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(57) Abstract: The invention relates to a
binding compound, which binds the same
epitope of human CD27 as monoclonal
antibody hCD27. 15, produced by hybrido-
ma hCD27. 15 which was deposited with
the ATCC in on June 2, 2010 under num-
ber PTA-11008. In particular the inven-
tion relates to such binding compound of
clam 1, comprising: an antibody heavy
chain variable region comprising at least
one CDR selected from the group cons &t-
ing of SEQ ID NOs : 5, 6 and 7, or avari-
ant of any of said sequences; and/or an an-
tibody light chain variable region compris-
ing at least one CDR selected from the
group consisting of SEQ ID NOs: 8, 9 and
10, or avariant of any of said sequences.



w o 2012/004367 A {22 os ARl e Wl ool

EE, ES F, FR, GB, GR, HR, HU, IE IS IT, LT, LU,

— before the expiration d the time limitfor amending the
LV. MG MK, MT. NL NO. P, P RO RS S S S claims and to be republished in the event d receipt d
SM, TR), OAPI (BF, BJ CF, CG, CI, CM, GA, GN, GQ amendments (Ru|e482(h))
GW, ML, MR, NE, SN, TD, TG).
Published:

—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2012/004367 PCT/EP2011/061557

AGONI STI C ANTI BODY TO CD27

The present invention relates to an isolated antibody
or fragments thereof which bind to human CD27,
pol ynucl eoti des encoding such antibody and host cells
producing said antibody. The antibody can be used to
stinulate |ynphocyte proliferation and/or survival, to treat
cancer and to combat autoinmunity or transplant rejection.
In addition, the antibody can be used as diagnostic tool and
in vitro agent to pronote proliferation and/or survival of
CcD27 * cells.

CD27, a TNF receptor famly nenber was identified as a
menbrane nolecule on human T cells (van Lier et al ., 1987, J
| munol 139:1589-96). According to current evidence, CD27
has a single ligand, CD70, which is also a TNF famly nenber
(Goodwin et al ., 1993, Cell 73:447-56). CD27 and CD70 have
al so been identified and cloned in the npbuse system
(Gravestein et al ., 1993, Eur J Inmmnol 23:943-50; Tessel aar
et al., J Immnol 159:4959-65).

CD27 is exclusively expressed by hematopoietic

cells, in particular those of the |ynphocyte |I|ineage, i.e.
T-, B- and NK cells. 1In the human system CD27 expression in
the oBT cell lineage is induced during positive selection of

thynocytes and maintained in naive conventional CD4* and CD8*
T cells (Vanhecke et al ., 1997, J Imunol 159:5973-83). Upon
T cell activation via the T cell antigen receptor (TCR ,

CD27 expression increases, 1in a transient nmanner (van Lier

et al., 1987, J Inmmunol 139:1589-96). Next, CD27 is shed
from the surface of activated T cells and the soluble form
of CD27 can be detected in the serum marker for (chronic) T
cell activation (Hontzen et al., 1991, J Immunol 147:29-35).
Anmong peripheral T cells, permanent |oss of CD27 expression

results from persistent antigenic stinmulation and hall marks
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terminally differentiated effector/menory T cells, while
central menory T cells maintain CD27 (Baars et al ., 1995 J
| munol 154:17-25; Hamann et al ., 1997, J Exp Med 186: 1407-
18) . CD27 is also expressed on human yd T cells and induced
during thymc devel opnent (Offner F et al, 1997, J | nmmunol
158: 4634-41) . Moreover, |oss of CD27 expression is a
hallmark of chronically stinmulated yd T cells (Goia C et
al., 2002, J Imunol 168:1484-9). Generally, CD27 is an
exquisite marker for cellular activation- and
differentiation stages and used as such in human clinical
di agnostics and research.

In the nouse, CD27 was found on hematopoietic stem

cells, mnultipotent progenitors and comon | ynphoid

precursors (Medina et al ., 2001, Nat | mrunol 2:718-24;
Wesmann et al ., 2000, Immunity 12:193-9).
CD27 was originally defined as a human T-cell co-

stinmulatory nolecule that increnents the proliferative
response to TCR stimnulation (van Lier et al ., 1987, J
| munol 139: 1589-96). Presence of CD70 dictates the timng
and persistence of CD27-nediated co-stinulation. Upon i mune
activation, dendritic cells, T-, B- and NK cells transiently
express CDr0, contingent wupon the presence of antigen, Toll -
like receptor agonists or inflammtory cytokines.

CD27 stimulation wusing anti-CD27 mib CLB-CD27/1
(9F4) increnented the proliferative response of human T
cells to TCR stimulation (Van Lier et al ., 1987, J | mrunol
139: 1589-96) . This was confirmed using crosslinked anti-CD27
mMAb 1A4, or transf ectants expressing CD70. Conversely,
antibodies directed to CD27 or CD70 could block this
proliferation. Both CD4+ and CD8* T cells responded to CD27
co-stinul ation (Goodwin et al ., 1993, Cell 73:447-56; Kobata
et al., 1994, J |nmmunol 153:5422-32; H ntzen et al ., 1995, J
| mmunol 154:2612- 23). Studies in mce unanbiguously support
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the role of CD27 as a co-stinulatory receptor for naive CD8*
and CD4* of3 T cells. For nouse T cells, CD27 primarily
pronmotes their survival upon TCR-nediated activation, but in
human T cells, it additionally pronmotes cell cycle entry
and/or activity (reviewed in Borst et al., 2005 Curr

| munol 17:275-281; Nolte et al ., 2009, |mmunol Rev 229:216-
231)

Upon its transient engagenment as occurs in acute
infections that tenporarily upregulate CD70, CD27 supports
the generation of a CD8* effector T cell pool in primng
organs, its mamintenance at the tissue effector site, its
conversion into nenory cells and its potential to exercise
menory function (Hendriks et al ., 2003, J Exp Med 198:1369-
1380; Hendriks et al . 2005, J Imrunol 175:1666-75, Xi ao et
al, 2008, J Immunol 181: 1071-82). Studies with CD70
bl ocking antibody in nouse nodels support the concept that
CD27-CD70 interactions can make an inportant contribution to
generation of CD8* effector T cells, e.g. after protein
i mmuni zation, virus infection and allotransplantation
(Taraban et al ., 2004, J Imunol 173:6542-46; Bullock and
Yagita, 2005, J Imunol 174:710-17; Yanamda et al ., 2005, J
| munol 174:1357-1364; Schil dknecht et al ., 2007, Eur J
I mmunol 37:716- 28).

Transgeni c expression of CD70 in inmuature
dendritic cells sufficed to convert immunological tolerance
to virus or tunors into CD8* T cell responsiveness upon
i mmuni zation with MHC class |-restricted peptide in PBS.

Li kewi se, agonistic soluble CD70 pronoted the CD8* T cell
response upon such peptide immunization (Rowley et al .,
2004, J Immunol 172:6039-6046) and in CD70 transgenic mice,
CD4*+ and CD8* effector cell formation in response to TCR
stimulation was greatly facilitated (Arens et al . 2001,

I munity 15:801-12; Tesselaar et al ., 2003, Nat | nmmunol
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4:49-54; Keller et al. 2008, Inmmnity 29: 334-346). |n nouse
| ynmphoma nodel s, tunor rejection was inproved upon CD70
transgenesis or injection of an activating anti-nouse CD27
antibody (Arens et al ., 2003, J Exp Med 199: 1595-1605;

French et al ., 2007, Blood 109: 4810-15; Sakanishi and
Yagita, 2010, Biochem Biophys. Res. Comm 393: 829-835; WO
2008/ 051424)

CGenerally, CD27 expression on lynphoid cells is
associated wth survival potential. Salient exanples cone
from human adoptive T cell therapies, in cancer and Al DS
patients, where long-term persisting T cells were selected
for CD27 expression. In addition, CDr0O expression on tunor-
infiltrating |ynphocytes was positively correlated with an
anti-tunor immune response, potentially reflecting effector
T cell survival within the tunmor (Ochsenbein et al ., 2004, J
Exp Med 200: 1407-17; Huang et al ., 2006, J |Inmunol 176:7726-
35)

For conventi onal CD4A* T cells, CD27 simlarly
promotes primary and secondary responses (Hendriks et al .,
2000, Nat |mmunol 1:433-40; Xiao et al, 2008, J |nmmunol 181:
1071-82). Moreover, CD27 co-stimulation favours an |L-12
i ndependent pathway for T helper-1 developnment and enables
CD4* T cells to provide help for nmenory progranmming of CD8* T
cells (Soares et al ., 2007, J Exp Med 204:1095-106; Xiao et
al, 2008, J Imunol 181: 1071-8). In C57BL/6 nice, CD27
stimulation is consistently associated with Thl-type CD4* T
cell differentiation (Arens et al . 2001, Inmunity 15:801-12;
Soares et al ., 2007, J Exp Med 204:1095- 106; Xiao et al,
2008, J Immunol 181: 1071-82) and in human CD4* T cells in
vitro, CD27 pronoted Thl developnent in presence of IL-12,
but had no differentiation-inducing effect in presence of

IL-4 (van Qosterwijk et al ., 2007, Int Imunol 19:713-18).
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In addition, CD27 stimulation was denonstrated to
pronote human regulatory T cell generation and/or function
(Jacquot et al ., 1997, Cell Inmunol 179:48-54). Anongst
natural regulatory T cells in human, high CD27 expression
hal |l marks the cells that have the highest suppressive
activity and the CD27 high subpopulation is preferentially
anplified during rapanycin treatnent (Koenen et al ., 2005, J
| munol 174: 7573-83; Coenen et al ., 2006, Blood 107:1018-
23) . Recent observations suggest that the CD27* Treg
subpopul ation can differentiate into Thl7 cells (Koenen et
al., 2008, Blood 112: 2340-52). Interestingly, CD70* B
| ymphoma cells were found to stinulate Treg formation and
i npede Thl7 differentiation by CD27 triggering on
intratunoral T cells (Yang et al ., 2007, Blood 110:2537-44;
Yang et al ., 2009, Cancer Res 69:5522-30).

In resting B cells, CD27 expression is absent, but
it is induced during B cell activation in germnal centers
and in human, it is subsequently nmaintained on nenmory B
cells and plasnma cells (Agematsu et al ., 2000 |munol Today
21:204-206; Jung et al ., 2000, Eur J Imunol 30:2437-2443).
CD27 also acts as a co-stinulatory receptor on B cells. 1In

in vitro systems with human B cells, CD27-CD70 interactions

consistently stimulate Ig secretion (Agematsu et al ., 1997,
Eur J Inmunol 27:2073-79; Jacquot et al ., 1997, J I nmmunol
159: 2652- 7)

Human NK cells can be subdivided into two
functional subsets based on CD27 expression wth |ack of
CD27 expression identifying the mature effector cells
(Sugita et al ., 1992, J Imunol 149:1199-203; Vossen et al .,
2008, J Immunol 180:3739-45) . Data suggest a simlar co-
stimulatory role for CD27 in NK cells as for T-cells (Takeda
et al., 2000, J Imrunol 164;1741-1745). The functional

effect of CD27 activation on NK cells was established by
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increased NK nediated killing of CD70-expressing tunor

cells. CD27-nediated NK cell activation also pronoted the
generation of CD8* anti-tunor immunity (Aulwrm et al ., 2006,
Int J Cancer 118:1728-1735; Kelly et al ., 2002, Nat | nmunol
3:83-90). Recently, NKT cells were shown to pronote CD8* T
cell immunity by induction of CD70 on dendritic cells
(Taraban et al ., 2008, J Imunol 139:1589-96).

In addition, CD27 is highly expressed on tunor
cells derived from non-Hodgkin' s |ynphomas and chronic
| ynmphocytic |eukemas (Ranheim et al ., 1995, Bl ood 85:3556-
3565; van CQCers et al ., 1993, Blood 82: 3430-3436). Soluble
CD27 is used as a serum marker for |ynphoid nmalignancy (Van
Cers et al ., 1993, Blood 82:3430-6).

In the research that led to the present invention
it was found that the hCD27.15 mAb stinulates the
proliferation and/or survival of CD27* cells. Enhanced
proliferation and/or survival of CD27* cells forms the basis
of different therapeutic uses. Monoclonal antibodies that

activate CD27 are known. Two activating anti-human CD27

anti bodi es have been described (Van Lier et al ., 1987, 1J.

| munol . 1987, 139:1589-96; Kobata et al ., 1994, J. |munol.
153: 5422-5432). In addition, activating anti-nouse CD27
anti bodies have been described (French et al ., 2007, Bl ood

109: 4810-15; WO 2008/ 051424; Sakani shi and Yagita, 2010,

Bi ochem Biophys. Res. Comm 393: 829-835) . hCD27.15 is a
uni que anti-human antibody, which is, in contrast to 1A4 and
9F4 able to activate human CD27 nore effectively than its
ligand CD70. These characteristics of hCD27.15 result in a
significantly increased effect on proliferation of CD8+ and
CD4+ T-cells as conpared to 1A4, 9F4 and Fc- CD70.

Adm nistration of hCD27.15 alone or in conmbination wth

other agents to a human being can for exanple be used in the

treatnment of cancer.
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The invention thus relates to binding conpounds
that bind to the sane epitope as hCD27.15. The hybridoma
produci ng hCD27.15 was deposited with the ATCC on June, 2,
2010 and given the deposit accession nunber PTA-11008.

The invention relates to all nolecules that bind
the sanme epitope as it was found that binding to this
particular epitope stimulates the proliferation and/or
survival of CD27* cell.

In one enbodinent, the invention relates to
bi ndi ng conpounds, which bind to CD27 and conpri se:

- an antibody heavy chain variable region
conprising at least one CDR selected from the group
consisting of SEQ ID NOs: 5, 6 and 7, or a variant of any of
said sequences; and/or

- an antibody light chain variable region
conprising at least one CDR selected from the group
consisting of SEQ ID NGs: 8, 9 and 10, or a variant of any
of said sequences.

In one enbodinent, the invention relates to
bi ndi ng conpounds, which bind to CD27 and conpri se:

- an antibody heavy chain variable region
conprising a conbination of CDRs selected from the group
consisting of SEQ ID NGs: 5, 6 and 7, SEQ ID NGs: 5 and 7,
SEQ ID NGs: 6 and 7, and SEQ ID NGs: 5 and s,
or a variant of any of said sequences; and/or

- an antibody light chain variable region
conprising a conbination of CDRs selected from the group
consisting of SEQ ID NGs: 8, 9 and 10, SEQ ID NGs: 8 and 10,
SEQ ID NGs: 9 and 10, and SEQ ID NGs: 8 and o,
or a variant of any of said sequences.

In one enbodinent, the invention relates to any

conbi nati on of heavy and light chain variable regions having
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the conbinations of CDRs disclosed above, in particular the

foll owi ng conbi nati ons:

- SEQIDNOs: 5, 6 and 7 with SEQ ID NGs: 8, 9 and 10,
- SEQIDNO: 5, 6. and 7 with SEQ ID NGs: 8 and 10,
- SEQIDNOs: 5, 6. and 7 with SEQ ID NGs: 9 and 10,
- SEQIDNGOs: 5, 6 and 7 with SEQ ID NOs: 8 and 9
- SEQIDNOs: 5and 7 with SEQ ID NGs: 8, 9 and 10,
- SEQIDNOs: 5 and 7 with SEQ ID NOs: 8 and 1o,

- SEQIDNOs: 5 and 7 with SEQ ID NOs: 9 and 1o,

- SEQIDNGOs: 5 and 7 with SEQ ID NOs: 8 and o,

- SEQIDNOs: 6 and 7 with SEQ ID NGs: 8, 9 and 10,
- SEQIDNOs: 6 and 7 with SEQ ID NOs: 8 and 1o,

- SEQIDNOs: 6 and 7 with SEQ ID NOs: 9 and 1o,

- SEQIDNGOs: 6 and 7 with SEQ ID NOs: 8 and o,

- SEQIDNOs: 5 and 6 with SEQ ID NGs: 8, 9 and 10,
- SEQIDNOs: 5 and 6 with SEQ ID NOs: 8 and 1o,

- SEQIDNOs: 5 and 6 with SEQ ID NOs: 9 and 1o,

- SEQIDNOs: 5 and 6 with SEQ ID NOs: 8 and 9.

In one enbodiment, the invention relates to
bi ndi ng conpounds, which bind to CD27 and conpri se:

- an anti body heavy chain variable region
conprising the CDRs of SEQ ID NGs: 5, 6 and 7, or a variant
of any of said sequences; and/or

- an antibody light chain variable region
conprising the CDRs of SEQ ID NGs: 8, 9 and 10, or a variant
of any of said sequences.

In one enbodi ment, the binding nolecule binds to
CD27 and conpri ses:

- a heavy chain variable region conprising the
am no acid sequence of SEQ ID NGO 3 and a light chain
variable region conprising the amno acid sequence of SEQ ID
NO 4.
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In one enbodinent, the binding conmpound is
nonocl onal anti body hCD27.15 as produced by hybridoma
hCD27. 15 (deposit accession nunber PTA-11008) or a humani zed
version thereof.

In one enbodi ment the binding compound is a
fragment, variant or derivative of an antibody.

According to a further aspect thereof, the
invention relates to an isolated polynucleotide encoding a
bi ndi ng conpound of the invention. The invention further
relates to an expression vector conprising the said
pol ynucl eoti de and a host cell conprising the expression
vector. In one enbodinent, the invention relates to the
i sol ated pol ynucleotides of SEQ ID NOs 1 and 2, which encode
the heavy and light chain of hCD27.15, respectively.

In one enbodiment, the binding conpound:

- binds human CD27 with a K, of about 100 nM or
| ower; and

- blocks binding of human CD27 to human CD70 with
an 1C;, of about 10 nM or |ower.

In one enbodinent, the invention relates to a
bi ndi ng conmpound which conpetes for a binding epitope on
human CD27 with any of the above binding conpounds and has
one or nmore of the followi ng characteristics:

- binds human CD27 with a K, of about 100 nM or
| owner ;

- binds to human CD27 with about the same K, as an
anti body having a heavy chain conprising the amino acid
sequence of SEQ ID NO 3 and a light chain conprising the
amino acid sequence of SEQ ID NO 4;

- blocks binding of human human CD27 to human CD70
with an 1C,, of about 10 nM or |ower.

The binding conpound can be any one of the

follow ng :
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a chinmeric antibody or a fragnment thereof;
- a human antibody or a fragment thereof;

- a humani zed antibody or a fragnent thereof; or

an antibody fragment selected from the group
consisting of Fab, Fab', Fab' -SH Fv, scFv, F(ab' )2,
bi specific mAb and a di abody.

According to another aspect thereof the invention
relates to an isolated polynucleotide encoding the binding
compound of the invention. |In one enbodinment, the isolated
pol ynucl eotide conmprises SEQ ID NOs 1 and 2, which encode
the heavy and light chain of hCD27.15.

The invention also relates to an expression vector
conprising the polynucleotide and to a host cell conprising
t he expression vector or the polynucleotide.

According to a further aspect thereof, the
invention relates to a nmethod of producing a binding
conpound of the invention, which nmethod conprises:

a) culturing host cell conprising an expression
vector that conprises a polynucleotide encoding a binding
conpound of the invention under the control of suitable
regul atory sequences in culture medium under conditions
wherein the polynucleotide is expressed, thereby producing
pol ypeptides conprising the light and heavy chain variable
regi ons; and

b) recovering the polypeptides from the host cell
or culture nmedium

The invention further relates to a conposition
conprising a binding conpound in conbination with a
pharmaceutically acceptable carrier or diluent. Such
conposition in one enbodiment may conprise nore than one
bi ndi ng conpound. |In one enbodinent, the conposition
conprises one or nore other active conpounds in addition to

the one or nore binding conmpounds of the invention. Such
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conbi nation conpositions can be used for conbination
therapy, for exanple in the treatnment of cancer. In that
case the binding compound is conbined with one or nore of
the usual anticancer drugs. For other conbination therapies
ot her additional active conpounds are used. For conbination
therapy it is not obligatory to have the two or nobre active
conpounds in the same conposition. Thus, also part of the
invention is the conbined or subsequent use of the binding
conpounds and the other active conpound, wherein the binding
conpound and the other active conpound are adm nistered

si mul t aneously or subsequently.

The invention further relates to the use of the
bi ndi ng conpounds in therapy and diagnosis and for other,
non-t herapeuti c purposes.

In one enbodinment, the therapy conprises
stimulation of proliferation and/or survival of CD27* cells.
In one enbodinment, the therapy conprises the treatnment of
cancer. In one enbodinent, the therapy conprises the
treatment of an autoi nmmune disease.

The binding conpound of the invention when used in
non-therapeutic applications can for exanple be applied in
t echni ques such as flowcytonetry, Wstern blotting, enzyne-
i nked inmmunosorbent assay (ELISA) and inmunohistochem stry

In the following these binding conmpounds wll be
referred to as "binding conpounds based on hCD27.15". This
phrase is intended to enconpass every conmpound that binds to
the epitope of CD27 recognized by hCD27.15 as described
above. Such conmpounds can be antibodies that have one or
nore of the CDR regions of hCD27.15 or fragnents, variants
or derivatives thereof, or the nonoclonal antibody hCD27.15
or a humani zed version thereof or other nolecules that are

capable of binding to this epitope.
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herapy of the invention

targeting CD27* CD4* or CD8* T cell subsets such as

Tregs, Thl7 cells or Thl cells with a binding conpound based
on hCD27.15, in particular the hCD27.15 mAb. Targeting these
CD27* cells with binding conpounds based on hCD27.15, in

particul ar

cell cytokine production

the hCD27.15 mAb, wl|

direct the nature of CD4*+ T

and CD4* T cell help for CD8* T cell

responses, which is beneficial in treating various disease
situations, including cancer and auto-immunity. Exanples are
formed by, but not restricted to |ynphocyte derived tunors

such as n

| euken as;

on- Hodgki n' s |ynmphoma, Ch

roni ¢ Lynphocytic

solid tunors |ike pancreatic, colon and prostate

carci nomas. For this purpose, hCD27.15 can be dosed directly

to subjects, alone or in conbination with other anti-cancer

agents. Exanples of use

restricted to Rheumatoid Arthritis,

Eryt hemat osus and Psori asi s.

In addition, the therapy

in autoimunity include, but are not

System ¢ Lupus

may be directed to

infections, such as viral and mcrobial infections. Exanples

i ncl ude,

al one or

but are not restricted to adm nistering hCD27.15

in conbination wth other

subject who has been infected with

vVirus .

anti-infective drugs to a

i nfluenza virus or CW

In one enbodinment, stinulations of the immune

system with binding conpounds based on hCD27.15, in

particul ar

responses.

the hCD27.15 mAb, can be used to increase vaccine

Non-limting exanples of vaccines that can be

used in combination with hCD27.15 stinulation include DNA-,

cell -based or

elicit a
For this

particul ar

pepti de-based vaccines that are designed to

CD8* T cell response to cancer or infectious agents.

pur pose, binding conpounds based on hCD27.15, in

the hCD27.15 anti body,

can be adm nistered before
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vacci nation, at an appropriate tinme after vaccination, or be
formul ated into the vaccine

Current state of the art technologies allow the
isolation of CD27* cells and the isolation of different
cellular subsets. After stimulation of such isolated subsets
of cells outside of the body of the patient wth hCD27.15,
they can subsequently be adoptively transferred to the
patient or another patient. |In one enbodinent, the subset of
cells is formed by CD27* regulatory T-cells (Tregs) , which
can be isolated from patients suffering from autoi mune
di sease and which have been shown to denonstrate superior
suppressive characteristics.

The nonocl onal antibody hCD27.15 pronotes the
proliferation and/or survival of CD27* cells. State of the
art technologies wuse the isolation of (subsets of) cells
from a wide range of body fluids and organs. Based on
hCD27.15 stinulatory characteristics, binding conpounds
based on hCD27.15 can be used in in vitro cellular systens
to pronote proliferation and/or survival of CD27* cells. A
non-limting exanple forms Tregs, which have been
denonstrated to have a short lifespan. Qher exanples form
menory B-cells and activated T-cells.

Stimulation and proliferation of CD27* cells using
bi ndi ng conpounds based on hCD27.15, in particular the
hCD27.15 mAb, can thus be used to increase the Treg
popul ati ons ex vivo, which can be adoptively transferred to
the patient to suppress the hyper-activated inmune system of
the patient. Such approach could be used to treat patients
who suffer from an activated imune system This strategy
can thus for exanmple be used to prevent transplant
rejections and to treat autoimune and inflammatory

di seases .



10

15

20

25

30

WO 2012/004367 PCT/EP2011/061557
14

Anot her exanple is the isolation of tunor-
associ ated |ynphocytes. Such |ynphocytes harbor anti-tunor
activity, but are suppressed in activation by the tunor and
its environnent. |Isolation of these |ynphocytes, subsequent
activation outside of the body using binding conpounds based
on hCD27.15, in particular the hCD27.15 mAb, and adoptive
transfer to the patient is expected to deliver a proficient
anti-tunor response.

The binding conpounds based on hCD27.15, in
particular the hCD27.15 antibody, can also be applied in
vivo to target CD27* tunor cells. The non-nodified binding
conpounds based on hCD27.15, in particular the hCD27.15
anti body, can for exanple be injected into patients with a
CD27* malignancy to elicit antibody-dependent cytotoxicity or
other immune effector nechanisns. The binding conpounds
based on hCD27.15, in particular the hCD27.15 antibody, can
al so be conjugated with a toxin or other appropriate drug to

kill the targeted CD27+ tunor cells.

Di agnosi s

The binding conpounds based on hCD27.15 may al so
be useful in diagnostic assays, e.g., for detecting
expression of CD27 on specific cells, tissues, or in serum
For diagnostic applications, the binding conpounds based on
hCD27.15 typically will be labeled (either directly or
indirectly) with a detectable nviety. Nunerous |abels are
avai | abl e which can be generally grouped into the follow ng
categories: biotin, fluorochrones , radionucleotides |,
enzymes, iodine, and biosynthetic |abels.

Sol ubl e CD27 present in the serum and other body
fluids of a range of different patients has been shown to
correlate with disease severity of the patients. For

exanmple, patients suffering from chronic |ynphocytic
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| eukem a, acute |ynphoblastic |eukema and non-Hodgkin' s
| ynmphoma denpnstrated increased serum levels of soluble
CD27. Based on the denonstrated binding characteristics of
hCD27. 15, binding compounds based on hCD27.15 can be used as
a diagnostic tool to detect soluble CD27 in the body fluids.
The binding conmpounds based on hCD27.15 of the
present invention may be enployed in any known assay nethod,
such as competitive binding assays, direct and indirect
sandwi ch assays, and imunoprecipitation assays. Zol a,
Monocl onal Anti bodies. A Manual of Techniques, pp. 147-158
(CRC Press, Inc. 1987)
The binding conpounds based on hCD27.15 may also
be used for in vivo diagnostic assays. Generally, the
bi nding conmpound is |labeled with a radionuclide so that the
antigen or cells expressing it can be localized using

i mrunosci nti graphy or positron em ssion tonography.

Non- t her apeuti c uses
According to another aspect of the invention, the
bi ndi ng conmpounds have other, non-therapeutic uses. The non-
t herapeutic uses for these binding conpounds based on
hCD27.15 include flow cytonetry, western blotting, enzyne
i nked inmmunosorbant assay (ELISA) and inmunohistochem stry
The binding conpounds based on hCD27.15 of this
invention may for exanple be used as an affinity
purification reagent via inmbilization to a Protein A-

Sephar ose col um.

Definitions

The term "antibody" refers to any form of antibody
that exhibits the desired biological activity, such as
inhibiting binding of a ligand to its receptor, or by

inhibiting ligand-induced signaling of a receptor. In the
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present case the biological activity conprises agoni st
activity on CD27. Thus, "antibody" 1is used in the Dbroadest
sense and specifically covers, but is not limted to,
nonocl onal antibodies (including full |ength nonocl onal
anti bodi es) , polyclonal antibodies, and multispecif ic

anti bodies (e.g., bispecific antibodies).

"Anti body fragnent" and "antibody binding
fragnment™ mean antigen-binding fragnments and anal ogues of an
anti body, typically including at least a portion of the
antigen binding or variable regions (e.g. one or nore CDRs)
of the parental antibody. An antibody fragnent retains at
| east sonme of the binding specificity of the parental
anti body. Typically, an antibody fragnent retains at |east
10% of the parental binding activity when that activity is
expressed on a nolar basis. Preferably, an antibody fragnent
retains at least 20% 50% 70% 80% 90% 95% or 100% or
nore of the parental antibody' s binding affinity for the
target. Exanples of antibody fragnents include, but are not
limted to, Fab, Fab', F(ab')2, and Fv fragnents; diabodies;
linear antibodies; single-chain antibody nolecules, e.g.,
sc-Fv, uni bodies (technology from Genmab) ; nanobodi es
(technol ogy from Domantis) ; domain antibodies (technol ogy
from Ablynx) ; and nultispecif ic antibodies formed from
anti body fragnents. Engi neered antibody variants are
reviewed in Holliger and Hudson, 2005, Nat. Biotechnol.
23:1126- 1136.

An "Fab fragment" is conprised of one light chain
and the CH and variable regions of one heavy chain. The
heavy chain of a Fab nolecule cannot form a disulfide bond
with another heavy chain nolecule.

An "Fc" region contains two heavy chain fragnents
conprising the Cy1 and C2 dommins of an antibody. The two

heavy chain fragnments are held together by two or nore
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di sul fide bonds and by hydrophobic interactions of the Cg3
domai ns .

An "Fab' fragnment" <contains one light chain and a
portion of one heavy chain that contains the V, domain and
the C4y1 domain and also the region between the Cyl and Cg2
donmai ns, such that an interchain disulfide bond can be
formed between the two heavy chains of two Fab' fragnments to
form a F(ab' )2 nol ecul e.

An "F(ab' )2 fragnment" contains two light chains and
two heavy chains containing a portion of the constant region
between the C,yl and C;2 domains, such that an interchain
disulfide bond is fornmed between the two heavy chains. A
F(ab' )2 fragment thus is conposed of two Fab' fragnments that
are held together by a disulfide bond between the two heavy
chai ns.

The "Fv region" conprises the variable regions
from both the heavy and light chains, but |acks the constant
regi ons .

A "single-chain Fv antibody" (or "scFv antibody")
refers to antibody fragments conprising the V, and V_  donains
of an antibody, wherein these domains are present in a
singl e polypeptide chain. CGenerally, the Fv polypeptide
further conprises a polypeptide |inker between the V, and V|
domai ns which enables the scFv to form the desired structure
for antigen binding. For a review of scFv, see Pl uckthun,
1994, The Pharmacol ogy of Monoclonal Antibodies, vol. 113,
Rosenburg and Moore eds . Springer-Verl ag, New York, pp. 269-
315. See also, International Patent Application Publication
No. WO 88/01649 and U.S. Pat. Nos. 4,946, 778 and 5, 260, 203.

A "diabody" is a small antibody fragnent with two
antigen-binding sites. The fragments conprises a heavy chain
variable domain (v,) connected to a light chain variable

domain (v ) in the same polypeptide chain (vg-V_ or V-V, .
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By using a linker that is too short to allow pairing between
the two domains on the sanme chain, the domains are forced to
pair with the conplenentary domains of another chain and
create two antigen-binding sites. D abodies are described

nore fully in, e.g., EP 404,097; WO 93/11161; and Holliger

et al., 1993, Proc. Natl. Acad. Sci. USA 90: 6444-6448.
A "domain antibody fragnment” is an imunologically
functional imunoglobulin fragnment containing only the

variable region of a heavy chain or the variable region of a
light chain. In sone instances, two or nore V, regions are
covalently joined with a peptide linker to create a bivalent
domai n antibody fragnent. The two V, regions of a bivalent
domain antibody fragnent may target the sane or different
antigens .

As used herein antibody hCD27.15 is a nouse
anti body wherein the heavy chain has the variable region
sequence of SEQ IDNO 3 and is joined to a Igd constant
region and the light chain has the variable region sequence
of SEQ IDNO 4 and is joined to the k constant region. The
hybri doma producing the hCD27.15 antibody was deposited wth
ATCC in on June 2, 2010 under nunber PTA-11008.

An anti body fragnment of the invention may conprise
a sufficient portion of the constant region to permt
dinerization (or multinerization) of heavy chains that have
reduced disulfide |inkage capability, for exanple where at
| east one of the hinge cysteines normally involved in inter-
heavy chain disulfide Ilinkage is altered as described
herein. 1In another enbodinent, an antibody fragnment, for
exanple one that conprises the Fc region, retains at |east
one of the biological functions normally associated with the
Fc region when present in an intact antibody, such as FcRn
bi ndi ng, antibody half Iife nodulation, ADCC (antibody

dependent cellular cytotoxicity) function, and/or conplenment
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binding (for exanple, where the antibody has a glycosylation
profile necessary for ADCC function or conplenment binding)

The term "chinmeric" antibody refers to antibodies
in which a portion of the heavy and/or light chain is
identical wth or honologous to corresponding sequences in
anti bodies derived from a particular species or belonging to
a particular antibody class or subclass, while the remainder
of the chain (s)y is identical wth or honologous to
correspondi ng sequences in antibodies derived from another
species or belonging to another antibody class or subclass,
as well as fragnents of such antibodies, so long as they
exhibit the desired biological activity (See, for exanple,
US Pat. No. 4,816,567 and Mrrison et al ., 1984, Proc.
Natl. Acad. Sci. USA 81:6851-6855).

As used herein, the term "humanized antibody"
refers to forms of antibodies that contain sequences from
non- human (e.g., nurine) antibodies as well as human

anti bodies. Such antibodies contain mniml sequence derived

from non-human i nmunogl obul i n. In general, the humanized
antibody wll conprise substantially all of at |east one,
and typically two, variable domains, in which all or

substantially all of the hypervariable |oops correspond to
those of a non-human imunoglobulin and all or substantially
all of the FR regions are those of a human imunogl obulin
sequence. The humani zed antibody optionally also wll
conprise at least a portion of an inmunoglobulin constant
region (Fc) , typically that of a human inmunogl obulin. The
humani zed forns of rodent antibodies wll essentially
conprise the same CDR sequences of the parental rodent

anti bodi es, al though certain amno acid substitutions may be
included to increase affinity, increase stability of the
humani zed antibody, or for other reasons However, as CDR

| oop exchanges do not uniformy result in an antibody wth
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the same binding properties as the antibody of origin,
changes in framework residues (FR , residues involved in CDR
| oop support, mght also be introduced in humanized
antibodies to preserve antigen binding affinity (Rabat et
al., 1991, J. Inmmunol. 147:1709).

The term "anti body" also includes "fully human"
antibodies, i.e., antibodies that conprise human
i mmunogl obulin protein sequences only. A fully human
anti body may contain murine carbohydrate chains if produced
in a nouse, in a nouse cell, or in a hybridoma derived from
a nouse cell. Simlarly, "nouse antibody" or "rat antibody"
refer to an antibody that conprises only nmouse or rat
i mmunogl obul in sequences, respectively. A fully hunman
anti body may be generated in a human being, in a transgenic
ani mal having human imunogl obulin germine sequences, by
phage display or other nolecular biological nethods. Also,
reconmbi nant i nmunogl obulins nmay also be nade in transgenic
mce. See Mendez et al ., 1997, Nature Genetics 15:146-156.
See al so Abgenix and Medarex technol ogies.

The binding conpounds of the present invention
also include antibodies with nodified (or blocked) Fc
regions to provide altered effector functions. See, e.g.
US Pat. No. 5,624,821; wW02003/086310; WXR005/120571 ;
W02006/ 0057702; Presta, 2006, Adv. Drug Delivery Rev.

58: 640-656. Such nodification can be used to enhance or
suppress various reactions of the imune system wth

possi bl e beneficial effects in diagnosis and therapy.
Alterations of the Fc region include am no acid changes
(substitutions, deletions and insertions) , glycosylation or
degl ycosyl ation, and adding nultiple Fc. Changes to the Fc
can also alter the half-life of antibodies in therapeutic
anti bodies, and a longer half-life would result in less

frequent dosing, with the concomtant increased convenience
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and decreased use of material. See Presta, 2005, J. Allergy
din. Immnol .116:731 at 734-35.

The binding conpounds of the present invention
also include antibodies wth intact Fc regions that provide
full effector functions, e.g. antibodies of isotype 1gd,
whi ch induce conpl enent-dependent cytotoxicity (CDQ or
anti body dependent <cellular cytotoxicity (ADCC) in the a
targeted cell.

The antibodies nay also be conjugated (e.g.,
covalently linked) to nolecules that inprove stability of
the antibody during storage or increase the half-life of the
antibody in vivo. Exanples of nolecules that increase the
half-life are albumin (e.g., hunman serum al bunin) and
pol yethylene glycol (PEG . Albumin-linked and PEGyl ated
derivatives of antibodies can be prepared using techniques
well known in the art. See, e.g. Chapman, 2002, Adv. Drug
Deliv. Rev. 54:531-545; Anderson and Tomasi, 1988, J.
| munol . ©Methods 109:37-42; Suzuki et al ., 1984, Biochim
Bi ophys. Acta 788:248-255; and Brekke and Sandlie, 2003,
Nature Rev. 2:52-62.

Bi ndi ng conpounds, in particular antibodies, used
in the present invention wll wusually bind with at least a
KD of about 103 M, nore usually at least 1076 M, typically at
least 107 M, nore typically at least 108 M, preferably at
| east about 1072 M, and nore preferably at least 10719 M, and
nost preferably at least 1011 M. See, e.g. Presta, et al .,
2001, Thronmb. Haenost. 85:379-389; Yang, et al ., 2001, Crit.
Rev. Oncol. Hematol. 38:17-23; Carnahan, et al ., 2003, din.
Cancer Res. (Suppl.) 9:3982s-3990s . Antibody affinities nay
be determined wusing standard analysis.

The term "hypervariable region, as used herein,
refers to the amino acid residues of an antibody which are

responsi ble for antigen-binding. The hypervariable region
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conprises anmno acid residues from a "conplenentarity
deternining region" or "CDR " defined by sequence alignnent,
for exanple residues 24-34 (LI), 50-56 (L2) and 89-97 (L3)
in the light chain variable domain and 31-35 (H), 50-65
(H2) and 95-102 (H3) in the heavy chain variable domain (see
Rabat et al ., 1991, Sequences of proteins of | munol ogical
Interest, 5th Ed. Public Health Service, National I nstitutes
of Health, Bethesda, M.) and/or those residues from a
"hypervariable |oop" (HWL) , as defined structurally, for
exanple, residues 26-32 (LI), 50-52 (L2) and 91-96 (L3) in
the light chain variable domain and 26-32 (H), 53-55 (H2)
and 96-101 (H3) in the heavy chain variable donain (see
Chothia and Leskl, 1987, J. MIl. Biol. 196:901-917).
"Framewor k" or "FR' residues are those variable domain
residues other than the hypervariable region residues as
herein defined.

An "isolated" antibody is one that has been
identified and separated and/or recovered from a conmponent
of its natural environnent. Contaminant conmponents of its
natural environment are materials that would interfere wth
di agnostic or therapeutic wuses for the antibody, and may
i nclude enzynes, hornones, and other proteinaceous or non-
prot ei naceous solutes. In some enbodinents, the antibody
will be purified (1) to greater than 95% by weight of
anti body as deternmined by the Lowy nethod, and nost
preferably nore than 99% by weight, (2 to a degree
sufficient to obtain at least 15 residues of Ntermnal or
internal amino acid sequence by use of a spinning cup
sequenator, or (3) to honpbgeneity by SDS-PAGE under reducing
or nonreducing conditions using Coonmmssie blue or,
pref erabl vy, silver stain. Isolated antibody includes the
antibody in situ within reconbinant cells since at |east one

component of the antibody's natural environnent wll not be
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present. Odinarily, however, isolated antibody wll be
prepared by at |east one purification step.

An "isolated" nucleic acid nolecule is a nucleic
acid nolecule that is identified and separated from at | east
one contam nant nucleic acid nolecule with which it is
ordinarily associated in the natural source of the antibody
nucleic acid. An isolated nucleic acid nolecule is other
than in the form or setting in which it is found in nature
| sol ated nucleic acid nolecules therefore are distinguished
fromthe nucleic acid nolecule as it exists in natural
cells. However, an isolated nucleic acid nolecule includes a
nucleic acid nolecule contained in cells that ordinarily
express the antibody where, for exanple, the nucleic acid
nolecule is in a chronobsomal |ocation different from that of
natural cells.

The term "nonocl onal antibody" as used herein
refers to an antibody obtained from a popul ation of
substantially honbgeneous antibodies, i.e., the individual
anti bodi es conprising the population are identical except
for possible naturally occurring nutations that may be
present in mnor anounts. Mbonoclonal antibodies are highly
specific, being directed against a single antigenic site.
Furthernore, in contrast to conventional (polyclonal)
anti body preparations that typically include different
anti bodies directed against different determ nants
(epitopes) , each nonoclonal antibody is directed against a
single determnant on the antigen. The nodifier "nonoclonal"”
indicates the character of the antibody as being obtained
from a substantially honogeneous population of antibodies,
and is not to be construed as requiring production of the
anti body by any particular nethod. For exanple, the
nonocl onal antibodies to be used in accordance with the

present invention may be made by the hybridoma nethod first
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described by Kohler et al ., 1975, Nature 256:495, or may be
made by reconbinant DNA nethods (see, for exanple, U S. Pat.
No. 4,816,567). The "nonocl onal antibodies" nay also be

isolated from phage antibody Ilibraries wusing the techniques
described in dackson et al ., 1991, Nature 352:624-628 and
Marks et al ., 1991, J. M. Biol. 222:581-597, for exanple.

The nonocl onal antibodies herein specifically include
"chineric" antibodies.

As used herein, the term "immune cell" includes
cells that are of hematopoietic origin and that play a role
in the inmune response. Immune cells include |ynphocytes,
such as B cells and T cells, natural killer cells, nyeloid
cells, such as nobnocytes, macr ophages, eosi nophi | s, mast
cells, basophils, and granul ocyt es.

As used herein, an "imrunocon jugate" refers to an
anti-CD27 antibody, or a fragnent thereof, conjugated to a
therapeutic noiety, such as a bacteri al toxin, a cytotoxic
drug or a radiotoxin. Toxic nobieties can be conjugated to
antibodies of the invention using methods available in the
art.

As used herein, a sequence "variant" refers to a
sequence that differs from the disclosed sequence at one or
nmore amino acid residues but which retains the biol ogical
activity of the resulting nolecule. The invention relates to
variants of binding conmpounds based on hCD27.15 and to
variants of hCD27.15.

"Conservatively nodified variants" or
"conservative amino acid substitution" refers to
substitutions of amino acids are known to those of skill in
this art and may be nade generally wthout altering the
biological activity of the resulting nolecule. Those of
skill in this art recognize that, in general, single amnino

acid substitutions in non-essential regions of a polypeptide
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Watson, et al ., Mdlecular Biology of
Benjam n/ Cummi ngs Pub. Co., 224

Such exenplary substitutions

accordance wth those set

Exenpl ary Conservative

(4th Edition

PCT/EP2011/061557

activity
the Gene, The
1987)) .

(see, e.qg.,

are preferably nmade in

forth below as follows:

Amino Acid Substitutions

Original residue Conservative substitution
Ala (A) Gly; Ser
Arg (R) Lys, His
Asn (N) Gln; His
Asp (D) Glu; Asn
Cys (C) Ser; Ala
Gln (Q) Asn
Glu (E) Asp; Gln
Gly (G) Ala
His (H) Asn; Gln
Ile (I) Leu; Val
Leu (L) Ile; Val
Lys (K) Arg; His
Met (M) Leu; Ile; Tyr
Phe (F) Tyr; Met; Leu
Pro (P) Ala
Ser (S) Thr
Thr (T) Ser
Trp (W) Tyr; Phe
Tyr (Y) Trp; Phe
Val (V) Ile; Leu
As used herein, the term "about" refers to a value
that is within an acceptable error range for the particul ar

value as determined by one of ordinary

which wll depend in part

on how the val ue

skill in the art,

is measured or




10

15

20

25

30

WO 2012/004367 PCT/EP2011/061557

26
determined, i.e. the limtations of the neasurenent system
For exanple, "about"” can nmean within 1 or nore than 1

standard deviation per the practice in the art.

Alternatively, "about"™ or "conprising essentially of" can
nmean a range of up to 20% Furthernore, particularly wth
respect to biological systems or processes, the terns can
mean up to an order of magnitude or up to 5-fold of a value.
When particular values are provided in the application and
clainms, unless otherwi se stated, the neaning of "about" or

"comprising essentially of" should be assuned to be within

an acceptable error range for that particular value.
"Specifically” binds, when referring to a

i gand/ receptor , antibody/antigen, or other binding pair,

indicates a binding reaction which is determnative of the

presence of the protein, e.g., CD27, in a heterogeneous

popul ation of proteins and/or other biologies. Thus, under

desi gnated conditions, a specified ligand/antigen binds to a

particular receptor/antibody and does not bind in a

significant anmobunt to other proteins present in the sanple.
"Adm ni stration", "therapy" and "treatnent,"” as it

applies to an animal, human, experinental subject, cell,

tissue, organ, or biological fluid, refers to contact of an

exogenous pharmaceutical, therapeutic, diagnostic agent, or
conposition to the animal, human, subject, cell, tissue,
organ, or biological fluid. "Adm nistration", "therapy" and
"treatnment” can refer, e.g., to therapeutic,

phar macoki neti c, di agnostic, research, and experinental

nmet hods. Treatnment of a cell enconpasses contact of a
reagent to the cell, as well as contact of a reagent to a
fluid, where the fluid is in contact with the cell.

"Adm nistration”, “therapy" and "treatnment" also mean in
vitro and ex vivo treatnments, e.g., of a cell, by a reagent,

di agnostic, binding conposition, or by another cell.
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Monocl onal Anti bodi es

Monocl onal antibodies can be nmade according to
knowl edge and skill in the art of injecting test subjects
with hunan CD27 antigen and then generating hybridomas
expressing antibodies having the desired sequence or
functional characteristics .DNA encoding the nonocl onal
antibodies is readily isolated and sequenced using
conventional procedures (e.g., by using oligonucleotide
probes that are capable of binding specifically to genes
encoding the heavy and light chains of the nonocl onal
antibodies) . The hybridoma <cells serve as a preferred source
of such DNA. Once isolated, the DNA nay be placed into
expression vectors, which are then transfected into host
cells such as E.coli cells, siman COS cells, Chinese
hanster ovary (CHO cells, or nyeloma cells that do not
ot herwi se produce inmmunoglobulin protein, to obtain the
synthesis of nonoclonal antibodies in the reconbinant host
cells. Reconbinant production of antibodies wll be
described in nore detail bel ow

Anti bodies or antibody fragments can be isolated

from antibody phage libraries generated using the techniques
described in MCafferty et al ., 1990, Nature, 348:552-554,

Cl ackson et al ., 1991, Nature, 352:624-628, and Marks et
al., 1991, J. Mdl. Biol. 222:581-597 describe the isolation

of murine and human antibodies, respectively, usi ng phage
libraries. Subsequent publications describe the production

of high affinity (nM range) human antibodies by chain

shuffling (Marks et al., 1992, Bi o/ Technol ogy, 10: 779-783),
as well as conbinatori al infection and in vivo reconbination
as a strategy for constructing very large phage libraries
(Waterhouse et al ., 1993, Nuc. Acids. Res. 21:2265-2266).

Thus, these techniques are viable alternatives to
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tradi tional nonoclonal antibody hybridoma techniques for

i solati on of nopnoclonal antibodies.

Chi meric Anti bodies

The antibody DNA also nmay be nodified, for
exanpl e, by substituting the coding sequence for human
heavy- and l|ight-chain constant domains in place of the
honol ogous nurine sequences (U S. Pat. No. 4,816, 567;
Morrison, et al ., 1984, Proc. Natl Acad. Sci. USA 81:6851),
or by covalently joining to the imunoglobulin coding
sequence all or part of the coding sequence for non-
i mmunogl obulin nmaterial (e.g., protein domains). Typically
such non-i munoglobulin mterial is substituted for the
constant domains of an antibody, or is substituted for the
variabl e domains of one antigen-conbining site of an
antibody to create a chineric bivalent antibody conprising
one antigen-conbining site having specificity for an antigen
and another antigen-conbining site having specificity for a

different antigen.

Humani zed and Human Anti bodi es

A humani zed antibody has one or nore amno acid
residues from a source that is non-human. The non-human
amino acid residues are often referred to as "inport"
resi dues, and are typically taken from an "inport" variable

domai n. Humani zation can be perforned generally follow ng

the method of Wnter and co-workers (Jones et al ., 1986,
Nat ure 321:522-525; R echnmann et al ., 1988, Nature, 332:323-
327; Verhoeyen et al., 1988, Science 239:1534-1536), by

substituting rodent CDRs or CDR sequences for the
correspondi ng sequences of a human antibody. Accordingly,
such "humani zed" antibodies are antibodies wherein

substantially less than an intact human variable domain has
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been substituted by the corresponding sequence from a non-
human species. In practice, humanized antibodies are
typically human antibodies in which sone CDR residues and
possibly sone FR residues are substituted by residues from
anal ogous sites in non-human, for exanple, rodent

anti bodi es .

The choice of human variable domains, both 1ight
and heavy, to be used in making the humanized antibodies is
very inportant to reduce antigenicity. According to the so-
called "best-fit" mnmethod, the sequence of the variable
domain of a rodent antibody is screened against the entire
library of known human variabl e-domain sequences. The human
sequence which is closest to that of the rodent is then
accepted as the human framework (FR) for the humani zed
antibody (Sins et al ., 1987, J. Imunol. 151:2296; Chothia
et al., 1987, J. Mol . Biol. 196:901). Another nethod uses a
particular framework derived from the consensus sequence of
all human antibodies of a particular subgroup of light or
heavy chains. The same franmework may be used for several
different humani zed antibodies (Carter et al ., 1992, Proc.
Natl. Acad. Sci. USA 89:4285; Presta et al ., 1993, J.
| mmol . 151:2623).

It is further inportant that antibodies be
humani zed with retention of high affinity for the antigen
and other favorable biological properties. To achieve this
goal, according to a preferred nethod, humanized antibodies
are prepared by a process of analysis of the parental
sequences and various conceptual humanized products using
t hree-di mensi onal nodels of the parental and humani zed
sequences. Three-di nensional immnoglobulin nodels are
commonly available and are famliar to those skilled in the
art. Conputer prograns are available which illustrate and

di spl ay probable three-dinmensional conformational structures
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of selected candidate inmunoglobulin sequences. Inspection
of these displays permits analysis of the likely role of the
residues in the functioning of the candidate inmunoglobulin
sequence, i.e., the analysis of residues that influence the
ability of the candidate imunoglobulin to bind its antigen.
In this way, FR residues can be selected and conbined from
the recipient and inport sequences so that the desired

anti body characteristic, such as increased affinity for the
target antigen (s), is achieved. 1In general, the CDR residues
are directly and nost substantially involved in influencing
antigen binding.

Humani zati on of antibodies is a straightforward
protein engineering task. Nearly all murine antibodies can
be humani zed by CDR grafting, resulting in the retention of
antigen binding. See, Lo, Benny, K C, editor, in Antibody
Engi neering: Methods and Protocols, volune 248, Humana
Press, New Jersey, 2004.

Alternatively, it is now possible to produce
transgenic animals (e.g., mce) that are capable, upon
i mmuni zation, of producing a full repertoire of hunman
antibodies in the absence of endogenous i munogl obulin
production. For exanple, it has been described that the
honmozygous deletion of the antibody heavy-chain joining
region (JH gene in chineric and germline nutant mce
results in conplete inhibition of endogenous antibody
production. Transfer of the human germline inmunoglobulin
gene array in such germline nutant mce wll result in the

production of human antibodies upon antigen challenge. See,

e.g., Jakobovits et al ., 1993, Proc. Natl. Acad. Sci . USA
90: 2551; Jakobovits et al ., 1993, Nature 362:255-258;
Bruggermann et al ., 1993, Year in Inmunology 7:33; and
Duchosal et al ., 1992, Nature 355:258. Human antibodies can

also be derived from phage-display |Ilibraries (Hoogenboom et
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al., 1991, J. Mdl. Biol. 227:381; Marks et al ., J. Ml.
Biol. 1991, 222:581-597; Vaughan et al ., 1996, Nature

Bi otech 14:309)
Ami no acid sequence variants of humanized anti-
CD27 antibodies are prepared by introducing appropriate
nucl eotide changes into the humanized anti-CD27 antibodies'
DNAs, or by peptide synthesis. Such variants include, for
exanple, deletions from and/or insertions into, and/or
substitutions of, residues within the amno acid sequences
shown for the humani zed anti-CD27 antibodies. Any
conbi nation of deletion, insertion, and substitution is nade
to arrive at the final construct, provided that the final
construct possesses the desired characteristics. The am no
acid changes also may alter post-translational processes of
the humani zed anti-CD27 antibodies, such as changing the
nunber or position of glycosylation sites.
A useful nethod for identification of certain
residues or regions of the humanized anti-CD27 antibodies
pol ypeptides that are preferred l|ocations for nutagenesis is
call ed "alanine scanning mnutagenesis, "

Cunni ngham and Wells, 1989, Science 244: 1081-1085. Here, a

as described by

residue or group of target residues are identified (e.g.,
charged residues such as Arg, Asp, H's, Lys, and du) and
repl aced by a neutral or negatively charged amno acid (nost
preferably alanine or polyalanine) to affect the interaction
of the amno acids with CD27 antigen. The amno acid
residues denonstrating functional sensitivity to the
substitutions then are refined by introducing further or
other variants at, or for, the sites of substitution. Thus,
while the site for introducing an amno acid sequence
variation is predetermned, the nature of the nutation per
se need not be predeterm ned. For exanple, to analyze the

performance of a mutation at a given site, Ala scanning or
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random nutagenesis is conducted at the target codon or
region and the expressed humanized anti-CD27 antibodies’
variants are screened for the desired activity.

Odinarily, amno acid sequence variants of the
humani zed anti-CD27 antibodies wll have an amino acid
sequence having at |east 75% am no acid sequence identity
with the original nouse antibody am no acid sequences of
either the heavy or the light chain nore preferably at |east
80% nore preferably at least 85% nore preferably at |east
90% and nost preferably at least 95% 98% or 99% Ildentity
or homology with respect to this sequence is defined herein
as the percentage of amno acid residues in the candidate
sequence that are identical wth the humanized residues,
after aligning the sequences and introducing gaps, if
necessary, to achieve the maxi num percent sequence identity,
and not considering any conservative substitutions as part
of the sequence identity. None of Ntermnal, Ctermnal, or
internal extensions, deletions, or insertions into the
anti body sequence shall be construed as affecting sequence
identity or honmology. The percentage of identity between two
sequences can be determined w th conmputer application such
as SegMan 11 (DNAstar Inc, version 5.05) . Using this program
two sequences can be aligned using the optimal alignnent
algorithm of Smth and Waterman (1981) (Journal of Ml ecul ar
Bi ol ogy 147: 195-197) . After alignnent of the two sequences
the percentage identity can be calculated by dividing the
nunber of identical nucleotides between the two sequences by
the length of the aligned sequences nminus the length of all
gaps .

Anti bodies having the characteristics identified
herein as being desirable in humanized anti-CD27 antibodies
can be screened for increased biologic activity in vitro or

suitable binding affinity. To screen for antibodies that
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bind to the epitope on human CD27, a routine cross-Dblocking
assay such as that described in Antibodies, A Laboratory
Manual , Cold Spring Harbor Laboratory, Ed Harlow and David
Lane (1988), can be perfornmed. Antibodies that bind to the
same epitope are likely to cross-block in such assays, but
not all cross-blocking antibodies wll necessarily bind at
precisely the sanme epitope since cross-blocking may result
from steric hindrance of antibody binding by antibodies bind
at overlapping epitopes, or even nearby non-overl apping
epi t opes.

Alternatively, epitope mapping, e.g., as described
in Chanpe et al ., 1995 J. Biol. Chem 270:1388-1394, can be
perforned to determ ne whether the antibody binds an epitope
of interest. "Al anine scanning nutagenesis,” as described by
Cunni ngham and Wells, 1989, Science 244: 1081-1085, or sone
other form of point nutagenesis of amno acid residues in
human CD27 may also be used to determine the functional
epitope for anti-CD27 antibodies of the present invention.
Additional antibodies binding to the sanme epitope as an
anti body of the present invention may be obtained, for
exampl e, by screening of antibodies raised against CD27 for
binding to the epitope, or by inmunization of an animal wth
a peptide conprising a fragnent of human CD27 conprising the
epi tope sequences. Antibodies that bind to the sane
functional epitope mght be expected to exhibit simlar
bi ol ogical activities, such as blocking receptor binding,
and such activities can be confirmed by functional assays of
t he anti bodies.

Antibody affinities may be determ ned using
standard analysis. Preferred binding conmpounds such as e.g.
humani zed antibodies are those that bind human CD27 with a
Kd value of no nore than about |IxIO7; preferably no nore

than about I[xIO8; nore preferably no nore than about |[|xl O 9;
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and nost preferably no nore than about Ixl O or even IxlO*
M.

The humani zed antibody can be selected from any
cl ass of immunogl obuli ns, including IgM 1gG 1gD IgA and
IgE. Preferably, the antibody is an 1gG antibody. Any
i sotype of 1gG can be used, including 1gd, I1g&, 19gG&, and
lg&A. Variants of the 1gG isotypes are also contenplated.
The humani zed antibody may conprise sequences from nore than
one class or isotype. Optimzation of the necessary constant
domai n sequences to generate the desired biologic activity
is readily achieved by screening the antibodies in the
bi ol ogi cal assays described in the Exanples.

Li kewi se, either class of light chain can be used
in the conpositions and nethods herein. Specifically, kappa,
| anbda, or variants thereof are useful in the present
compositions and nethods.

The antibodies and antibody fragnments of the
invention may also be conjugated wth cytotoxic payloads
such as cytotoxic agents or radionucleotides such as ”’Tc, *Yv,
lllln, 32P, 14(:, 12517 3H, l3l|7 llC, 150, 13N, lSF, 355’ 5lCr' 57TO,
226Ra, “Co, S5°Fe, S5'se, %2Eu, “'cu, 2''Gi, 2"At, 212pp, 47sc,
1%%pg,  2%%Th, and “°k, 'S5'ad, 55Mh, S52Tr and 5°Fe. Such antibody
conjugates may be used in inmmunotherapy to selectively
target and kill cells expressing a target (the antigen for
that antibody) on their surface. Exenplary cytotoxic agents
include ricin, vinca alkaloid, nethotrexate, Psuedononas
exotoxin, saporin, diphtheria toxin, «cisplatin, doxorubicin,
abrin toxin, gelonin and pokeweed antiviral protein.

The antibodies and antibody fragnments of the
invention may also be conjugated wth fluorescent or
chem | | um nescent | abel s, including fluorophores such as
rare earth chelates, fluorescein and its derivatives,

rhodam ne and its derivatives, i sot hi ocyanat e,
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phycoeryt hrin, phycocyanin, all ophycocyanin, 0-
pht hal adehyde, fluorescanmine, '°?Eu, dansyl, unbellif erone,
luciferin, Jlumnal |abel, isolumnal |abel, an aromatic
acridinium ester |abel, an imdazole Ilabel, an acridimum
salt label, an oxalate ester |abel, an aequorin |abel, 2, 3-
di hydr opht hal azi nedi ones , biotin/avidin, spin |abels and
stable free radicals.

Any nethod known in the art for conjugating the

anti body nolecules or protein nolecules of the invention to

the various noieties may be enployed, including those
met hods described by Hunter et al ., 1962, Nature 144:945;
David et al ., 1974, Biochem stry 13:1014; Pain et al ., 1981,

J. Immunol. Meth. 40:219; and Nygren, J., 1982, Hi stochem
and Cytochem 30:407. Methods for conjugating antibodies and

proteins are conventional and well known in the art.

Anti body Purification

VWhen using reconbinant techniques, the antibody
can be produced intracellularly, in the periplasmc space,
or directly secreted into the nmedium If the antibody is

produced intracellularly, as a first step, the particulate

debris, either host cells or lysed fragnents, is renpved,
for exanple, by centrif ugation or ultrafiltration. Carter et
al ., 1992, Bio/Technology 10:163-167 describe a procedure

for isolating antibodies which are secreted to the
periplasmc space of E.coli. Briefly, <cell paste is thawed
in the presence of sodium acetate (pH 3.5), EDTA, and

phenyl net hyl sul f onylf luoride (PMBF) over about 30 nmin. Cell
debris can be renoved by centrif ugation . Wiere the antibody
is secreted into the medium supernatants from such
expression systens are generally first concentrated using a
commercially available protein concentration filter, for

exanple, an Amicon or MIlipore Pellicon ultrafiltration
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unit. A protease inhibitor such as PVMSF may be included in
any of the foregoing steps to inhibit proteolysis and
antibiotics may be included to prevent the growh of
adventitious contam nants.

The anti body conposition prepared from the cells
can be purified using, for exanple, hydroxylapatite
chromat ography, gel electrophoresis, dialysis, and affinity
chromat ography, wth affinity chromatography being the
preferred purification technique. The suitability of protein
A as an affinity Iligand depends on the species and isotype
of any immunoglobulin Fc region that is present in the
anti body. Protein A can be used to purify antibodies that
are based on human Ig.gamma1, |g.gamm2, or |g.gama4 heavy
chains (Lindmark et al ., 1983, J. Immunol. Meth. 62:1-13).
Protein G is recommended for all nouse isotypes and for
human .gamma .3 (CGuss et al ., 1986, EMBO J 5:1567-1575). The
matrix to which the affinity ligand is attached is nost
often agarose, but other matrices are avail able.

Mechanically stable matrices such as controlled
pore glass or poly (styrenedivinyl )benzene allow for faster
flow rates and shorter processing tines than can be achieved
W th agarose. Were the antibody conprises a C,3 domain, the
Bakerbond ABX™ resin (J. T. Baker, Phillipsburg, NJ.) is
useful for purification. Oher techniques for protein
purification such as fractionation on an ion-exchange
col um, ethanol precipitation, Reverse Phase HPLC
chromat ography on silica, chromatography on heparin
SEPHARCSE™ chromat ography on an anion or cation exchange
resin (such as a polyaspartic acid colum) ,
chromat of ocusi ng, SDS-PAGE, and ammonium sulfate
precipitation are also available depending on the antibody

to be recovered.
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In one enbodinent, the glycoprotein nay be
purified wusing adsorption onto a lectin substrate (e.g. a
lectin affinity colum) to renove fucose-containing
gl ycoprotein from the preparation and thereby enrich for

fucose-free glycoprotein.

Phar maceuti cal Fornul ati ons

The invention conprises pharnmaceutical
formul ations of a CD27 binding conmpound. To prepare
phar maceuti cal or sterile conpositions, t he bi ndi ng
compound, in particular an antibody or fragment thereof, is
adm xed with a pharnmaceutically acceptable carrier or
exci pi ent, see, e.g., Remngton's Pharnaceutical Sci ences
and U.S. Pharmacopei a: National Fornulary, Mack Publishing
Conmpany, Easton, PA (1984) . Fornulations of therapeutic and
di agnostic agents may be prepared by mixing wth
physiologically acceptable carriers, excipients, or
stabilizers in the form of, e.g., |Ilyophilized powders,
slurries, aqueous solutions or suspensions (see, e€.g.,
Hardman, et al ., 2001, Goodman and Gl man' s The
Phar macol ogi cal Basis of Therapeutics, MGawHIIl, New
York, NY; Gennaro, 2000, Renington: The Science and Practice
of Pharmacy, Lippincott, WIlliams, and WIkins, New York,
NY; Avis, et al. (eds.), 1993, Pharmaceutical Dosage Forns:
Parenteral Medications, Mrcel Dekker, NY; Lieberman, et al .
(eds.), 1990, Pharmaceutical Dosage Forms: Tablets, Marcel
Dekker, NY; Lieberman, et al . (eds.), 1990, Pharmaceuti cal
Dosage Forns: Disperse Systens, Marcel Dekker, NY; Weiner
and Kot koski e, 2000, Excipient Toxicity and Safety, Marcel
Dekker, Inc., New York, NY).

Toxicity and therapeutic efficacy of the binding
compound, in particular antibody, conpositions, admi ni st ered

alone or in conbination wth another agent, such as the
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usual anti-cancer drugs, can be determ ned by standard
pharmaceutical procedures in cell cultures or experinmental
animals, e.g., for determning the LDjo (the dose lethal to
50% of the population) and the ED.o (the dose therapeutically
effective in 50% of the population) . The dose ratio between
toxic and therapeutic effects is the therapeutic index and
it can be expressed as the ratio between LD,o and ED,o. The
data obtained from these cell culture assays and ani nal
studies can be used in forrmulating a range of dosage for use
in humans. The dosage of such conpounds lies preferably
within a range of circulating concentrations that include
the ED,o with little or no toxicity. The dosage may vary
within this range depending upon the dosage form enpl oyed
and the route of admnistration utilized.

Suitable routes of admnistration include
parenteral adm nistration, such as intranuscul ar,
i ntravenous, or subcutaneous admnistration and oral
adm nistration. Administration of binding conpounds such as
anti bodies, wused in the pharmaceutical conposition or to
practice the nethod of the present invention can be carried

out in a variety of conventional ways, such as oral

ingestion, inhalation, topical application or cutaneous,
subcut aneous, i ntraperitoneal, parenteral , intraarteri al or
intravenous injection. |In one enbodinent, the binding
conpound of the invention is admnistered intravenously. In

anot her enbodi nent, the binding compound of the invention is
adm ni stered subcutaneously

Alternatively, one may admnister the binding
conpound in a local rather than system c manner, for
exanple, via injection of the binding conpound directly into
the site of action, often in a depot or sustained release
formulation. Furthernore, one may administer the antibody in

a targeted drug delivery system
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Quidance in selecting appropriate doses of
ant i bodi es, cyt oki nes, and small nolecules are avail able
(see, e.g., Waw zynczak, 1996, Antibody Therapy, Bios
Scientific Pub. Ltd, Oxfordshire, UK; Kresina (ed.), 1991,
Monocl onal Antibodies , Cytokines and Arthritis, Marcel
Dekker, New York, NY; Bach (ed.), 1993, WMbnocl onal
Anti bodies and Peptide Therapy in Autoi nmune Diseases,
Marcel Dekker, New York, NY; Baert, et al., 2003, New Engl.
J. Med. 348:601-608; MIlgrom et al ., 1999, New Engl . J.
Med. 341:1966-1973; Slanbn, et al ., 2001, New Engl . J. Med.
344: 783-792; Beni ami novit z, et al ., 2000, New Engl . J. Med.
342: 613-619; Ghosh, et al ., 2003, New Engl . J. Med. 348:24-
32; Lipsky, et al., 2000, New Engl . J. Med. 343:1594-1602).

Determination of the appropriate dose is made by
the clinician, e.g., using paranmeters or factors known or
suspected in the art to affect treatnent or predicted to
affect treatnment. GCenerally, the dose begins wth an anount
somewhat |ess than the optinum dose and it is increased by
small increments thereafter wuntil the desired or optinmm
effect is achieved relative to any negative side effects.
| mportant diagnostic neasures include those of synptons of,
e.g., the inflammation or level of inflamatory cytokines
pr oduced

A preferred dose protocol is one involving the
maxi mal dose or dose frequency that avoids significant
undesirable side effects. A total weekly dose is generally
at least 0.05 pg/kg body weight, nore generally at least 0.2
ug/ kg, nost generally at least 0.5 npg/kg, typically at |east
1 pg/kg, nore typically at least 10 pg/kg, nost typically at
| east 100 pg/ kg, preferably at least 0.2 ng/kg, nore
preferably at least 1.0 ng/kg, nost preferably at least 2.0
ng/ kg, optimlly at least 10 ng/kg, nore optimally at |east
25 ng/ kg, and nost optimally at least 50 ng/kg (see, e.g.,
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Yang, et al ., 2003, New Engl . J. Med. 349:427-434; Herold,
et al., 2002, New Engl. J. Med. 346:1692-1698; Liu, et al .,

1999, J. Neurol. Neurosurg. Psych. 67:451-456; Portielji, et
al ., 2003, Cancer Immunol. |Inmunother. 52:133-144). The
desired dose of a small nolecule therapeutic, e.g., a
peptide mnetic, natural product, or organic chemcal, is

about the sanme as for an antibody or polypeptide, on a
nol es/ kg basis.

As used herein, "inhibit" or "treat" or
"treatment” includes a postponenent of devel opnment of the
synptons associated w th disease and/or a reduction in the
severity of such synptons that wll or are expected to
develop with said disease. The terns further include
anmeliorating existing synptons, preventing additional
synptons, and aneliorating or preventing the underlying
causes of such synptonms. Thus, the terns denote that a
beneficial result has been conferred on a vertebrate subject
with a disease.

As used herein, the term "therapeutically
effective amount” or "effective amount” refers to an anount
of an anti-CD27 antibody or fragment thereof, that when
adm ni stered alone or in conbination with an additional
t herapeutic agent to a cell, tissue, or subject is effective
to prevent or aneliorate the disease or condition to be
treated. A therapeutically effective dose further refers to
that anmount of the compound sufficient to result in
anelioration of synptons, e.g., treatnment, healing,
prevention or anelioration of the relevant nedical
condition, or an increase in rate of treatnent, healing,
prevention or anelioration of such conditions. Wen applied
to an individual active ingredient admnistered alone, a
therapeutically effective dose refers to that ingredient

alone. Wen applied to a conbination, a therapeutically
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effective dose refers to conbined anmounts of the active
ingredients that result in the therapeutic effect, whether
adm nistered in conbination, serially or sinmultaneously. An
effective ampunt of therapeutic wll decrease the synptons
typically by at least 10% wusually by at least 20%
preferably at |east about 30% nore preferably at |east 40%
and nost preferably by at |east 50%

Met hods for co-adm nistration or treatnent with a
second therapeutic agent are well known in the art, see,
e.g., Hardman, et al. (eds.), 2001, Goodman and Gl man' s The
Phar macol ogi cal Basis of Therapeutics, 10th ed., MG aw
HI1l, New York, NY; Poole and Peterson (eds.), 2001,

Phar macot herapeutics for Advanced Practice: A Practical
Approach, Lippincott, WIlliams & WIkins, Phila., PA

Chabner and Longo (eds.), 2001, Cancer Chenotherapy and
Bi ot herapy, Lippincott, WIlianms & WIlkins, Phila., PA

The pharnmaceutical conposition of the invention
may al so contain other agents, including but not limted to
a cytotoxic, chenotherapeutic, cytostatic, anti-angiogenic
or antinmetabolite agents, a tunor targeted agent, an inmune
stimulating or immune nodulating agent or an antibody
conjugated to a cytotoxic, cytostatic, or otherwise toxic
agent. The pharmaceutical conposition can also be enpl oyed
with other therapeutic nodalities such as surgery,

chenot herapy and radiation.

LEGENDS TO THE FlI GURES AND TABLES

Figure 1. Characterization of anti-hCD27 antibody.
A. Binding of hCD27.15 to CHO Kl that were stably
transfected with pC -neo-hCD27 (CHO K1 .CD27). Anti-hCD27
57703 (R&D systens) and anti-hCD27 1A4 (Beckman Coulter) are
positive controls. Antibodies were not reactive with CHO K1l

control cells (data not shown) . B. Effect hCD27.15 on
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bi nding of soluble reconbinant hCD27-Fc fusion protein to
CHO K1 cells that had been stably transfected wth pCl-neo-
hCD70 (CHO- K1 .CD70) . c. Effect of hCD27.15 on binding of
reconbi nant hCD70-nCD8 fusion protein to CHO Kl.CD27.

Figure 2. hCD27.15 induces CD27 signaling |eading
to nr- kB activation. Human enbryonic kidney cells (HEK293T)
were transiently transfected to express an NF.kg-lucif erase
reporter construct together with a hCD27 encoding vector or
a control vector. The cells were stinulated for 20 hours in
presence or absence of hCD27.15 mAb (10 yg/m) . Stimulation
with hCD27.15 mAb revealed specific CD27-induced nNF kB
activation, as read out by luciferase activity. (A Absolute
values of luciferase activity as read out by luciferin
bi ol um nescence after stinulation of hCD27-expressing
HEK293T cells with mAb hCD27.15 or an isotype control nmAb.
Data represent triplicate neasurenments from 1 experinment
(+SD) . Significance was neasured using 2-tailed Student's t
test. (B Fold induction of luciferase activity after
stimulation of HEK293T cells transfected to express hCD27 or
control vector with hCD27.15 mAb. Data were obtained from 3
i ndependent experinments (N=3 +SD) . (09 hCD27.15 i s superior
to other hCD27 agonists. HEK293T cells expressing CD27 and
the NF.kg-lucif erase reporter were stimulated wth soluble
agoni stic reconbinant CD70 protein (Fc-nCD70, 2 yg/m) , mAb
hCD27.15 (10 yg/m ), or equal concentrations of other mAbs
directed against hCD27. Luciferase activity was read out at
the indicated tinme points. Data represent triplicate
measurenents from 1 experinment (+SD) . Significance was
measured wusing 2-tailed Student's t test.

Figure 3. hCD27.15 induces proliferation and/or
pronmotes survival of CD4* CD25° T-cells. CD4A*CD25" T-cells
were isolated by MACS (neg. selection) from human PBMC’s and

cultured in 96 well-plates at a concentration of |xlO°
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cells/well. Stimuli were added as indicated in the Figure
and proliferation was determined by [’H] thynidine
i ncor poration.

Figure 4. hCD27.15 induces proliferation and/or
pronotes survival of naive CD8* T-cells.
Naive CD8* T cells were purified from human PBMC, | abel ed
with CFSE and stinmulated for 6 days with anti-CD3 and anti -
CD28 mAbs in presence or absence of hCD27.15 mAb (10 yg/m)
hCD27.15 mAb stinulates cell division, as hallmarked by the
percentage of cells in each division cycle (A and total
live cell yield, as hallmarked by the absolute nunber of
cells in each division cycle (B . Data were obtained from 4
i ndependent experinents wth cells of 4 healthy individuals
(N = 4 +/- SEM

Figure 5. hCD27.15 stinulates CD8* T cells to
produce specific cytokines.
Nai ve CD8* T cells were isolated as indicated for Figure 3
and stimulated with anti-CD3 and anti-CD28 mAb in presence
or absence of hCD27.15 mAb (10 yg/m) . (A After culture for
72 hours, supernatants of cells were taken and cytokines
were neasured by using Lum nex assay. (B Cell nunbers were
not significantly different after 72 hours of culture,
indicating a qualitative difference in the secretion of
certain cytokines. (A B) Data obtained from 3 independent
experinents with cells of 3 healthy individuals (N = 3 +/-
SEM

Figure 6 shows the variable region sequences of
hCD27.15. Panel A and B show the am no acid sequences of the
heavy and |ight chain variable sequence of hCD27.15,
respectively.

Table 1: Overview of KD, EC;0 and |Cg0 val ues of
hCD27.15 and 1A4CD27 (control).
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Table 2: comrercially available agonistic anti

anti bodi es.

Table 3: Cross-conpetition

determine binding sites of the different anti-hCD27

anti bodi es

(including agonistic antibodies 1A4 and 9F4)

assay using Biacore to

and

Fc-nCD70. First, the different anti-hCD27 antibodies were
i mobilized on the CM

chip (referred to as ‘immobilized

after binding of rhCD27-Fc chimera binding (R& systens,

cat.

as ‘free' ).

),

no. 382-CD) a second antibody was injected (referred to

anti bodies were divided

i ndi cates sinul taneous

of the second antibody

first

Based on this checkerboard analysis the

in seven (A-G epitope groups.

\+|

bi nding, while *-* indicated binding

is not possible after capture by

anti body, nd indicates, not determn ned.

t he

Table 4: Sequence |ID nunbers for nurine anti-hunman

hCD27. 15 antibody of this invention.

EXAMPLES

EXAMPLE 1

1 mmuni zati on and selection of anti-CD27 anti bodi es

I mmuni zation of mce with CD27 cDNA

To isolate antibodies against the human CD27

protein that harbour agonistic activity we hypothesized

find

such antibodies anong a set of anti-CD27 antibodies

which bind to the ligand binding site. To generate anti-

hCD27 anti bodi es,

r eadi

ng franme of hCD27

(Pronega, Madison, W)

was checked by transient

CHO K1 cells (Anerican

VA)

and flow cytonetry

to

the cDNA encoding the full Ilength open

was subcloned into the pCl-neo vector

Expression of the obtained vector

transfection of pCl-neo-hCD27
Type Culture Collection, Manassas
using 10 pg/m nouse anti-hCD27

in

| gd
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(BD Pharm ngen #555439) , followed by goat anti-nouse 19gd -
FITC (1:100) (Southern Biotechnol ogy, Bi rmi ngham  AL)

Mce were imunized by gene gun inmunization using
a Helios Gene gun (BioRad, Hercules, CA and DNA coated gold
bullets (BioRad) following manufacturer's instructions.
Briefly, 1 um gold particles were coated with pCl-neo-hCD27
cDNA and commercial expression vectors for nouse Flt3L and
mouse GWCSF in a 2:1:1 ratio (both from Al devron, Far go,

ND) . A total of 1 pg of plasmid DNA was used to coat 500 ug
of gold particles.

Specifically, 7-8 weeks old fenale BALB/C mice
were immnized in the ears with a gene gun, receiving 3
cycles of a shot in both ears. Approximtely, a 1:4,000
anti-hCD27 titer was detected by cell-ELISA in nouse serum
after two DNA i nmmuni zations. In the cell-ELI SA, al |
i ncubation steps were followed by a wash step with PBST (PBS
with 0.01% Tween 20). Parental CHO KL or CHO Kl .hCD27 cells
were seeded (40,000 cells/well) in tissue culture plates and
i ncubated overnight at 37°C. The next day, culture nedium was
renmoved and cells were incubated for 1 hour with (dilutions
of) nmouse serum at 37°C. Next, cells were washed wth PBST
and incubated for 1 hour at 37°C with 1:1,000 goat-anti-
mouse | gG HRP (Southern Biotechnol ogy, # 1030-05)

Subsequent |y, cells were washed 6 times with PBST
and anti-hCD27 immunoreactivity was visualized wth 100 pi
Opti EIA TMB substrate (BD Bi osciences, Franklin Lake, NJ)
Reactions were stopped with 100 pi 0.5 M H,SO, and
absorbances were read at 460 and 620 nm Mce that
denmonstrated reactivity against hCD27 were inmunized for a
final, fourth tinme and sacrificed four days later.

Er yt hr ocyt e- depl et ed spleen cell populations were

prepared as described previously (Steenbakkers et al ., 1992,
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J. Immunol. Meth. 152: 69-77; Steenbakkers et al ., 1994,
Ml. Biol. Rep. 19: 125-134) and frozen at -140°C

Sel ection of anti-hCD27 antibody producing B cells

To select B cell clones producing anti-hCD27
antibodies, 1.5 x 107 erythrocyte-depleted spl enocytes were
depl eted for nonocytes. hCD27-specif ic B-cells were selected
by binding on irradiated (3,000 RAD) CHO KI.hCD27
transf ectants , which had grown to confluency in a T25-fl ask.
After extensive washing to delete non-specific B-cells,

bound B-cells were collected by Trypsin treatnment according

to the manufacturer's instructions (lnvitrogen, cat. no.
25200-056) . Next, B-cells were cultured as described by
St eenbakkers et al ., 1994, Mdl. Biol. Rep. 19: 125-134.

Briefly, selected B-cells were mxed with 7.5% (v/v) T-cell
supernatant and 50,000 irradiated (2,500 RAD) EL-4 B5
nursing cells in a final volume of 200 pi DMVEM
F12/ P/ S/ 109BCS in a 96-well flat-bottom tissue culture

pl ates .

On day eight, supernatants were screened for hCD27
reactivity by cell-ELISA as described above. Thirteen hCD27-
reactive supernatants were identified and tested for their
ability to inhibit the interaction between hCD27 and hCD70.
In the cell-ELISA all incubation steps were followed by a
wash step with PBST (PBS with 0.01% Tween 20). Parental CHO
KI or CHO Kl .hCD27 cells were seeded (40,000 cells/well) in
tissue culture plates and incubated overnight at 37°C The
next day, culture medium was renoved and cells were
i ncubated for one hour with (dilutions of) nouse serum at
37°C. Next, cells were washed with PBST and incubated for
one hour at 37°C with 1:1,000 goat-anti-nouse |1gG HRP
(Sout hern Bi otechnol ogy, # 1030-05) . Subsquently, cells were

washed 6 times with PBST and anti-hCD27 imunoreactivity was
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visualized with 100 pi TMB Stabilized Chromagen (Invitrogen,
cat. no. SB02) . Reactions were stopped with 100 pi 0.5 M
H2S04 and absorbances were read at 460 and 620 nm

In addition, blocking properties of the
supernatants were studied using two conpetition assays. The
CHO K1.CD27 assay works along the following principles: CHO
K1.CD27 cells were seeded (40,000 cells/well) in a 96-well
pl ate and incubated overnight at 37°C. After nedium renoval,
50 Ui recomnbi nant hCD70 (CD70 (h) -muCD8 fusion Protein
(Ancell, <cat. no. ANC-537)) (0.5 pug /nml) and 50 pi anti-
hCD27 antibody containing supernatant were added. After 1
hour incubation at room tenperature, the wells were washed
three tines with PBST. Next, 100 pi/well Streptavidin-HRP
conjugate (BD Pharm ngen, cat. no. 554066) (1:5,000) was
added and cells were incubated for 1 hour at 37°C. After 6
final washes with PBST the ELISA was devel oped as outlined
above. Positive controls: anti-hCD27, clone 57703 (R&D
systens, cat. no. MAB382) and anti-hCD27, clone 1A4 (Beckman
Coulter, cat. no. 1M034). The CHO K1.CD70 assay works along
the followng principles: CHOK1.CD/0 cells were seeded in a
96 well plate at a density of 40,000 cells/well. The same
amount of plates was blocked by adding 300 pi nediunm well,
and all plates were incubated overnight at 37°C The
following day, the mediumonly containing plates were
enptied by flicking the plate, and 50 pi/well reconbinant
solubl e hCD27-Fc fusion protein (rhCD27/Fc chimera (0.5 ug
/Im) (R&D systens cat. no. 382-CD) ) was added. To these
pl ates, 50 pi antibody containing nediumsera or nedium was
added. After 1 hour incubation at room tenmperature, the 100
pi rhCD27-Fc/antibody mx was transferred to the CHO K1/ CD70
plate (s) from which the medium had been renoved. These
plate (s) were incubated for 1 hour at room tenperature and

then washed three times with PBST. 100 pi anti-human Ig
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(H+L) -HRP conjugate (1:2,500) was added to every well
(Pronega, cat. no. WO031) and the cells were incubated for 1
hour at 37 '1c After 6 final washes with PBST, the ELI SA was
devel oped as outlined above.

Positive controls: anti-hCD27, clone 57703 (R&D
systens, cat. no. MAB382) and anti-hCD27, clone 1A4 (Beckman
Coulter, <cat. no. |M034)

Al'l supernatants denonstrated to contain
anti bodies that blocked the interaction between hCD27 and
hCD70. Subsequently, the B-cell <clones from the hCD27
reactive supernatants were immortalized by mni-
el ectrof usion follow ng published procedures (Steenbakkers
et al ., 1992, J. Immunol. Meth. 152: 69-77; Steenbakkers et

al . 1994, Mol. Biol. Rep. 19:125-34). Specifically, B-cells

;
were mxed with 108 Sp2/0-Agl4 nyeloma cells, and serum was
removed by washing with DMEM F12 nedia. Cells were treated
with Pronase solution (Calbiochem cat. no. 4308070.536) for
3 mnutes and washed with Electrof usion I|sonolar Buffer
(Eppendorf, cat. no. 53702). Electrof usions were performnmed
in a 50 pui fusion chanber by an alternating electric field
of 30 s, 2 MHz, 400 V/Icm followed by a square, high field
pul se of 10 ps, 3 kV/cm and again by an alternating electric
field of 30 s, 2 MHz, 400 V/cm

Contents of the chanber were transferred to
hybri doma selective medium and plated in a 96-well plate
under limting dilution conditions. On day 12 following the
fusions, hybridoma supernatants were screened for hCD27
reactivity and hCD70-bl ocking activity, as described above.
Seven hybridomas secreting antibodies in the supernatant
whi ch recogni zed hCD27 and denonstrated blocking activity
were isolated and subcloned by limted dilution to safeguard

their integrity. Antibody hCD27.15 was selected for further

anal ysi s .
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EXAMPLE 2

Purification and characterization of anti-hCD27 anti bodi es

Stabilization of anti-hCD27 produci ng hybridomas and
purification of anti-hCD27 anti bodies

G onal cell populations were obtained for the
hCD27.15 hybridoma by two rounds of limting dilutions.
Stable hybridomas were cultured in serumfree nedia for 7-10
days; supernatants were harvested and filtered through a
0.22 pM nitrocellul ose nenbrane. Antibodies were purified
using Prosep A spin colums according to the manufacturer' s
instructions (MIlipore, cat. no. LSK2ABA60). Buffer was
exchanged for PBS using PD 10 gel-filtration colums (GE
Heal thcare) . Antibodies were concentrated wth Amcon Utra-
15 centrifugal filter units (MIlipore, Billerica, M) and
guantified using spectrophotonetry. Usi ng a nmouse nonocl onal
anti body isotyping test kit (Roche, # 11493027001), the
(sub) -isotype of all hCD27 antibodies was determned to be

lgd, Kappa.

Bi ndi ng Anal ysi s

Cel |l -based ELISA experinments wusing purified hCD27
anti bodies were perfornmed to determine binding activities of
hCD27 to cellularly expressed hCD27. 1In this cell-ELISA all
i ncubation steps were followed by a wash step with PBST (PBS
with 0.01% Tween 20). CHO Kl . hCD27 <cells were seeded
(40,000 cells/well) in tissue culture plates and incubated
overnight at 37°C The next day, culture medium was renoved
and cells were incubated for one hour with (dilutions of)
purified antibodies at 37°C. Next, cells were washed wth
PBST and incubated for one hour at 37°C with 1:1,000 goat-
anti-nouse |1gG HRP (Southern Biotechnology, # 1030-05)

Subsequently, <cells were washed 6 times wth PBST and anti -
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hCD27 i mmunoreactivity was visualized with 100 pi TMB
Stabilized Chromagen (lnvitrogen, cat. no. SB02) . Reactions
were stopped with 100 pi 0.5 M H,SO, and absorbances were
read at 460 and 620 nm As shown in Figure 1A the different
hCD27 antibodies (hCD27.15 and controls) bound to hCD27 wth
different binding strengths. Calculated EC,,, representing
the concentration at which 50% of the total binding signal

is observed are represented in Table 1.

Table 1
KD x ECsy (ng/ml) ICsy (ng/ml) ICsy (ng/ml)
1E-9 (M) CHO-K1.CD27 CHO-K1.CD70
hCD27.15 122 686.5 864 1546
1A4CD27 33 93.7 370

Bl ocking properties of the purified antibodies
were studied using two conpetition assays. The CHO K1.CD70
assay works along the following principles: CHO K1.CD70
cells were seeded in a 96 well plate at a density of 40,000
cells/well. The sane ampbunt of plates was bl ocked by adding
300 pi nediumwell, and all plates were incubated overnight
at 37°C. The followi ng day, the nmediumonly containing
plates were enptied by flicking the plate, and 50 pi/well
rhCD27-Fc chinmera (0.5 pg /nml) (R&D systens cat. no. 382-CD)
was added. To these plates, 50 pi of different dilutions of
purified hCD27.15 antibodies were added. After 1 hour
i ncubation at room tenperature, the 100 pi rhCD27Fc/ anti body
mx was transferred to the CHO K1/ CD70 plate (s) from which
the nmedium had been renoved. These plate (s) were incubated
for 1 hour at room tenperature and then washed 3 tines wth
PBST. 100 ui anti-human 1g (H+tL) -HRP conjugate (1:2,500) was
added to every well (Pronega, cat. no. WO031l) and the plates
were incubated for 1 hour at 37 °C. After 6 final washes

with PBST TMB Stabilized Chromagen (lInvitrogen, cat. no.
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SB02) (10OOul/well) was added and the ELISA was read out as
outlined above. Positive controls: anti-hCD27, clone

57703 (R&D systens, cat. no. MAB382) and anti-hCD27, clone
1A4 (Beckman Coulter, cat. no. [1MO034) . As shown in Figure
IB, the purified hCD27.15 antibody blocked the binding of
rhCD27Fc chinmera to CHO K1.CD70 cells. Calculated |[|Cg0 values
of hCD27.15 and the positive control 1A4, which represent
the concentration at which half of the inhibition is
observed, are presented in Table 1.

The CHO K1.CD27 assay works along the follow ng
principles: CHO K1.CD27 <cells were seeded (40,000
cells/well) in a 96-well plate and incubated overnight at
37°C. After nmedium renoval, 50 Wi reconbinant nouse CD70
fusion Protein (Fc-nCD70) (0.5 pg /m) and 50 MWi of
different dilutions of purified anti-hCD27 antibodies were
added. Fc-nCD70 is a fusion protein of nurine CD70 (aa 41-
195) fused at the Cterminus of the dinerization domain of
human 1gE@ . A cDNA construct encoding this fusion protein
was constructed as described by Row ey and Al -Shankhani
2004, J Inmmunol 15:172: 6039-46 and used to produce Fc-nCD70
protein in 293T human enbryonic Kkidney cells. The protein
was purified by affinity chromatography on Protein A
Sepharose (GE Health Care)

After 1 hour incubation at room tenperature, t he
wells were washed 3 times with PBST. Next, 100 Wi/ well
Streptavidin-HRP conjugate (BD Pharmi ngen, cat. no. 554066)
(1:5,000) was added and cells were incubated for one hour at
37°C. After 6 final washes with PBST TMB Stabilized
Chromagen (Invitrogen, cat. no. SB02) (IOOul/well) was
added. The reaction was stopped by the addition 100 Mi 0.5 M
H,SO,. Absorbencies were read at 460 and 620 nm Positive
controls: anti-hCD27, <clone 57703 (R&D systens, cat. no.
MAB382) and anti-hCD27, clone 1A4 (Beckman Coulter, cat. no.
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I M2034) . As shown in Figure 1C, hCD27.15 antibodies bl ocked
the interaction between reconbinant human CD70 and CHO
K1.CD27 cells. Calculated 1C,, values are presented in Table

1.

Kinetic analysis by |abel-free surface plasma resonance
(Bi acore)

The binding properties of hCD27.15 antibodies was
characterized in nore detail using |abel-free surface plasm
resonance using Biacore 2000 equipnent. Low amounts of
anti bodies were coupled to a CMb sensor chip using am ne
coupling at pH=4.5, wth R, not exceeding 100 RU. This
will, in conmbination with a high flow level (30 pi/mn)
yield good fits to the 1:1 Langnuir binding nodel. A
concentration series of rhCD27Fc chinmera, ranging from 0.016
nNMto 1 nM was injected for 1 mnute at 30 pi/min. The
di ssociation was monitored for 5 mnutes. The running buffer
i s HEPES-buf fered saline with 3 mM EDTA and 0.005% P20 (HBS-
EP) , pH 7.4. Conbination plots were made by subtraction of
the signal obtained at the blank flow cell, using BIAeval
3.2. The sensor granms were fitted to a 1:1 Langmuir binding
nodel . Antibody hCD27.15 shows a fast association and
di ssociation, resulting in a noderate affinity. The

calculated K, values is presented in Table 1.

Species Cross-Reactivity

Bi nding of hCD27 antibodies to nmouse CD27 was
determ ned using MCF-7 breast carcinoma cells that had been
retrovirally transduced to stably express the full Ilength
cDNA encodi ng human CD27 or nouse CD27. Enpty vector-
transduced cells served as a control. Binding of the
antibodies was tested by flow cytonetric analysis, wth

val idated agonistic anti-hCD27 antibodies 1A4 and CLB
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CD27/1; and anti-nmuse CD27 LG 3A10 (G avestein et al .,
1995, Int Immunol. 7: 551-7) as positive controls. These
commercially available anti-hCD27 antibodies, which have
been reported to harbor agonistic activities, were obtained

as described in Table 2.

Table 2

Antibody Company Cat no.
9F4 (CLB-CD27/1) Pelicluster M1455
124 Beckman Coulter IM2034

The hCD27.15 antibodies bound to human CD27, but
not to nouse CD27 as expressed on the MCF-7 cells.

The binding site of the hCD27.15 antibody was
characterized and conmpared with the comercially available
agoni stic antibodies 9F4 and 1A4 using a cross-conpetition
Bi acore assay. Using comon amine coupling at pH 4.5 flow
cells were inmobilized at 25 yg/m of each antibody to a
high immbilization Ilevel. Next, nulti flow cell injections
of 1 nM of rhCD27Fc chinera (R& systens, cat. no. 382-CD, )
with a speed of 5 pi/mn were followed by 10 nM of the
second antibody. The anti-hCD27 antibody hCD27.15 of the
invention and the two known agonistic antibodies (1A4 and
9F4) were used as a primary (immbilized) or secondary
(free) antibody. Agonistic anti-CD27 antibody 1A4 was only
used as a second antibody and was not imobilized because of
the presence of BSA in the buffer. Fc-nCD70 is a fusion
protein of nmurine CD70 (aa 41-195) fused at the C-termnus
of the dinerization domain of human 1gd . A cDNA construct
encoding this fusion protein was constructed as described by
Row ey and Al - Shankhani , 2004, J Immunol 15:172: 6039-46 and
used to produce Fc-nCD70 protein in 293T human enbryonic
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kidney cells. The protein was purified by affinity
chromat ography on Protein A Sepharose (GE Health Care)

All flow cells were regenerated by a 6-second
injection of 10 mM HClL at 50 pi/min. An increase in signal
upon injection of the second antibody neans that the second
anti body can still bind and that the primary and secondary
bind to different binding sites. If not, it suggests that
both anti bodies recognize the sane epitope of hCD27, have
overl apping epitopes, or can not bind at the sane tinme due
to steric hindrance. As shown in Table 3 the hCD27.15 and
control antibodies can be divided into different binding

groups .

Table 3

immobilized | hCD27.15 914 124 Fc-mCD70

free

hCD27.15

9F4

1n4

Fc-mCD70

EXAMPLE 3

Functional Profiling of nobuse anti-hunman CD27 anti bodi es

hCD27. 15 induces CD27 signaling |leading to NF-kB activation
The full length human CD27 cDNA was cloned into
the pcDNA3 expression vector and transiently expressed by
transfection into HEK293T human enbryonic kidney cells
(HEK293T), wusing FUuGENEG6 transfection reagent (Roche). CD27
expression from this construct was validated by flow
cytonmetry. To read out hCD27 signaling in response to
bi nding of hCD27.15 mAb, HEK293 cells were transiently co-
transfected with the hCD27 pcDNA vector or enpty control
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vector and an NF-KB-lucif erase reporter construct, encoding
the luciferase gene driven by a mniml NF-KB-responsive
promoter (Bonehill et al ., 2008, Ml Ther 16(6) : 1170-80)

At 20 h after transf ection, the cells were stinulated for 4,
8, 20 or 24 hours in presence or absence of hCD27.15 mAb (10
yg/m) , other CD27 antibodies (described in Table 2, 10
yg/m) or FcCD70 (2 yg/m) . After stinulation, cells were
washed with ice cold PBS and lysed with Cell Culture Lysis
buffer (Promega, Luciferase assay system catal og nunber
E1500) . Luciferase activity was neasured after substrate was
added to cell lysates following protocol of manufacturer
(Lumi noneter Centro XS3 LB 960, Berthold Technologies) . Data
was analysed using Mkrowin 2000 software. Figure 2
illustrates that hCD27.15 activating CD27 nore potently than
ot her hCD27 antibodies and FcCD70.

hCD27. 15 costimnmul ates human CD4*CD25 T cells

The effect of activating CD27 with the hCD27.15
anti body on naive human CD4*CD25~ T cells was determned as
follows. PBMCs were isolated from Buffy coat using Ficoll
gradient centrif ugation according to the manufacturer' s
instruction (Ficoll-Paque™ Plus cat. Nunmber 17-1440-03)
Unt ouched CD4*CD25" T-cells were isolated from these PBMC’s
by MACS based negative selection using the CD4* T-cell

isolation kit 11 (Mltenyi cat. No 130-091-155) and CD25
m crobeads I (MIltenyi cat. No 130-092-983) according to
the manufacturer's instructions. Purified CD4*CD25~ cells

were seeded in 96 well-plates at a concentration of |xlO°
cells/well. Prior to culturing CD4*CD25~ cells were checked
for purity by flow cytonmetry. Cells were incubated wth
different conbinations of anti-CD3 (OKT-3) , anti-CD28
(lyg/m :clone 15E8, Sanquin) , Fc-CD70 (2yg/m) , isotype
control (MOPC-21, |1Oyg/m) and hCD27.15 (1Oyg/mM), as
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indicated for Figure 3. The next day, proliferation was
detected by [’H] thymidine incorporation. hCD27.15 stinulated
the proliferation of human CD4+*CD25° cells under subopti nal

stinulation conditions.

hCD27. 15 costinulates human CD8* T cells

The effect of activating CD27 by the hCD27.15
anti body on naive human CD8* T cells was exam ned as foll ows.
PBMCs were isolated from buffy coat using Ficoll gradient
centrif ugation . Untouched naive CD8* T-cells were isolated
from these PBMC by MACS-based negative selection using the
BD I Mag™ human naive CD8* T cell enrichnent kit (BD cat
nunmber 558569), according to the manufacturer's
instructions. The CD8* T cells selected were checked for
purity and naivety by flow cytometry using anti-CD8 and
anti - CDA5RA antibodies and were |abeled wth
car boxyf luorescein succinimdyl ester (CFSE, 5um) according
to manufacturer's protocol (Invitrogen) . Next, they were
seeded in 96 well-plates at a concentration of 1.0 x 10°
cells/well. Cells were stinmulated with soluble anti-CD3 mAb
CLB-T3/4E (Pelicluster ) at 10 yg/m (used s/n of hybridoma
culture), anti-CD28 mAb CLB-CD28/1 (Pelicluster) at 0.02
yg/m, in presence of hCD27.15 at 10 yg/m or isotype
control

After culture for the indicated nunber of days,
cells were counted using a CASY cell counter (Scharfe System
GrbH) , viability was determined by using propidium iodide
(P1)y and the nunber of cell divisions the T cells had
undergone was assessed by flow cytonetric analysis of CFSE
fluorescence intensity (FACS Calibur) . Figure 4 illustrates
that hCD27.15 is also pronmoting survival and proliferation

of CD8* cells.



10

15

20

25

30

WO 2012/004367 PCT/EP2011/061557
57

hCD27.15 stinulates CD8* T cells to produce specific
cyt oki nes

Human nai've CD8* T cells were purified and
stimulated as indicated above. Culture supernatants were
taken after 72 h of culture and analyzed for cytokine
secretion by 27-Plex Lumnex according to manufacturer's
instructions (Biorad, cat. no. 171A11127) . As shown in
Figure 5A, hCD27.15 induced the secretion of TNF-o, |IL-2,
I FN-y, CXCL10, [IL-13 and GMCSF. In addition, cells were
used to perform intracellular staining for IL-2 and |FNy.
After 72 hours of culture, cells were cultured wth PNA
(cone) and ionomycin (cone) for 4 hours in the presence of
Golgi-Plug (1 yg/m: BD Biosciences) . The total nunber of
CD8* cells is not dramatically different between hCD27.15 and
none stinmulated cells indicating that the increased
secretion of cytokines is merely caused by a qualitative

i ncrease of cytokines per cell (Figure 5B)

EXAMPLE 4
hCD27. 15 anti body sequences

G oni ng of | nmmunogl obulin cDNAs

Degenerate primer PCR-based nethods were used to
determ ne the DNA sequences encoding the variable regions
for the nmouse antibody that is expressed by hybridona
hCD27.15. Total RNA was isolated from 5x10S hybridoma cells
using TRIZOL (Invitrogen) , and gene specific cDNAs for the
heavy and light chains were synthesized using the MMV
Reverse Transcri ptase, RNase H M nus, point nutant kit
(Pronega, cat. no. M368C) according to the manufacturer's
instructions. The V, and V| genes were PCR-anplif ied using a
Novagen- based Ig-prinmer set (Novagen, San Diego, CA) and Taq
pol ynerase (lnvitrogen) . All PCR products that matched the
expected anplicon size of 500 bp were cloned into pCR4 TOPO
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vector (lnvitrogen) , and the constructs were transformed in
One Shot Conpetent ToplO E. coli (lnvitrogen) according to
the manufacturer's instructions.

Clones were screened by colony PCR using universal
ML3 forward and reverse priners, and at |east two clones
from each reaction were selected for DNA sequencing
analysis. CDRs were identified following the Rabat rules
(Rabat et al ., 1991. Sequences of Proteins of |nmmunol ogical
Interest, Fifth Edition, NH Publication No. 91-3242) . The
amino acid sequences were confirned by mass spectronetry.

The sequences are disclosed in the attached

Sequence Listing, Figure 6 and listed in Table 4.

Table 4

SEQ I D NO Descri ption

1 hCD27.15 heavy chain variable region (DNA)
2 hCD27.15 light chain variable region (DNA)
3 hCD27.15 heavy chain variable region (AA)
4 hCD27.15 light chain variable region (AA
5 hCD27.15 heavy chain CDRL (AA

6 hCD27.15 heavy chain CDR2 (AAp

7 hCD27.15 heavy chain CDR3 (AA

8 hCD27.15 light chain CDRL (AA

9 hCD27.15 light chain CDR2 (AAp

10 hCD27.15 light chain CDR3 (AA




10

15

20

25

30

WO 2012/004367

SEQUENCE LISTING

SEQL :
1

51
101
151
201
251
301
351

SEQ2 :

51
101
151
201
251
301
351

SE® :

hCD27. 15 heavy chain variable

TCAGAGGTTC
CTCAGICAAG
ATATGCACTG
AGGATTGATC
CAAGGCCACT
TCAACAGCCT
GCCTGGTACT
AGCCAAAACG

hCD27. 15 |
GACATCCAGA
CACTGICACT
CATGGTATCA
GCAAAAACCC
AGGCACACAG
GGAGTITATTA
GGGACCAAGC
CTTYCCRCCC

hCD27. 15 heavy chain variable

i ght

GGCTGCAGCA
TTGTCCTGCA
GGTGAGGCAG
CTGCGAATGG
ATAACAGCAG
GACATCTGAC
TCGATGICTG
ACACCCCCAY

chai n
TGACTCAGTC
ATCACATGIC
TCAGAAACAG
TAGCAGAAGG
TTTTCTCTGA
CTGTCAACAT
TGGAGGTGAA
TCCTCOWEAGG

EVRLQQSGADL VKPGASVKL SCTASGF

SEQ4 :

hCD27. 15

i ght

DI QMIQSPASL SASVGDTVTI TCRASEN

RFSGSGSGTQFSLKI NSLQAEDFGSYYCQHYYGSPL TFGAGTKLEVKRADAAPTVS

SSEELSL

vari abl e

chain variabl e

59

GICTGGGEGECA
CAGCTTCTGG
AGGCCTGAAC
TGAGACTAAA
ACACATCCTC
GACACTGCCG
GGGCGCAGEG
CCGITTATCC

TCCAGCCTCC
GGGCAAGTGA
GGAAGGTCTC
TGTGCCATCA
AGATCAACAG
TATTATGGTA
ACGGCCTGAT
AGCTAACGCTT

regi on

regi on

regi on

PCT/EP2011/061557

(D\NA)

GACCTTGTGA
CTTCATCATT
AGGGCCTGGA
TATGACCCGA
CAGCACAGCC
TCTATTACTG
ACCACGGTCA
MYTGGYCCCT

(DN\NA)
CTGICTGCAT
GAATATTTAC
CGCAACTCCT
AGGTTCAGIG
CCTGCAGCECT
GICCGCTCAC
GCTGCACCAA
G

(A7)

AGCCAGGGEEC
AAAGCCACCT
GIGGATTGGA
AGT TCCAGGT
TACCTGCAGC
TGCTAGATAC
CCGTICTCCTC
GGAAGC

CTGTGGGAGA
AGITTTTTAG
GGTCTATCAT
GCAGTGGATC
GAAGATTTTG
GI'TCGGTCGCT
CTGTATCCAT

| KATYMHVWRQRPEQGL EW GRI DPANGETKY
DPKFQVKAT | TADT SSSTAYLQLNSLT SDDTAVYYCARYAWFDVWGAGTTVTVS — SAKTT
PPXVYPXXPGS

regi on

(AN

YSFLAWYHQKQCRSPQLLVYHAKTLAEGVPS

| FPP
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SEQG: hCD27.15 heavy
GFl | KATYMH

SEQ6: hCD27.15 heavy
Rl DPANGETKYDPKFQV

SEQ7: hCD27.15 heavy
YAWYFDV

SEQ8: hCD27.15 Iight
RASENI YSFLA

SEQY: hCD27.15 Iight
HAKTLAE

SEQLO: hCD27.15 Iight
QHYYGSPLT

chain

chain

chain

chain

chain

chain CDR3

60

CDRI

CDR2

CDR3

CDRI

CDR2

(A7)

(A7)

(A7)

(A7)

(A7)

(AN

PCT/EP2011/061557
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CLAIMS

1. A binding conmpound, which binds the sane
epi tope of human CD27 as nonoclonal antibody hCD27.15
produced by hybridoma hCD27.15 which was deposited with the
ATCC in on June 2, 2010 under nunber PTA-11008.

2. The binding conpound of claim 1, conprising:

- an antibody heavy chain variable region
conprising at l|least one CDR selected from the group
consisting of SEQ IDNOs: 5, 6 and 7, or a variant of any of
sai d sequences; and/or

- an antibody light chain variable region
conprising at l|least one CDR selected from the group
consisting of SEQ ID NGs: 8, 9 and 10, or a variant of any
of said sequences.

3. The binding conmpound of claim 1 or 2,
conprising :

- a heavy chain variable region conprising the
am no acid sequence of SEQ IDNO 3 and a light chain
variable region conprising the amno acid sequence of SEQ ID
NO 4.

4. The binding conpound of claim 1 or 2, which
binds to CD27 and conprises:

- an antibody heavy chain variable region
conmprising the CDRs of SEQ ID NGs: 5, 6 and 7, or a variant
of any of said sequences; and/or

- an antibody light chain variable region
conmprising the CDRs of SEQ ID NGs: 8, 9 and 10, or a variant
of any of said sequences.

5. The binding conmpound of any one of the clains
1-4, wherein any of said variant (s)y may conprise up to three

ami no acid nodifications.
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6. The binding conpound of any one of the clains
1-5, which conpound is nonoclonal antibody hCD27.15 as
produced by hybridoma hCD27.15 (deposit accession nunber
PTA-11008) or a humani zed version thereof.

7. The binding conmpound of any of the preceding
claims, wherein the binding conpound:

- bi nds hunman CD27 with a K; of about 100 nM or
| ower; and

- bl ocks binding of human CD27 to human CD70
with an I1Ccg, of about 10 nM or |ower.

8. A binding conpound which conpetes for a binding
epitope on human CD27 with any of the binding conpounds of
claims 1-7, and has one or nore of the follow ng
characteristics

- bi nds human CD27 with a K, of about 100 nM or
| owner ;

- binds to human CD27 with about the sanme K, as
an antibody having a heavy chain conprising the amno acid
sequence of SEQ ID NO 3 and a light chain conprising the
amino acid sequence of SEQ ID NGO 4;

- bl ocks binding of human human CD27 to human
CD70 with an 1C;, of about 10 nM or |ower.

9. The binding conpound of any one of the clains
1-8, which is

- a chineric antibody or a fragnment thereof;

a human antibody or a fragment thereof;

a humani zed antibody or a fragment thereof;

or

an antibody fragment selected from the group
consisting of Fab, Fab', Fab' -SH Fv, scFv, F(ab') ,,
bi specific mAb and a di abody.

10. An isolated polynucleotide encoding the

bi ndi ng conpound as clained in any one of the clainms 1-9.
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11. Isolated polynucleotide of claim 10,
conmprising SEQ ID NGs 1 and 2, which encode the heavy and
light chain of hCD27.15.

12. Expression vector conprising the
pol ynucl eotide of claim 10 or 11.

13. Host cell conprising the expression vector of
claim 11 or the polynucleotide of claim 10 or 11.

14. A nethod of producing a binding compound as
claimed in any one of the clains 1-9, which nethod
conpri ses:

a) culturing host cell conprising an expression
vector that conprises a polynucleotide encoding a binding
compound of the invention under the control of suitable
regul atory sequences in culture medium under conditions
wherein the polynucleotide is expressed, thereby producing
pol ypeptides conprising the light and heavy chain variable
regi ons; and

b) recovering the polypeptides from the host cell
or culture nedium

15. Conposition conprising a binding conpound as
claimed in any one of the clains 1-9 in conbination wth a
pharmaceutically acceptable carrier or diluent.

16. Conposition as claimed in claim 15  further
conprising another active conpound, in particular a
t herapeutically active conmpound, nore in particular an anti -
cancer drug.

17. A binding conpound as clainmed in any one of
the claims 1-9 for use in therapy and diagnosis.

18. The binding conpound as clainmed in claim 17,
wherein the therapy conprises

- stinmulation of proliferation and/or survival
of CD27* cells;

- treatnent of cancer; or
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- treatment of an autoi mune disease.

19. A binding compound as clainmed in any one of
the clains 1-9 for use in flowcytonmetry, Western blotting,
enzyne-|inked inmunosorbent assay (ELISA) and

i mrunohi st ochemi stry
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Fig. 5
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Fig. 6

A

hCD27.15 Heavy Chain amino acid seguence

Cmmmm FWRl-—-——————- > <==CDR1--> <-=—-FWR2---->
EVRLOQSGADLVKPGASVKLSCTAS GEFIIKATYMH WVRQRPEQGLEWIG
RIDPANGETKYDPKFQV KATITADTSSSTAYLQLNSLTSDDTAVYYCAR

<CDR3-> <—————————— FR4———=—————~ >
YAWYFDV WGAGTTVTVSSAKTTPPXVYPXXPGS

B

hCD27.15 Light Chain amino acid seqguence

<CDR2-> <=—=—=——————e FWR3-———————————— >
HAKTLAE GVPSRFSGSGSGTQFSLKINSLQAEDFGSYYC

<-CDR3--> <———————————— FWR4-————— >
QHYYGSPLT FGAGTKLEVKRADAAPTVSIFPPSSEELSL
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