTGCAACTT
ACTTTTGTCAACAGGCTGACGCTTTCCCTCGCACTTTIGGC
CAGGGGACCAAGCTGGAGATCAAACGAACGGTGGUTGCA
CCATCTOTCTTCATCTTCCCGUCATCTCGATGAGCAGTTGAA
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AbID.

Sequence

ATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCT
ATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACG
CCCTCCAATCGGOTAACTCCCAGGAGAGTGTCACAGAGCA
GGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTY

GACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTICTA
CGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTC
ACAAAGAGCTTCAACAGGGGAGAGTGT (SEQ D NOG: 354)

HC

ATGGACATGAGGOGTGCCCGCTCAGCTCCTGGOGOGCTCCTGC
TGCTGTGGCTGAGAGGTGCGCGCTGTGAGGTGCAGCTGOT
GUCAGTCTGGAGCAGAGGTGAAAAAGUCCGOGGAGTCTCT
GAAGATCTCCTGTAAGGGTTCTGGATACAGTTITTACCAGC
TACTGGATCGCCTGGUGTGUGCCAGATGCCCGGGAAAGGCC
TOGCGAGTGGATGOGGATCATCTATCCTGGTGACGCTGATGC
CAGATACAGCCCOGTCCTTCCAAGGCCAGOTCACCATCTCA
GCCGACAAGTCCATCAGCACCGCCTACCTACAGTGGAGCA
GCCTGAAGGCCTCGGACACCGUCATGTATTTCTGTGCGAG
ACAAAGGACGTTTTATTATGATAGTAGTGATTATITTGACT
ACTGOOGCCAGGGAACCCTGOGTCACCGTGTCCTCAGCCTC
CACCAAGGGCCCATCGOTCTTCCCCCTOGGCGCCCAGCTCC
AGGAGCACCTCCGAGAGCACAGCGGUCCTGGOCTGUCTGE
TCAAGGACTACTTCCCCGAACCGGTGACGOGTOGTCGTGGAA
CTCAGGCGCTCTGACCAGCGGCGTGCACACCTTCCCAGCT
GTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGOT
GACCGTGCCCTCCAGCAACTTICGGCACCCAGACCTACACC
TGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGAC
AAGACAGTTGAGCGCAAATCGTTGTGTCGAGTGCCCACCOT
GCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTICTTCCT
CTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGG
ACCCCTGAGGTCACATGCOGTGGTGUTGGACGTGAGCCACG
AAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGT
GOAGGTGCATAATGCCAAGACAAAGCCGTGCGAGGAGLA
GTACGGCAGCACGTACCGTTGCGTCAGCGTCCTCACCGTC
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AbIDB. Seguence
CTGCACCAGGACTGGUTGAATGGCAAGGAGTACAAGTGC
AAGOGTOTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAA
CCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGG
TGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAA
CCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCLCC
AGCGACATCGCCGTGCGAGTOGGGAGAGCAATGGGCAGCCG
GAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCG
ACGGUTCCTTICTTICCTCTATAGCAAGCTCACCGTGGACAA
GAGCAGGTGGCAGCAGGGGAACGTCTICTCATGCTCCGTG
ATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCC
TCTCCCTGTCTCCGGGCAAA (SEQ ID NO: 355)

13E7 LC | ATGGACATGAGGOGTGCCCGCTCAGCTCCTGGGGCTCCTGO
(857202443} TOGCTGTGGUTGAGAGGTGCGCGCTGTGAAATAGTGATGAC

GCAGTCTCCAGCCACCCTOGTCTGTOTCTCCAGGGGAAAGA
GCCACCCTCTCCTGCAGGGCCAGTCAGAGTGTTAGCAGCA
ACTTAGCCTGGTTCCAGCAGAAACCTGGUCAGGCTCCCAG
GUTCCTCATCTATOGGTGCTICCACCAGOGGCCACTGGTATTC
CAGCCAGGTTCAGTGGCAGTGGOTCTGGLACAGAGTTCAC
TCTCACCATCAGCAGCCTOGCAGCCTGAAGATITTIGCAGTTT
ATTACTGTICTGCAGGATAATAATTTCCCTCCCACTTTCGGC
CAAGGGACCAAAGTOGGATATCAAACGAACGGTGGUTGCA
CCATCTGTCTTCATCTTCCCOGCCATCTGATGAGCAGTTGAA
ATCTGGAACTGCCTCTGTTGTGTGCCTGLCTGAATAACTTCTY
ATCCCAGAGAGGCCAAAGTACAGTGCAAGGTGGATAACG
CCCTCCAATCOGOGTAACTCCCAGGAGAGTGTCACAGAGCA
GGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCT
GACGUTGAGCAAAGCAGACTACGAGAAACACAAAGICTA
CGCCTGCGAAGTCACCCATCAGGOGCCTGAGCTCGCCCGTC
ACAAAGAGCTTCAACAGGGGAGAGTGT (SEQ ID NO: 356)

HC | ATGGACATGAGGOGTGCCCGCTCAGCTCCTOGGGITCCTOC
TGCTOTOGCTGAGAGOTGCGCGCTOGTGAGGTGCAGCTGOT
GCAGTCTGGAGCAGAGGTGAAAAAGCCCGOGGLGAGTCTCT
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AbID.

Seguence

GAAGATCTCCTGTAAGGUOTTCTGGATACAGCTTTACCAGT
ACTGOATCGGCTOGOGTGCGCCAGATGCCCGGGAAAGGEC
TGOAGTGGATGGOGGATCATCTATCCTGGAGATGCTGATGC
CAGATACAGCCCOGTCCTTCCAAGGUCAGGTCACCATCTCA
GUCGACAAGTCCATCAGCACCGUCTACCTGCAGTGGAGCA
GCCTGAAGGCCTCGGACACCGCCATOGTATTTCTOTGCGAG
GCGGAGACAGGGGATCTTCGOTGATGCTCTTGATTITCTGG
GGCCAAGGGACATTGGTCACCGTGTCTTICAGCCTCCACCA
AGGOCCCATCOGOTCTTCCCCCTGGCACCCTCCTCCAAGAG
CACCTCTGQOGGOGGCACAGCOGGCCCTGOGGCTGCCTGOTCAAG
GACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAG
GCOGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTOTCCT
ACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACC
GTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCA
ACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGA
AAGTTGAGCCCAAATCTTOTGACAAAACTCACACATGCCC
ACCGTGCCCAGCACCTGAACTCCTGGGOGOGGACCGTCAGTC
TTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTC
CCGOGACCCCTGAGGTCACATGCGTOOGTGGTGGACGTGAGC
CACGAAGACCCTGAGOTCAAGTTCAACTGOGTACGTGGACG
GCGTGGAGGTGCATAATGCCAAGACAAAGCCGTGCGAGG
AGCAGTACGGCAGCACGTACCGTTIGCGTCAGCGTCCTCAL
COTCCTGCACCAGGACTGGUTGAATGGUCAAGGAGTACAAG
TGCAAGGTGTCCAACAAAGCCCTCCCAGCCCCCATCGAGA
AAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCALC
AGGTGTACACCCTGUCCCCATCCCGGGAGGAGATGACCAA
GAACCAGOTCAGCCTGACCTGCCTGGTCAAAGGCTTICTAT
CCCAGCGACATCGCCGTGGAGTGOGGAGAGCAATGGGCAG
CCGGAGAACAACTACAAGACCACGCCTCCCOTGCTGGACT
CCGACGGUTCCTTCTTCCTCTATAGCAAGCTCACCGTGGAC
AAGAGCAGOGTGOCAGCAGGGGAACGTCTTCTCATGCTCCG
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AbID.

Sequence

TGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAG
CCTCTCCCTGTCTCCGGGCAAA (SEQ ID NO: 357)

N

5E
(S8T29825)

[}

e

ATGGACATCGAGOGGTGCCCGUTCAGCTCCTGGGGUTCCTGC
TGCTGTOGCTGAGAGGTOGCGCGCTGTGACATCCAGATGALC
CCAGTCTCCATCCTCACTGTCTGCATCTGTAGGAGACAGA
GTCACCATCACTTGTCGGGCGAGTCAGGGCATTAGCAATT
ATTTAGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAA
ATCCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGOTCC
CATCAAGGTTCAGCGGCAGTGGATCTGGGACAGATITCAL
TCTCACCATCAGCAGCCTGCAGCCTGAAGATTITTGCAACTT
ATTACTGCCAACAGTATAGTACTTACCCATTCACTTITCGGC
CAAGGGACCAAAGTGGATATCAAACGAACGOTGGCTGCA
CCATCTGICTTICATCTTCCCOCCATCTGATGAGCAGTTGAA
ATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCT
ATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACG
CCCTCCAATCGGOGTAACTCCCAGGAGAGTGTCACAGAGCA
GOACAGCAAGGACAGCACCTACAGCCTCAGCAGUCACCCT
GACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTA
CGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTC
ACAAAGAGCTTCAACAGGGGAGAGTGT (SEQ ID NO: 358)

ATGGACATGAGGGTGCCCGCTCAGCTCCTGGGGCTCCTGC
TGCTGTGGCTCGAGAGGTGCGCGCTGTCAGGTGCAGUTGOT
GCAGTCTGGOGCTGAGOGTGAAGAAGCCTGOGGGCCTCAGTG
AAGGTGTCCTGCAAGGCTTCTGGATACACCTTCACCGGCT
ACTATATCCACTGGOGTGCGACAGGCCCCTGGACAAGGGCT
TCGAGTGGATGGUGATGGATCAACCCTTACAGTGGTGGCACA
ACCTCTGCACAGAAGTTTCAGGGCAGGGTCACCATGACCA
GGGACACGTCCACCAGUTCAGCCTACATGGAACTGAGCAG
GUTGAGATCTGACGACACGGCCOTGTATTACTGTGCGAGA
GATGCAGGCTACCTGGCCCTCTACGUGTACGGACGTCTGOG
GCCAAGGGACCTTGGTCACCGTGTCCTCAGCCTCCACCAA
GGGCCCATCGOTCTTCCCCCTGGCGCCCAGCTCCAGGAGC
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AbIDB. Seguence
ACCTCCGAGAGCACAGCGGCCCTGGOUTGCCTGGTCAAGE
ACTACTTCCCCGAACCGOTGACGGTGTCOGTGGAACTCAGE
CGCTCTGACCAGCGGCGTGCACACCTTCCCAGCTGTCCTA
CAGTCCTCAGGACTCTACTCCCTCAGCAGCOTGGTGACCG
TGCCCTCCAGCAACTTCGGCACCCAGACCTACACCTGCAA
COGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAGAC
AGTTGAGCGCAAATGTTGTGTCGAGTGCCCACCGTGCCCA
GCACCTGAACTCCTGOGGOGACCGTCAGTCTICCTCTTCCC
CCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCT
GAGGTCACATGCOGTGOTGOTGGACGTCGAGCCACGAAGAC
CCTGAGGTCAAGTTCAACTGOTACGTGGACGGCGTGGAGG
TGCATAATGCCAAGACAAAGCCOGTOGCCGAGGAGCAGTACG
GCAGCACGTACCGTTGCOGTCAGCOGTCCTCACCGTCCTGCA
CCAGGACTGGUTGAATGGCAAGCGAGTACAAGTGCAAGGT
GTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATC
TCCAAAGCCAAAGGGUCAGCCCCGAGAACCACAGOTGTAC
ACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAG
GTCAGCCTGACCTGCCTGGTCAAAGGCTTICTATCCCAGCG
ACATCGCCGTGGAGTGGGAGAGCAATCGOGGCAGCCGGAGA
ACAACTACAAGACCACGCCTCCCGTGCTGCGACTCCGACGS
CTCCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGC
AGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGL
ATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTC
CCTGTCTCCGGGCAAA (SEQ ID NO: 359)

Example 8, Affinity Modulation of Agonist Anti-TREMZ Aniibedies

[6291] To generate antibody variants with increased or decreased affinity for human TREM?Z,
affinity modulation of the 6E7 agonist anti-TREM2 monoclonal antibody was performed
using fuorescence-activated cell sorting (FACS) of yeast-displayed Fab hibraries. An
unhiased library construction strategy was used, where NNK saturation mutagenesis was
completed for every amino acid residue of each light-chain and heavv-chain CDR 1o generate

point rtations. A separate Fab library was generated for each CDR. The six yeast-displayed
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Fab libraries were separately sorted and screened for variants with improved and reduced
binding to human TREM?2 using FACS. Secondary libraries that combined binding-enriched
mutations through CDR and chain shuffling were also constructed, sorted, and screened.
Flow cvtometry screening data for the 6E7 variants 1s shown in Table 19 below. The amino
acid positions of the point mwitations in the indicated regions of the 6E7 heavy and light chain
variabie regions are numbered with respect to the 6E7 heavy chain variable region sequence
(SEQ ID NGO 124) and the 6FE7 light chain variable region sequence (SEQ 1D NG: 61).
Twenty-two variants were selected for further evaluation and characterization. The full heavy
and light chain variable region sequences and associated CDRs for select variants having
tmproved binding affinity relative to the 6E7 antibody are provided in Tables 2A and 2B,
whereas the full heavy and hight chain variable region sequences and associated CDRs for
select variants having reduced binding affinity relative to the 6E7 antibody are provided in

Tables 3A and 3B.

Table 23. 6E7 Antibody Affinity Modulation Variants

Substitutions with Substitutions with Binding Sigaal {{old over 6E7
respect to 6E7 VH respect to 6E7 VL parental antibody}
sequence (SEQ IB NO: sequence {(SEQ 1D NG:
124) G1)
Variant | HC HC HC LC LC LC 1 2né 28 28
AbID | FRI- | CDR2 | CDR3 | CDR1 | CBR2 | CDR3 | screen | screen | screem | screem
CDRI 118 ZuM | 16aM | 1860
nM or nM
10nhi*
2! Y328 Q998 Q35T | F94Y | 1.68 1.29 1.92
V2 Y278 | 556G | Q998 L34R | S93R | 2.55 223 2.90
V3 T30A | G66D | Q99G L34R | 893R | 1.97 1.95 2.24
Vi T30G | YOOV | Q9958 S53R | FodY [ 6.00 5.88 5.51
/5 50T Fo4H | 2.73 1.25 2.84
Vo Y32M .20 (.56
V7 Y32E 0.1 (.32
vV R39K (.28* (.77
L TiOIG 0.67* .54
V1o AS08 G.76* (.70
Vi DozA | 079 .42
Viz S28E 1 T58V | Q99G NS6R 2.29 1.04 2.58
V13 T30G | P6ZA | Q99G N36G | Fo4M | 131 1.15 1.35
\ar: T30G | S36Q | Q999G S33R 4.7% 2.57 4 64
Vi3 30A 180T Q9958 S53W | F94Y | 523 472 478
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Substitutions with
vespect to 6E7 VH
sequence (SEQ 1D NO:
124)

Substitutions with
respect to 6E7 VL
sequence (SEQ 1D NG:
61}

Binding Signal {fold over 6E7

parental antibody)

Variant | HC HC BC LC L, LC i 20d 2nd 2nd
Abib | FRI- [ CDR2Z | CBR3 | CDR1 | CDRZ | CDR3 | screen | screem | soreen | screem
CbR1 110 2nM | 100 | 100
nhM or nvl
10nM*
Vi6 F26M | 836G | Q998 S53N 401 3.57 4.04
V17 T30G Q995 L54R | F94S 5.37 422 551
V1ig W33H 0.17% (.42
V19 328 {.59* 0.48
V20 50R 0.18% .52
V21 Y 100F {.76% (.68
/22 ASOR {.30* .71
V23 RO6L | 0.40% (.40
V24 T54Y | Q995 N36K | R9sH | 2.64 1.42 2.90
V25 T30G | 150L Q995 Q53A | F94M | 423 3.15 4.70
V26 A3SG 1807 F102M, N56R | Fo4Y | 3.57 2.83 3.47
Y112A
V27 S61A | Q998 NS6R 5.50 5.67 5.69
V238 T30Q | 1507 Y103F N36S | Fo4L | 3.08 2.63 361
V29 TI0K 1.53 (.84 1.67
V30 Y278 {3.79*% .72
/31 DS7E g.61% .73
V32 P62 0.82% (.89
V33 Y104G (.23% (.34
V34 N36D 0.34% 1.02
V35 Dozy | 021% .29
/36 134L Q995 L54R | F94Y | 3.38 400 344
V37 F29H | Q65A | (3998 N56W | FO4Y | 346 3.69 3.49
V38 T30G | T58Y L34R | F94H | 434 344 436
V39 T30G | 861N | Q99G Q33V | F948 6.15 511 3.81
V40 T30G | T58V | F1I0S N56L | §93R | 448 341 4.16
V41 1507 1.74 {3.58 172
V42 Y32A 3.45% (.41
V43 D5S7G 0.20* .33
V44 G548 0.65% (.52
V45 W32F {3.43% .53
V46 8537 (.83% {3.96
V47 RO6M | (3 42% 0.47
V438 TI0G | T358Y | QYoM N36T | F94L | 2.42 2.30 2.34
V49 TI0N {1507, | Q998 L34R | F94Y | 6.51 5.02 6.58

Yo0L
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Substifutions with
respect to 6E7 VH
sequence (SEQ 1D NO:

Substitutions with
respect to 6E7 VL
sequence (SEQ 1D NG:

Binding Signal {fold over 6E7
parental antibody)

i24) 61}
Variant | HC HC BC LC L, LC i 20d 2nd 2nd
Abib | FRI- [ CDR2Z | CBR3 | CDR1 | CDRZ | CDR3 | screen | screem | soreen | screem
CbR1 110 2nM | 100 | 100
nhM or nvl
10nM*
V50 130G | 150V | F1I0L L34R | F94L | 4.10 3.39 416
V51 T58Y | Q9%9G, L54R 2.81 1.83 318
Y112N
V52 T30E Q99 N36R | §93R | 3.00 1.78 3.09
V33 S63H 1.25 .66 1.17
V54 Y320 {3.55% 0.54
V55 R591, 0.24% .66
F64H
V56 s561Q (.23%* 0.59
V57 R24A 0.84% {3.85
V58 A3S0K {(3.28*% (.68
V59 Q89M | 0.19* (.60
Vi RZ28H | T38V | F110S N5sR | Q89G [ 3.26 3.35 3.63
V6l T305 | 861N | QY99G Q35V | Fo4L | 5.08 3.63 522
V62 T30G | S61A | DIOSG N36R | Q489G | 2.49 1.87 2.839
V63 T30R 3998 NS6R | §93R {376 497 3.71
V64 T30G Q9oG Q55A | F94Y | S41 488 548
V63 Q998 2.058 1.29 2.75
V66 Y2771 (0.25% 0.74
V67 150M 0.80* (.84
V63 Y1i03R {.44%* .43
V69 W32Y 0.41% .40
V70 SN52G 0.79% (.84
V71 Fo4E | 0.37% (.48
72 A35G Q99G Q33V | Fo4Y | 364 2.50 4.01
V73 T30G | S63G | QY99G L34R | Fo4Y | 312 417 5.44
V74 T30A | T38V | Q999G N36L 3.94 2.54 401
V75 Q994G NS6A | FO4Y | 464 3.74 432
V76 T30G | S63E | F110S8 N36K 457 434 4,93
V77 L34R 1.43 (.83 1.38
V78 S28R {3.36% 1.11
V79 R39N 0.70% (.52
V30 TIOIN {3.59% 0.50
V81 W32L 0.17*% .23
V&2 AS1IG 0.30%* (.79
V83 Do2y | 0.20% 0.29
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Substifutions with Substitutions with Binding Signal {fold over 6E7
respect to 6E7 VH respect to 6E7 VL parental antibody)
sequence (SEQ 1D NO: sequence (SEQ 1D NG:
124) 61}
Variant | HC HC HC LC LC LC 1™ 2nd 2nd 2nd
AbiID | FRi- | CDRZ | CDR3 | CBRI [ CDR2 | CDR3 |screen | sereem | screenm | screem
ChR1 110 InM | 10aM | 100
nM or oM
10nM®
V84 S28G F110S AS0G i.44 145 1.62
V85 T30R | I50T | Q998 L54R 5.41 541 537
V&6 T30G, | Q6SE | Q998 L34R 4.80 517 5.02
1341
V&7 30R | T58V, | Q995 N36W 3.84 4.36 3.93
S63D
V&R T30G SS3R, | F94S 1492 557 5.30
NS56R
V89 FO4H | 1.33 0.94 146
Vo0 Y32E S3IR 0.33% .36
Vol G540 {.25% 0.61
/92 Y103H 0.22% (.65
Va3 S31G 0.35% 1.05
Vo4 S524A 0H.31% 0.87

“Binding signal values marked with an ¥ were obtained with the 110 oM Ab concentration,
whereas the remaining values in the columm were obtained with the 10 nM Ab concentration

Example 9. Rescue of Macrophage and Microghia Survival Befect by Agonist Anti-
TREM2 Antibody

{3292} The R47H variant of human TREM?2 has been associated with increased nisk for late-
onset Alzheimer’s disease {Jonsson ef ¢/, New England Journal of Medicine, Vol. 368: 107-
116, 2013). To specifically target the Trem 2 gene without perturbing additional regulatory
elements, a gene-editing based approach was used to generate Trem2” or Trem2®"% mice.
The Trem2” strain was generated by engineering a 5bp or 11bp deletion in exon 1 of the
TremZ gene and Trem2®77 strain was generated by engineering a point mutation at residue
47 in the mouse 7Trem2 gene analogous to the human variant. Detatled qPCR analyses of
brain homogenates from Trem2” and Trem 2™ mice confirmed a loss of the gene in the
knockouts and 7Trem 2 expression comparable to wild-type age-matched controls for the
Trem™ " mice {data not shown). No significant differences were observed in other 7REM
genes in the locus (Trem ], Tremi ], and Tremi. 2y under basal or LPS stimulated conditions in
R4TH

wild-type, Trem 2 or Trem 2" mice {(data not shown).

162




WO 2018/195506 PCT/US2018/028691

16293} To understand the effect of TREM2 changes on myeloid cells, the properties of
TREM2" bone marrow derived macrophages (BMDMs) and adult and neonatal microglia
were compared with wild-type macrophages and microgha in limiting conditions of CS8F-1.
Consistent with recent studies on TREM27 microglia and macrophages that suffer from a
survival deficiency at low levels of CSF-1 (Wang ef o/, Cell, Vol. 160; 1061-1071, 2015, Wu
ef al., Joumnal of Experimental Medicing, Vol. 212: 681-697, 2015), reduced survival of
BMDMs and microglia isolated from our TREM2™ mice was also observed confirming that
they display TREM2-dependent behavior reported in other TREMZ27 models (Figures 8A-
8C). To determine if the R47H mutation also impacts the ability of myeloid cells to survive in
challenge conditions, similar studies were performed on TREM2RM™Y BMDMs and microglia.
Interestingly, the TREM2R*Y BMDMs and microgha also exhibited poorer survival under
similar culture conditions nuch like the TREM2”- BMDMs and microglia (Figure 8D-8F).
However, the survival defects of TREMZ2?H BMDMs and microglia were less pronounced
than the survival defects of TREM27- BMDMs and microglia. Gene dosage-dependent effects
on survival of both TREM2R®™ and TREM2” myeloid cells were also observed, with the
effects being far more pronounced in the knockout cells compared to the variant cells (data
not shown}. While the TREM2R* macrophages phenotype follow the same trend as
TREMZ" macrophages, the phenotypes cannot be explained simply by a reduction in cell
surface expression of R47H TREM?Z since wild-type and TREM2®H BMDMs appeared to
have comparable {evels of surface TREMZ expression (daia not shown}. Overall, the results
of these experimnents support a loss-of-function for the R47H variant that mimics a loss of the
TREM?2 protein albeit with a phenotype that is less pronounced compared to the gene
knockout.

[6294] Next, TREM?2 activation was assessed in TREM2R*E BMDMs. A commercially
avatlable rat anti-human/mouse TREM?2 antibody (mAb17291; Rat IgG2b Clone #237920,
R&D Systems) increased pSvk levels in both R47H and wild-type BMDMs as measured by
Western Blot with the effect being more pronounced in the wild-type BMDMs (Figure 9A).
The antibodies had no effect on the TREMZ2” macrophages supportive of specific activation
of TREMZ (Figure 98). To determine if activation of TREMZ2/DAP | 2-mediated Svk
signaling in macrophages can ameliorate the more downstream biological phenotypes,
including reduced survival, TREM2RH BMDMs were treated with the anti-TREM?2 agonist
anttbody {mAb17291 antibody} or 1sotyvpe control and the cell confluence was monitored

using Incucyte Xoom Imaging System. Strikingly, a rescue in cell survival of TREM2F7H
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BMDMs was observed when the macrophages were treated with the anti-TREM?2 agonist
antibody with almost a complete restoration o wild-type levels (Figures 10A-10C). The
significant boost in cell survival was observed both in Hve ime-lapse imaging (Figures 10A
and 10B) and endpoint cell viability (ATP accumulation) assays (Figure 10C). An equivalent
rescue in cell survival was not observed when the BMIDMs were treated with isotvpe controls
antibodies (Figures 10A-10C). No increase in survival of homozygous TREM2 knockout
macrophages was observed confirming that the effect 15 specific for TREMZ2 activation by the
antibody {(data not shown). A simular rescue of cell survival was observed for adult
TREM2R microglia when treated with the same anti-TREM2 agonist antibody, whereas an
equivalent rescue in cell survival was not observed when the microglia were treated with an
tsolype control antibody (Figure 10D).

[3295] In addition, an anti-TREMZ2 agonist antibody {(Antibody 2) that activated Svk
signaling but did not compete with the commercial antibody boosted survival of macrophages
harvested from aged (18~-month old) wildiype and R47H amimals (Figures 10E and 10F),
whereas an equivalent rescue in cell survival was not observed when the microglia were
treated with an isotype control antibody (Figures 10F and 10F}.

[6296] To evaluate the effect of anti-TREM?Z2 agonist antibody treatment on migration of
wild-type, TREM2Z knockout and TREM2RH myeloid cells, bone marrow derivec
macrophages isolated from mice of each of the different genotypes were assessed in a
migration assay. Day 5 BMDMs from TREM2"", TREM2?™ and TREM2 mice were
harvested and seeded into Radius™ 96-well Migration Assay plates {Cell Biolabs) in
complete RPMI media supplemented with 50 ng/ml M-CSF. The cells were treated with anti-
TREM?Z agonist antibody (Antibody 1 or Antibody 23, 1sotvpe control antibody, or vehicle for
24 hours. The cells were washed the next dav following manufacturer’s proiocol to remove
the Biocompatible Gel laver and expose the celi-free area for migration. The media was
replaced with fresh growth media supplemented with 50 ng/ml M-CSF and anti-TREM?2
agonist antibody, isotype control antibody, or vehicle control as above. The cell confluence
was monitored using Incucyte Zoom Imaging System and data was plotted as percent
confluence. Interestingly, treatruent with Antibody 1 resulted in a small but statistically
significant reduction in proliferation/migration of TREMZ*'H macrophages (Figure 11B)
with minimal effects on wildty pe macrophages (TREM2"")Figure 11A) and no effect on

macrophages from the knockout mice (TREM27) (Figure 11C). Treatment with Antibody 2
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had no effect on migration on either wildtype (FREM2™") or TREMZ™™ macrophages
{(Figures 11D and 11E}.

32971 At the molecular level, this reduction in macrophage migration was reflected by a
redoction in cell surface FLT1 in TREM2M7™ and wild-tvpe macrophages upon anti-TREM2
agonist anttbody treatment {both with and without treatment with lipopolyvsaccharide),
whereas no significant differences in other chemokine/chemokine receptors {e.g. CCRS) weare
noted at the time points selected for the study {data not shown). The consistent correlation
hetween nugration and FLT1 both across different genotypes as well as with pharmacologic
mantpulation with an antibody speaks 1o an exciting novel link between TREM2 and FLT1
that will need further investigation. Equally interesting though is the observation that an
antibody that activates TREMZ2/DAP12 signaling proximally can have opposing effects on
survival and migration; different antibodies {depending on where they bind and how they
interact with endogenous ligands) likely will have different proximal and distal activity
profiles.

16298] The results of these experiments demonstrate that an antibody that can activate
TREMZ/DAP12 signaling can rescue the viability defect of macrophages and microghia
resulting from a loss of function mutation in TREMZ. The resulis suggest that an agonist
antibody that can activate TREM2 and boost macrophage/microglhia activity may be
therapeutic in Alzheirer’s disease and other conditions associated with TREM2 loss of

function.

Example 10, Gene Regulation by Agonist Anti-TREM2 Antibody in Macrophages
162991 In order to understand the basis of the phenotypic changes of the macrophages
derived from TREMZ27 and TREM2R®™ mice described in Example 9 at the level of the
transcriptome, RNA-Seq analyses were performed comparing wild-type, TREM27 and
TREMZM™ macrophages at dav 7 under limiting conditions of CSF-1. Day 7 BMDMs were
harvested and total RNA was isolated using Rneasy Mini Kit {Qiagen} according to the
manufacturer’s protocol.

63008} 1-2 nug of total RNA purified from bone marrow-derived ex vivo macrophages was
used for ¢DNA library preparation by using a modified protocol based on the [Humina Truseg
RMNA Sample Preparation Kit (Hhumina, San Diego, CA) and the pubhished methods for
strand-specific RNA-Seq (Perkins, T. T. ef g/, PLoS genetics, Vol 5: ¢1000569, 2009,
Parkhomchuk, D. ef a/. Wucleic acids research, Vol. 37: €123, 2009). After polv-A selection,
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fragmentation, and priming, reverse transcription was carried out for first strand cDNA
synthesis in the presence of RNaseOut (Life Technologies, Carlsbad, CA) and actinomycin-D
{(MP Biomedicals, Santa Ana, CA). The synthesized ¢cDNA was further purified by using
AMPure RNAClean beads (Beckman Coulter, Pasadena, CA) {ollowing the commercial
instruction. A modified method by incorporation of dUTP instead of dTTP was prepared and
used for the second strand synthesis {(Perkins ef /., PLOS genetics, Vol. 3, e1000569, 2009,
Parkhomchuk ef o/, Nucleic Acids Research, Vol 37, 123, 2009}, Aflter AMPure XP bead
puritication {Beckman Coulter), following the standard protocol recormmended by fHumina,
end repairing, A-tailing, and ligation of index adaptors were sequentially performed for
generation of CDNA hibranies. After size selection of libraries using Pippen Prep (SAGE
Biosciences, Beverly, MA), the dUTP-containing ¢DBNA strands were destroved by digestion
of USER enzymes {(New England Biolabs, Ipswich, MA) followed by a step of PCR
enrichment for infroduction of strand specificity. After cleaning up, the enriched cDNA
libraries were analyzed in Agilent Bioanalyser and guantified by Quant-iT™ Pico-Green
assays (Life Technologies) before being sequenced onto THurina HiSeq platform. Each
library generated at least 35 million of 75bp pair-end reads for downstream analysis.

3301} RNA-seq sequencing reads were aligned using OSA aligner Hueral,,
Biomformatics, Vol 28: 1933-1934, 2012) embedded i the Omicsoft Array Studio pipeling
{Ormicsoft Inc., USA) Mouse genome version GRCm38 and UCSC gene annotation were
used in the alignment and quantification. Quantification was performed to the gene and
transeript level based on RSEM (Li ef /., BMC Bioinformatics, Vol. 12: 323, 20113
Normalized gene expression level was calculated by fragmenis per kilobase per million reads
(FPKM)} then quantile normalized at 70 percentile to 10 (FPKQ). Only genes with at least one
sample expressed at FPKQ > 1 were used in the following statistical analysis. Raw reads
counts from the selected genes were compared using R Bioconductor package DESeq2
following Negative Binonual distribution (Love ef a/., Genome Biology, Vol. 15: 550, 2014).
Genes with BH corrected p value <0.05 and Fold Change >1.5 or £ 2/3 were selected as
significantly differentially expressed genes. Pathway analysis was performed using Ingenuity
Pathway Analysis (IPA, QIAGEN Redwood City, USA).

10362 Consistent with the gradation in severity of phenotypes observed across TREM27,
TREMZ287  and wild-ty pe macrophages, similar trends were observed in differentially
regulated transcripts with the magnitude of effect being highest in the TREMZ2 macrophages

and TREM2R®7 macrophages falling in between wild-type and TREM2” macrophages. This
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differential regulation was confirmed for a subset of the genes in an independent experiment
by qPCR (Figures 12A-121)). Pathway analyses point to a role for TREMZ in cell cycle, cell
survival, cell proliferation and nugration with cross-talk putatively between the complement
pathway, lipid homeostasis and chemokines/receptors and migratory factors (data not shown).
[6303] Differences in transcript regulation over time were confirmed by gPCR for several
genes, including some known genetic factors linked to Alzheimer’s Disease, such as Apoft
{Figures 13A and 13B), pro-inflammatory cytokines like //-7a (Figures 13C and 13D), and a
host of cherokines/chemokine receptors including Cx3cr/ (Figures 13E and 13F), Cel5
(Figures 13K and 13L), C'cf22 (Figures 13M and 13N}, Cer3, |, Cor2, and Ccl3 as well as
complement genes inchuding Clga (Figures 131 and 13J) and €3 (Figures 130 and 13P). In
each instance, the effect was significantly more pronounced in TREM27 macrophages
compared to the TREM2M™ macrophages. For the first time. a link between TREM?2 and the
pro-angiogenic receptor, Vegfr 1 (F1i1) was noted with a reduction of #7¢/ in TREM2™ and
TREM2®E macrophages (Figures 13G and 13H). Additionally, an increase in VEGF-a in
both TREM27 and TREM2M™ macrophages was observed consistent with a lack of receptor
available for binding (data not shown). The reduction in multiple migratory factors results in
areduced migration/motility of TREM27 and TREM2R® macrophages (Figures 14A and
14B). Recent studies have reported reduced numbers/migration of microglia in regions
surrounding plaques and apoptotic cells in TREMZ knockouts (Mazahen ef o/, EMBO
reports, e201743922, 2017, Wang er al., Cell, Vol 160: 1061-1071, 2015).

[6304] Consistent with the RNA seq. data, a reduction in the chemoking MCP-1/CCL2
secreted from TREMZ” and TREM2R™ macrophages was also observed (Figure 15A). The
reduced secretion of MCP-1/CCL2 by TREM2M™ macrophages in challenge conditions
could be restored with treatment with an agonist anti-TREM?Z antibody {(mAb17291

antibody }{Figure 1SB). The ability of the agonist anti-TREM2 antibody to boost MCP-
1/CCL2 along with improving myeloid survival (Exarmple 9) 15 noteworthy and points to an
overall improvement in different aspects of myeloid cali functioning with agonist antibody
treatment. Further, when TREM2R7™ macrophages were treated with Abeta oligomers, an
imcrease in MCP-1/CCL2 was observed that was further enhanced upon agonist anti-TREM2
antibody treatment (data not shown}.

[6303] Agonist anti-TREM?2 antibody treatment of TREM2M® macrophages also modulated
gene expression in a direction opposite to the effect of the genotype and included genes

involved in regulation of myeloid cell migration, proliferation, cell cyvcle and survival
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(Figures 16A and 16B). Pathway analyses of the differentially regulated genes reveal a
putative role for TREM2 in modulating different aspects of myeloid cell biclogy in challenge
conditions including DNA replication, cell cycle regulation, proliferation, cell death and
chemokine/cytokine modulation. In the context of Alzheimer’s disease etiology, these
transgenic data are supportive of the hvpothesis that a deficit in TREM?Z, etther in the form of
a loss-of-function variant or reduced expression on the cell surface, coniribuies to a
fundamental proliferation/survival deficit resulting in the subsequent inability o function
efficiently with respect to phagocvtosis of plaques/apoptotic cells, cyvtokine modulation or
potentially novel barrier function. Additionally, the direct effect on reduced secretion of
migratory chemokines like CCL2 and CCR2 also likely reduce the ability of
macrophages/microghia to migrate efficiently towards apopiotic cells and plagues and can
further contribute to increased plaque burden earlv on in disease course. The ability of an
antibody that boosts proximal signaling to also rescue the viability defect and restore
chemokine levels elegantly demonstirates the correlation between proximal functioning and
more distal biology and 1s strongly supportive of a therapeutic antibody strategy that can

potentially boost macrophage/microglia activity and be ameliorative in disease,

Example 11. Efficacy of Agonist Anti-TREM2 Antibody in EAE Model of Multiple
Sclerosis

6366} The efficacy of the agonist anti-TREM?2 antibodies described herein in ameliorating
symptoms and/or disease progression of multiple sclerosis is evaluated i the experimental
autoiramune encephalitis (EAE) model of multiple sclerosis. EAE is induced in animals by
myelin oligodendrocyie glycoprotein {MOG) and pertussis toxin as previously described in
Feinstein ef @/, Ann. Neurol.,, Vol 51: 694-702, 2002, Briefly, groups of 7-9 week-old
female TREM2 wild-type (CS7BL/6 strain), TREM27 and TREMZR?™ mice are injected
subcutaneousty with 100 ug of MOG peptide 35-55 (MEVGWYRSPFSRVVHLYRNGK
(SEQ ID NO: 283)) emulsified in compleie Freund’s adjuvant containing 4 mg/mlL of
Mycobacterium tuberculosis H3TRA Pertussis toxin 15 injected intraperitoneally at 200
ng/mouse in 200 pL of saline on day 0 and day 2. Anti-TREM2Z antibodies (30 mg/kg and
100 rog/kg) are dosed at days 0, 7 and 14 to determine the effect of antibody treatment at
different points of time in disease progression. Multiple cytokines and inflammation
endpoints including soluble TREMZ, MCP-1/2, MiPla and b, CCL2, CCR2 and additional

chemokines/cyviokines are measured in the periphery, CNS and CSF {0 assess the effect of the
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anti-TREMZ antibodies. In addition, neurological irapairment of the animals 15 evaluated by
clinical score as follows: 0, no chinical signs of EAE; 1, limp tail; 2, flaccid tail and abnormal
gait (ataxia and/or paresis of hind limbs); 3, severe hind limb paresis; 4, complete paralysis

with hind body; and 5, moribund or death.

Example 12, Efficacy of Agonist Anti-TREM2 Anitibody in Animal Models of Peritonitis
and Sepsis

16307] The effect of the agonist anti-TREM?2Z antibodies described herein in modulating the
acute mflammatory response is evaluated in animal models of perttonitis and sepsis.
Zyvmosan, a polvsaccharide cell wall coraponent derived from Succharomyces cerevisiae, can
be injected inio the peritoneal cavity of animals to reproduce the inflammatory response
associated with perttonitis (see Cash ef af., Methods in Enzymology, Vol. 461 379-396,
2009}, Zymosan (I mg'kg) s admirustered intraperifoneally concurrently or 24 hours
following administration of anti-TREM?2 antibodies (20 mg/kg}, isotype control antibody, or
vehicle. Plasma, CSF, UNS and peritoneal lavage fluid and macrophages are collected 4 and
24 hours post treatmoent. Mudiiple cvtokines and mmflammation endpoints, including a
quantitative assessment of different mveloid cell types, as well as soluble TREM2, MCP-1/2,
MiPlaand b, CCLZ, CCR2 and additional chemokines/cytokines are measured in the
periphery, ONS and CSF to assess the effect of the anti-TREM2 antibodies on the
nflanwoatory response.

[G308] In a separate series of experiments, the effect of the agonist anti-TREM?2 antibodies
are evaluated in a lipopolysaccharide (LPS) modeal of gram negative bacterial sepsis. LPS (1
mg/ke) 1s admintstered intraperitoneally 24 hours after administration of anti-TREM2
antibodies (20 mg/kg), 1sotype control antibody, or vehicle. Plasma, CSF and CNS samples
are collected 4 and 24 hours post treatment. Mukiple cviokines and inflammation endpoints,
mcluding a quantitative assessment of different myeloid cell types, as well as soluble
TREMZ, MCP-1/2, MIPla and b, CCL2, CCRZ and additional chemokines/cytokines are
measured in the periphery, CNS and CSF to assess the effect of the anti-TREMZ antibodies

on the inflammatory response.

Example 13, Epitope Mapping of Anti-TREM?Z Antibodies
Immunoblot method for epitope mapping of anti-TREMZ antibodies
13309} PepSpot peptides (JPT Peptide Technologies) to human soluble Trem2 were designed

to cover the entire extraceliular domain (beginning at histidine 21), generating 74 x 10 meric
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linear peptides, including an additonal 6 control peptides, for a total of 80 pepspots per
eliulose membrane. The 10 mer peptide sequences were selected by walking along the
protein by 2 amino acids, resulting in an overlap of  amino acids. Membranes were washed
with 40 ral of 100 % methanol at room termperature for 10 minutes with gentle shaking,
followed immediately with 3 washes of 40 mi TBST (TBS + 0.05% Tween 20) for 10
minutes each. Membranes were blocked with undiluted LICOR blocking buffer (Odyssey®
Blocking Buffer 927-40000) overnight al room temperature with gentle shaking and
mncubated with 1 pg/ml 24G6 (PL-52703, Lot date 2.24.2017, thu anti~<huTrem2> 21-
191 24G6 VR4 (1-2423 VL:hoKLC-CL + fhu anti-<haTrem2> 21-191 24G6 VH3 (1-471)
VH: hulgGlzSEFL2-2 (monocional antibody), iPS:536353, $§8-28346) overnight at 4oC
with gentle shaking in Licor blocking buffer containing 1% Tween 20. The following day,
blots were washed 4X with TBST Buffer (Tris Buffered Saline + 0.05% Tween 203 for 15
minutes each and probed with a secondary antibody (Licor cat # 925-32232 IRDye® 800CW
Goat anti-human Lot# C70419-03%) at a 1:20,000 dilution in Licor blocking buffer with with
1% Tween 20 and 0.1% SDS. The blots were incubated for 1 hour at room temperature with
gentle shaking, protected from light, followed by another 4 washes in TBST and dried for 1
hour at roorn temperature. Western blot was scanned on the 800 channel using the Licor
Odvssey infrared fluorescence imager.
MSD method for epitope mapping of anti-TREM?2 antibodies
[3318] Peptides (sequences designed as previously described) were synthesized with biotin
on the N-terminus (Sigma) to human soluble Trem? and normalized to 20 mg/ml in 100%
DMSO. MSD GOLD 96-Well Small Spot Streptavidin SECTOR plates (MSD#L45SA) were
coated with the biotinylated peptides at 5 ug/ml in 2X PBS (- ca/-mg) pH 7.8-7.91in 50 pl
total volume per well and allowed to incubate at room temperature for 2 hours with gentle
shaking. Plates were washed 3X with with TBST buffer (Tris buffered saline + 0.05%
Tween-20, pH 7.2), 150 ul per well, using an automated plate washer. Monoclonal antibody
24G6.1 (PL-31585 Lot date 12/9/2016, hu anti-<huTrem2> IgG2, was labeled with MSD
sulfo-tag as per manufacturer’s SOP to serve as detection reagent and added at 1 pg/mi in
MSD Diluent 100 (#R30AA-3), in a total volume of 25 ul per well. Plates were allowed to
incubate for | hour at room teraperature, with gentle shaking, then washed 3X with TBST
buffer (Tris buffered saline + 0.05% Tween-20, pH 7.2), 150 ul per well, using an automated

plate washer, flipped and washed for an additional 3 times. MSD Read Buffer T + surfactant
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4x stock (#RHY2TC-3) was prepared by diluting to 1 X with H20 and adding 150 ul total
vohume per well. Plates were read immediately on MSD Sector 6000 reader.

Resulits

16311] The 24G6 antibody was found to bind to the following peptides (HRDAGDLWFP
(SEQ ID NG 360), AGDLWFPGE (SEQ 1D NO: 361) and GDLWFPGESE (SEQ 1D NO:
362}). This provided data that 24G6 recognized the following peptide
(HRDAGDLWFPGESE (SEQ ID NO: 363)) in TREMZ. Alanine scanning of a slightly
longer peptide PLDHRDAGDLWFPGESE (SEQ ID NO: 364) was also performed to
identify key contact sites. 24G6 was found to show litile to no binding to two alanine
scanning peptides (PLDHRDAGDAWFPGESE (SEQ 1D NG: 365);
PLDHRDAGDLWAPGESE (SEQ ID NO: 366) (underlined amino acids)), suggesting those
contacts were key for its recognition of this peptide. This work helped define the minimal
pephide for recognition of human TREMZ by this antibody as GDLWFP (SEQ 1D NO: 367).
This antibody also demonstrated lower affinity to cynomolgus TREMZ2. Sinular data was
observed for peptides containing the corresponding cvno TREMZ sequence. For the other
anti-TREM?Z antibodies {6E7, 5E3 and 13E7}, no specific peptides were identified that helped

elucidate a peptide epitope using the described method.

Example 14. Peripheral Modulation of Agonist Anti-TREM?2 Antibodies on Micreghia
Cells

[3312] In order to undersiand the effects of pharmacologic treatment on the global
transcriptome, s¢ RNA-Seq studies were carried out on CNS resident Cdl1b+ cells isolated
from WT and R47H TREM?Z2 mice dosed with the effecioriess version of one of our agonist
TREM?2 antibodies. TREM2'", TREMZ2, and TREMZ®" male B6 mice (60-67 days old)
were used for single-cali RNA-seqg studies. Antibodv treatment with either anti-murine
TREMZ stable effecior functionless {SEFL} antibody or anti-humanHer isotype control was
administered intravenously at a dose of 30 mg/kg at S mi/kg. In the acute inflaromation
maodel, antibody-treated amimals were given LPS (<source>) intraperitoneally 16 hours after
antibody treatment at 5 mg/kg at 5 ml/kg and stimulated with LPS for 4 hours. The isotype
control antibody in genotype-matched, age-matched and sex-matched littermate controls were
simutanecusly dosed.

16313 Brains were harvested from treated mice following CO2 asphyvxiation and tissues

were dissociated using the Miitenvi adult brain dissociation kit for mouse and rats (Miltenyi
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Biotec 130-107-677) according to standard manufacturer’s protocols. CD1b' cells were
postiively enriched using microbeads (Miltenyi Biotec 130-049-601 ), washed twice in freshly
prepared ice cold PBS + 0.04% BSA and resuspended in freshly PBS + 0.04% BSA at 500-
1000 cells/ul at >70% viability. The brains were collected and microgha isolated using
previousty published Miltertyi’s Cdl1b isolation kit. NGS libraries were prepared as
described per the 10x Chromium manufacturers’ guidelines. Reverse franscription, total
cDINA amphification, and hibrary construction was performed according to manufactorer’s
protocol. Single-cell RNA sequencing was performed using the Chromium Single Cell 37 Kit
with V2 Chemistry {10x Genomics). Enriched CD i 1h+ cells were loaded and encapsulated
on the Chromium Single Cell Chip A (10x Genomics) (o achieve a cell recovery of 5,000
cells per sample. A sequencing read depth of >2x of the Keren-Shaul et al. study, with
roughly 2095 genes identified per cell and xUMTIs per cell was achieved. T-distributed
stochastic neighbor embedding (1-SNE) was applied (o visualize single cell gene expression
profiles and cells were grouped into cell types using dbscan clusiering.

16314} Eleven distinct populations were identified in total. The most dominant cluster of cells
were as expected microglia as definad by a Trem2+, Tmem1 19+, P2ry12+, Hexb+, Lyvz2-
gene signature, with microglial cells accounting for 60% of the total number of cells analyzed
across all treatment groups and genotypes. Minor residual populations of endothelial cells,
astrocytes, NK celis and oligodendrocytes that persisted after magnetic enrichment were also
identified. The dominant microglial clusters distinctly separated out into two groups based on
LPS treatment — a more homeostatic microghia cluster and an activaled macroghia cluster.
Within the LPS activated state, the more subtle effects of the genotvpe differences (W' vs.
R47H) and antibody treatment in both WT and R47H groups were observed. These patterns
persisied even upon inspection of the microgha clusters alone. Additional smaller myeloid
cell clusters that bore the hallmarks of microglial genes as well as classic infiltrate markers
were also noted.

16315] A careful analysis of the antibody treatment on the microglial clusters revealed that
the antibody treatment had a few distinet biological effects. First, antibody treatment raised
the level of homeostatic genes including Cx3erl, Tmemi 19, Ctsd and P2rv12 n both WT
and R47H microglia, W'T microghia alone and R47H microglia alone (Figure 17 A, B and C).
Second, antibody treatment decreased the transcript levels of pro-inflamamiory chemokines
and cytokines including Ula, b, 1127, H12b, Cor?, Cel2, Cel3, Celd and Cels (Figure 17 D,

E and F). Thirdly, antibody treatment modulated several genes involved in Syk signaling

172



WO 2018/195506 PCT/US2018/028691

mcluding several DUSPs (phosphatases that regulate Src kinases) and genes in the MAPK
signaling pathway. Verv few differences between WT and R47H microglia isolated from
normal, unchallenged, 7-week old mice were observed.

[3316] In examiming the differences between WT and R47H microglia in an unperturbed
state as well as determining the effacts of antibody treatment. we noted that in the LPS
/aniibody treated ammals, about 15% of the cells that were clustered with the more traditional
microghia groups bore a distingt gene signalure with a higher representation from the R47TH
genotype. A careful analysis revealed that these cells first got clustered with the larger
microglia group since they were Trem2+, Tmemi19+ Cx3cri+ and Hexb+. classic markers
used to define homeostatic microglia. Yet, these cells were also enriched for genes like
87100a8, Len2, S100a9, Camp, Hp, Cxer2, and 111y 2 in both the WT and R47H populations
compared to the larger, more classic microglial cluster. When we performed pathway analysis
of the top genes that were preferentially expressed in this cluster, we found that these hits
were associated with monocyie and neutrophil funciion (Figure 18 A and B). This group of
ifiltrate/microglia cells also responded to antibody treatment with a downregulation of the
pro-inflammatory chemokines and cytokines from both WT and R47H Ki, WT only and
R47HKI only mice (Figure 18 C, I and E}).

[3317] The dala show that an acute dosing of the agonist antibody of the present invention in
an LPS chalienge model 15 adequate to positively regulate nuicroglal function in the same
way that constituiive gene over-expression does in a chronic indication like AD. In addition,
specific activation of TREM2Z by the agonist antibody of the mvention impacts multiple
homeostatic genes n an LPS treatment mode and restores a more homeostatic state overall.
16318] All publications, patents, and patent applications discussed and cited herein are
hereby incorporated by reference in their entireties. It is understood that the disclosed
mvention is not imited to the particular methodology, protocols and materials described as
these can vary. It 1s also understood that the termunology used herein is for the purposes of
describing particular embodiments only and is not intended to limit the scope of the appended
claims.

16319} Those skilled in the art will recogmze, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.
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CLAIMS
What is claimed:
1. An isolated agonist antigen binding protein that specifically binds to human TREM?2,

wherein the agonist antigen binding protein increases TREM2-mediated pSyk fevels with an
EC36 less than SO0 pM in the absence of a cross-linking agent as measured by a cell-based

pSyk assay.

2. The isolated agonist antigen binding protein of claim 1, wherein the agonist antigen
binding protein increases TREMZ2-mediated pSvk levels with an EC50 less than 300 pM n

the absence of a cross-linking agent as measured by a cell~based pSvk assay.

3. The isolated agounist antigen binding protein of claim 1, wherein the agonist antigen
hinding protein increases TREMZ2-mediated pSyk levels with an EC50 from about 150 pM fo

about 500 pM in the absence of a cross-linking agent as measured by a cell-based pSvk assay.

4. The 1solated agonist antigen binding protein of anv one of claims 1 1o 3, wherein the
agonist antigen binding protein specifically binds to human TREMZ2 with a Kp less than 50
nh.

5. The 1s0lated agonist antigen binding protein of any one of claims 1 to 3, wherein the
agonist antigen binding protein specifically binds to human TREM?2 with a Ko less than 10

nhi.

6. The 1solated agonist antigen binding protein of any one of claims 1 to 5, wherein the
agonist antigen binding protein does not specifically bind to human TREMI.

7. The 1so0lated agounist antigen binding protein of any one of claims 1 to 6, wherein the
agonist antigen binding protein competes with a reference antibody for binding to human

TREMZ, wherein the reference antibody comprises:
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(a) a light chain varnable region comprising the sequence of SEQIDNO: 6l and a
heavy chain varniable region comprising the sequence of SEQ 1D NO: 124;

{b} a light chain variable region comprising the sequence of SEGID NG 62 and a
heavy chain vanable region comprising the sequence of SEQ ID NG 125;

(c) a light chain variable region comprising the sequence of SEQ IDNO: 52 and a
heavy chain varable region comprising the sequence of SEQ ID NO: 115; or

(d) a hight chain variable region comprising the sequence of SEQ ID NO: 56 and a

heavy chain varnable region comprising the sequence of SEQ ID NO: 119

8. An isolated agonist antigen binding protein that specifically binds to human TREM2,
wherein the agonist antigen binding protein comprises a light chain vanable region
comprising complementarity determining regions CDORL1, CDRL2, and CDRL3 and a heavy
chain variable region comprising complementarity determining regions CDRH1, CDRHZ,
and CDRH3, wherein CDRL1 comprises a sequence selected from SEQ ID NOs: 5-18 ora
variant thereot having one, two, three or four anuno acid substitutions; CDRL2 comprises a
sequence selecied from SEQ 1D NOs: 19-30 or a variant thereof having one, two, three or
four amino acid substitutions; CDRL3 comprises a sequence selected from SEQ 1D NOs: 31-
45 or g variant thereof having one, two, three or four amino acid substitutions; CDRH1
comprises a sequence selected from SEQ {13 NOs: 77-86 or a variant thereof having one, two,
three or four amino acid substitutions, CDRH2 comprises a sequence selected from SEQ ID
MN(s: 87-94 or a variant thereof having one, two, three or four amino acid substitutions; and
CDRH3 comprises a sequence selected from SEQ 1D NOs: 95-109 or a vanant thereof having

one, two, three or four amino acid substitutions.

9. The 1solated agonist antigen binding protein of claim &, wherein CDRL1 comprises a
sequence selected frora SEQ 1D NOs: 5-18; CDRL2 comprises a sequence selected from
SEQ ID NOs: 19-30; CDRL3 comprises a sequence selected from SEQ 1D NOs: 31-45;
CDRH1 comprises a sequence selected from SEQ ID NOs: 77-86; CDRH2 comprises a
sequence selected from SEQ 1D NOs: §7-94; and CDRH3 comprises a sequence selected

from SEQ 1D NOs: 95-109,

10, The isolated agonist antigen binding protein of claim 8 or 9, wherein the light chain

variable region comprises (i) a sequence that is at least 90% 1dentical to a sequence selected
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from SEQ 1D NQOs: 46-63, (11) a sequence that 1s at least 95% identical to a sequence selected

from SEQ 1D NQOs: 46-63, or (it} a sequence selected from SEQ 1D NOs: 46-63,

i, The solated agonist antigen binding protein of claim 10, wherein the hght chain
variable region comprises the sequence of SE( 1D NO: 54 or the sequence of SEQ 1D NO:

54 with a mutation at one or more amino actd positions 64, 79, 80, 85, 94, and/or 100.

12, The isolated agonist antigen binding protein of claim 11, wherein the mutation is
V4G, VO4A, Q79 Q79D, 80P, SB0A F85V, F85L, FESA, FA3D, F851 F85L, F85M,
FBET, WO4AF, WO4Y, Wo4s, WO4T, WO4A Wo4H, Wo4l, W94, P100OR, P100Q, P100G,

or combinations thereof.

13, The isolated agonist antigen binding protein of claim 10, wherein the light chain
variable region comprises the sequence of SEQ 1D NO: 55 or the sequence of SEQ ID NO:

55 with a mutation at one or more ammnoe acid positions 64, 79, 80, 94, and/or 100,

14. The isolated agonist antigen binding protein of claim 13, wherein the mutation is
VodG, V64A, QT9E, Q79D, SEOP, SB0A, WO4F, Wo4Y, Wo4S, Wo4T, WO4A, WO4H,
W4l W94Q, P10OR, P100Q, P100G, or combinations thereofl

15, Theisolated agonist antigen binding protein of claim 14, wherein the mutation is

V664G, Vo4 A, QTOE, S80P, SBOA, Wo4Y, W94S, P10OOR, P100Q, or combinations thereof.

i6. The i1solated agonist antigen binding protein of claim 10, wherein the light chain
variable region comprises the sequence of SEQ ID NO: 60 or the sequence of SEQ ID NO:

60 with a mutation at one or more anino acid positions 60, 92, and/or 93,
17.  Theisolated agonist antigen binding protein of claim 16, wherein the mutation is

L60S, L60P, LoD, LoGA, DOZE, DU2Q, DO2ZT, DU2N, S93A, 893N, S93Q, 893V, or

combinations thereof
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18, The isolated agonist antigen binding protein of claim 10, wherein the light chain
variable region comprises the sequence of SEQ 1D NO: 61 or the sequence of SEQ ID NO:

61 with a mutation at one or more amine acid positions 56, 57, 92, and/or 93.

19. The isolated agonist antigen binding protein of claim 18, wherein the mutation s
N56S, N56T, N56(3, NS6E, G37A, G577V, DOZE, D923, DO2T, DI2ZN, S93A, 893N, S930,

S93V, or combinations thereof,

20, The 1solated agonist antigen binding protein of claim 19, wherein the mutation is

NS68, N56Q), G37A, DO2E, D923, 893A, or combinations thereof.

21 The isolated agonist antigen binding protein of claim 10, wherein the light chain
variable region comprises the sequence of SEQ 1D NO: 62 or the sequence of SEQ 1D NO:

62 with a mutation at amino acid position 36, 46, 61 and/or 100,

22.  The isolated agonist antigen binding protein of claim 21, wherein the mutation is

F36Y, 5461, S46R, 846V, §46F, K61R, P1004, P100G, P100OR or combinations thereof

23, Thesolated agonist antigen binding protein of claim 22, wherein the mutation s

F36Y, K61R, P10OQ, or combinations thereof.

24, The solated agonist antigen binding protein of claim 10, wherein the light chain
variable region comprises the sequence of SEQ 112 NO: 52 or the sequence of SEQ} ID NO:

52 with a nuitation at amino acid posttion 91.

25 Thesolated agonist antigen binding protein of claim 24, wherein the mutation 1s

FOIV, FOIL FOIT, F9IL, or FOID.

26.  The solated agonist antigen binding protein of claim 23, wherein the mutation is
FO1V.
27.  Thesolated agonist antigen binding protein of any one of claim 8 to 26, wherein the

heavy chain vanable region comprises (i) a sequence that is at least 90% identical to a
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sequence selected from SEQ 1D NOs: 110-126, (1) a sequence that is at least 93% identical to
a sequence selected from SEQ D NOs: 110-126, or (i1} a sequence selected from SEQ ID
NGs: 110-126.

28.  The isolated agonist antigen binding protein of claim 27, wherein the heavy chain
variabie region comprises the sequence of SEQ 1D NO: 117 or the sequence of SEG 1D NO:

117 with a mutation al one or more amine actd positions 19, 55, 56, 57, 58, and/or 104,

29.  The isolated agonist antigen binding protein of claim 28, wherein the mutation is
MISK, MI19R, MI9T, MIVE, M1I9N, M19Q, DSSE, D550, DBSSN, D35T, §56A, 8560,
S56V, D578, DATE, D370, TS8A, T38V, WI04F, Wi04Y, WiI04T, WIG45, WIt4A,
WI104H, W1041, W1044Q, or combinations thereof.

30. The isolated agounist antigen binding protein of claim 27, wherein the heavy chain
variable region comprises the sequence of SEQ 1D NO: 118 or the sequence of SEQ 1D NO:

11 % with a mutation at one or more aming acid positions 19, 35, 56, 57, 38, and/or 104,

31, The isolated agonist antigen binding protein of claum 30, wherein the mutation is
MI9K, MI19R, MI9T, MIYE, MION, M19Q, D5SE, D55Q, DSSN, D35T, 8564, 8560,
S56V, D578, DSTE, D570, T58A, TS8V, W104F. W104Y, W104T, W104S, W104A,
WI04H, W1041, W104Q, or combinations thereof

32.  The isolated agonist antigen binding protein of claim 31, wherein the mutation is

MIOK, DSSE, S56A, DSTE, T58A, W104Y, W104T, or combinations thereof.

33 The isolated agomnist antigen binding protein of claim 27, wherein the heavy chain
variabie region comprises the sequence of SEQ 1D NO: 123 or the sequence of SEG 1D NO:

123 with g mutation al one or more amine actd positions 27, 35, 56, 57, 58, 105, and/or 106.

34, The isolated agonist antigen binding protein of claim 33, wherein the mutation is
H27Y, H27D, H27F, H27N, DSSE, B55Q, DSSN, D35T, 556A, 8563, S536V, D575, D37E,
D57, T38A, T38V, DIO3E, DI0SQ, DI103T, DIOSN, B105G, ST106A, S106Q, 5106V,

S100T, or combinations thereof.
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35.  The isolated agonist antigen binding protein of claim 27, wherein the heavy chain
variable region comprises the sequence of SEQ ID NO: 124 or the sequence of SEQ [D NG:

124 with a mutation at one or more amino acid positions 55, 56, 57, 58, 105, and/or 106

36.  The isolated agonist antigen binding protein of claim 35, wherein the mutation s
D35SE, BSSQ, D35N, DSST, 856A, S56(Q3, 856V, D578, DSTE, D57Q, TS8A, T58V, DIOSE,
D103Q, DI103T, DIOSN, DI03G, S1064, S106(, 8106V, S106T, or combinations thereof.
37. The isolated agonist antigen binding protein of claim 36, wherein the mutation is

DSSE, D55, SS6A, DSTE, TS58A, DIOSE, DI10SN, 8106A, or combinations thereof,

38. The isolated agonist antigen binding protein of claim 27, wherein the heavy chain
variable region comprises the sequence of SEQ 1D NO: 125 or the sequence of SEQ D NO:
125 with a mutation at one or more amine acid positions 43, 76, 85, 99, 100, and/or 116,

39 The isolated agonist antigen binding protein of claim 38, wherein the mutation is
1430, L43K, L43H. I76T, R85S, R85G, R85N, R85, DOOE. DS, D99S, DIOT, GI00A,
GLO0Y, G100V, Tii6l, TiieM, T116P, T116R, or combinations thereof

40.  The isolated agonist antigen binding protein of claim 39, wherein the mutation is

L43Q, 1767, R8SS, DY9E, GI100A, G100Y, T116L, or combinations thereof.
41 The isolated agonist antigen binding protein of claim 27, wherein the heavy chain
variable region comprises the sequence of SEQ ID NO: 115 or the sequence of SEQ [D NG:

115 with a mutation at amino acid posttion 62 and/or 63.

42, The isolated agonist antigen binding protein of claim 41, wherein the mutation is

DG2E, 13620, DO2T, DGZN, S63A, S63Q, S63V, or cornbinations thereof.

43. The isolated agonist antigen binding protein of claim 42, wherein the mutation is

D62E, D624, 863 A, or combmations thereof.

179



WO 2018/195506 PCT/US2018/028691

44. Anisolated agounist antigen binding protein that specifically binds to hurman TREMZ,
wherein the agonist antigen binding protein comprises a light chain vanable region
comprising complementarity delermining regions CDRL1, CDRLZ, and CDRL3 and a heavy
chain variable region comprising complementarity determining regions CDRHIE, CDRHZ,
and CDRH3, wherein CDRL1 comprises the sequence of SEQ 1D NO: 16, CDRL2 comprises
a sequence of SEQ ID NO: 139, CDRL3 comprises a sequence of SEQ ID NO: 140, CDRH1
comprises the sequence of SEQ ID NG: 85, CDRH2 comprises a sequence of SEQ ID NG:
141, and CDRH3 comprises a sequence of SEQ 1D NO: 142,

45, The isolated agonist antigen binding protein of claim 44, wherein CDRL1T comprises
the sequence of SEQ ID NO: 16, CDRLZ comprises a sequence selected from SEQ D NOs;
26 and 143-147, CDRL3 comprises a sequence selected from SEQ 1D NOs: 43 and 148-152,
CDRH!1 comprises the sequence of SEQ 1D NO: 85, CDRH2 comprises a sequence selected
from SEQ TD NOs: 91 and 170-175, and CDRH3 comprises a sequence selected from SEQ
1D NOs: 176-179.

46. The isolated agonist antigen binding protein of claim 44 or 45, wherein the light chain
variable region comprises {1} a sequence that is at least 90% 1dentical to a sequence selected
from SEQ D NOs: 153-162, (11) a seguence that 13 at least 95% identical to a sequence
selected from SEQ ID NGOs: 153-162, or (ii1) a sequence selected from SEQ 1D NOs: 153-

162,

47.  The isolated agonist antigen binding protein of any one of claims 44 {6 46, wherein
the heavy chain variable region comprises (1) a sequence that is at least 90% identical to a
sequence selecied from SEQ D NQOs: 180-190, (i1) a sequence that is at teast 95% identical to
a sequence selected from SEQ ID NQOs: 180-190, or (jii) a sequence selected from SEQ 1D
NQOs: 180-190.

43. An isolated agonist antigen binding protein that specifically binds to human TREMZ,
wherein the agonist antigen binding protein comprises a light chain variable region
comprising complementarity determining regions CBRL1, CDRL2, and CDRL3 and a heavy
chain variable region comprising complementarity determining regions CDRHI, CDRH2,
and CDRH3, wherein CDRL1I comprises a sequence of SEQ 1D NO: 284, CDRL2 comprises
a sequence of SEQ ID NO: 285, CDRL3 comprises a sequence of SEQ 1D NO: 286, CDRH1
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comprises a sequence of SEQ 1D NO: 287, CDRH2 comprises a sequence of SEQ 1D NO:
288, and CDRH3 comprises a sequence of SEQ 1D NO: 289

49, Thesolated agonist antigen binding protein of claim 48, wherein CDRL1 comprises a
sequence selected from SEQ 1D NQOs: 16, 290, and 291, CDRL2 comprises a seguence
selected from SEQ 1D NQOs: 28, 292, and 293, CDRL3 comprises a sequence selected from
SEQ ID NOs: 43, 294, and 271, CDRHI comprises the sequence of SEQ ID NG: 85 or SEQ
1D NO: 302, CDRH2 comprises the sequence of SEQ 1D NO: 91 or SEG 1D NO: 303, and
CDRH3 comprises a sequence selected from SEQ 1D NQOs: 107 and 304-306.

50 The isolated agonist antigen binding protein of claim 48 or 49, wherein the light chain
variable region comprises {1} a sequence that 1s at least 90% identical to a sequence selected
from SEG 1D NOs: 61 and 295-300, (31) a sequence that is at least 95% identical to a
sequence selected from SEQ 1D NOs: 61 and 295-300, or (i1} a sequence selected from SEQ

ID NOs: 61 and 295-300.

51.  The isolated agonist antigen binding protein of any one of claims 48 to 50, wherein
the heavy chain variable region comprises (1) a sequence that 1s at teast 90% identical to a
sequence selected from SEQ 1D NQOs: 124 and 307-312, (11} a sequence that 1s at least 95%
identical to a sequence selected from SEQ 1D NOs: 124 and 307-312, or (ii1) a sequence
selected from SEQ ID NOs: 124 and 307-312.

52.  The isolated agonist antigen binding protein of any one of claims 1 to 51, wherein the

agonist antigen binding protein 1s a monoclonal antibody or binding fragment thereof.

33 The isolated agomnist antigen binding protein of claim 52, wherein the monoclonal
antibody or binding fragment thereof is a chimeric antibody or binding fragment thereof, a
humanized antibody or binding fragment thereot, or a fully human antibody or binding

fragment thereof.

54, The i1solated agonist antigen binding protein of claim 52 or 53, wherein the

monoclonal antibody is g human IgGl, 1gG2, 1gG3, or IgG4 antibody.
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55.  The isolated agonist antigen binding protein of claim 34, wherein the monoclonal

antibody is a human Ig(GZ antibody.

56.  The isolated agonist antigen binding protein of claim 53, wherein the monoclonal

antibody comprises a C131S mutation according to EU numbering in its heavy chain.

57.  The isolated agonist antigen binding protein of claim 55, wherein the monoclonal
antibody comprises a C214S mutation according to EU numbering in its light chain and a

{2208 mutation according to EU numbering in its heavy chain.

58, The isolated agonist antigen binding protein of claim 54, wherein the monoclonal

antibody is a human [gG1 antibody.

59, The isolated agounist antigen binding protein of claimn 58, wherein the monoclonal

antibody is an aglvcosylated human IgGl antibody.

60, The i1solated agonist antigen binding protein of claim 39, wherein the monoclonal
anttbody comprises a mutation at arino acid position N297 according to EU numbering in s

heavy chain.

61, The isolated agounist antigen binding protein of claimn 60, wherein the mutation is
N29TG.
62. The i1solated agonist antigen binding protein of claim 60 or 61, wherein the

monoclonal antibody further comprises R292C and V302C mutations according to EU

numbering in its heavy chain
63. The isolated agounist antigen binding protein of claimn 52, wherein the monoclonal

antibody comprises an Fe region from a human 1gG1 antibody and a CHI region and hinge

region from a human Ig(G2 antibody.
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64.  The isolated agonist antigen binding protein of claim 63, wherein the monoclonal
antibody comprises a nmitation at amino acid position N297 according to EU numbering in ifs

heavy chain.

65.  The isolated agonist antigen binding protein of claim 64, wherein the mutation is
N297(.
66, The isolated agonist antigen binding protein of claim 64 or 65, wherein the

monoclonal antibody further comprises R292C and V302C mutations according to EU

numbering in its heavy chain.

67. The 1solated agonist antigen binding protein of any one of claims 63 to 66, wherein
the monoclonal antibody comprises a C1318 mutation according to EU numbering in ifs

heavy chain,

68.  The isolated agonist antigen binding protein of any one of claims 63 to 66, wherein
the monoclonal antibody comprises a C2148 mutation according to EU numbering in s fight

chain and a C2208 mutation according to EU numbering in 113 heavy chain.

69. An isolated agonist antigen binding protein that specifically binds to human TREMZ,
wherein the agonist antigen binding protein comprises a light chain compnsing a light chain

variable region and a heavy chain comprising a heavy chain variable region, wherein:

(a) the light chain variable region have the amino acid sequence of SEQ ID NO: 326, and the
heavy chain variable region have the amino acid sequence of SEQ 1D NQO: 327,

{b}) the light chain variable region have the amino acid sequence of SEQ 1D NO: 328, and the
heavy chain vanable region have the amino acid sequence of SEQ 13 NG: 329;

{c) the light chain variable region have the amino acid sequence of SEQ 1D NG: 330, and the
heavy chain variable region have the amino acid sequence of SEQ ID NO: 331 or

(d) the light chain variable region have the anuno acid sequence of SEQ 1D NO: 332, and the

heavy chain varniable region have the amino acid sequence of SEQ 1D NO: 333

70, The isolated agonist antigen binding protein of claim 69, wherein:
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(a) the light chain having the amino acid sequence of SEQ ID NG: 334, and the heavy chain
having the amino acid sequence of SE(Q ID NO: 335;

{b}) the light chain having the amimo acid sequence of SEQ ID NG 334, and the heavy chain
having the amino acid sequence of SEQ ID NO: 33¢6;

{c) the light chain having the anyno acid sequence of SEQ 1} NO: 337, and the heavy chain
having the amino acid sequence of SEQ 1D N(O: 338;

{d) the light chain having the amino acid sequence of SEQ ID NG: 339, and the heavy chain
having the amino acid sequence of SEQ 1D NO: 340; or

(e) the hight chain having the amino acid sequence of SEQ ID NG: 341, and the heavy chain
having the sequence amino acid of SEQ ID NO: 342

71 A pharmaceutical composttion comprising the agonist antigen binding protein of any

one of claims 1 to 70 and a pharmaceutically acceptable excipient.

72. An isolated polynucleotide that encodes the agonist antigen binding protein of any

one of claims 1 to 70

73. An expression vector comprising the polynucleotide of claim 72.
74. A host cell comprising the expression vector of claim 73.
75. A method of producing an agonist antigen binding protein that specifically binds to

human TREMZ2 comprising culturing the host cell of claim 74 under conditions that allow
expression of the antigen binding protein; and recovering the antigen binding protein from

the culture medium or host cell.

76. A method of increasing survival or proliferation of macrophages or microghiain a
patient in need thereof comprising adnunistiering to the patient an effective amount of the

agonist antigen binding protein of anv one of ¢laims 1 to 70.
77. A method of treating or preventing a condition associated with a loss of function of

human TREMZ in a patient in need thereof comprising administering to the patient an

effective amount of the agonist antigen binding protein of any one of claims 1 o 70.

184



WO 2018/195506 PCT/US2018/028691

78. The method of clasm 77, wherein the condition is Alzheimer’s disease, Nasu-Hakola

disease, frontotemporal dementia, multiple sclerosis, prion disease, or stroke,
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Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the intemational application as filed:
m in the form of an Annex C/ST.25 text file.
I:] on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. IZ] furnished subsequent to the international filing date for the purposes of international search only:
in the form of an Annex C/ST.25 text file (Rule 13ter. 1(a)).
I:I on paper or in the form of an image file (Rule 13zer.1(b) and Administrative Instructions, Section 713).
2. m In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.
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This interational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. [:] Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. K‘ Claims Nos.: 6, 7, 27-43, 47, 51-68, 71-78
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-***.Please See Supplemental Page-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-3, 4/1-3, 5/1-3, 8-9, 10/8-9 ; SEQ ID NO: 46 (light chain sequence), SEQ ID NO: 5 (CDRL1), SEQ iD NO: 19 (CDRL2), SEQ
1D NO: 31 (CDRL3), SEQ 1D NO: 77 (CDRH1), SEQ ID NO: 87 (CDRH2), and SEQ ID NO: 95 (CDRH3)

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:] No protest accompanied the payment of additional search fees.
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-***-Continued from Box No. Il Observations where unity of invention is lacking: -***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups I+, Claims 1-5, 8-26, 44-46, 48-50, 69, 70, and SEQ ID NOs: 5, 19, 31, 46, 77, 87, and 95 are directed toward an isolated
agonist antigen binding protein that specifically binds to human TREM2.

The antigen binding protein will be searched to the extent it encompasses a light chain encompassing SEQ ID NO: 46 (first exemplary
light chain sequence), comprising a CDRL1 sequence encompassing SEQ ID NO: 5 (first exemplary CDRL1), a CDRL2 sequence
encompassing SEQ ID NO: 19 (first exemplary CDRL2), and a CDRL3 sequence encompassing SEQ ID NO: 31 (first exemplary
CDRL3); and a CDRH1 encompassing SEQ ID NO: 77 (first exemplary CDRH1), a CDRH2 encompassing SEQ ID NO: 87 (first
exemplary CDRH2) and a CDRH3 encompassing SEQ ID NO: 95 (first exemplary CDRH3). Applicant is invited to elect additional
antigen binding protein(s), with, where applicable, specified light and/or heavy chain sequence(s), and/or set(s) of CDR(s) for said light
and/or heavy chain(s) (where possible for searchable claims, a pair of light and heavy chain sequence(s) or set(s) of CDR(s) for said pair
(s) of light and/or heavy chain(s) may be elected as a single species) and the associated CDR sequence(s) encompassed thereby, with
specified SEQ ID NO: for each, or with specified substitution(s) at specified site(s) of a SEQ ID NO:, such that the sequence of each
elected species is fully specified (i.e. no optional or variable residues or substituents), to be searched. Additional antigen binding protein
sequence(s) will be searched upon the payment of additional fees. It is believed that claims 1-5, and 8-10 (each in-part) encompass this
first named invention and thus these claims will be searched without fee to the extent that they encompass SEQ ID NO: 46 (light chain
sequence), SEQ ID NO: 5 (CDRL1), SEQ ID NO: 19 (CDRL2), SEQ ID NO: 31 (CDRL3), SEQ ID NO: 77 (CDRH1), SEQ ID NO: 87
(CDRH2), and SEQ ID NO: 95 (CDRH3). Applicants must specify the claims that encompass any additionally elected antigen binding
protein sequence(s). Applicants must further indicate, if applicable, the claims which encompass the first named invention, if different
than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+"
group(s) will result in only the first claimed invention to be searched/examined. An exemplary election would be a light chain
encompassing SEQ 1D NO: 47 (light chain sequence), SEQ ID NO: 6 (CDRL1), SEQ ID NO: 20 (CDRL2), SEQ ID NO: 32 (CDRL3), and
a set of heavy chain CDRs encompassing SEQ ID NO: 78 (CDRH1), SEQ ID NO: 88 (CDRH2), SEQ ID NO: 96 (CDRH3).

No technical features are shared between the antigen binding protein sequences of Groups |+ and, accordingly, these groups lack unity
a priori.
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