wo 2020/084032 A1 | NI 0000 KO Y0000 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 OO0 OO0 O O A0

International Bureau

/ (10) International Publication Number
(43) International Publication Date = WO 2020/084032 A1
30 April 2020 (30.04.2020) WIRPOIPCT
(51) International Patent Classification: TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
BOID 15/38 (2006.01) CO7K 16/24 (2006.01) EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
CO7K 1/22 (2006.01) MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(21) International Application Number: KM. ML. MR, NE, SN, TD. TG),

PCT/EP2019/078970
(22) International Filing Date: Published:
24 QOctober 2019 (24.10.2019) —  with international search report (Art. 21(3))
(25) Filing Language: English with sequence listing part of description (Rule 5.2(a))
(26) Publication Language: English
(30) Priority Data:
18202631.0 25 October 2018 (25.10.2018)  EP

(71) Applicant (for all designated States except US): F. HOFF-
MANN-LA ROCHE AG [CH/CH], Grenzacherstrasse
124, 4070 Basel (CH).

(71) Applicant (for US only): HOFFMANN-LA ROCHE
INC. [US/US], Great Notch, 150 Clove Road 8th Floor,
Suite 8 - Legal Department, Little Falls, New Jersey 07424
USs).

(72) Inventors: EMRICH, Thomas, c/o Roche Diagnostics
GmbH, Nonnenwald 2, 82377 Penzberg (DE). KETTEN-
BERGER, Hubert; c/o Roche Diagnostics GmbH, Non-
nenwald 2, 82377 Penzberg (DE). KRAFT, Thomas;
c/o Roche Diagnostics GmbH, Nonnenwald 2, 82377
Penzberg (DE). RICHTER, Wolfgang; c/o F. Hoff-
mann-La Roche AG, Grenzacherstrasse 124, 4070 Basel
(CH). SCHLOTHAUER, Tilman; c/o Roche Diagnostics
GmbH, Nonnenwald 2, 82377 Penzberg (DE).

(74) Agent: SKOLAUT, Alexander et al.; Roche Diagnostics
GmbH, Nonnenwald 2, 82377 Penzberg (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ,LA,LC,LK,LR,LS,LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(54) Title: MODIFICATION OF ANTIBODY FCRN BINDING

(57) Abstract: Herein is reported a method for providing a modified antibody with improved in vivo half-live, comprising the modifi-
cation of the Fc-region of the antibody by introducing one or more mutations that change the binding of the Fc-region to human FcRn
until the (relative) retention time of the modified antibody in an FcRn affinity chromatography is increased for more than 1 minute but
not more than 5 minutes compared to the parent antibody.



10

15

20

25

30

WO 2020/084032 PCT/EP2019/078970

Modification of Antibody FcRn binding

The current invention is in the field of recombinant antibody technology. Herein is
reported a method for the modification of the pharmacokinetic properties of an

antibody based Fv and Fc-region engineering.

Background of the Invention

Human immunoglobulins of the class G (IgGs) contain two antigen binding (Fab)
regions that convey specificity for the target antigen and a constant region (Fc-
region) that is responsible for interactions with Fc receptors (see e.g. Edelman,
G.M., Scand. J. Immunol. 34 (1991) 1-22; Reff, M.E. and Heard, C., Crit. Rev.
Oncol. Hematol. 40 (2001) 25-35). Human IgGs of subclasses IgG1, IgG2 and
IgG4 have an average serum half-life of 21 days, which is longer than that of any
other known serum protein (see, ¢.g., Waldmann, T.A. and Strober, W., Prog.
Allergy 13 (1969) 1-110). This long half-life is predominantly mediated by the
interaction between the Fc-region and the neonatal Fc receptor (FcRn) (see, ¢.g.
Ghetie, V. and Ward, E.S., Annu. Rev. Immunol. 18 (2000) 739-766; Chaudhury,
C., et al, J. Exp. Med. 197 (2003) 315-322.). This is one of the reasons, why IgGs

or Fc-containing fusion proteins are used as a widespread class of therapeutics.

The neonatal Fc receptor FcRn is a membrane-associated receptor involved in both
IgG and albumin homeostasis, in maternal IgG transport across the placenta and in
antigen-IgG immune complex phagocytosis (see, e.g., Brambell, F.W., et al,
Nature 203 (1964) 1352-1354; Ropeenian, D.C., et al., J. Immunol. 170 (2003)
3528-3533). Human FcRn is a heterodimer consisting of the glycosylated class 1
major histocompatibility complex-like protein (o-FcRn) and a [, microglobulin
(B2m) subunit (see, e.g., Kuo, T.T., et al., J. Clin. Immunol. 30 (2010) 777-789).
FcRn binds to a site in the Cy2-Cy3 region of the Fe-region (see, e.g., Ropeenian,
D.C. and Akilesh, S., Nat. Rev. Immunol. 7 (2007) 715-725; Martin, W.L., et al,,
Mol. Cell 7 (2001) 867-877; Goebl, N.A., et al., Mol. Biol. Cell 19 (2008) 5490-
5505; Kim, JK., et al., Eur. J. Immunol. 24 (1994) 542-548.) and two FcRn
molecules can bind to the Fc-region simultaneously (see, e.g., Sanchez, L.M., et al.,
Biochemistry 38 (1999) 9471-9476; Huber, A.H., et al., J. Mol. Biol. 230 (1993)
1077-1083.). The affinity between the FcRn and the Fc-region is pH dependent,
showing nanomolar affinity at endosomal pH of 5-6 and rather weak binding at a
physiological pH of 7.4 (see, e.g., Goebl, N.A., et al., Mol. Biol. Cell 19 (2008)
5490-5505; Ober, R.J., et al., Proc. Natl. Acad. Sci. USA 101 (2004) 11076-11081;
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Ober, R.J., et al., J. Immunol. 172 (2004) 2021-2029). The underlying mechanism
conveying long half-life to IgGs can be explained by three fundamental steps. First,
IgGs are subject to unspecific pinocytosis by various cell types (see, ¢.g., Akilesh,
S., et al., J. Immunol. 179 (2007) 4580-4588; Montoyo, H.P., et al., Proc. Natl.
Acad. Sci. USA 106 (2009) 2788-2793.). Second, IgGs encounter and bind FcRn in
the acidic endosome at a pH of 5-6, thereby protecting IgGs from lysosomal
degradation (see, e¢.g., Ropeenian, D.C. and Akilesh, S., Nat. Rev. Immunol. 7
(2007) 715-725; Rodewald, R., J. Cell Biol. 71 (1976) 666-669). Finally, IgGs are
released in the extracellular space at physiological pH of 7.4 (see, ¢.g., Ghetie, V.
and Ward, E.S., Annu. Rev. Immunol. 18 (2000) 739-766). This strict pH-
dependent bind-and-release mechanism is critical for IgG recycling and any
deviation of the binding characteristics at different pH values may strongly
influence circulation half-life of IgGs (see, e.g., Vaccaro, C., et al., Nat.
Biotechnol. 23 (2005) 1283-1288).

Hoetzel, 1., et al. (mAbs 4 (2012) 753-760) disclosed a strategy for risk mitigation
of antibodies with fast clearance as a majority of human therapeutic antibody
candidates show pharmacokinetic properties suitable for clinical use, but an
unexpectedly fast antibody clearance is sometimes observed that may limit the
clinical utility. It is described an assay based on ELISA detection of binding to
baculovirus (BV) particles to evaluate the non-specific binding of therapeutic

proteins.

Analytical FcRn affinity chromatography for functional characterization of
monoclonal antibodies is disclosed in WO 2013/120929. Pharmacokinetic,
pharmacodynamic and immunogenicity comparability assessment strategies for
monoclonal antibodies are disclosed by Putnam, W.S., et al. (Trends Biotechnol. 28
(2010) 509-516).

Sampei, Z., et al. (PLoS One 8 (2013) ¢57479) disclose the identification and
multidimensional optimization of an asymmetric bispecific IgG antibody

mimicking the function of factor VIII cofactor activity.

WO 2015/140126 discloses a method for the prediction of the in vivo half-life of
an antibody based on the retention time determined on an FcRn affinity

chromatography column.

Current literature discloses the use of FcRn chromatography (see, e.g., Schoch, A.,
et al., Proc. Natl. Acad. Sci. USA 112 (2015) 5997-6002) or FcRn affinity (sce,
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e.g., Neuber, T. et al, MAbs 6 (2014) 928-942) as predictive for
pharmacokinetics. Alternatively, heparin binding, ¢.g. in ELISA format (see, ¢.g.,
Datta-Mannan, A., et al.,, MAbs 7 (2015) 1084-1093) is disclosed as a surrogate

parameter to quantify non-specific interactions with cell surface structures.

WO 2015/189249 discloses a method for selecting antibodies with modified FcRn
interaction. Fc-receptor binding modified asymmetric antibodies and methods of
use are disclosed in US 2016/019489. In US 2017/227547 the in vitro prediction of
in vivo half-life is disclosed. Antibodies binding to STEAP-1 are disclosed in WO
2018/184966.

Summary of the Invention

With the method according to the current invention it is possible to modify the
pharmacokinetic properties of an antibody by Fv and/or Fc-region engineering.
Thus, it is possible with the method according to the invention to adjust the
pharmacokinetic properties for a given antibody to the respective therapeutic
application. Especially it is possible to reduce clearance and thereby increase the in
vivo half-live of an antibody, i.e. to improve its pharmacokinetic properties, to
make it more suitable for a therapeutic application. This is done by modifying the
charge distribution in the Fv and the FcRn-binding in the Fc-region based on the

disclosure provided herein.

The method according to the invention is based on the combination of two different
chromatographic methods, i.c. the combination of FcRn affinity chromatography
and heparin affinity chromatography. The combination of FcRn affinity
chromatography and heparin affinity chromatography allows defining FcRn and
heparin affinity chromatography column retention time thresholds and thereby a
two-dimensional retention time region, wherein antibodies with slow clearance, i.c.

long systemic circulation half-live, can be found.

It has been found that for improving the pharmacokinetic properties of an antibody
by introducing modifications in the Fc-region an increase of the retention time in
an FcRn affinity chromatography by 1 minute or more but less than about 5
minutes provides for the most efficient modification with respect to improving the
in vivo half-live. In one preferred embodiment the increase is more than 3 minutes

but less than 4 minutes.
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Thus, herein is reported a method for providing a modified antibody with improved
in vivo half-live, comprising the modification of the Fc-region of the antibody by
introducing one or more mutations that change the binding of the Fc-region to
human FcRn until the (relative) retention time of the modified antibody in an FcRn
affinity chromatography is increased for more than 1 minute but not more than 5

minutes compared to the parent antibody.

Thus, one aspect of the current invention is a method for providing an antibody

with improved in vivo half-live, comprising the following steps:

a) determining the (relative) retention time of a (parent) antibody in an FcRn

affinity chromatography,

b) modifying the Fc-region of the antibody by introducing mutations that
increase the binding of the Fc-region to human FcRn to obtain a modified

antibody,

¢) determining the (relative) retention time of the modified antibody in an FcRn

affinity chromatography,

d) repeating step b) if the change of the relative retention time between the
(parent) antibody and the modified antibody is less than about 1 minute and
more than about 5 minutes, whereby in case the change of the relative
retention time is less than 1 minute mutations are chosen that result in a
further increased binding of the Fc-region to human FcRn or in case the
change of the relative retention time is more than 5 minutes mutations are
chosen that result in a less increased binding of the Fc-region to human FcRn

compared to the parent antibody,

¢) providing an antibody with improved in vivo half-live if the change of the
relative retention time between the (parent) antibody and the modified

antibody is more than about 1 minute and less than about 5 minutes.

This aspect may be alternatively worded: one aspect of the current invention is a
method for providing an antibody with improved in vivo half-live, comprising the

following steps:

a) determining the (relative) retention time of a (parent) antibody in an FcRn

affinity chromatography,
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b) modifying the Fc-region of the antibody by introducing mutations that
increase the binding of the Fc-region to human FcRn to obtain a modified

antibody,

¢) determining the (relative) retention time of the modified antibody in an FcRn

affinity chromatography,

wherein/characterized in that step b) is repeated if the change of the relative
retention time between the (parent) antibody and the modified antibody is less than
about 1 minute and more than about 5 minutes, whereby in case the change of the
relative retention time is less than 1 minute mutations are chosen that result in a
further increased binding of the Fc-region to human FcRn or in case the change of
the relative retention time is more than 5 minutes mutations are chosen that result
in a less increased binding of the Fc-region to human FcRn compared to the parent

antibody,

whereby/characterized in that an antibody with improved in vivo half-live is
provided if the change of the relative retention time between the (parent) antibody
and the modified antibody is more than about 1 minute and less than about 5

minutes.

In one embodiment the change of the relative retention time between the (parent)
antibody and the modified antibody is more than about 2 minute and less than

about 4.5 minutes.

In one embodiment the change of the relative retention time between the (parent)
antibody and the modified antibody is more than about 3 minute and less than

about 4 minutes.

In one embodiment the change of the relative retention time between the (parent)
antibody and the modified antibody is more than about 3.3 minute and less than

about 3.9 minutes.
In one embodiment the FcRn affinity chromatography is performed as follows:

- an FcRn affinity chromatography column comprising about 1 mL of a
streptavidin agarose matrix with human FcRn conjugated thereto via biotin-
streptavidin non-covalent interaction (in one preferred embodiment with 1 mg to 5
mg FcRn per g matrix, preferably 2.5 mg FcRn per g matrix) is equilibrated with
80 vol-% buffer A (20 mM MES sodium salt, 140 mM NaCl, pH 5.5) and 20 vol-%
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buffer B (20 mM Tris/HCI, 140 mM NaCl, pH 8.8) at a flow rate of 0.5 mL/min

and a column temperature of 25 °C;

- a total of 30 ug of the antibody is prepared in the same mixture of 80 vol-%
buffer A and 20 vol-% buffer B and injected on the equilibrated column;

- ten minutes post injection, a linear gradient from 20 vol-% to 100 vol-% buffer B

over 70 minutes is started;

- optionally 100 vol-% buffer B is held for 10 minutes before the column is re-
equilibrated with 80 vol-% buffer A and 20 vol-% buffer B;

whereby detection is performed with a UV detector set at 280 nm;

whereby (in order to make results from different runs and different buffer and
column lots comparable, and to compensate for slight retention time drifts, a
standard sample is measured at the beginning and the end of each sequence and
after every 10" run) a relative retention time on the FcRn affinity chromatography

column is calculated according to the following equation:

t — tpeakz

t i —
e tpeak3 - tpeakz

based on the peak definition according to Figure 1 (#.;;: relative retention
time of peak 7; #;: retention time of peak i; f,.q: retention time of peak 2 of a
partially oxidized anti-Her3 antibody according to Figure 1; #,cus: retention

time of peak 3 of the anti-Her3 antibody according to Figure 1).

In one embodiment the relative retention time on the FcRn affinity chromatography

column is calculated according to the following equation:

t — tpeakz

treli =
' tpeak3 - tpeakz

with te;: relative retention time of peak i; ti: retention time of peak 1i; tpeas:
retention time of the second peak of a partially oxidized anti-Her3 antibody; tpeaxs:
retention time of the third peak of a partially oxidized anti-Her3 antibody on an

FcRn affinity chromatography column with a gradient as outlined before/above in
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this embodiment. In one embodiment the anti-Her3 antibody has a heavy chain of
SEQ ID NO: 03 and a light chain of SEQ ID NO: 04.

In one embodiment the FcRn is a non-covalent complex with human beta-2-

microglobulin (b2m).
In one embodiment the method comprises as step b) the following step:

b) modifying the Fc-region of the antibody by introducing mutations that
increase the binding of the Fc-region to human FcRn to obtain a modified
antibody,
and
modifying the Fv of the antibody by

- reducing the size of positively charged patches,

- reducing the size of positively charged patches and increasing the size
of negatively charged patches,

- making the overall distribution of the charges more even/ evenly

distributing the overall charges in the Fv or Fab.
In one embodiment the charge distribution in the Fv fragment is changed by

1)  changing at least one (permanently) negatively charged or not charged
amino acid residue to a (permanently) positively charged amino acid

residue, or

i1)  changing at least one (permanently) positively charged or not charged
amino acid residue to a (permanently) negatively charged amino acid

residue, or

iii) changing at least one (permanently) charged amino acid residue to an

amino acid residue with the opposite charge, or

iv) changing at least one permanently charged amino acid residue to a pH-

dependently charged amino acid residue, or
v)  acombination of i) to iv).

When the retention times on an FcRn affinity chromatography column and on a
heparin affinity chromatography column are normalized based on the retention

times of reference antibodies on the respective columns, a relative retention time
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region comprising predominantly antibodies with slow clearance is defined. This
region is defined by a relative retention time on the FcRn affinity chromatography
column of less than 1.78 (with an oxidized (H202-treated) anti-Her3 antibody
preparation as reference antibody) and by a relative retention time on the heparin
affinity chromatography column of less than 0.87 (with an anti-pTau antibody as

reference antibody).
In one embodiment the method further comprises the following steps:

¢) performing an FcRn affinity chromatography with a positive linear pH
gradient and a heparin affinity chromatography with a positive linear
conductivity/salt gradient with the parent antibody and the modified
antibody,

and

f) providing an antibody with improved in vivo half-live if the modified

antibody has

1) a relative retention time on the FcRn affinity chromatography
column that is less than the retention time of the parent antibody on
the (same) FcRn affinity chromatography column (under the same

clution conditions), or

i1)  a relative retention time on the heparin affinity chromatography
column that is less than the retention time of the parent antibody on
the (same) heparin affinity chromatography column (under the same

clution conditions), or
iii)  both of 1) and ii).
In one embodiment the method further comprises the following steps:

¢) performing an FcRn affinity chromatography with a positive linear pH
gradient and a heparin affinity chromatography with a positive linear
conductivity/salt gradient with the parent antibody and the modified
antibody,

and
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f) providing an antibody with improved in vivo half-live if the modified

antibody has

)

iii)

a relative retention time on the FcRn affinity chromatography
column that is more than the retention time of the parent antibody on
the (same) FcRn affinity chromatography column (under the same

clution conditions), or

a relative retention time on the heparin affinity chromatography
column that is more than the retention time of the parent antibody on
the (same) heparin affinity chromatography column (under the same

clution conditions), or

both of 1) and i1).

In one embodiment the method further comprises the following steps:

¢) performing an FcRn affinity chromatography with a positive linear pH

gradient and a heparin affinity chromatography with a positive linear

conductivity/salt gradient with the parent antibody and the modified

antibody,

and

f) providing an antibody with improved in vivo half-live if the modified

antibody has

)

iii)

a relative retention time on the FcRn affinity chromatography
column that is less or more than the retention time of the parent
antibody on the (same) FcRn affinity chromatography column

(under the same clution conditions), or

a relative retention time on the heparin affinity chromatography
column that is less or more than the retention time of the parent
antibody on the (same) heparin affinity chromatography column

(under the same clution conditions), or

both of 1) and ii), wherein in 1) the relative retention time is less and

i1) it is more, or vice versa.
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To determine charged patches on the (solvent exposed) surface of an antibody
different methods and tools are known to a person skilled in the art. There are tools
provided by different vendors or academic groups. For example, herein an in-silico
calculation method based on the X-ray structure or a homology model, followed by
pH-protonation of acidic and basic amino acid side-chains and calculation of the
3D charge distribution using the software CHARMM and Delphi as implemented

in the software suite Discovery Studio (vendor: Dassault Systems) was used.

In one embodiment the modified antibody has at least one additional negatively

charged patch on its (solvent-exposed) surface.

In one embodiment the modified antibody has the same (surface) net charge as the

parent antibody.

In one embodiment a (permanently) negatively charged amino acid residue is

selected from the group consisting of glutamate and aspartate.

In one embodiment a (permanently) positively charged amino acid residue is

selected from the group consisting of arginine and lysine.
In one embodiment the pH-dependently charged amino acid residue is histidine.

In one embodiment a permanently charged amino acid residue has the same (net)

charge in the pH range from pH 6 to pH 8.

In one embodiment a pH-dependently charged amino acid residue has a first (net)

charge at pH 6 and an opposite second (net) charge at pH 8.

In one embodiment the standard sample is an oxidized antibody preparation
comprising the reference antibody with respect to the methionine residues at
position 252 in the heavy chain CH2 domains in non-oxidized form, in mono-
oxidized form (only one of the two methionins at position 252 is oxidized) and in
bi-oxidized form (both methionine residues at position 252 are oxidized)
(numbering according to Kabat). In one embodiment the relative retention time is

calculated based on the following formula

ti — treference antibody mono-oxidized peak

treli =
Creference antibody non—oxidized peak ~— Creference antibody mono-oxidized peak

with t.; = relative retention time of the antibody; t; = retention time of the

antibody. In one embodiment the first reference antibody is an anti-Her3 antibody
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that has a heavy chain with the amino acid sequence of SEQ ID NO: 03 and a light
chain with the amino acid sequence of SEQ ID NO: 04.

In one embodiment the first threshold value in step f) is 2. In one embodiment the

first threshold value is 1.8. In one embodiment the first threshold value is 1.78.

5 In one embodiment the second reference antibody in step f) is an anti-pTau
antibody that has a heavy chain with the amino acid sequence of SEQ ID NO: 01
and a light chain with the amino acid sequence of SEQ ID NO: 02. In one
embodiment the second threshold value is 1. In one embodiment the second

threshold value 1s 0.8. In one embodiment the second threshold value 1s 0.78.
10 In one embodiment step f) is

providing an antibody with improved in vivo half-live if the modified antibody

has

1) a relative retention time on the FcRn affinity chromatography

column is less than 1.78 times the retention time difference

15 between peaks 2 and 3 of a preparation of an oxidized anti-Her3
antibody of SEQ ID NO: 03 and 04, and

i1)  a relative retention time on the heparin affinity chromatography
column is less than 0.87 times the retention time of an anti-pTau
antibody of SEQ ID NO: 01 and 02.

20 In one embodiment of all methods the relative retention time on the FcRn affinity

chromatography column is calculated according to the following equation:

t — tpeakz

t i —
e tpeak3 - tpeakz
based on the peak definition according to Figure 1 (#.;;: relative retention
time of peak i; #;: retention time of peak i; f,eu2: retention time of peak 2 of
the partially oxidized anti-Her3 antibody according to Figure 1; feams:
25 retention time of peak 3 of the anti-Her3 antibody according to Figure 1).

In one embodiment of all methods the relative retention time on the heparin affinity

chromatography column is calculated according to the following formula:

t
trel,i i
pTau
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(te1;: relative retention time of peak i; #: retention time of peak i} f,7u.:

retention time of the anti-pTau antibody peak).

In one embodiment in the FcRn affinity chromatography of step ¢) with a positive
linear pH gradient is used an immobilized non-covalent complex of a neonatal Fc
receptor (FcRn) and beta-2-microglobulin (b2m) as affinity chromatography
ligand,

wherein the non-covalent complex of a neonatal Fc receptor and beta-2-
microglobulin is bound to a chromatography material and the non-covalent

complex is conjugated to the solid phase via a specific binding pair,

wherein the pH gradient is from a first pH value to a second pH value
whereby the first pH value is from pH 3.5 to pH 6.4 and the second pH value
is from pH 7.4 to pH 9.5, and

wherein the non-covalent complex of a neonatal Fc receptor (FcRn) and beta-
2-microglobulin (b2m) is mono-biotinylated and the solid phase is

derivatized with streptavidin.

In one embodiment the pH gradient of step ¢) is from a first pH value to a second

pH value whereby the first pH value is pH 5.5 and the second pH value is pH 8.8.
In one embodiment the beta-2-microglobulin is from the same species as the FcRn.

In one embodiment the FcRn is selected from human FcRn, cynomolgus FcRn,
mouse FcRn, rat FcRn, sheep FcRn, dog FcRn, pig FcRn, minipig FcRn, and rabbit
FcRn.

In one embodiment the beta-2-microglobulin is from the same species as the FcRn.

In one embodiment the beta-2-microglobulin is from a different species as the
FcRn.

In general, the soluble extracellular domain of FcRn (SEQ ID NO: 31 for human
FcRn) with C-terminal His-Avi Tag (SEQ ID NO: 32) was co-expressed with -
microglobulin (SEQ ID NO: 33 for human beta-2-microglobulin) in mammalian
cells. The non-covalent FcRn-microglobulin complex was biotinylated and loaded

onto streptavidin derivatized sepharose.
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In one embodiment the reference antibody for the FcRn affinity chromatography is
the anti-HER3 antibody with SEQ ID NO: 03 (heavy chain) and SEQ ID NO: 04
(light chain).

In one embodiment the reference antibody for the heparin affinity chromatography
is the anti-pTau antibody with SEQ ID NO: 01 (heavy chain) and SEQ ID NO: 02
(light chain).

In one embodiment the antibody is a monospecific antibody or antibody fragment
of fusion polypeptide, or a bispecific antibody or antibody fragment of fusion
polypeptide, or a trispecific antibody or antibody fragment of fusion polypeptide,
or a tetraspecific antibody or antibody fragment of fusion polypeptide.

In one embodiment the antibody is an antibody of the class IgG. In one
embodiment the antibody is an antibody of the subclass IgG1, IgG2, IgG3 or IgG4.
In one embodiment the antibody is an antibody of the subclass IgG1 or IgG4.

Detailed Description of Embodiments of the Invention

The invention is based, at least in part, on the finding that for the improvement of
in vivo pharmacokinetic properties a defined increase of FcRn binding as
determined by affinity chromatography on an FcRn affinity column is

advantageous.

The combination of FcRn affinity chromatography and heparin affinity
chromatography allows to define FcRn and heparin affinity chromatography
column retention time thresholds and thereby a retention time region, wherein
antibodies with slow clearance, i.e. long systemic circulation half-live, can be
found. When the retention times on an FcRn affinity chromatography column and
on a heparin affinity chromatography column are normalized based on the retention
times of reference antibodies on the respective columns a relative retention time
region comprising predominantly antibodies with slow clearance is defined. This
region is defined by a relative retention time on the FcRn affinity chromatography
column of less than 1.78 (with an anti-Her3 antibody as reference antibody) and by
a relative retention time on the heparin affinity chromatography column of less than

0.87 (with an anti-pTau antibody as reference antibody).
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1. Definitions

As used herein, the amino acid positions of all constant regions and domains of the
heavy and light chain are numbered according to the Kabat numbering system
described in Kabat, et al., Sequences of Proteins of Immunological Interest, 5th ed.,
Public Health Service, National Institutes of Health, Bethesda, MD (1991) and is
referred to as “numbering according to Kabat” herein. Specifically, the Kabat
numbering system (see pages 647-660) of Kabat, et al., Sequences of Proteins of
Immunological Interest, 5th ed., Public Health Service, National Institutes of
Health, Bethesda, MD (1991) is used for the light chain constant domain CL of
kappa and lambda isotype, and the Kabat EU index numbering system (see pages
661-723) is used for the constant heavy chain domains (CHI1, Hinge, CH2 and
CH3, which is herein further clarified by referring to “numbering according to
Kabat EU index” in this case).

The knobs into holes dimerization modules and their use in antibody engineering
are described in Carter P.; Ridgway J.B.B.; Presta L.G.: Immunotechnology,
Volume 2, Number 1, February 1996, pp. 73-73(1).

General information regarding the nucleotide sequences of human
immunoglobulins light and heavy chains is given in: Kabat, E.A., et al., Sequences
of Proteins of Immunological Interest, 5th ed., Public Health Service, National
Institutes of Health, Bethesda, MD (1991).

Useful methods and techniques for carrying out the current invention are described
in e.g. Ausubel, F.M. (ed.), Current Protocols in Molecular Biology, Volumes I to
I (1997); Glover, N.D., and Hames, B.D., ed.,, DNA Cloning: A Practical
Approach, Volumes I and II (1985), Oxford University Press; Freshney, R.1. (ed.),
Animal Cell Culture — a practical approach, IRL Press Limited (1986); Watson,
J.D., et al., Recombinant DNA, Second Edition, CHSL Press (1992); Winnacker,
E.L., From Genes to Clones; N.Y., VCH Publishers (1987); Celis, J., ed., Cell
Biology, Second Edition, Academic Press (1998); Freshney, R.I., Culture of
Animal Cells: A Manual of Basic Technique, second edition, Alan R. Liss, Inc.,
N.Y. (1987).

The use of recombinant DNA technology enables the generation derivatives of a
nucleic acid. Such derivatives can, for example, be modified in individual or
several nucleotide positions by substitution, alteration, exchange, deletion or

insertion. The modification or derivatization can, for example, be carried out by
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means of site directed mutagenesis. Such modifications can easily be carried out by
a person skilled in the art (see e.g. Sambrook, J., et al., Molecular Cloning: A
laboratory manual (1999) Cold Spring Harbor Laboratory Press, New York, USA;
Hames, B.D., and Higgins, S.G., Nucleic acid hybridization — a practical approach
(1985) IRL Press, Oxford, England).

It must be noted that as used herein and in the appended claims, the singular forms
"a", "an", and "the" include plural reference unless the context clearly dictates
otherwise. Thus, for example, reference to "a cell" includes one cell, a plurality of
such cells and equivalents thercof known to those skilled in the art, and so forth. As
well, the terms "a" (or "an"), "one or more" and "at least one" can be used
interchangeably herein. It is also to be noted that the terms "comprising”,

"including", and "having" can be used interchangeably.

The term “about” denotes a range of +/- 20 % of the thereafter following numerical
value. In one embodiment the term about denotes a range of +/- 10 % of the
thereafter following numerical value. In one embodiment the term about denotes a

range of +/- 5 % of the thereafter following numerical value.

The term “determine” as used herein encompasses also the terms measure and

analyze.
The term “comprising” also includes the term “consisting of”.

The term "antibody" herein is used in a broad sense and encompasses various
antibody structures, including but not limited to monoclonal full length antibodies
and multispecific antibodies (e.g. bispecific antibodies, trispecific antibodies) so

long as they have an Fc-region.

A "multispecific antibody" denotes an antibody that has binding specificities for at
least two different epitopes on the same antigen or two different antigens.
Multispecific antibodies can be prepared as full-length antibodies or antibody
fragments (e.g. F(ab')2 bispecific antibodies) or combinations thereof (e.g. full
length antibody plus additional scFv or Fab fragments). Engineered antibodies with
two, three or more (e.g. four) functional antigen binding sites have also been
reported (see, e.g., US 2002/0004587 Al).

The term "binding (to an antigen)" denotes the binding of an antibody in an in vitro

assay. In one embodiment binding is determined in a binding assay in which the
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antibody is bound to a surface and binding of the antigen to the antibody is
measured by Surface Plasmon Resonance (SPR). Binding means e.g. a binding
affinity (Kp) of 10® M or less, in some embodiments of 107" to 10 M, in some
embodiments of 10 to 10° M. The term “binding” also includes the term

“specifically binding”.

Binding can be investigated by a BIAcore assay (GE Healthcare Biosensor AB,
Uppsala, Sweden). The affinity of the binding is defined by the terms k, (rate
constant for the association of the antibody from the antibody/antigen complex), ky

(dissociation constant), and Kp (ka/k,).

The term “buffer substance” denotes a substance that when in solution can level
changes of the pH value of the solution e.g. due to the addition or release of acidic

or basic substances.

The “class” of an antibody refers to the type of constant domain or constant region
possessed by its heavy chain. There are five major classes of antibodies: IgA, IgD,
IgE, IgG, and IgM, and several of these may be further divided into subclasses
(isotypes), e.g., 1gGy, 1gG,, 1gG;, IgGy, IgA,, and IgA,. The heavy chain constant
domains that correspond to the different classes of immunoglobulins are called o,

d, €, v, and p, respectively.

The term “Fc-fusion polypeptide” denotes a fusion of a binding domain (e.g. an
antigen binding domain such as a single chain antibody, or a polypeptide such as a

ligand of a receptor) with an antibody Fc-region.

The term “Fc-region of human origin” denotes the C-terminal region of an
immunoglobulin heavy chain of human origin that contains at least a part of the
hinge region, the CH2 domain and the CH3 domain. In one embodiment, a human
IgG heavy chain Fc-region extends from Cys226, or from Pro230, to the carboxyl-
terminus of the heavy chain. In one embodiment the Fc-region has the amino acid
sequence of SEQ ID NO: 05. However, the C-terminal lysine (Lys447) of the Fc-
region may or may not be present. The Fc-region is composed of two heavy chain
Fc-region polypeptides, which can be covalently linked to each other via the hinge

region cysteine residues forming inter-chain disulfide bonds.

The term “FcRn” denotes the human neonatal Fc-receptor. FcRn functions to
salvage IgG from the lysosomal degradation pathway, resulting in reduced

clearance and increased half-life. The FcRn is a heterodimeric protein consisting of



10

15

20

25

30

35

WO 2020/084032 PCT/EP2019/078970

-17 -

two polypeptides: a 50 kDa class I major histocompatibility complex-like protein
(a-FcRn) and a 15 kDa B2-microglobulin (B2m). FcRn binds with high affinity to
the CH2-CH3 portion of the Fc-region of IgG. The interaction between IgG and
FcRn is strictly pH dependent and occurs in a 1:2 stoichiometry, with one IgG
binding to two FcRn molecules via its two heavy chains (Huber, A.H., et al., J.
Mol. Biol. 230 (1993) 1077-1083). FcRn binding occurs in the endosome at acidic
pH (pH < 6.5) and IgG is released at the neutral cell surface (pH of about 7.4). The
pH-sensitive nature of the interaction facilitates the FcRn-mediated protection of
IgGs pinocytosed into cells from intracellular degradation by binding to the
receptor within the acidic environment of endosomes. FcRn then facilitates the
recycling of IgG to the cell surface and subsequent release into the blood stream
upon exposure of the FCRn-IgG complex to the neutral pH environment outside the

cell.

The term "FcRn binding portion of an Fc-region" denotes the part of an antibody
heavy chain polypeptide that extends approximately from EU position 243 to EU
position 261 and approximately from EU position 275 to EU position 293 and
approximately from EU position 302 to EU position 319 and approximately from
EU position 336 to EU position 348 and approximately from EU position 367 to
EU position 393 and EU position 408 and approximately from EU position 424 to
EU position 440. In one embodiment one or more of the following amino acid
residues according to the EU numbering of Kabat are altered F243, P244, P245,
K246, P247, K248, D249, T250, L251, M252, 1253, S254, R255, T256, P257,
E258, V259, T260, C261, F275, N276, W277, Y278, V279, D280, V282, E283,
V284, H285, N286, A287, K288, T289, K290, P291, R292, E293, V302, V303,
S304, V305, L306, T307, V308, L309, H310, Q311, D312, W313, L314, N315,
G316, K317, E318, Y319, 1336, S337, K338, A339, K340, G341, Q342, P343,
R344, E345, P346, Q347, V348, C367, V369, F372, Y373, P374, S375, D376,
1377, A378, V379, E380, W381, E382, S383, N384, G385, Q386, P387, E388,
N389, Y391, T393, S408, S424, C425, S426, V427, M428, H429, E430, A431,
L432, H433, N434, H435, Y436, T437, Q438, K439, and S440 (EU numbering).

The term “full length antibody” denotes an antibody having a structure
substantially similar to a native antibody structure. A full length antibody
comprises two full length antibody light chains comprising a light chain variable
domain and a light chain constant domain and two full length antibody heavy
chains comprising a heavy chain variable domain, a first constant domain, a hinge

region, a second constant domain and a third constant domain. A full length
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antibody may comprise further domains, such as e.g. additional scFv or a scFab
conjugated to one or more of the chains of the full length antibody. These

conjugates are also encompassed by the term full length antibody.

The terms "host cell", "host cell line", and "host cell culture" are used
interchangeably and refer to cells into which exogenous nucleic acid has been
introduced, including the progeny of such cells. Host cells include "transformants”
and "transformed cells," which include the primary transformed cell and progeny
derived therefrom without regard to the number of passages. Progeny may not be
completely identical in nucleic acid content to a parent cell, but may contain
mutations. Mutant progeny that have the same function or biological activity as

screened or selected for in the originally transformed cell are included herein.

The term “derived from” denotes that an amino acid sequence is derived from a
parent amino acid sequence by introducing alterations at at least one position. Thus
a derived amino acid sequence differs from the corresponding parent amino acid
sequence at at least one corresponding position (numbering according to Kabat EU
index for antibody Fc-regions). In one embodiment an amino acid sequence derived
from a parent amino acid sequence differs by one to fifteen amino acid residues at
corresponding positions. In one embodiment an amino acid sequence derived from
a parent amino acid sequence differs by one to ten amino acid residues at
corresponding positions. In one embodiment an amino acid sequence derived from
a parent amino acid sequence differs by one to six amino acid residues at
corresponding positions. Likewise, a derived amino acid sequence has a high
amino acid sequence identity to its parent amino acid sequence. In one embodiment
an amino acid sequence derived from a parent amino acid sequence has 80 % or
more amino acid sequence identity. In one embodiment an amino acid sequence
derived from a parent amino acid sequence has 90 % or more amino acid sequence
identity. In one embodiment an amino acid sequence derived from a parent amino

acid sequence has 95 % or more amino acid sequence identity.

The term “human Fc-region polypeptide” denotes an amino acid sequence which is

3

identical to a “native” or “wild-type” human Fc-region polypeptide. The term
“variant (human) Fc-region polypeptide” denotes an amino acid sequence which
derived from a “native” or “wild-type” human Fc-region polypeptide by virtue of at
least one “amino acid alteration”. A “human Fc-region” is consisting of two human
Fc-region polypeptides. A “variant (human) Fc-region” is consisting of two Fc-

region polypeptides, whereby both can be variant (human) Fc-region polypeptides
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or one is a human Fc-region polypeptide and the other is a variant (human) Fc-

region polypeptide.

In one embodiment the human Fc-region polypeptide has the amino acid sequence
of a human IgG1 Fc-region polypeptide of SEQ ID NO: 05, or of a human IgG2
Fc-region polypeptide of SEQ ID NO: 06, or of a human IgG3 Fc-region
polypeptide of SEQ ID NO: 07, or of a human IgG4 Fc-region polypeptide of SEQ
ID NO: 08. In one embodiment the Fc-region polypeptide is derived from an Fc-
region polypeptide of SEQ ID NO: 05, or 06, or 07, or 08 and has at least one
amino acid mutation compared to the Fc-region polypeptide of SEQ ID NO: 05, or
06, or 07, or 08. In one embodiment the Fc-region polypeptide comprises/has from
about one to about ten amino acid mutations, and in one embodiment from about
one to about five amino acid mutations. In one embodiment the Fc-region
polypeptide has at least about 80 % homology with a human Fc-region polypeptide
of SEQ ID NO: 05, or 06, or 07, or 08. In one embodiment the Fc-region
polypeptide has least about 90 % homology with a human Fc-region polypeptide of
SEQ ID NO: 05, or 06, or 07, or 08. In one embodiment the Fc-region polypeptide
has at least about 95 % homology with a human Fc-region polypeptide of SEQ ID
NO: 05, or 06, or 07, or 08.

The Fc-region polypeptide derived from a human Fc-region polypeptide of SEQ ID
NO: 05, or 06 or 07, or 08 is further defined by the amino acid alterations that are
contained. Thus, for example, the term P329G denotes an Fc-region polypeptide
derived human Fc-region polypeptide with the mutation of proline to glycine at
amino acid position 329 relative to the human Fc-region polypeptide of SEQ ID
NO: 05, or 06, or 07, or 08.

A “humanized” antibody refers to a chimeric antibody comprising amino acid
residues from non-human HVRs and amino acid residues from human FRs. In
certain embodiments, a humanized antibody will comprise substantially all of at
least one, and typically two, variable domains, in which all or substantially all of
the HVRs (e.g., the CDRs) correspond to those of a non-human antibody, and all or
substantially all of the FRs correspond to those of a human antibody. A humanized
antibody optionally may comprise at least a portion of an antibody constant region
derived from a human antibody. A “humanized form” of an antibody, ¢.g., a non-

human antibody, refers to an antibody that has undergone humanization.
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An "isolated" antibody is one which has been separated from a component of its
natural environment. In some embodiments, an antibody is purified to greater than
95 % or 99 % purity as determined by, for example, electrophoretic (e.g., SDS-
PAGE, isoclectric focusing (IEF), capillary electrophoresis) or chromatographic
(e.g., size exclusion chromatography or ion exchange or reverse phase HPLC). For
review of methods for assessment of antibody purity, see, ¢.g., Flatman, S. et al., J.
Chrom. B 848 (2007) 79-87.

An "isolated" nucleic acid refers to a nucleic acid molecule that has been separated
from a component of its natural environment. An isolated nucleic acid includes a
nucleic acid molecule contained in cells that ordinarily contain the nucleic acid
molecule, but the nucleic acid molecule is present extrachromosomally or at a

chromosomal location that is different from its natural chromosomal location.

The term "monoclonal antibody" as used herein refers to an antibody obtained from
a population of substantially homogencous antibodies, i.e., the individual
antibodies comprising the population are identical and/or bind the same epitope,
except for possible variant antibodies, e.g., containing naturally occurring
mutations or arising during production of a monoclonal antibody preparation, such
variants generally being present in minor amounts. In contrast to polyclonal
antibody preparations, which typically include different antibodies directed against
different determinants (epitopes), each monoclonal antibody of a monoclonal
antibody preparation is directed against a single determinant on an antigen. Thus,
the modifier “monoclonal” indicates the character of the antibody as being obtained
from a substantially homogeneous population of antibodies, and is not to be
construed as requiring production of the antibody by any particular method. For
example, the monoclonal antibodies to be used in accordance with the present
invention may be made by a variety of techniques, including but not limited to the
hybridoma method, recombinant DNA methods, phage-display methods, and
methods utilizing transgenic animals containing all or part of the human
immunoglobulin loci, such methods and other exemplary methods for making

monoclonal antibodies being described herein.

"Native antibodies" refer to naturally occurring immunoglobulin molecules with
varying structures. For example, native IgG antibodies are heterotetrameric
glycoproteins of about 150,000 daltons, composed of two identical light chains and
two identical heavy chains that are disulfide-bonded. From N- to C-terminus, each

heavy chain has a variable region (VH), also called a variable heavy domain or a
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heavy chain variable domain, followed by three constant domains (CH1, CH2, and
CH3). Similarly, from N- to C-terminus, each light chain has a variable region
(VL), also called a variable light domain or a light chain variable domain, followed
by a constant light (CL) domain. The light chain of an antibody may be assigned to
one of two types, called kappa (k) and lambda (), based on the amino acid

sequence of its constant domain.

The term "pharmaceutical formulation" refers to a preparation which is in such
form as to permit the biological activity of an active ingredient contained therein to
be effective, and which contains no additional components which are unacceptably

toxic to a subject to which the formulation would be administered.

A “pharmaceutically acceptable carrier” refers to an ingredient in a pharmaceutical
formulation, other than an active ingredient, which is nontoxic to a subject. A
pharmaceutically acceptable carrier includes, but is not limited to, a buffer,

excipient, stabilizer, or preservative.

The term "plasmid"”, as used herein, refers to a nucleic acid molecule capable of
propagating another nucleic acid to which it is linked. The term includes the
plasmid as a self-replicating nucleic acid structure as well as the plasmid
incorporated into the genome of a host cell into which it has been introduced.
Certain plasmids are capable of directing the expression of nucleic acids to which
they are operatively linked. Such plasmids are referred to herein as "expression

plasmid".

The term “positive linear pH gradient” denotes a pH gradient starting at a low (i.e.
more acidic) pH value and ending at a higher (i.e. less acidic, neutral or alkaline)
pH value. In one embodiment the positive linear pH gradient starts at a pH value of

about 5.5 and ends at a pH value of about 8.8.

The term "recombinant antibody", as used herein, denotes all antibodies (chimeric,
humanized and human) that are prepared, expressed, created or isolated by
recombinant means. This includes antibodies isolated from a host cell such as a
NSO, HEK, BHK or CHO cell or from an animal (e.g. a mouse) that is transgenic
for human immunoglobulin genes or antibodies expressed using a recombinant
expression plasmid transfected into a host cell. Such recombinant antibodies have
variable and constant regions in a rearranged form. The recombinant antibodies as
reported herein can be subjected to in vivo somatic hypermutation. Thus, the amino

acid sequences of the VH and VL regions of the recombinant antibodies are
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sequences that, while derived from and related to human germ line VH and VL
sequences, may not naturally exist within the human antibody germ line repertoire

in vivo.

A “solid phase” denotes a non-fluid substance, and includes particles (including
microparticles and beads) made from materials such as polymer, metal
(paramagnetic, ferromagnetic particles), glass, and ceramic; gel substances such as
silica, alumina, and polymer gels; capillaries, which may be made of polymer,
metal, glass, and/or ceramic; zeolites and other porous substances; clectrodes;
microtiter plates; solid strips; and cuvettes, tubes or other spectrometer sample
containers. A solid phase component of an assay is distinguished from inert solid
surfaces in that a "solid support" contains at least one moiety on its surface, which
is intended to interact chemically with a molecule. A solid phase may be a
stationary component, such as a chip, tube, strip, cuvette, or microtiter plate, or
may be non-stationary components, such as beads and microparticles.
Microparticles can also be used as a solid support for homogeneous assay formats.
A variety of microparticles that allow both non-covalent or covalent attachment of
proteins and other substances may be used. Such particles include polymer
particles such as polystyrene and poly (methylmethacrylate); gold particles such as
gold nanoparticles and gold colloids; and ceramic particles such as silica, glass, and
metal oxide particles. See for example Martin, C.R., et al., Analytical Chemistry-
News & Features, May 1 (1998) 322A-327A, which is incorporated herein by

reference. In one embodiment the solid support is sepharose.

The term “valent” as used within the current application denotes the presence of a
specified number of binding sites in a (antibody) molecule. As such, the terms
“bivalent”, “tetravalent”, and “hexavalent” denote the presence of two binding site,
four binding sites, and six binding sites, respectively, in a (antibody) molecule. The
bispecific antibodies as reported herein as reported herein are in one preferred

embodiment “bivalent”.

The term “variable region” or “variable domain” refer to the domain of an antibody
heavy or light chain that is involved in binding of the antibody to its antigen. The
variable domains of the heavy chain and light chain (VH and VL, respectively) of
an antibody generally have similar structures, with each domain comprising four
framework regions (FRs) and three hypervariable regions (HVRs) (see, e.g., Kindt,
T.J. et al. Kuby Immunology, 6th ed., W.H. Freeman and Co., N.Y. (2007), page
91). A single VH or VL domain may be sufficient to confer antigen-binding
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specificity. Furthermore, antibodies that bind a particular antigen may be isolated
using a VH or VL domain from an antibody that binds the antigen to screen a
library of complementary VL or VH domains, respectively. See, e.g., Portolano, S.
et al., J. Immunol. 150 (1993) 880-887; Clackson, T. et al., Nature 352 (1991) 624-
628).

The terms "variant”, "modified antibody”, and “modified fusion polypeptide”
denotes molecules which have an amino acid sequence that differs from the amino
acid sequence of a parent molecule. Typically, such molecules have one or more
alterations, insertions, or deletions. In one embodiment the modified antibody or
the modified fusion polypeptide comprises an amino acid sequence comprising at
least a portion of an Fc-region which is not naturally occurring. Such molecules
have less than 100 % sequence identity with the parent antibody or parent fusion
polypeptide. In one embodiment the modified antibody or the variant fusion
polypeptide has an amino acid sequence that has from about 75 % to less than
100 % amino acid sequence identity with the amino acid sequence of the parent
antibody or parent fusion polypeptide, especially from about 80 % to less than
100 %, especially from about 85 % to less than 100 %, especially from about 90 %
to less than 100 %, and especially from about 95 % to less than 100 %. In one
embodiment the parent antibody or the parent fusion polypeptide and the modified
antibody or the variant fusion polypeptide differ by one (a single), two or three

amino acid residue(s).

1I. Exemplary Embodiments of the Invention

The clearances of antibodies with identical Fc-region span a wide range. Also there
is an influence of the respective Fv region, i.e. which biophysical properties

differentiate fast cleared from slowly cleared antibodies.

Without being bound by this theory it is hypothesized that direct, charge-mediated
interaction of Fv and FcRn impairs the release of the antibody from the FcRn at pH
7.4.

The combination of pinocytosis and FcRn binding evaluation can be used to
characterize the pharmacokinetics of an antibody. This can be realized by the
combination of FcRn affinity chromatography (pH-gradient elution) and heparin
affinity chromatography (salt-gradient elution).
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An intravenous immunoglobulin (IVIG, a polyclonal mix of IgGs isolated from
pooled human donor serum (>1000 donors)) was separated on a heparin affinity
chromatography column giving rise to several broad peaks covering a wide
retention time range. The same material showed a narrow elution peak on the FcRn
column suggesting similar binding affinities for FcRn for the therein contained

antibodies (see Figure 4).

Heparin is a highly negatively charged glycosaminoglycan (polysaccharide) and a

main component of the glycocalix covering endothelial cells.

The fraction with the highest (Figure 4: 2) and the lowest (Figure 4: 1) heparin
retention time was tested in FcRn wild-type and FcRn knock-out mice. The

observed clearance is shown in the following Table:

clearance [mL/day/kg] FcRn-wt mice FcRn-knock-out mice
IVIG heparin fraction 1 4 32
IVIG heparin fraction 2 5 76

Higher clearance was found for the strong heparin binder, indicating a higher

pinocytosis rate, in both settings.

In the mouse model expressing murine FcRn, which has a significantly higher
affinity to hulgG compared to endogenous mlgG, FcRn recycling dominates the
pharmacokinetic (without being bound by this theory there is strongly reduced
competition of endogenous mlgG with the injected hulgG compared to the scenario
in a patient). In FcRn knockout mice FcRn recycling does not contribute to
pharmacokinetics and every pinocytosis event leads to the degradation of the
pinocytosed IgG. Therefore, the thereby determined clearance should be
proportionate to the pinocytosis rate of the injected IgG sample, resulting in a
significantly more pronounced clearance. These data correlate well with the
prediction of the heparin column, thereby adding evidence to the validity of the

heparin column as predictor for antibody pharmacokinetics via pinocytosis.

The following 35 antibodies having different formats and different specificities

have been produced and analyzed:
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antibody | format Fe-region antigen

no no.

1 IgG1, bivalent, monospecific, LALAPG 1
reference heparin

2 IgG1, bivalent, monospecific wild-type 2

3 IgG1, bivalent, monospecific wild-type 3

4 CrossMab, bivalent, bispecific KiH 4+5

5 IgG1, bivalent, monospecific wild-type 6

6 IgG1, bivalent, monospecific wild-type 7

7 IgG1, bivalent, monospecific wild-type 8

8 IgG1, bivalent, monospecific wild-type 9

9 IgG1, bivalent, monospecific wild-type 10

10 IgGl1, bivalent, monospecific, wild-type 11
reference FcRn

11 IgG1, bivalent, monospecific wild-type 12

12 1gG4, bivalent, monospecific wild-type 13

13 1gG1, bivalent, monospecific wild-type 9

14 IgG1, bivalent, monospecific wild-type 14

15 IgG1, bivalent, monospecific wild-type 15

16 Fc-region-cytokine fusion LALAPG 16

17 2:1 heterodimeric T cell bispecific | KiH 17+18

18 2:1 heterodimeric T cell bispecific | KiH 9+18

19 IgG1, bivalent, monospecific - KiH LALAPG | 16+19
cytokine fusion

20 IgG1, bivalent, monospecific - KiH LALAPG | 16+17
cytokine fusion

21 IgG1, bivalent, monospecific wild-type 20+21

22 IgG1, bivalent, monospecific wild-type 20+21

23 IgG1, bivalent, monospecific wild-type 22

24 IgG1, bivalent, monospecific wild-type 23

25 IgG1, bivalent, monospecific wild-type 24

26 IgG1, bivalent, monospecific wild-type 25

27 IgG1, bivalent, monospecific wild-type 26

28 IgG1, bivalent, monospecific wild-type 27

29 IgG1, bivalent, monospecific wild-type 28

30 2:1 heterodimeric T cell bispecific | KiH LALAPG | 29+18

31 1gG1, bivalent, monospecific wild-type 9

32 2:1 heterodimeric T cell bispecific | KiH LALAPG | 17+18

33 IgG1, bivalent, monospecific LALAPG 9

34 IgG1-Fab fusion, trivalent, KiH LALAPG | 9+30
bispecific

35 IgG1, bivalent, monospecific wild-type 31

A bivalent, monospecific IgG1 antibody with a wild-type-Fc-region is an antibody
comprising two antibody light chains (each comprising a light chain variable

domain and a light chain constant domain) and two antibody heavy chains (each
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comprising a heavy chain variable domain, a hinge region and the heavy chain
constant domains CH1, CH2 and CH3), whereby the Fc-region is a human IgG1
Fc-region, whereby the Fc-region C-terminal amino acid residues K or GK may be
present or not independently of each other in the two antibody heavy chains. In one
embodiment the human IgG1 Fc-region has the amino acid sequence of SEQ ID
NO: 05.

A bivalent, bispecific IgGl antibody with a KiH-Fc-region is an antibody
comprising two antibody light chains (each comprising a light chain variable
domain and a light chain constant domain) and two antibody heavy chains (each
comprising a heavy chain variable domain, a hinge region and the heavy chain
constant domains CH1, CH2 and CH3), whereby the Fc-region is a human IgG1
Fc-region, whereby the Fc-region C-terminal amino acid residues K or GK may be
present or not independently of each other in the two antibody heavy chains,
whereby one of the heavy chain comprises the hole mutations and the respective
other heavy chain comprises the knob mutation. In one embodiment the heavy
chain Fc-regions have the amino acid sequence of SEQ ID NO: 09 and 10,

respectively.

The CH3 domains in the Fc-reign of the heavy chains of a bivalent bispecific
antibody can be altered by the “knob-into-holes” technology which is described in
detail with several examples in e.g. WO 96/027011, Ridgway, J.B., et al., Protein
Eng. 9 (1996) 617-621; and Merchant, A.M., et al., Nat. Biotechnol. 16 (1998)
677-681. In this method the interaction surfaces of the two CH3 domains are
altered to increase the heterodimerization of both heavy chains containing these
two CH3 domains. Each of the two CH3 domains (of the two heavy chains) can be
the “knob”, while the other is the “hole”. The introduction of a disulfide bridge
further stabilizes the heterodimers (Merchant, A.M., et al., Nature Biotech. 16
(1998) 677-681; Atwell, S., et al., J. Mol. Biol. 270 (1997) 26-35) and increases the
yield.

The mutation T366W in the CH3 domain of an antibody heavy chain is denoted as
“knob mutation” and the mutations T366S, L368A, Y407V in the CH3 domain of
an antibody heavy chain are denoted as “hole mutations” (numbering according to
Kabat EU index). An additional interchain disulfide bridge between the CH3
domains can also be used (Merchant, A.M., et al., Nature Biotech. 16 (1998) 677-
681) e.g. by introducing a Y349C mutation into the CH3 domain of the heavy
chain with the “knob mutation” and by introducing a E356C mutation or a S354C
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mutation into the CH3 domain of the heavy chain with the “hole mutations”, or

vice versa.

A bivalent, monospecific IgG1 antibody cytokine fusion with a KiH LALAPG-Fc-
region is an antibody comprising two antibody light chains (each comprising a light
chain variable domain and a light chain constant domain) and two antibody heavy
chains (each comprising a heavy chain variable domain, a hinge region and the
heavy chain constant domains CH1, CH2 and CH3), whereby the Fc-region is a
human IgG1 Fc-region, whereby the Fc-region C-terminal amino acid residues K
or GK may be present or not independently of each other in the two antibody heavy
chains, whereby one of the heavy chains comprises the hole mutations and the
respective other heavy chain comprises the knob mutation, whereby both heavy
chains further comprise the amino acid mutations L234A, L235A and P329G. In
one embodiment the heavy chain Fc-regions have the amino acid sequence of SEQ
ID NO: 18 and 19, respectively.

A bivalent, bispecific CrossMab with a KiH-Fc-region is an antibody comprising
a) a first light chain and a first heavy chain of an antibody specifically
binding to a first antigen, and a second light chain and a second heavy
chain of an antibody specifically binding to a second antigen, wherein
the variable domains VL and VH of the second light chain and the
second heavy chain are replaced by each other, or
b) a first light chain and a first heavy chain of an antibody specifically
binding to a first antigen, and a second light chain and a second heavy
chain of an antibody specifically binding to a second antigen, wherein
the constant domains CL and CH1 of the second light chain and the
second heavy chain are replaced by each other,
whereby the Fc-region is a human IgG1 Fc-region, whereby the Fc-region C-
terminal amino acid residues K or GK may be present or not independently of each
other in the two antibody heavy chains, whereby one of the heavy chains comprises
the hole mutations and the respective other heavy chain comprises the knob
mutation. In one embodiment the heavy chain Fc-regions have the amino acid
sequence of SEQ ID NO: 09 and 10, respectively.

A 2:1 heterodimeric T cell bispecific antibody with a KiH-LALAPG-Fc-region is
an antibody comprising

a) a first Fab fragment which specifically binds to a first antigen;
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b) a second Fab fragment which specifically binds to a second antigen,
and wherein the variable domains VL and VH or the constant domains
CL and CHI of the Fab light chain and the Fab heavy chain are
replaced by each other;
c) athird Fab fragment which specifically binds to the first antigen; and
d)  an Fc-region composed of a first and a second heavy chain Fc-region;
wherein
(iii) the first Fab molecule under a) is fused at the C-terminus of the Fab
heavy chain to the N-terminus of the Fab heavy chain of the second Fab
molecule under b), and the second Fab molecule under b) and the third
Fab molecule under c) are each fused at the C-terminus of the Fab
heavy chain to the N-terminus of one of the heavy chain Fc-regions
under d),
whereby the Fc-region is a human IgG1 Fc-region, whereby the Fc-region C-
terminal amino acid residues K or GK may be present or not independently of each
other in the two antibody heavy chain Fc-regions, whereby one of the heavy chain
Fc-regions comprises the hole mutations and the respective other heavy chain Fc-
region comprises the knob mutation, whereby both heavy chain Fc-regions further
comprise the amino acid mutations L234A, L235A and P329G. In one embodiment
the heavy chain Fc-regions have the amino acid sequence of SEQ ID NO: 18 and
19, respectively.

A trivalent, bispecific IgG1-Fab fusion with KiH-LALAPG-Fc-region comprises

a) two light chains and two heavy chains of an antibody, which

specifically bind to a first antigen (and comprise two Fab fragments),

b)  one additional Fab fragment of an antibody, which specifically binds to
a second antigen, wherein said additional Fab fragment is fused via a
peptidic linker to the C-terminus of one of the heavy chains of a),

wherein in the additional Fab fragment either the variable domains VL and

VH are replaced by each other, and/or the constant domains CL and CH1 are

replaced by each other,

whereby the Fc-region is a human IgG1 Fc-region, whereby the Fe-region C-

terminal amino acid residues K or GK may be present or not independently

of cach other in the two antibody heavy chains, whereby one of the heavy
chains comprises the hole mutations and the respective other heavy chain

comprises the knob mutation, whereby both heavy chains further comprise
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the amino acid mutations L234A, L235A and P329G. In one embodiment the
heavy chain Fc-regions have the amino acid sequence of SEQ ID NO: 18 and
19, respectively.

An Fc-region-cytokine fusion with a LALAPG-Fc-region is an antibody Fc-region
fusion comprising two antibody heavy chain Fc-region fragments (each comprising
at least a fragment of a hinge region and the heavy chain constant domains CHI,
CH2 and CH3), whereby the Fc-region is a human IgG1 Fc-region, whereby the
Fc-region C-terminal amino acid residues K or GK may be present or not
independently of each other in the two antibody heavy chain Fc-region fragments,
whereby both antibody heavy chain Fc-region fragments comprise the amino acid
mutations L234A, L235A and P329G. In one embodiment the heavy chain Fc-
regions have the amino acid sequence of SEQ ID NO: 15.

In order to level intraday, intrapersonal and intra-laboratory variations the retention

times are normalized to a reference antibody on each of the affinity columns.

For the heparin affinity chromatography column, the anti-pTau antibody with
heavy chains of SEQ ID NO: 01 and light chains of SEQ ID NO: 02 was chosen.
This antibody shows a relatively long retention time on the heparin affinity

chromatography column resulting in a robust relative retention time calculation.

For the FcRn affinity chromatography column a preparation comprising oxidized
variants of the anti-Her 3 antibody with heavy chains of SEQ ID NO: 03 and light
chains of SEQ ID NO: 04 was chosen. This antibody was chosen as it has a
comparable AUC distribution as the antibody used in Stracke, J., et al. (mAbs 6
(2014) 1229-1242). For the 35 antibodies the retention times on an FcRn affinity
chromatography column and a heparin affinity chromatography column have been
determined. In addition, single-dose pharmacokinetics have been determined in
cynomolgus monkeys. The results are presented in the following Table (same

antibody sequence as before).
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antibody | heparin affinity FcRn affinity column clearance*
no column rel. retention [mL/kg/day]
rel. retention (vs. (vs. Her3 Pre-peak 1
pTau) and Main Peak)
1 1 0.9 61.1
2 1.01 3.92 5.01
3 0.72 0.61 3.34
4 0.59 0.88 3.97
5 0.67 0.36 3.47
6 0.61 0.59 5.13
7 0.64 0.22 6.41
8 0.56 2.52 4.1
9 0.66 0.4 5.28
10 0.66 1.03 4.1
11 0.67 0.43 5.52
12 0.63 -0.22 1.6
13 0.65 1.21 <8
14 0.44 0.29 4.73
15 0.26 -0.46 2.4
16 1.05 0.52 > 12
17 1 1.42 24.9
18 0.8 3.29 90
19 0.99 0.78 17
20 1.09 1.39 16.4
21 0.9 3.36 > 8
22 0.66 0.39 > 8
23 0.53 0.61 5.37
24 0.13 -0.199 2.5
25 1.01 1.78 8.16
26 0.26 -0.16 4.81
27 0.53 0.37 2.45
28 0.59 0.17 4.8
29 0.52 2.43 4.87
30 0.79 0.58 6.3
31 0.55 2.24 31.92
32 0.77 0.42 7.5
33 0.52 1.91 10.08
34 0.55 1.86 31.92
35 0.84 0.01 4.63

The clearance is ranked as follows:

fast: > 12 mL/kg/day;

borderline: 8-12 mL/kg/day;

acceptable: 2.5 < X < 8 mL/kg/day;
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very good: < 2.5 mL/kg/day.

The correlation of retention times and pharmacokinetic behavior is shown in Figure
2. It can be seen that a correlation between relative retention times on the two
affinity chromatography columns and pharmacokinetic behavior is existing. It has
been found that a region comprising predominantly antibodies with slow clearance
is defined by a relative retention time on the FcRn affinity chromatography column
of less than 1.78 (with an anti-Her3 antibody as reference antibody) and by a
relative retention time on the heparin affinity chromatography column of less than
0.87 (with an anti-pTau antibody as reference antibody). The respective correlation

with the threshold values marked is shown in Figure 3.

In one embodiment the reference antibody is an oxidized antibody preparation. In
one embodiment the oxidized antibody preparation is a preparation comprising the
antibody with respect to the methionine residues at position 252 in the heavy chain
CH2 domains in non-oxidized form, in mono-oxidized form (only one of the two
methionins at position 252 is oxidized) and in bi-oxidized form (both methionine
residues at position 252 are oxidized) (numbering according to Kabat). In one
embodiment the relative retention time is calculated based on the following

formula

ti — treference antibody mono-oxidized peak

trel,i - Creference antibody non—oxidized peak ~— Creference antibody mono-oxidized peak

with t.; = relative retention time of the antibody; t; = retention time of the
antibody. In one embodiment the first reference antibody is an anti-Her3 antibody
that has a heavy chain with the amino acid sequence of SEQ ID NO: 03 and a light
chain with the amino acid sequence of SEQ ID NO: 04. In one embodiment the
first threshold value is 2. In one embodiment the first threshold value is 1.8. In one

embodiment the first threshold value is 1.78.

In one embodiment the second reference antibody is an anti-pTau antibody that has
a heavy chain with the amino acid sequence of SEQ ID NO: 01 and a light chain
with the amino acid sequence of SEQ ID NO: 02. In one embodiment the second
threshold value is 1. In one embodiment the second threshold value is 0.8. In one

embodiment the second threshold value is 0.78.

In one embodiment an immobilized non-covalent complex of a neonatal Fc

receptor (FcRn) and beta-2-microglobulin  (b2m) is used as affinity
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chromatography ligand in the FcRn affinity chromatography with a positive linear
pH gradient,

wherein the non-covalent complex of a neonatal Fc receptor and beta-2-
microglobulin is bound to a chromatography material and the non-covalent

complex is conjugated to the solid phase via a specific binding pair,

wherein the pH gradient is from a first pH value to a second pH value
whereby the first pH value is from pH 3.5 to pH 6.4 and the second pH value
is from pH 7.4 to pH 9.5, and

wherein the non-covalent complex of a neonatal Fc receptor (FcRn) and beta-
2-microglobulin (b2m) is mono-biotinylated and the solid phase is

derivatized with streptavidin.

In one embodiment the pH gradient is from a first pH value to a second pH value

whereby the first pH value is pH 5.5 and the second pH value is pH 8.8.
In one embodiment the antibody is binding to two antigens.

In one embodiment the FcRn affinity chromatography is performed with an FcRn
affinity chromatography column comprising streptavidin sepharose conjugated to
FcRn beta-2-microglobulin complex (3 mg complex/1 ml of sepharose) and that
has a length of about 50 mm and internal diameter of about 4.6 mm. In one
embodiment the FcRn affinity chromatography is performed as follows: 1) 30 pg of
sample is applied onto the FcRn affinity column equilibrated with 20 mM MES
buffer supplemented with 140 mM NaCl, adjusted to pH 5.5; ii) washing the
column for 10 minutes with a buffer comprising (v/v) 80 % 20 mM MES buffer
supplemented with 140 mM NaCl, adjusted to pH 5.5 and 20 % 20 mM Tris/HCI,
with 140 mM NacCl, adjusted to pH 8.8 at a flow rate of 0.5 mL/min; iii) eluting
and measuring the retention time with a linear gradient from the buffer of step ii) to
a buffer comprising (v/v) 30 % 20 mM MES buffer supplemented with 140 mM
NacCl, adjusted to pH 5.5 and 70 % 20 mM Tris/HCI, with 140 mM NaCl, adjusted
to pH 8.8 at a flow rate of 0.5 mL/min.

In one embodiment the oxidized anti-Her3 antibody preparation is obtained by
incubation of the anti-Her3 antibody for 18 hours at room temperature with 0.02 %

hydrogen peroxide solution.



10

15

20

25

30

WO 2020/084032 PCT/EP2019/078970

-33 .

In one embodiment the heparin affinity chromatography is performed with a
heparin affinity chromatography column comprising heparin conjugated to sulfated
glycosaminoglycan on a hydroxylated methacrylic polymer and that has a length of
about 50 mm and in internal diameter of about 5 mm. In one embodiment the
heparin affinity chromatography is performed as follows: 1) applying 20 to 50 pg of
protein samples in low-salt buffer (< 25 mM ionic strength) to a heparin affinity
chromatography column pre-equilibrated with 50 mM TRIS buffer adjusted to pH
7.4 at room temperature; ii) eluting with a linear gradient from 0-100 % 50 mM
TRIS buffer supplemented with 1000 mM NaCl and adjusted to pH 7.4 over 32

minutes at a flow rate of 0.8 mg/mL.
In one embodiment the beta-2-microglobulin is from the same species as the FcRn.

The herein used FcRn affinity chromatography column comprises a matrix and
matrix bound chromatographical functional groups, wherein the matrix bound
chromatographical functional group comprises a non-covalent complex of neonatal

Fc receptor (FcRn) and beta-2-microglobulin.

In one embodiment herein the FcRn is selected from human FcRn, cynomolgus
FcRn, mouse FcRn, rat FcRn, sheep FcRn, dog FcRn, pig FcRn, minipig FcRn, and
rabbit FcRn.

In one embodiment the beta-2-microglobulin is from the same species as the FcRn.

In one embodiment the beta-2-microglobulin is from a different species as the
FcRn.

In one embodiment the antibody is selected from the group consisting of a full
length antibody, a CrossMab or domain exchanged antibody, a 2:1 heterodimeric T
cell bispecific antibody, an antibody-cytokine fusion polypeptide, an Fc-region-
cytokine fusion polypeptide, and an antibody-Fab fusion polypeptide.

In one embodiment the antibody comprises an Fc-region selected from the group
consisting of a human IgG1 Fc-region, a human IgG1 Fc-region with the mutations
L234A, L235A and P329G, a human IgGl Fc-region with the knob-into-hole

mutations, and combinations thereof.

In one embodiment the antibody format is selected from the group consisting of a

full length antibody, a CrossMab, a 2:1 heterodimeric T cell bispecific antibody,
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and any of the before fused to one, two, or three additional Fab, scFv, scFab,

CrossFab molecules cither directly or via a peptidic linker.

In one embodiment the antibody format comprises an Fc-region selected from the
group consisting of a human IgG1 Fc-region, a human IgG1 Fc-region with the
mutations L234A, L235A and P329G, a human IgG1 Fc-region with the knob-into-

hole mutations, and combinations thereof.

In one embodiment the antibody is a monoclonal antibody.
In one embodiment the antibody is a bispecific antibody.
In one embodiment the antibody is a chimeric antibody.

In general, the soluble extracellular domain of FcRn (SEQ ID NO: 31 for human
FcRn) with C-terminal His-Avi Tag (SEQ ID NO: 32) was co-expressed with -
microglobulin (SEQ ID NO: 33 for human beta-2-microglobulin) in mammalian
cells. The non-covalent FcRn-microglobulin complex was biotinylated and loaded

onto streptavidin derivatized sepharose.

To further elucidate the relation of charge and heparin/FcRn-binding and thereby
pharmacokinetics, variants of antibody no. 5 were synthesized covering the

biophysical space of charges and hydrophobicities normally seen in antibody Fvs.

Variants carrying positively charged patches showed strong heparin and FcRn
column retention (relative retention of the FcRn column of 0.5 and more and
relative retention on the heparin column of 0.8 or more), which predicts fast

clearance.

Variants carrying negatively charged patches showed weak heparin and FcRn
column retention (relative retention of the FcRn column of 0.25 and less and
relative retention on the heparin column of 0.6 or less), which predicts slow

clearance.

When combining negatively and positively charged patches, the resulting antibody

variant behaves as if it was carrying only positively charged patches.

For the wild-type antibody no. 5 and four variants thereof the clearance in FcRn
knock-out mice was determined (Figures 5 and 6). All three tested variants carrying

positively charged patches show very high clearance compared to the wild-type
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antibody no. 5 in FcRn knock-out mice, correlating well with the column
retentions. The variant carrying a negatively charged patch shows significantly
reduced clearance in this mouse model also correlating well with the column

retentions.

In order to determine the effect of “patchiness* on clearance (i.e. the effect of the
concentration of surface charges to form a charge patch in contrast to an even
charge distribution) five variants of antibody no. 5 were generated wherein the total
number of positive and negative charges remained unchanged while the distribution
of the charges on the Fab surface was incrementally changed from “even” to

“patchy”.

Although, both positive and negative charged patches were created, the heparin
column retention increased with increasing patchiness. This indicates a bigger or
even dominant effect of the positively charged patches compared to the negatively
charged ones as already seen above. The calculated pl of these variants is nearly
unchanged while the clearance in FcRn knock-out mice of the patchiest variant is
significantly higher than that with the most even charge distribution (almost
doubled; Figure 7). These data suggest, without being bound by this theory, that
“patchiness” or rather the influence of positively charged patches determines
clearance in comparison to the pl which is a rather broad and therefore poor

predictor of pharmacokinetics.

In order to determine the effect of replacing the permanently positively charged
amino acids lysine and arginine with pH-dependently charged histidine a variant of
antibody no. 5 in which all HC Fv positively charged amino acid residues were
replaced with histidines (7 changes in total) was generated. This was compared by
the heparin and FcRn column relative retention times and in vivo pharmacokinetic
with the wild-type antibody no. 5.

Without being bound by this theory it is assumed that in blood serum at neutral pH,
the charge of histidine is mostly neutral, therefore reducing binding to the
negatively charged glycocalix and subsequently the pinocytosis rate. Within the
acidic endosome histidine is mostly positive charged and therefore contributes to
the binding to FcRn via Fv-FcRn avidity. Being recycled, the histidine mutated I1gG
is brought to the cell surface where efficient dissociation from FcRn is required for

good pharmacokinetic. Histidines that are now exposed to the neutral pH of the
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serum become deprotonated and therefore weaken the avidity interaction with

FcRn allowing for improved release to the serum.

The histidine mutant showed reduced heparin retention, whereas FcRn retention
remains mostly unaltered (Figure 8). Without being bound by this theory, this
reflects the pH-dependency.

In vivo, clearance of the histidine mutant is significantly reduced compared to

wild-type antibody in the FcRn knock-out mouse (Figures 9 and 10).

In one embodiment the modified antibody has at least one additional negatively

charged patch on its (solvent-exposed) surface.

To determine charged patches on the (solvent exposed) surface of an antibody
different methods and tools are known to a person skilled in the art. There are tools
provided by different vendors or academic groups. For example, herein an in-silico
calculation method based on the X-ray structure or a homology model, followed by
pH-protonation of acidic and basic amino acid side-chains and calculation of the
3D charge distribution using the software CHARMM and Delphi as implemented

in the software suite Discovery Studio (vendor: Dassault Systems) was used.

In one embodiment the modified antibody has at least one additional positively

charged patch on its (solvent-exposed) surface.

In one embodiment the modified antibody has the same (surface) net charge as the

parent antibody.

In one embodiment a (permanently) negatively charged amino acid residue is

selected from the group consisting of glutamate and aspartate.

In one embodiment a (permanently) positively charged amino acid residue is

selected from the group consisting of arginine and lysine.
In one embodiment the pH-dependently charged amino acid residue is histidine.

In one embodiment a permanently charged amino acid residue has the same (net)

charge in the pH range from pH 6 to pH 8.

In one embodiment a pH-dependently charged amino acid residue has a first (net)

charge at pH 6 and an opposite second (net) charge at pH 8.
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In both FcRn-ko (knock-out) and hFcRn-tg (transgenic) mice, mAbs containing
pos. charged patches showed fast clearance. In FcRn mice, mAbs that were
engineered to carry more neg. charge patches, evenly distributed charges or His
instead of Arg or Lys (pos. charged residues, even at neutral pH) showed slower
clearance (red) compared to wild-type mAb. mAbs that were engineered to carry
more pos. charge patches showed faster clearance (blue) compared to wild-type
mAD (Figure 11).

By calculating a ratio of clearance (ko/tg mice) an in vivo metric for FcRn
recycling efficiency has been found. When plotting this ratio against the clearance
in FcRn-ko mice (which correlates with charge patches and pinocytosis rate) large
differences between various IgGs can be identified. When plotting the clearance in
FcRn-ko mice against the ratio of clearance in FcRn-ko mice to hFcRn-tg mice a

bell shaped curve is obtained (Figure 12).

Binding of IgGs to FcRn occurs via two IgG domains: the canonical, specific FcRn
binding site on the Fc domain and the a non-specific binding via the Fv domain,
thereby creating avidity. Without being bound by this theory it is hypothesized that
the molecules on the left side of Figure 12 (low FcRn recycling efficiency and low
pinocytosis rate) show reduced binding at pH 6 to FcRn due to the absence of pos.
charge patches on the Fv domain and thereby have a reduced rate of being sorted
into recycling endosomes but are degraded in the lysosome. In contrast molecules
on the right side of Figure 12 show reduced recycling efficiency due to their strong,
Fv charge mediated interaction with FcRn at physiological pH and have therefore a
lower dissociation rate at the cell surface. Antibodies with high recycling efficiency

can be found in the peak of the curve as shown in Figure 12.

Thus, the introduction of Fc-region mutations to increase FcRn affinity should
improve the pharmacokinetic properties of antibodies by raising FcRn recycling
efficiency (increased binding, important at pH 6.0) and should shift antibodies from
the left side of Figure 12 into the peak area.

Different variants of a parent antibody have been generated and characterized in

vivo in human FcRn transgenic mice (hFcRn Tg32).



WO 2020/084032 PCT/EP2019/078970

- 38 -

Selection [x = in vive PK)

_Fvvariant  vi04 : ,
@ w vigs . a)

e | S| e G

AAA(IZ53A, H310A, HASHA]
Y4564 X
WT . . | X X X X X
Ma28L X
T307H/N434H X
YIE (M252Y, 52641, 1256E) X X X X X X
HA433K/Na34F X

variant FcRn rel. CL (ml/kg/day) | fold CL

Retention Tg32 hFcRn change (to
[min] (-wt) +/+ mice WT) in Tg32
hFcRn +/+

I-WT 0 5.26 1

I-YTE 3.72 3.69 0.70

104-WT 0 3.67 1

104-YTE 3.6 3.28 0.89

108-WT 0 5.26 1

108-YTE 3.63 4.53 0.86

2-WT 0 3.63 1

2-YTE 3.64 2.72 0.75

20-WT 0 4.02 1

20- 7.74 6.46 1.61

H433K/N434F

20-M428L 1.52 2.9 0.72

20- 3.75 3.21 0.8

T307H/N434H

20-YTE 3.48 3.03 0.75

27-WT 0 30.1 1

27-Y436A -0.95 30.8 1.02

27-YTE 4.87 18.2 0.60

The data contained in the table above is presented in Figure 13 in an aligned plot,
wherein on the y-axis the ratio of ‘clearance in hFcRn +/+ Tg32 mice of Fc-
mutated variant’ to ‘clearance in hFcRn +/+ Tg32 mice of corresponding parent
(=wild-type) antibody’ and wherein on the X-axis the difference of ‘FcRn column
rel. retention of Fc-mutated variant’ and ‘FcRn column rel. retention of

corresponding parent (=wild-type) antibody’ is depicted.
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It can be seen that most variants shown a reduced clearance (Y-axis value below 1).

Mutation Y436A results in a reduced FcRn binding and thus, as expected the

clearance is increased (Y-axis value above 1).

Mutations H433K/N434F results in a dramatically increased FcRn binding at pH
7.4 (X-axis value or more than 5, i.e. dissociation from FcRn at highly elevated pH
value), which, as expected, results in an increased clearance (Y-axis value above 1)
as dissociation of the antibody from FcRn at pH 7.4 is impaired and thereby FcRn-

mediated recycling is reduced.

It can be seen from the data that a preferred “window” for the relative retention
time change can be defined. This window spans the rime range of more than 1
minute to less than 5 minutes change of FcRn retention time relative to the
respective parent antibody. Modification of the FcRn-binding in said “window”
results for all variants in reduced clearance and thereby improved pharmacokinetic

properties.

For 75 % of the variants (6 out of 8) an even more narrow “window” of from more

than 3 minutes to less than 4 minutes can be defined.

Thus, one aspect of the current invention is a method for providing an antibody

with improved in vivo half-live, comprising the following steps:

a) determining the (relative) retention time of a (parent) antibody in an FcRn

affinity chromatography,

b) modifying the Fc-region of the antibody by introducing mutations that
increase the binding of the Fc-region to human FcRn to obtain a modified

antibody,

¢) determining the (relative) retention time of the modified antibody in an FcRn

affinity chromatography,

d) repeating step b) if the change of the relative retention time between the
(parent) antibody and the modified antibody is less than about 1 minute and
more than about 5 minutes, whereby in case the change of the relative
retention time is less than 1 minute mutations are chosen that result in a

further increased binding of the Fc-region to human FcRn or in case the
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change of the relative retention time is more than 5 minutes mutations are

chosen that result in a less increased binding of the Fc-region to human FcRan,

¢) providing an antibody with improved in vivo half-live if the change of the
relative retention time between the (parent) antibody and the modified

antibody is more than about 1 minute and less than about 2 minutes.
In one embodiment the FcRn affinity chromatography is performed as follows:

- an FcRn affinity chromatography column comprising about 1 mL of a
streptavidin agarose matrix with human FcRn conjugated thereto via biotin-
streptavidin non-covalent interaction (in one preferred embodiment with 1 mg to 5
mg FcRn per g matrix, preferably 2.5 mg FcRn per g matrix) is equilibrated with
80 vol-% buffer A (20 mM MES sodium salt, 140 mM NaCl, pH 5.5) and 20 vol-%
buffer B (20 mM Tris/HCI, 140 mM NaCl, pH 8.8) at a flow rate of 0.5 mL/min

and a column temperature of 25 °C;

- a total of 30 ug of the antibody is prepared in the same mixture of 80 vol-%
buffer A and 20 vol-% buffer B and injected on the equilibrated column;

- ten minutes post injection, a linear gradient from 20 vol-% to 100 vol-% buffer B

over 70 minutes is started;

- optionally 100 vol-% buffer B is held for 10 minutes before the column is re-
equilibrated with 80 vol-% buffer A and 20 vol-% buffer B;

whereby detection is performed with a UV detector set at 280 nm;

whereby (in order to make results from different runs and different buffer and
column lots comparable, and to compensate for slight retention time drifts, a
standard sample is measured at the beginning and the end of each sequence and
after every 10" run) a relative retention time on the FcRn affinity chromatography

column is calculated according to the following equation:

t — tpeakz

t i —
e tpeak3 - tpeakz

based on the peak definition according to Figure 1 (#.;;: relative retention
time of peak i; #;: retention time of peak i; f,eu2: retention time of peak 2 of
the partially oxidized anti-Her3 antibody according to Figure 1; feams:

retention time of peak 3 of the anti-Her3 antibody according to Figure 1).



10

15

20

25

30

WO 2020/084032

PCT/EP2019/078970

-4] -

In one embodiment the FcRn is a non-covalent complex with human beta-2-

microglobulin (b2m).

In one embodiment the method comprises as step b) the following step:

b) modifying the Fc-region of the antibody by introducing mutations that

increase the binding of the Fc-region to human FcRn to obtain a modified

antibody,

and

modifying the Fv of the antibody by

reducing the size of positively charged patches,
reducing the size of positively charged patches and increasing the size
of negatively charged patches,

making the overall distribution of charges in the Fv more even.

In one embodiment the charge distribution in the Fv fragment is changed by

)

v)

changing at least one (permanently) negatively charged or not charged
amino acid residue to a (permanently) positively charged amino acid

residue, or

changing at least one (permanently) positively charged or not charged
amino acid residue to a (permanently) negatively charged amino acid

residue, or

changing at least one (permanently) charged amino acid residue to an

amino acid residue with the opposite charge, or

changing at least one permanently charged amino acid residue to a pH-

dependently charged amino acid residue, or

a combination of 1) to iv).

When the retention times on an FcRn affinity chromatography column and on a

heparin affinity chromatography column are normalized based on the retention

times of reference antibodies on the respective columns, a relative retention time

region comprising predominantly antibodies with slow clearance is defined. This

region is defined by a relative retention time on the FcRn affinity chromatography
column of less than 1.78 (with an oxidized (H202-treated) anti-Her3 antibody

preparation as reference antibody) and by a relative retention time on the heparin
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affinity chromatography column of less than 0.87 (with an anti-pTau antibody as

reference antibody).
In one embodiment the method further comprises the following steps:

¢) performing an FcRn affinity chromatography with a positive linear pH
gradient and a heparin affinity chromatography with a positive linear
conductivity/salt gradient with the parent antibody and the modified
antibody,

and

f) providing an antibody with improved in vivo half-live if the modified

antibody has

1) a relative retention time on the FcRn affinity chromatography
column that is less than the retention time of the parent antibody on
the (same) FcRn affinity chromatography column (under the same

clution conditions), or

i1)  a relative retention time on the heparin affinity chromatography
column that is less than the retention time of the parent antibody on
the (same) heparin affinity chromatography column (under the same

clution conditions), or
iii)  both of 1) and ii).
In one embodiment the method further comprises the following steps:

¢) performing an FcRn affinity chromatography with a positive linear pH
gradient and a heparin affinity chromatography with a positive linear
conductivity/salt gradient with the parent antibody and the modified
antibody,

and

f) providing an antibody with improved in vivo half-live if the modified

antibody has

1) a relative retention time on the FcRn affinity chromatography

column that is more than the retention time of the parent antibody on
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the (same) FcRn affinity chromatography column (under the same

clution conditions), or

a relative retention time on the heparin affinity chromatography
column that is more than the retention time of the parent antibody on
the (same) heparin affinity chromatography column (under the same

clution conditions), or

both of 1) and i1).

In one embodiment the method further comprises the following steps:

¢) performing an FcRn affinity chromatography with a positive linear pH

gradient and a heparin affinity chromatography with a positive linear

conductivity/salt gradient with the parent antibody and the modified

antibody,

and

f) providing an antibody with improved in vivo half-live if the modified

antibody has

)

iii)

a relative retention time on the FcRn affinity chromatography
column that is less or more than the retention time of the parent
antibody on the (same) FcRn affinity chromatography column

(under the same clution conditions), or

a relative retention time on the heparin affinity chromatography
column that is less or more than the retention time of the parent
antibody on the (same) heparin affinity chromatography column

(under the same clution conditions), or

both of 1) and ii), wherein in 1) the relative retention time is less and

i1) it is more, or vice versa.

To determine charged patches on the (solvent exposed) surface of an antibody

different methods and tools are known to a person skilled in the art. There are tools

provided by different vendors or academic groups. For example, herein an in-silico

calculation method based on the X-ray structure or a homology model, followed by

pH-protonation of acidic and basic amino acid side-chains and calculation of the
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3D charge distribution using the software CHARMM and Delphi as implemented

in the software suite Discovery Studio (vendor: Dassault Systems) was used.

In one embodiment the modified antibody has at least one additional negatively

charged patch on its (solvent-exposed) surface.

In one embodiment the modified antibody has the same (surface) net charge as the

parent antibody.

In one embodiment a (permanently) negatively charged amino acid residue is

selected from the group consisting of glutamate and aspartate.

In one embodiment a (permanently) positively charged amino acid residue is

selected from the group consisting of arginine and lysine.
In one embodiment the pH-dependently charged amino acid residue is histidine.

In one embodiment a permanently charged amino acid residue has the same (net)

charge in the pH range from pH 6 to pH 8.

In one embodiment a pH-dependently charged amino acid residue has a first (net)

charge at pH 6 and an opposite second (net) charge at pH 8.

In one embodiment the standard sample is an oxidized antibody preparation
comprising the reference antibody with respect to the methionine residues at
position 252 in the heavy chain CH2 domains in non-oxidized form, in mono-
oxidized form (only one of the two methionins at position 252 is oxidized) and in
bi-oxidized form (both methionine residues at position 252 are oxidized)
(numbering according to Kabat). In one embodiment the relative retention time is

calculated based on the following formula

ti — treference antibody mono-oxidized peak

t i —
e Creference antibody non—oxidized peak ~— Creference antibody mono-oxidized peak
with t.; = relative retention time of the antibody; t; = retention time of the
antibody. In one embodiment the first reference antibody is an anti-Her3 antibody
that has a heavy chain with the amino acid sequence of SEQ ID NO: 03 and a light
chain with the amino acid sequence of SEQ ID NO: 04.

In one embodiment the first threshold value in step f) is 2. In one embodiment the

first threshold value is 1.8. In one embodiment the first threshold value is 1.78.
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In one embodiment the second reference antibody in step f) is an anti-pTau
antibody that has a heavy chain with the amino acid sequence of SEQ ID NO: 01
and a light chain with the amino acid sequence of SEQ ID NO: 02. In one
embodiment the second threshold value is 1. In one embodiment the second

threshold value 1s 0.8. In one embodiment the second threshold value 1s 0.78.
In one embodiment step f) is

providing an antibody with improved in vivo half-live if the modified antibody

has

1) a relative retention time on the FcRn affinity chromatography
column is less than 1.78 times the retention time difference
between peaks 2 and 3 of a preparation of an oxidized anti-Her3
antibody of SEQ ID NO: 03 and 04, and

i1)  a relative retention time on the heparin affinity chromatography
column is less than 0.87 times the retention time of an anti-pTau
antibody of SEQ ID NO: 01 and 02.

In one embodiment of all methods the relative retention time on the FcRn affinity

chromatography column is calculated according to the following equation:

t — tpeakz

t i —
e tpeak3 - tpeakz

based on the peak definition according to Figure 1 (#.;;: relative retention
time of peak i; #;: retention time of peak i; f,eu2: retention time of peak 2 of
the partially oxidized anti-Her3 antibody according to Figure 1; feams:

retention time of peak 3 of the anti-Her3 antibody according to Figure 1).

In one embodiment of all methods the relative retention time on the heparin affinity

chromatography column is calculated according to the following formula:

t
trel,i ¢
pTau

(tre1:: relative retention time of peak i; #: retention time of peak i) #,7u:

retention time of the anti-pTau antibody peak).

In one embodiment in the FcRn affinity chromatography of step ¢) with a positive

linear pH gradient is used an immobilized non-covalent complex of a neonatal Fc
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receptor (FcRn) and beta-2-microglobulin (b2m) as affinity chromatography
ligand,

wherein the non-covalent complex of a neonatal Fc receptor and beta-2-
microglobulin is bound to a chromatography material and the non-covalent

complex is conjugated to the solid phase via a specific binding pair,

wherein the pH gradient is from a first pH value to a second pH value
whereby the first pH value is from pH 3.5 to pH 6.4 and the second pH value
is from pH 7.4 to pH 9.5, and

wherein the non-covalent complex of a neonatal Fc receptor (FcRn) and beta-
2-microglobulin (b2m) is mono-biotinylated and the solid phase is

derivatized with streptavidin.

In one embodiment the pH gradient of step ¢) is from a first pH value to a second

pH value whereby the first pH value is pH 5.5 and the second pH value is pH 8.8.
In one embodiment the beta-2-microglobulin is from the same species as the FcRn.

In one embodiment the FcRn is selected from human FcRn, cynomolgus FcRn,
mouse FcRn, rat FcRn, sheep FcRn, dog FcRn, pig FcRn, minipig FcRn, and rabbit
FcRn.

In one embodiment the beta-2-microglobulin is from the same species as the FcRn.

In one embodiment the beta-2-microglobulin is from a different species as the
FcRn.

In general, the soluble extracellular domain of FcRn (SEQ ID NO: 31 for human
FcRn) with C-terminal His-Avi Tag (SEQ ID NO: 32) was co-expressed with -
microglobulin (SEQ ID NO: 33 for human beta-2-microglobulin) in mammalian
cells. The non-covalent FcRn-microglobulin complex was biotinylated and loaded

onto streptavidin derivatized sepharose.

In one embodiment the reference antibody for the FcRn affinity chromatography is
the anti-HER3 antibody with SEQ ID NO: 03 (heavy chain) and SEQ ID NO: 04
(light chain).
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In one embodiment the reference antibody for the heparin affinity chromatography
is the anti-pTau antibody with SEQ ID NO: 01 (heavy chain) and SEQ ID NO: 02
(light chain).

In one embodiment the antibody is a monospecific antibody or antibody fragment
of fusion polypeptide, or a bispecific antibody or antibody fragment of fusion
polypeptide, or a trispecific antibody or antibody fragment of fusion polypeptide,
or a tetraspecific antibody or antibody fragment of fusion polypeptide.

In one embodiment the antibody is an antibody of the class IgG. In one
embodiment the antibody is an antibody of the subclass IgG1, IgG2, IgG3 or IgG4.
In one embodiment the antibody is an antibody of the subclass IgG1 or IgG4.

111. The neonatal Fc-receptor (FcRn)

The neonatal Fc-receptor (FcRn) is important for the metabolic fate of antibodies of
the IgG class in vivo. The FcRn functions to salvage wild-type IgG from the
lysosomal degradation pathway, resulting in reduced clearance and increased half-
life. It is a heterodimeric protein consisting of two polypeptides: a 50 kDa class 1
major histocompatibility complex-like protein (a-FcRn) and a 15 kDa p2-
microglobulin (B2m). FcRn binds with high affinity to the CH2-CH3 portion of the
Fc-region of an antibody of the class IgG. The interaction between an antibody of
the class IgG and the FcRn is pH dependent and occurs in a 1:2 stoichiometry, i.e.
one IgG antibody molecule can interact with two FcRn molecules via its two heavy
chain Fc-region polypeptides (see e¢.g. Huber, A.H., et al., J. Mol. Biol. 230 (1993)
1077-1083).

Thus, an IgGs in vitro FcRn binding properties/characteristics are indicative of its

in vivo pharmacokinetic properties in the blood circulation.

In the interaction between the FcRn and the Fc-region of an antibody of the IgG
class different amino acid residues of the heavy chain CH2- and CH3-domain are
participating. The amino acid residues interacting with the FcRn are located
approximately between EU position 243 and EU position 261, approximately
between EU position 275 and EU position 293, approximately between EU
position 302 and EU position 319, approximately between EU position 336 and EU
position 348, approximately between EU position 367 and EU position 393, at EU
position 408, and approximately between EU position 424 and EU position 440.

More specifically the following amino acid residues according to the EU
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numbering of Kabat are involved in the interaction between the Fc-region and the
FcRn: F243, P244, P245 P, K246, P247, K248, D249, T250, L251, M252, 1253,
S254, R255, T256, P257, E258, V259, T260, C261, F275, N276, W277, Y278,
V279, D280, V282, E283, V284, H285, N286, A287, K288, T289, K290, P291,
R292, E293, V302, V303, S304, V305, L306, T307, V308, L309, H310, Q311,
D312, W313, L314, N315, G316, K317, E318, Y319, 1336, S337, K338, A339,
K340, G341, Q342, P343, R344, E345, P346, Q347, V348, C367, V369, F372,
Y373, P374, S375, D376, 1377, A378, V379, E380, W381, E382, S383, N384,
(G385, Q386, P387, E388, N389, Y391, T393, S408, S424, C425, S426, V427,
M428, H429, E430, A431, L1432, H433, N434, H435, Y436, T437, Q438, K439,
and S440.

Site-directed mutagenesis studies have proven that the critical binding sites in the
Fc-region of IgGs for FcRn are Histidine 310, Histidine 435, and Isoleucine 253
and to a lesser extent Histidine 433 and Tyrosine 436 (see e.g. Kim, J.K., et al,,
Eur. J. Immunol. 29 (1999) 2819-2825; Raghavan, M., et al., Biochem. 34 (1995)
14649-14657; Medesan, C., et al., J Immunol. 158 (1997) 2211-2217).

Methods to increase IgG binding to FcRn have been performed by mutating IgG at
various amino acid residues: Threonine 250, Methionine 252, Serine 254,
Threonine 256, Threonine 307, Glutamic acid 380, Methionine 428, Histidine 433,
and Asparagine 434 (see Kuo, T.T., et al., J. Clin. Immunol. 30 (2010) 777-789).

In some cases, antibodies with reduced half-life in the blood circulation are desired.
For example, drugs for intravitreal application should have a long half-live in the
eye and a short half-life in the blood circulation of the patient. Such antibodies also

have the advantage of increased exposure to a disease site, e.g. in the eye.

Different mutations that influence the FcRn binding and therewith the half-live in
the blood circulation are known. Fc-region residues critical to the mouse Fc-region-
-mouse FcRn interaction have been identified by site-directed mutagenesis (see e.g.
Dall’Acqua, W.F., et al. J. Immunol 169 (2002) 5171-5180). Residues 1253, H310,
H433, N434, and H435 (EU numbering according to Kabat) are involved in the
interaction (Medesan, C., et al., Eur. J. Immunol. 26 (1996) 2533-2536; Firan, M.,
et al., Int. Immunol. 13 (2001) 993-1002; Kim, J.K., et al., Eur. J. Immunol. 24
(1994) 542-548). Residues 1253, H310, and H435 were found to be critical for the
interaction of human Fc¢ with murine FcRn (Kim, J.K., et al., Eur. J. Immunol. 29
(1999) 2819-2855). Residues M252Y, S254T, T256E have been described by
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Dall’Acqua et al. to improve FcRn binding by protein-protein interaction studies
(Dall'Acqua, W.F., et al. J. Biol. Chem. 281 (2006) 23514-23524). Studies of the
human Fc-human FcRn complex have shown that residues 1253, S254, H435, and
Y436 are crucial for the interaction (Firan, M., et al., Int. Immunol. 13 (2001) 993-
1002; Shields, R.L., et al., J. Biol. Chem. 276 (2001) 6591-6604). In Yeung, Y .A.,
et al. (J. Immunol. 182 (2009) 7667-7671) various mutants of residues 248 to 259
and 301 to 317 and 376 to 382 and 424 to 437 have been reported and examined.

Exemplary mutations and their effect on FcRn binding are listed in the following

Table.
Table.
mutation effect on half-live in the reference
FcRn binding | circulation

H285 reduced reduced Kim, J K.,

H310Q/H433N (murine) (in mouse) Scand. J.

(murine IgG1) Immunol. 40
(1994) 457-
465

1253A reduced reduced Ghetie, V. and

H310A (murine) (in mouse) Ward, E.S.,

H435A Immunol.

H436A Today 18

(murine IgG1) (1997) 592-
598

T252L/T254S/T256F increased increased Ghetie, V. and

T252A/T254S/T256A (murine) (in mouse) Ward, E.S.,

(murine IgG1) Immunol.
Today 18
(1997) 592-
598

1253A reduced reduced Medesan, C.,

H310A (murine) (in mouse) etal, J.

H435A Immunol. 158

H436A (1997) 2211-

H433A/N434Q 2217

(murine IgG1)

1253A reduced reduced Kim, J.K., Eur.

H310A H310A: <0.1 (in mouse) J. Immunol. 29

H435A rel. binding to (1999) 2819-

H435R muFcRn 2825

(human IgG1) (murine)
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FcRn binding | circulation
H433A 1.1 rel. blndlng Kll’n, JK, Eur.
(human IgG1) to muFcRn, J. Immunol. 29
0.4 rel. binding (1999) 2819-
hu FcRn 2825
(murine)
1253A reduced reduced Shields, R.L.,
S254A <0.1 relative ctal., J. Biol.
H435A binding to Chem. 276
Y436A huFcRn (2001) 6591-
(human IgG1) 6604
R255A reduced reduced Shields, R.L.,
K288A (human) etal., J. Biol.
L309A Chem. 276
S415A (2001) 6591-
H433A 6604
(human IgG1)
P238A increased increased Shields, R.L.,
T256A (human) et al., J. Biol.
E272A Chem. 276
V305A (2001) 6591-
T307A 6604
Q311A
D312A
K317A
D376A
A378Q
E380A
E382A
S424A
N434A
K288A/N434A
E380A/N434A
T307A/E380A/N434A
(human IgG1)
H435A reduced reduced Firan, M., et
(humanized IgG1) <0.1 rel. al., Int.
blndlng to Immunol. 13
huFcRn (2001) 993-
1002
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FcRn binding | circulation

1253A (no binding) increased reduced Dall’Acqua, J.

M252W (murine and (in mouse) Immunol. 169

M252Y human) (2002) 5171-

M252Y/T256Q 5180

M252F/T256D

N434F/Y436H

M252Y/S254T/T256E

G385A/Q386P/N389S

H433K/N434F/Y436H

H433R/N434Y/Y436H

G385R/Q386T/P387R/N38&9

P

M252Y/S254T/T256E/H433

K/N434F/Y436H

M252Y/S254T/T256E/G385

R /Q386T/P387R/N389P

(human IgG1)

M428L increased increased Hinton, P.R.,

T250Q/M428L (human) (in monkey) ctal., J. Biol.

(human IgG2) Chem. 279
(2004) 6213-
6216

M252Y/S254T/T256E + increased increased Vaccaro, C., et

H433K/N434F (human) (in mouse) al., Nat.

(human IgG) Biotechnol. 23
(2005) 1283-
1288

T307A/E380A/N434A increased increased in Pop, L.M., et

(chimeric IgG1) transgenic mouse al., Int.
Immunopharm
acol. 5 (2005)
1279-1290

T250Q increased increased in Petkova, S.B.,

E380A (human) transgenic mouse et al., Int.

M4281L, Immunol 18

N434A (2006) 1759-

K288A/N434A 1769

E380A/N434A

T307A/E380A/N434A

(human IgG1)

1253A reduced reduced in Petkova, S.B.,

(human IgG1) (human) transgenic mouse et al., Int.

Immunol 18
(2006) 1759-
1769
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FcRn binding | circulation

S239D/A3301L/1332E increased increased in Dall’Acqua,

M252Y/S254T/T256F (human and Cynomolgus WF,ectal,l.

(humanized) Cynomolgus) Biol. Chem.
281 (2006)
23514-23524

T250Q increased increased in Rhesus | Hinton, P.R.,

M428L (human) apes etal, J.

T250Q/M428L Immunol. 176

(human IgG1) (2006) 346-
356

T250Q/M428L increased no change in Datta-Mannan,

P2571/Q3111 (mouse and Cynomolgus A, etal,J.

(humanized IgG1) Cynomolgus) | increased in mouse | Biol. Chem.
282 (2007)
1709-1717

P2571/Q3111 increased reduced in mice Datta-Mannan,

P2571/N434H at pH 6 P2571/N434H A, etal., Drug

D376V/N434H (human, reduced in Metab. Dispos.

(humanized IgG1) Cynomolgus, | Cynomolgus 35(2007) 86-

mouse) 94

abrogate FcRn binding: increased and | reducing the Ropeenian,

1253 reduced binding ability of | D.C. and

H310 IgG for FcRn Akilesh, S.,

H433 reduces its serum | Nat. Rev.

H435 persistence; a Immunol. 7

reduce FcRn binding: higher-affinity (2007) 715-

Y436 FcRn-1gG 725

increased FcRn binding: interaction

T250 prolongs the half-

N252 lives of IgG and

S254 Fc-coupled drugs

T256 in the serum

T307

M428

N434

N434A increased increased in Yeung, Y.A.,

T307Q/N434A (Cynomolgus | Cynomolgus et al., Cancer

T307Q/N434S monkey) monkey Res. 70 (2010)

V308P/N434A 3269-3277

T307Q/E380A/N434A

(human IgG1)
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mutation

effect on half-live in the reference
FcRn binding | circulation

256P

280K

339T

385H

428L
434W/Y/F/A/H
(human IgG)

increased at WO 2011/
neutral pH 122011

Description of the Figures

Figure 1

Figure 2

Figure 3

Figure 4

Figure S

Figure 6

Peak definition for the calculation of relative retention times on the
FcRn column.

FcRn relative retention plotted vs. heparin column relative retention.
cross: clearance >12 mL/kg/day (,.fast”); filled square: clearance
between 8 and 12 mL/kg/day (,,borderline®); filled circle: clearance
more than 2.5 mL/kg/day but less than 8 mL/kg/day; filled star:
clearance of 2.5 mL/kg/day or less.

FcRn relative retention plotted vs. heparin column relative retention.
cross: clearance >12 mL/kg/day (,.fast”); filled square: clearance
between 8 and 12 mL/kg/day (,,borderline®); filled circle: clearance
more than 2.5 mL/kg/day but less than 8 mL/kg/day; filled star:
clearance of 2.5 mL/kg/day or less; vertical lines mark the retention
time ranges for therapeutically suitable clearance (lower-left
quadrant, FcRn <1.78; Heparin: <0.87).

FcRn relative retention plotted vs. heparin column relative retention
of IVIG (intravenous immunoglobulin). 2: fraction with highest
heparin binding; 1: fraction with lowest heparin binding.

FcRn relative retention plotted vs. heparin column relative retention
of antibody no. 5 and variants thereof. 1: wild-type antibody; 20:
negatively patched HC variant; 27: positively patched HC variant;
112: positively patched LC wvariant; 183: positively patched HC
variant.

Clearance of antibody no. 5 and variants thereof in FcRn knock-out
mice. 1: wild-type antibody; 20: negatively patched HC variant; 27:
positively patched HC variant; 112: positively patched LC variant;
183: positively patched HC variant.
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Figure 8

Figure 9
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Time dependent serum concentration of a non-patchy and a patchy
variant of antibody no. 5 in FcRn knock-out mice.

FcRn relative retention plotted vs. heparin column relative retention
of antibody no. 5 and histidine variants thereof.

Time dependent serum concentration of antibody no. 5 and a HC
histidine variant thereof in FcRn knock-out mice.

Clearance of antibody no. 5 and a HC histidine variant thereof in

FcRn knock-out mice.

Figure 11A and 11B: Influence of Fv charge patches on FcRn recycling in hFcRn-

Figure 12:

Figure 13:

tg (Figure 11B) and FcRn-ko (Figure 11A) mice; sequence symbols
in the legend from top to bottom correspond to the sequence of the
graphs from top to bottom at the sample point at about 2 hours and
about 24 hours, respectively.

Plot of the clearance in FcRn-ko mice against the ratio of clearance
in FcRn-ko mice to hFcRn-tg mice for the variants of Figure 11
(blue circles), some mAbs in development (red squares), and some
IVIG fractions (green triangle).

Plot of the ratio of ‘clearance in hFcRn +/+ Tg32 mice of Fc-
mutated variant’ to ‘clearance in hFcRn +/+ Tg32 mice of
corresponding parent (=wild-type) antibody’ against the difference
of ‘FcRn column rel. retention of Fc-mutated variant’ and ‘FcRn
column rel. retention of corresponding parent (=wild-type) antibody’

of modified antibodies.

The following examples, figures and sequences are provided to aid the

understanding of the present invention, the true scope of which is set forth in the

appended claims. It is understood that modifications can be made in the procedures

set forth without departing from the spirit of the invention.
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Materials and Methods

Antibodies

The reference antibodies used in the experiments were an anti-pTau antibody that
has the heavy chain amino acid sequence of SEQ ID NO: 01 and the light chain
amino acid sequence of SEQ ID NO: 02 and an anti-Her 3 antibody that has the
heavy chain amino acid sequence of SEQ ID NO: 03 and the light chain amino acid
sequence of SEQ ID NO: 04.

Synthetic genes were produced at Geneart (Life technologies GmbH, Carlsbad,
CA, USA).

The monoclonal antibodies used herein were transiently expressed in HEK293 cells
(see below) and purification was performed by protein A chromatography using

standard procedures (sec below).

The biochemical characterization included size exclusion chromatography (Waters
BioSuite™ 250 7.8 x 300 mm, cluent: 200 mM KH,PO,, 250 mM KCI, pH 7.0)
and analysis of the molecular weight distribution using the BioAnalyzer 2100
(Agilent technologies, Santa Clara, CA, USA).

Expression plasmids

For the expression of the above described antibodies, variants of expression
plasmids for transient expression (e.g. in HEK293-F) cells based either on a cDNA
organization with or without a CMV-Intron A promoter or on a genomic

organization with a CMV promoter were applied.

Beside the antibody expression cassette, the plasmids contained:
- an origin of replication which allows replication of this plasmid in £.
coli,
- a B-lactamase gene which confers ampicillin resistance in E. coli., and
- the dihydrofolate reductase gene from Mus musculus as a selectable

marker in eukaryotic cells.

The transcription unit of the antibody gene was composed of the following
elements:

- unique restriction site(s) at the 5° end
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- the immediate early enhancer and promoter from the human
cytomegalovirus,

- followed by the Intron A sequence in the case of the cDNA
organization,

- a 5’-untranslated region of a human antibody gene,

- an immunoglobulin heavy chain signal sequence,

- the human antibody chain either as cDNA or as genomic organization
with the immunoglobulin exon-intron organization

- a 3’ non-translated region with a polyadenylation signal sequence, and

- unique restriction site(s) at the 3° end.

The fusion genes comprising the antibody chains were generated by PCR and/or
gene synthesis and assembled by known recombinant methods and techniques by
connection of the according nucleic acid segments e.g. using unique restriction
sites in the respective plasmids. The subcloned nucleic acid sequences were
verified by DNA sequencing. For transient transfections larger quantities of the
plasmids were prepared by plasmid preparation from transformed E. coli cultures
(Nucleobond AX, Macherey-Nagel).

Cell culture techniques

Standard cell culture techniques were used as described in Current Protocols in
Cell Biology (2000), Bonifacino, J.S., Dasso, M., Harford, J.B., Lippincott-
Schwartz, J. and Yamada, K.M. (eds.), John Wiley & Sons, Inc.

Transient transfections in HEK293-F system

The antibodies were generated by transient transfection with the respective
plasmids (e.g. encoding the heavy chain, as well as the corresponding light chain)
using the HEK293-F system (Invitrogen) according to the manufacturer’s
instruction. Briefly, HEK293-F cells (Invitrogen) growing in suspension either in a
shake flask or in a stirred fermenter in serum-free FreeStyle™ 293 expression
medium (Invitrogen) were transfected with a mix of the respective expression
plasmids and 293fectin™ or fectin (Invitrogen). For 2 L shake flask (Corning)
HEK293-F cells were seeded at a density of 1*10° cells/mL in 600 mL and
incubated at 120 rpm, 8 % CO,. The day after the cells were transfected at a cell
density of ca. 1.5%¥10° cells/mL with ca. 42 mL mix of A) 20 mL Opti-MEM
(Invitrogen) with 600 pug total plasmid DNA (1 pug/mL) encoding the heavy chain,

respectively and the corresponding light chain in an equimolar ratio and B) 20 ml
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Opti-MEM + 1.2 mL 293 fectin or fectin (2 uL/mL). According to the glucose
consumption glucose solution was added during the course of the fermentation.
The supernatant containing the secreted antibody was harvested after 5-10 days and

antibodies were either directly purified from the supernatant or the supernatant was
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frozen and stored. The following antibodies have been produced accordingly:

antibody | format Fe-region antigen

no no.

1 IgG1, bivalent, monospecific, LALAPG 1
reference heparin

2 IgG1, bivalent, monospecific wild-type 2

3 IgG1, bivalent, monospecific wild-type 3

4 CrossMab, bivalent, bispecific KiH 4+5

5 IgG1, bivalent, monospecific wild-type 6

6 IgG1, bivalent, monospecific wild-type 7

7 IgG1, bivalent, monospecific wild-type 8

8 IgG1, bivalent, monospecific wild-type 9

9 IgG1, bivalent, monospecific wild-type 10

10 IgGl1, bivalent, monospecific, wild-type 11
reference FcRn

11 IgG1, bivalent, monospecific wild-type 12

12 1gG4, bivalent, monospecific wild-type 13

13 1gG1, bivalent, monospecific wild-type 9

14 IgG1, bivalent, monospecific wild-type 14

15 IgG1, bivalent, monospecific wild-type 15

16 Fc-region-cytokine fusion LALAPG 16

17 2:1 heterodimeric T cell bispecific | KiH 17+18

18 2:1 heterodimeric T cell bispecific | KiH 9+18

19 IgG1, bivalent, monospecific - KiH LALAPG | 16+19
cytokine fusion

20 IgG1, bivalent, monospecific - KiH LALAPG | 16+17
cytokine fusion

21 IgG1, bivalent, monospecific wild-type 20+21

22 IgG1, bivalent, monospecific wild-type 20+21

23 IgG1, bivalent, monospecific wild-type 22

24 IgG1, bivalent, monospecific wild-type 23

25 IgG1, bivalent, monospecific wild-type 24

26 IgG1, bivalent, monospecific wild-type 25

27 IgG1, bivalent, monospecific wild-type 26

28 IgG1, bivalent, monospecific wild-type 27

29 IgG1, bivalent, monospecific wild-type 28

30 2:1 heterodimeric T cell bispecific | KiH LALAPG | 29+18

31 1gG1, bivalent, monospecific wild-type 9

32 2:1 heterodimeric T cell bispecific | KiH LALAPG | 17+18

33 IgG1, bivalent, monospecific LALAPG 9

34 1gG1-Fab fusion, trivalent, KiH LALAPG | 9+30
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antibody | format Fe-region antigen
no no.
bispecific
35 IgG1, bivalent, monospecific wild-type 31

Purification

The antibodies were purified from cell culture supernatants by affinity
chromatography using MabSelectSure-Sepharose’™ (GE Healthcare, Sweden),
hydrophobic interaction chromatography using butyl-Sepharose (GE Healthcare,
Sweden) and Superdex 200 size exclusion (GE Healthcare, Sweden)

chromatography.

Briefly, sterile filtered cell culture supernatants were captured on a MabSelectSuRe
resin equilibrated with PBS buffer (10 mM Na,HPO,, 1 mM KH,PO,, 137 mM
NaCl and 2.7 mM KCI, pH 7.4), washed with equilibration buffer and cluted with
25 mM sodium citrate at pH 3.0. The eluted antibody fractions were pooled and
neutralized with 2M Tris, pH 9.0. The antibody pools were prepared for
hydrophobic interaction chromatography by adding 1.6 M ammonium sulfate
solution to a final concentration of 0.8 M ammonium sulfate and the pH adjusted to
pH 5.0 using acetic acid. After equilibration of the butyl-Sepharose resin with 35
mM sodium acetate, 0.8 M ammonium sulfate, pH 5.0, the antibodies were applied
to the resin, washed with equilibration buffer and eluted with a linear gradient to 35
mM sodium acetate pH 5.0. The antibody containing fractions were pooled and
further purified by size exclusion chromatography using a Superdex 200 26/60 GL
(GE Healthcare, Sweden) column equilibrated with 20 mM histidine, 140 mM
NaCl, pH 6.0. The antibody containing fractions were pooled, concentrated to the
required concentration using Vivaspin ultrafiltration devices (Sartorius Stedim
Biotech S.A., France) and stored at -80 °C.

Purity and antibody integrity were analyzed after each purification step by CE-SDS
using microfluidic Labchip technology (Caliper Life Science, USA). Five ul of
protein solution was prepared for CE-SDS analysis using the HT Protein Express
Reagent Kit according manufacturer’s instructions and analyzed on LabChip GXII
system using a HT Protein Express Chip. Data were analyzed using LabChip GX

Software.
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Mice

B6.Cg-Fegrt™P Tg(FCGRT)276Dcr mice deficient in mouse FcRn o-chain gene,
but hemizygous transgenic for a human FcRn o-chain gene (muFcRn-/- huFcRn tg
+/-, line 276) were used for the pharmacokinetic studies. Mouse husbandry was
carried out under specific pathogen free conditions. Mice were obtained from the
Jackson Laboratory (Bar Harbor, ME, USA) (female, age 4-10 weeks, weight 17-
22 g at time of dosing). All animal experiments were approved by the Government
of Upper Bavaria, Germany (permit number 55.2-1-54-2532.2-28-10) and
performed in an AAALAC accredited animal facility according to the European
Union Normative for Care and Use of Experimental Animals. The animals were
housed in standard cages and had free access to food and water during the whole

study period.

Pharmacokinetic Studies

A single dose of antibody was injected i.v. via the lateral tail vein at a dose level of
10 mg/kg. The mice were divided into 3 groups of 6 mice each to cover 9 serum
collection time points in total (at 0.08, 2, 8, 24, 48, 168, 336, 504 and 672 hours
post dose). Each mouse was subjected twice to retro-orbital bleeding, performed
under light anesthesia with Isoflurane™ (CP-Pharma GmbH, Burgdorf, Germany);
a third blood sample was collected at the time of euthanasia. Blood was collected
into serum tubes (Microvette 500Z-Gel, Sarstedt, Nimbrecht, Germany). After 2 h
incubation, samples were centrifuged for 3 min at 9.300 g to obtain serum. After

centrifugation, serum samples were stored frozen at -20 °C until analysis.

Determination of human antibody serum concentrations

Concentrations of Ustckinumab, Briakinumab, mAb & and mAb 9 in murine serum
were determined by specific enzyme-linked immunoassays. Biotinylated
Interleukin 12 specific to the antibodies and digoxigenin-labeled anti-human-Fc
mouse monoclonal antibody (Roche Diagnostics, Penzberg, Germany) were used
for capturing and detection, respectively. Streptavidin-coated microtiter plates
(Roche Diagnostics, Penzberg, Germany) were coated with biotinylated capture
antibody diluted in assay buffer (Roche Diagnostics, Penzberg, Germany) for 1 h.
After washing, serum samples were added at various dilutions followed by another
incubation step for 1 h. After repeated washings, bound human antibodies were
detected by subsequent incubation with detection antibody, followed by an anti-

digoxigenin antibody conjugated to horseradish peroxidase (HRP; Roche
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Diagnostics, Penzberg, Germany). ABTS (2,2’ Azino-di[3-ethylbenzthiazoline
sulfonate]; Roche Diagnostics, Germany) was used as HRP substrate to form a
colored reaction product. Absorbance of the resulting reaction product was read at
405 nm with a reference wavelength at 490 nm using a Tecan sunrise plate reader
(Ménnedorf, Switzerland).

All serum samples, positive and negative control samples were analyzed in

duplicates and calibrated against reference standard.

Pharmacokinetic (PK) analysis

The pharmacokinetic parameters were calculated by non-compartmental analysis
using WinNonlin™ 1.1.1 (Pharsight, CA, USA).

Briefly, area under the curve (AUC,iy) values were calculated by logarithmic
trapezoidal method due to non-linear decrease of the antibodies and extrapolated to
infinity using the apparent terminal rate constant Az, with extrapolation from the

observed concentration at the last time point.

Plasma clearance was calculated as Dose rate (D) divided by AUCg . The
apparent terminal half-life (T1/2) was derived from the equation T1/2 = In2/Az.

Example 1
Preparation of FcRn affinity column

Expression of FcRn in HEK293 cells

FcRn was transiently expressed by transfection of HEK293 cells with two plasmids
containing the coding sequence of FcRn and of beta-2-microglobulin. The
transfected cells were cultured in shaker flasks at 36.5 °C, 120 rpm (shaker
amplitude 5 cm), 80 % humidity and 7 % CO,. The cells were diluted every 2 - 3
days to a density of 3 to 4*10° cells/ml.

For transient expression, a 14 1 stainless steel bioreactor was started with a culture
volume of 8 liters at 36.5 °C, pH 7.0 + 0.2, pO, 35 % (gassing with N, and air, total
gas flow 200 ml min™) and a stirrer speed of 100 - 400 rpm. When the cell density
reached 20*10° cells/ml, 10 mg plasmid DNA (equimolar amounts of both
plasmids) was diluted in 400 ml Opti-MEM (Invitrogen). 20 ml of 293fectin
(Invitrogen) was added to this mixture, which was then incubated for 15 minutes at

room temperature and subsequently transferred into the fermenter. From the next
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day on, the cells were supplied with nutrients in continuous mode: a feed solution
was added at a rate of 500 ml per day and glucose as needed to keep the level
above 2 g/l. The supernatant was harvested 7 days after transfection using a swing
head centrifuge with 1 I buckets: 4000 rpm for 90 minutes. The supernatant (13 L)
was cleared by a Sartobran P filter (0.45 um + 0.2 um, Sartorius) and the FcRn

beta-2-microglobulin complex was purified therefrom.

Biotinylation of neonatal Fc receptor

3 mg FcRn beta-2-microglobulin complex were solved/diluted in 5.3 mL 20 mM
sodium dihydrogenphosphate buffer containing 150 mM sodium chloride and
added to 250 pl PBS and 1 tablet complete protease inhibitor (complete ULTRA
Tablets, Roche Diagnostics GmbH). FcRn was biotinylated using the biotinylation
kit from Avidity according to the manufacturer instructions (Bulk BIRA, Avidity

LLC). The biotinylation reaction was done at room temperature overnight.

The biotinylated FcRn was dialyzed against 20 mM MES buffer comprising 140
mM NaCl, pH 5.5 (buffer A) at 4°C overnight to remove excess of biotin.

Coupling to streptavidin sepharose

For coupling to streptavidin sepharose, 1 mL streptavidin sepharose (GE
Healthcare, United Kingdom) was added to the biotinylated and dialyzed FcRn
beta-2-microglobulin complex and incubated at 4°C overnight. The FcRn beta-2-
microglobulin complex derivatized sepharose was filled a 4.6 mm x 50 mm
chromatographic column (Repligen). The column was stored in 80 % buffer A and
20 % buffer B (20 mM Tris(hydroxymethyl)aminomethane pH 8.8, 140 mM
NaCl).

Example 2
Chromatography using FcRn affinity column and pH gradient

Conditions:

column dimensions: 50 mm x 4.6 mm

loading: 30 ng sample

buffer A: 20 mM MES, with 140 mM NaCl, adjusted to
pHS.5

buffer B: 20 mM Tris/HCI, with 140 mM NaCl, adjusted

to pH 8.8
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30 ug of samples were applied onto the FcRn affinity column equilibrated with
buffer A. After a washing step of 10 minutes in 20 % buffer B at a flow rate of 0.5
mL/min, elution was performed with a linear gradient from 20 % to 70 % buffer B
over 70 minutes. The UV light absorption at a wavelength of 280 nm was used for
detection. The column was regenerated for 10 minutes using 20 % buffer B after

each run.

For the calculation of relative retention times, a standard sample (anti-Her3
antibody (SEQ ID NO: 03 and 04), oxidized for 18 hours with 0.02 % hydrogen
peroxide according to (Bertoletti-Ciarlet, A., et al., Mol. Immunol. 46 (2009) 1878-

1882) was run at the beginning of a sequence and after each 10 sample injections.

Briefly, the antibody (at 9 mg/mL) in 10 mM sodium phosphate pH 7.0 was mixed
with H202 to a final concentration of 0.02% and incubated at room temperature for
18 h. To quench the reaction, the samples were thoroughly dialyzed into pre-cooled
10 mM sodium acetate buffer pH 5.0.

Relative retention times were calculated according to the following equation:

t — tpeakz

treli =
' tpeak3 - tpeakz

For peak definition see Figure 1.

Example 3
Chromatography using heparin affinity column and pH gradient

Conditions:

column dimensions: 50 mm x 5.0 mm

loading: 20-50 pg sample

buffer A: 50 mM TRIS pH 7.4

buffer B: 50 mM TRIS pH 7.4, 1000 mM NaCl

20 to 50 ug of protein samples in low-salt buffer (< 25 mM ionic strength) were
applied to a TSKgel Heparin-5PW Glass column, 5.0 x 50 mm (Tosoh Bioscience,
Tokyo/Japan), which was pre-equilibrated with buffer A at room temperature.
Elution was performed with a linear gradient from 0-100 % buffer B over 32
minutes at a flow rate of 0.8 mg/mL. The UV light absorption at a wavelength of

280 nm was used for detection. Every injection sequence started with a retention
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time standard (anti-pTau antibody) which was used to calculate relative retention

times according to the following formula:

&

breli = n
pTau

(te1;: relative retention time of peak 7; #: retention time of peak i7; #,7,,: retention

time of the anti-pTau antibody peak).

Example 4
Cynomolgus SDPK studies

The pharmacokinetics of the test compounds was determined in cynomolgus
monkeys following single intravenous administration at dose levels ranging from
0.3 mg/kg to 150 mg/kg. Serial blood samples were collected from the monkeys
over several weeks and serum/plasma was prepared from the collected blood
samples. Serum/plasma levels of test compounds were determined by ELISA. In
case of linear pharmacokinetics pharmacokinetic parameter were determined by
standard non-compartmental methods. Clearance was calculated according to

following formula:
Clearance = Dose / Area under concentration-time curve

In cases of non-linear pharmacokinetics, the linear fraction of the clearance was
determined via following alternative methods: Either clearance values were
estimated following IV administration at high dose levels, at which additional non-
linear clearance pathways are virtually saturated. Alternatively, PK models
comprising a linear and a non-linear, saturable clearance term were established. In

these cases, the model-determined linear clearance fraction was used for

correlations.
Results:
antibody | heparin affinity FcRn affinity column clearance*
no column rel. retention [mL/kg/day]
rel. retention (vs. (vs. Her3 Pre-peak 1
pTau) and Main Peak)
1 1 0.9 61.1
2 1.01 3.92 5.01
3 0.72 0.61 3.34
4 0.59 0.88 3.97
5 0.67 0.36 3.47
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antibody | heparin affinity FcRn affinity column clearance*
no column rel. retention [mL/kg/day]
rel. retention (vs. (vs. Her3 Pre-peak 1
pTau) and Main Peak)
6 0.61 0.59 5.13
7 0.64 0.22 6.41
8 0.56 2.52 4.1
9 0.66 0.4 5.28
10 0.66 1.03 4.1
11 0.67 0.43 5.52
12 0.63 -0.22 1.6
13 0.65 1.21 <8
14 0.44 0.29 4.73
15 0.26 -0.46 2.4
16 1.05 0.52 > 12
17 1 1.42 24.9
18 0.8 3.29 90
19 0.99 0.78 17
20 1.09 1.39 16.4
21 0.9 3.36 > 8
22 0.66 0.39 > 8
23 0.53 0.61 5.37
24 0.13 -0.199 2.5
25 1.01 1.78 8.16
26 0.26 -0.16 4.81
27 0.53 0.37 2.45
28 0.59 0.17 4.8
29 0.52 2.43 4.87
30 0.79 0.58 6.3
31 0.55 2.24 31.92
32 0.77 0.42 7.5
33 0.52 1.91 10.08
34 0.55 1.86 31.92
35 0.84 0.01 4.63
Example S

Preparation of the mutants

The following mutants were prepared by site directed mutagenesis of one parent
antibody V1 in the Fab: V2, V20, V27, V104 and V108.

From these charge variants the following Fc-region variants have been prepared:
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Belection {x = in vivo PK)

‘Fvvariant viosd , ~
Fc variant - | leven vao : v ‘ vl vi08 vy

 (negative atenl  [increased ositive
dis?::gfgin]; Epagtch] (his mutant}: agiibody] ‘p(atchiness) Q;atch}
AAA(I253A, H3T0A H435A)
vasgeh
Wi X X A X X
Mazsl X
1307H/NA3AH X
YIE (252Y, 52541, 1256E) X X X X X X
Haagdlk/N4gak X

V2 var 1: M252Y/S254T/T256E = 2-YTE

V20 var 1: M428L = 20-M428L

V20 var 2: T307H/N434H = 20-T307H/N434H
V20 var 3: M252Y/S254T/T256E = 20-YTE
V20 var 4: H433K/N434F = 20-H433K/N434F

V27 var 1: Y436A = 27-Y436A
V27 wvar 2: M252Y/S254T/T256E = 27-YTE

V104 var 1: M252Y/S254T/T256E = 104-YTE

V108 var 1: M252Y/S254T/T256E = 108-YTE

Example 6
In vivo pharmacokinetic studies

The in vivo studies were conducted using mice lacking the mFcRn a-chain
(B6.129X1-Fcgrttm1Dcr/Dcr); abbreviated FcRn-ko) and homozygous B6.Cg-
Fegrt\tm1Dcr[Tg(FCGRT)32Dcr/Der] mice (abbreviated hFcRn Tg32). Mice were
given a single intravenous bolus injection of the respective test compound, usually
at a dose of 5 mg/kg (n=4-5/compound/mouse strain). Serial blood samples were
collected over 4 weeks or 96 h in hFcRn Tg32 and FcRn-ko mice, respectively.
Blood samples were allowed to clot and serum was prepared. Serum levels of the
respective test compounds were analyzed by ECLIA. Pharmacokinetic evaluation

was done using standard non-compartmental pharmacokinetic analysis.

Example 7
Analysis of serum samples

The concentrations of the human therapeutic antibodies in murine serum samples

were determined using an electro-chemiluminescence immunoassay (ECLIA)
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method specific for the human Fab moiety of the administered antibody and its
variants. Briefly, samples, diluted with assay buffer, were incubated with capture
and detection molecules for 9 min at 37 °C. Biotinylated mAb<H-Fab(kappa)>M-
IgG-Bi was used as capture molecule and a ruthenium(IDtris(bipyridyl)32+ labeled
mAb<H-Fab(CH1)>M-1.19.31-IgG-S-Ru mouse monoclonal antibody was used
for detection. Streptavidin-coated magnetic microparticles were added and
incubated for additional 9 min at 37 °C to allow complex formation due to biotin—
streptavidin interactions. Complexes were magnetically captured on an electrode
and a chemiluminescent signal generated using the co-reactant tripropylamine
(TPA) was measured by a photomultiplier detector. All serum samples and positive
or negative control samples were analyzed in replicates and calibrated against the

corresponding antibody that was administered.

The results were as follows:

variant FcRn rel. CL (ml/kg/day) | fold CL
Retention Tg32 hFcRn change (to
[min] (-wt) +/+ mice WT) in Tg32

hFcRn +/+

I-WT 0 5.26 1

I-YTE 3.72 3.69 0.70

104-WT 0 3.67 1

104-YTE 3.6 3.28 0.89

108-WT 0 5.26 1

108-YTE 3.63 4.53 0.86

2-WT 0 3.63 1

2-YTE 3.64 2.72 0.75

20-WT 0 4.02 1

20- 7.74 6.46 1.61

H433K/N434F

20-M428L 1.52 2.9 0.72

20- 3.75 321 0.8

T307H/N434H

20-YTE 3.48 3.03 0.75

27-WT 0 30.1 1

27-Y436A -0.95 30.8 1.02

27-YTE 4.87 18.2 0.60
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Example 8
FcRn affinity chromatography method for determining relative retention time

differences between parent and modified antibody

Analytical FcRn affinity chromatography was performed using a commercially
available FcRn affinity column (Part.No. 08128057001, Roche Diagnostic,
Mannheim Germany), pre-equilibrated with 80% buffer A (20 mM MES sodium
salt, 140 mM NacCl, pH 5.5) and 20% buffer B (20 mM Tris/HCI, 140 mM NacCl,
pH 8.8) at a flow rate of 0.5 mL/min and a column temperature of 25 °C. Samples
were prepared as above. A total of 30 ug protein was injected. Ten minutes post
injection, a linear gradient from 20 — 100% buffer B over 70 minutes was started.
100% buffer B was held for 10 minutes before the column was re-equilibrated with
80% buffer A and 20% buffer B. Detection was performed with a UV detector set
at 280 nm. In order to make results from different runs and different buffer and
column lots comparable, and to compensate for slight retention time drifts, a
standard sample was measured at the beginning and the end of each sequence and
after every 10th run. The relative retention time (t,) was calculated according to

equation

t — tpeakz

t i —
e tpeak3 - tpeakz
based on the peak definition according to Figure 1 (#.;;: relative retention
time of peak i; #;: retention time of peak i; f,eu2: retention time of peak 2 of
the partially oxidized anti-Her3 antibody according to Figure 1; feams:

retention time of peak 3 of the anti-Her3 antibody according to Figure 1).
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Patent Claims

A method for providing an antibody with improved in vivo half-live,

comprising the following steps:

a)

b)

d)

determining the (relative) retention time of a (parent) antibody in

an FcRn affinity chromatography,

modifying the Fc-region of the antibody by introducing mutations
that increase the binding of the Fc-region to human FcRn to

obtain a modified antibody,

determining the (relative) retention time of the modified antibody

in an FcRn affinity chromatography,

repeating step b) if the change of the relative retention time
between the (parent) antibody and the modified antibody is less
than about 1 minute and more than about 5 minutes, whereby in
case the change of the relative retention time is less than 1 minute
mutations are chosen that result in a further increased binding of
the Fc-region to human FcRn or in case the change of the relative
retention time is more than 5 minutes mutations are chosen that

result in a less increased binding of the Fc-region to human FcRn,

providing an antibody with improved in vivo half-live if the
change of the relative retention time between the (parent)
antibody and the modified antibody is more than about 1 minute

and less than about 5 minutes.

The method according to claim 1, wherein the change of the relative retention

time between the (parent) antibody and the modified antibody is more than

about 2 minutes and less than about 4.5 minutes.

The method according to any one of claims 1 to 2, wherein the change of the

relative retention time between the (parent) antibody and the modified

antibody is more than about 3 minutes and less than about 4 minutes.

The method according to any one of claims 1 to 3, wherein the FcRn affinity

chromatography is performed as follows:
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- an FcRn affinity chromatography column comprising about 1 mL of a
streptavidin agarose matrix with human FcRn conjugated thereto
via biotin-streptavidin non-covalent interaction (in one preferred
embodiment with 1 mg to 5 mg FcRn per g matrix, preferably 2.5
mg FcRn per g matrix) is equilibrated with 80 vol-% buffer A (20
mM MES sodium salt, 140 mM NaCl, pH 5.5) and 20 vol-% buffer
B (20 mM Tris/HCI, 140 mM NaCl, pH 8.8) at a flow rate of 0.5

mL/min and a column temperature of 25 °C;

- a total of 30 ug of the antibody is prepared in the same mixture of 80
vol-% buffer A and 20 vol-% buffer B and injected on the

equilibrated column;

- ten minutes post injection, a linear gradient from 20 vol-% to 100 vol-

% buffer B over 70 minutes is started;

- optionally 100 vol-% buffer B is held for 10 minutes before the column
is re-equilibrated with 80 vol-% buffer A and 20 vol-% buffer B;

whereby detection is performed with a UV detector set at 280 nm;

whereby (in order to make results from different runs and different buffer
and column lots comparable, and to compensate for slight retention
time drifts, a standard sample is measured at the beginning and the
end of each sequence and after every 10th run) a relative retention
time on the FcRn affinity chromatography column is calculated

according to the following equation:

t — tpeakz

trel,i a tpeak3 - tpeakz

with t,i: relative retention time of peak i; ti: retention time of peak
1; theako: retention time of the second peak of a partially oxidized
anti-Her3 antibody; tpeus: retention time of the third peak of a
partially oxidized anti-Her3 antibody on an FcRn affinity
chromatography column with a gradient as outlined before in the

claim.



10

15

20

25

30

WO 2020/084032

PCT/EP2019/078970

-70 -

5. The method according to any one of claims 1 to 4, wherein the method

comprises as step b) the following step:

b)

modifying the Fc-region of the antibody by introducing mutations that
increase the binding of the Fc-region to human FcRn to obtain a

modified antibody,
and

modifying the Fv of the antibody by
- reducing the size of positively charged patches,
- reducing the size of positively charged patches and increasing the
size of negatively charged patches,

- evenly distributing the overall charges in the Fv or Fab.

6.  The method according to claim 5, wherein the charge distribution in the Fv

fragment is changed by

)

changing at least one (permanently) negatively charged or not charged
amino acid residue to a (permanently) positively charged amino acid

residue, or

changing at least one (permanently) positively charged or not charged
amino acid residue to a (permanently) negatively charged amino acid

residue, or

changing at least one (permanently) charged amino acid residue to an

amino acid residue with the opposite charge, or

changing at least one permanently charged amino acid residue to a pH-

dependently charged amino acid residue, or

7.  The method according to any one of claims 1 to 6, wherein the method

further comprises the following steps:

¢)

and

performing an FcRn affinity chromatography with a positive linear pH
gradient and a heparin affinity chromatography with a positive linear
conductivity/salt gradient with the parent antibody and the modified
antibody,
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f)  providing an antibody with improved in vivo half-live if the modified

antibody has

1) a relative retention time on the FcRn affinity chromatography
column that is less than the retention time of the parent antibody
on the (same) FcRn affinity chromatography column (under the

same elution conditions), or

i1)  a relative retention time on the heparin affinity chromatography
column that is less than the retention time of the parent antibody
on the (same) heparin affinity chromatography column (under the

same elution conditions), or
iii)  both of 1) and ii).

The method according to any one of claims 5 to 7, wherein the modified
antibody has at least one additional negatively charged patch on its (solvent-

exposed) surface.

The method according to any one of claims 5 to 8, wherein the modified

antibody has the same (surface) net charge as the parent antibody.

The method according to any one of claims 5 to 9, wherein a (permanently)
negatively charged amino acid residue is selected from the group consisting

of glutamate and aspartate.

The method according to any one of claims 5 to 10, wherein a (permanently)
positively charged amino acid residue is selected from the group consisting

of arginine and lysine.

The method according to any one of claims 5 to 11, wherein the pH-

dependently charged amino acid residue is histidine.

The method according to any one of claims 5 to 12, wherein a permanently
charged amino acid residue has the same (net) charge in the pH range from
pH 6 to pH &.

The method according to any one of claims 5 to 7, wherein a pH-dependently
charged amino acid residue has a first (net) charge at pH 6 and an opposite

second (net) charge at pH 8.



WO 2020/084032 PCT/EP2019/078970
1/13
Figure 1
mAu
m@w
20.0 i\
15.0 R
Z | %
, { !
100 P’Wk ¥ ; %%
f’"%‘ F %
5.0 E‘\
0.0

200 250

400 450 500 550 600 650

min



PCT/EP2019/078970

WO 2020/084032

2/13

UOTIUDJAI JATIR[AI IO

o
o F St ST C <1 I 0 S
o ,
Wb poo3 A1oa .
“ S0
18]
aurprepioq f

uonuolal dAne[a1 ueday



PCT/EP2019/078970

WO 2020/084032

3/13

Figure 3

UOTIUDJAI JATIR[AI IO

¥ 953 T [ §'1 50 0 S0
[vz] 10
poo3 A1oa ki ¥
<o
g

Vo .8
b}
=
50 m
&
90 2
a
L0 m
81 o
; =
b 4 80
=2 60
lcz]
= I
'l




WO 2020/084032 PCT/EP2019/078970

4/13
L
Figure 4
b=
Wy
o
Lad
w
£
o ‘5
E
8
o]
=
[
e
2 0=
©
=
2
o
N -
‘_A_\ r_l_‘ w
Tt
e
L)
Y]
o
B b fes) fo) fa Ll (el s by £ ket
g L= L=3 o ] L] L f=d el o

uonuda1 A1 uLredoy



WO 2020/084032 PCT/EP2019/078970

5/13
Figure 5

«3

e

po

oy
o
S
@ 0 &
Bt
L
o
=

i
o o S
" g
sl
E @
. 4
N . é
w0
-®
“ w
Q

N © © T & -
L SR . S A L

UONU2)aI 9AIR[2I Uwnjos urredafy



WO 2020/084032

CL (mL/day/kg)

6/13

i
i
Wi

PCT/EP2019/078970

Figure 6



WO 2020/084032 PCT/EP2019/078970
7/13

Concentration [ug/mL]

Figure 7

100 =

o

§

o ©

ol oY
i
i
4

- ]
i
L]
3
§

. 1
]
i
]
i
1
§
i
EH
H
H
]
§
3
]
i
]
3
]
E ]
E
i
i
i
]
i
i
3
3
3
i
]
i
i
]
5
i
4
]
i
i
]
i
i
]
]
]
i
3
3




WO 2020/084032 PCT/EP2019/078970

8/13
L
Figure 8
y
=¥
L
w
£
ol
L=
L
- =
o]
=
5
e
e @
° 2
Ko g
=
=]
Tt
= f‘:’:
ey
=
o o o s - o - e w - o
o - = L] = < e = =

uonUaal SAnERRI uNjoo uuedsy



WO 2020/084032 PCT/EP2019/078970
9/13

Figure 9

—— wt — all pos. to His on HC

100

104

0.1

Concentration [ug/mL]

] B R L R e R R N o R Rt I ST S O TR R )
0,01 1 ¥ T T A 4 T T L Ll T ¥ L] 1

Time [h]



WO 2020/084032 PCT/EP2019/078970
10/13

Figure 10

-
all pos. to His on HC

Iday/kg)

CL (mL




WO 2020/084032

Concentration [pg/mL]

Concentration [pg/mL]

0.1

0.01

11/13

——
192

N T S B S B

288 384
Time [h]

T
480

T

576

i
672

PCT/EP2019/078970

Figure 11A

(104)
()
(20)
(108)
(40)
(1)
(48)
(27)
(183)
(112)

Figure 11B

(104)
(2)
(20)
(108)
(40)
(1)
(48)
(27
(183)
(112)



WO 2020/084032

CL ratio (ko : tg)
= FcRn recycling efficiency

12/13

PCT/EP2019/078970

Figure 12

+ mAbvariants @development mAbs . |VIG fractions
25+
20+ o

|
15+ o
@ n
A ®
@ L
10" ﬁfg&‘ W @ ®
&
5..
L
0 — —r—r
10 100 1000

CL in FcRn ko mice (ml/kg/day)
= pinocytosis rate



PCT/EP2019/078970

WO 2020/084032

13/13

Figure 13

(zo)uw
{eo'l)xen @
18y 18 upedsep
Ag sojon
{1eguun MoM)
Ay ey

mau” () uopuelsy (8l uyad

31A-801 |

g0

@ Lo

|

8eriN-02

20

60

@,

_SPEPNAAEERH-0C |

L
___®

| WOEPA-LZ |
1l

<l

£l

4+ oy 2B w (1an on 8Buey 10 pioy

vl

g

9L

vl (I} UOIIUSIRH 194 UMD "SA +f+ UMDY ZeB 1 w1 (L an 1) 9Bukys 10 ploy



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/078970

A. CLASSIFICATION OF SUBJECT MATTER

INV. BO1D15/38 CO7K1/22
ADD.

CO7K16/24

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

BO1D CO7K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

HOFFMANN LA ROCHE [US])
17 December 2015 (2015-12-17)

example 5

X WO 2015/189249 Al (HOFFMANN LA ROCHE [CH];

Y page 2, line 4 - Tine 33; claims
page 37, line 22 - page 39, line 22
page 47, line 15 - page 48, line 9

Y US 2017/227547 Al (EMRICH THOMAS [DE] ET
AL) 10 August 2017 (2017-08-10)
paragraph [0019] - paragraph [0024]
paragraph [0118] - paragraph [0121]

1-3,
10-14

4-9

Y US 2016/194389 Al (REGULA JOERG THOMAS 4
[DE] ET AL) 7 July 2016 (2016-07-07)

5,6,8,9

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

14 January 2020

Date of mailing of the international search report

30/01/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Fourgeaud, Damien

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/078970
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2018/184966 Al (HOFFMANN LA ROCHE [CH]; 7

HOFFMANN LA ROCHE [US])

11 October 2018 (2018-10-11)
page 74, line 23 - line 33
page 114, line 12 - line 30

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2019/078970

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

WO 2015189249 Al

US 2016194389 Al

US 2017227547 Al

WO 2018184966 Al

17-12-2015

07-07-2016

10-08-2017

11-10-2018

BR 112016025393

CA
CN
EP
JP
KR
us
WO

CA
CN
EP
HK
JP
JP
KR
RU
RU
us
us
WO

BR
CA
CN
EP
JP
KR
RU
us
WO

AU
CA
CN
co
EP
KR
SG
WO

2946430
106459191
3155013
2017525335
20170015920
2017211876
2015189249

2904805
105164157
2992010
1218761
6618893
2016528166
20160003818
2015145719
2019108429
2016068613
2016194389
2014177459

2938722
106103478
3119490
2017517745
20160134687
2016137932
2017227547
2015140126

2018247767
3055132
110494452
2019010164
3606963
20190136054

11201909218R

2018184966

12-12-2017
17-12-2015
22-02-2017
19-04-2017
07-09-2017
10-02-2017
27-07-2017
17-12-2015

06-11-2014
16-12-2015
09-03-2016
10-03-2017
11-12-2019
15-09-2016
11-01-2016
05-06-2017
06-05-2019
10-03-2016
07-07-2016
06-11-2014

112016023417

16-04-2019
24-09-2015
09-11-2016
25-01-2017
29-06-2017
23-11-2016
23-04-2018
10-08-2017
24-09-2015

19-09-2019
11-10-2018
22-11-2019
21-10-2019
12-02-2020
09-12-2019
28-11-2019
11-10-2018

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - claims
	Page 70 - claims
	Page 71 - claims
	Page 72 - claims
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - wo-search-report
	Page 87 - wo-search-report
	Page 88 - wo-search-report

