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Discovery of
antibodies
1890

Emil von Behring
Diphtheria toxin

Shibasaburo Kitasato
Tetanus toxin

“The immunity of
rabbits and mice
depends on the
ability of the cell-
free blood fluid to
render harmless
the toxic substance
which the bacillus
produces”



Antibodies are immunotherapeutics 1894
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United States Diphtheria Mortality Rates

——Diphthera

* References: Vital Statistics of the United States 1937,
1938, 1943, 1944, 1949, 1960, 1967 , 1976, 1987, 1992,
Historical Statistics of the United States — Colonial Times to
1970 Part1
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Mortality rate
decreased by
>70% in a
decade after
introduction of
anti-toxin
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The Fc
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How can an invariant Fc mediate
diverse biological functions?

The Fc is structurally diverse



Generating
diversity
in the Fc

>102 different Fc
variants for any
one V region

lgG subclasses
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Diversity
of Fcy
Receptors

Type |l Fc
Receptors
(IgSF)

Type ll Fc
Receptors
(C-type lectins)
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How do Fc and FcR heterogeneity
result in functional diversity?

Fc subclass and glycan composition
result in selective FcR binding



Subclasses display preferential Type | binding

FcyRl FcyRIlb FcyRIll FcyRIV A/l

lgG1 n.b. 3.3 0.3 n.b. 0.1 inhibitory
lgG2a 160 0.4 0.7 29 69  activation
IgG2b  n.b. 2.2 0.6 17 7
IgG3 n.b. n.b. n.b. n.b. -

TA99-1gG1 TA99-lgG2a TA99-lgG2b

Ka (x108) n.b.: no binding




The glycan modulates
the Fc structure

Man5 GIcNAc6 Gal7 NeuAc

GlcNAcl  GIcNAc3  Man4

Asn297 [

Man8 GIcNAc9 Gal NeuAc

A

Fuc2 GlcNAc

Huber (1976) Nature



Aglycosylated Fc do not bind Type | FcRs

wt N297Q

Variant  RIIA131H RIIA131R RIIB RIIIAFF RIIIAFY
(g o LCA

wt 5.5x10¢  5.0x106 9.8x10¢ 1.3x10° 4.6x10°

“ Coomassie N297Q n.b. n.b. n.b. n.b. n.b.

————— ————




S. Pyogenes EndoS abrogates IgG
activity by deglycosylation of the Fc

Surviving mice (%)
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Age of BXSB mice (weeks)
Albert H., et al. 2008
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Fucose modulates Fc cytotoxicity by
enhancing FcRIIIA - Fc glycan interactions

Asn297

Sial Gal GlcNAc Man

1
1 Bisecting Fuc
Fucose — 1 GlIcNAc -
. All=7

Asn297

Sial Gal GlcNAc Man

Bisecting
GlcNAc

All =20 Ferrara (2011) PNAS
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The Fc
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to diverse
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FcyRs are
required for
the therapeutic
effects of
anti-tumor
antibodies

Herceptin

Lymphoma

Rituxan




FcRIIIA alleles

with increased IgG

affinity correlate
with improved
clinical outcome

1. Cartron, et al., 2002; Weng and Levy, 2003
2. Musolino, et al., 2008
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Enhancing
FcRIIIA binding
of an anti-CD20
antibody
improves
survival in CLL

Goede (2014), NEJM

Progression-free survival 6-Ch
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Fc-optimized
anti-tumor
antibodies

Optimized for
cytotoxicity by
enhancing
FcRIIIA binding

ClinicalTrials.gov

Antibody (company) Antigen Engineering Strategy Indication Status Identifier
Ublituximab Low fucose (host: YB2/0; NCT02612311,
(TG Theraputics) Cb20 EMABIing® technology) CLL, DLBCL phase lll NCT02793583
; AA substitutions:
Margetuximab HER2 L235V/F243L/R292P/Y300L/P3 breast cancer  phase Il NCT02492711
(MacroGenics) 96L
Talacotuzumab, JNJ-56022473 AA substitutions: 239D/I332E
CD123 AML h 1/ NCTO02472145
(CSL, Janssen Biotech) (Xmab® technology) phase
MOR208, Xmab-5574 AA substitutions: S239D/I332E
CD19 DLBCL h 1/ NCT02763319
(Xencor, MorphoSys) (Xmab® technology) phase
i _ Non-fucosylated (host: FUT8-
'”ebli/'l'zz:"ab’ MELDL' 551 cD19 deficient CHO; Potelligent® DLBCL, CLL phase Il mggmggfgg'
(Medimmune ) technology)
Bl 836826 AA substitutions: S239D/I332E
(Boehringer Ingelheim) CD37 (Xmab® technology) CLL phase Il NCT02624492
CetuGEX Related fucosylation, optimized squamous cell
Glveot GmbH EGFR galactosylation and degree of carcinoma of the phase Il NCT02052960
(Glycotope GmbH) breaching; GEX™ platform) neck
~ Related fucosylation, optimized
Panlc(;oMab GEé TA-MUCI galactosylation and degree of Ovarian cancer  phase Il NCT01899599
(Glycotope GmbH) breaching; GEX™ platform
Low fucose (GNT Il over-
LUTF:its;:)mab HER3 expression; GlycoMab® NSCLC phase Il NCT02204345

technology)



Tumor
killing by Fc
Receptors
Can antibodies
also prime an
adaptive
response?

Dendritic cell

Granulocyte

FcR

Opsonization

Tumour
antigen

Monocyte



Immune complexes engage FcyRs on APCs
driving cellular immmune responses

B16-OVA

Tumor

challenge
WT DC OVA-ICs }\}J Immunization 2 weeks &
Immature Mature
DC DC C57BLis CS7BL/6

Kalergis et al. JEM, 2002

% tumor-free mice

100

80+

60+

404

20+

=-J¥= Naive
-O=-WT-DC

I_J -8 FcyRIlb”’DC
L} L L) L] N4 L) L] L L) L

1 2 3 4 5 6 7 8 9 10 11

Weeks after tumor challenge



_ X
ICs can activate Yy ?"/ Preferential
DCs to drive a

T cell response

‘ Engagement of
Activating FcyRlla
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Can long-term survival be improved?

Can immune complexes prime a long-term
anti-tumor cellular immune response?



Anti-hCD20
induces a
vaccinal
response

a-hCD20

o |Jlll 20 40 60 80 100 120
! !
EL4-CD20 Re-challenge
Percent survival
1007 ® 1001 ®
[
i -0- WT +CD20 ] -®- Primed + EL4-CD20
80 WT + PBS 80 ~®~ Primed + EL4 WT
FcyR"-+ CD20 Naive + EL4-CD20
601 - FcRa™ + CD20 60 1 Naive + EL4 WT
401 1 40 - ~
207 1-1 201 L_.
o ] ] 0 ] 1
0 20 40 60 0 20 40 60

Days post challenge

Days post re-challenge



DC
expression
of FcR is
required for
vaccinal
response

b

Percent survival

a-hCD20

o Jllll 20 40 60 80 100 120
E Primary Challenge C. Re-Challenge
s an . :
FogR4 f‘?.hQDZO lgG2a -4 WT+PBS “® Primed FcgR4™ A Naive WT
- FogR4"etieee +ghCD20 IgG2a 4 Primed FcgR4"cd1 e
100 o 100 a
80 - 80 - * &
60 1 60 -
40 - 40 +
20 - 20 +
0 L] T L] 0 T
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Time (d)



Adoptive
transfer of

T cells from
primed mice
protects
against
re-challenge

Lymphoma Cleared/Mice Survive

CD20 ) )
mADb (Inga, 100“9) Monitor Survival
(I) INERN 2|0 4|0 60I 0 2|0 4|0 60I
T 5x105 Cell I I 5x105
EL4-hCD20 Transfer EL4-hCD20

Percent survival
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80
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40

20

—®- FcgR4" cells

No Transfer
—&— Naive Cell Transfer

20 40 60 80
Time (d)

*% - FCgR4fI/fI;cd1 1c-cre cells



Comparison
of hFcR
expression
in mice

and man

Human Mouse
RI RIA RIB RIA RIB R RB R Ry SR

Bcels - - + = - - + - - -
Tcells - - - = - - - - = -
MO+ +  +  + -+ o+ o+ o+ -
Neutrophils 4+  + + - + + + + + -
DCs - + + - - + + + + -
NKcells = - - -+ - - - + - -

cytotoxicity

vaccinal



FcR
Humanization

Mouse a locus
ESC

Mouse: Chromosome 1 =——{1F————{~Cen

Fcgr3 Fcgrd Fcgr2b FerX
Mouse: Chromosome 4 —lF——

Fegrl

— — —

{ -

After
recombination

+
™ . ™
HumaBnA%locus l . " . L L )
Fcgr2A Fcgr3A Fcgr2b Fcgr3B Fcgr2c
Human: Chromosome 1  Cen =l vl - O - 0=

FcgriA Fcgr2A Fcgr3A Fcgr2b Fcgr3B Fcgr2C FerX



Differential
hFcR
engagement
Is required
for a vaccinal
effect

Primary Challenge

-@- GASDALIE (IIA/IIIA) - PBS
- GA (I1A) ALIE (IlIA)

Percent survival

‘3&! o,

80 7

:

40 T

20 . .
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Percent survival
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100 I
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80"
0—0
207
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Margetuximab,

) ‘ 32% Risk Reduction of Disease Progression
Herceptin with Fc

100 ' :
. Margetuximab | Trastuzumab
englneered fOr + Chemotherapy | + Chemotherapy
=221 =216
enhanced FcR A/l 80 e — ) )
3 of events
(Approved 1 2/20/20) 3 Median PFS 6.9 months 5.1 months
_ ¢ 60+ (95% C1) (5.55-8.15) (4.14-5.59)
wv
Induction of Her2+ ¥ | HR=0.68 (95% Cl, 0.52-0.90) P=0.005
CD8 T cells in T 40—
treated patients 2
% 20 ‘Mﬁ\
uh- o
— Margetuximab + chemotherapy 1
0 — Trastuzumab + chemotherapy

I I | 1 | |
0 5 10 15 20 25

Macrogenics (Presented ASCO 2019)



How general is the mechanism?

s it relevant to pathogen clearance?



Innate and adaptive antiviral immune
mechanisms modulated by Fc-FcR interactions

Clearance of IlgG-opsonized
virions from circulation

a Antimicrobial granules
a-defensins, lysozyme, etc.

Neutrophils
FeyRlla/FeyRIllb

Phagocytosis of IgG
opsonized virions

19G opsonized—,¢ &
virion %,\ 5 9/

Macrophages
FcyRI/FeyRlla/
FeyRllla

Bournazos 2014 Cell

Elimination of infected cells

b

NK cells
FeyRllla

Phagocytosis/killing
of infected cells

°
L ]
T
Perforin/
granzyme

Macrophages
FcyRI/FeyRlla/

FeyRllla

Lu 2016 Science

DC maturation and induction of
antiviral CD8 T cell immunity

c CD8' Tcell

CD4" T cell

Dendritic cell
FeyRlla

Dendritic
cell )

Stimulation of antiviral
CD4* and CD8' T cells

Bournazos 2020 Nature



Mechanisms of antibody Fab neutralization

HIV-1 Influenza virus

Antibody binding
to viral antigens

can disrupt entry
(1), fusion (2) or
release (3)

Nucleus




N e utra I |Zat| O n Of Percent survival FlU Survival rate Anth rax Percent survival E bOIa
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L] 40 | | 0.44 !
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Antibody protection from flu is driven by
anti-HA optimized for DC engagement

\

Immune complexes Development of T \//]
generated cell responses FeyRilp No Tcell
l activation @ /
1104 1 FcyRlla Inhibitory FcyRIl
) N prevents DC maturation o
—— Wild Type FcyRllb signaling
- 100+ — GA . .
-g, - —— ALIE ' FcyRlla signaling
D 90 —— Afucosylated Enhanced antigen Activating FcyRlla
s I —— GAALIE presentation induces DC maturation \\
N3
° 80 -rmermmmmemnenns - V11
- PBS
70 ' . O O ~\
0 7 14 ) O -
T cell activation .
. . Cytokine and
Time (days) and expansion chemokine release

Induction of CD8 anti-flu response



FcRlla engagement jlh dlo dl3
Induces prOteCtlve mAb Infection CD8+ Depletion Monitor
1 1 Wild-type GA Isotype or survival/weight
CD8 T Ce" Immunlty or GAALIE anti-CD8 mAb loss
Depletion of CD8 % Weight % Survival
T cells abrogates AxE
the | g : 1 Isotype G AALIE
e improved 1004 anti-CD8
protectlvg act|V|t.y Isotype
of Fc variants with 90- .\ ) pPs 5. anti-CD8
< 4 Isotype
enhgnced FcRlla isotype gWild Type
affinity S e Isotype
l : 0 . . anti-CD8PBS
0 7 14 0 7 14
Time (d) Time (d)

2 mg/kg i.p.,

4h prior challenge with 5mLD50 PR8 «

Anti-CD8 (150 pg) administered i.v. on 3 d.p.i.



Antibody
treatment of
SHIV infected
macaques can
resultina
controller
phenotype

CD8 cells maintain
virus control

Y Nishimura et al. Nature (2017)

Viral RNA copies (ml-)
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b Sensitive reservoir

Combination

R AR R 2 2 o
bNAB treatment 4 :
L] 44 4 4
of HIV infected 4 °
] L] u = | ]
individuals can £ :, ‘
t » I t 8 PO D000 P P D P00 2,002\
rigger long-term : 1T IRl .
u o 54 54
virus control g ] |
§ 34 34
Induction of a £ ] N
i ? 3 0
vaccinal effect” % R 5 %6 3,000 ahqh o D0 %0 9,00 P P
g o V1Y orfe, VIV 22 »
S 54 \‘N 5 51
a 109
PR 4 44
34 ‘\‘ \\ 102 3 3
24 o2 24
;' 9252 \ 0 ; ;' 9255
20 %0 2,0.000Pq\ 20 %6 9,000 q\ 20 %6 9,00 NP

Mendoza, et al. (2018) Nature
Weeks of ATI



Inducing cytotoxic T cells

» Immune complex activation of DCs
» Block inhibitory signaling (PD-1, CTLA-4)
» Stimulate agonistic signals (CD40, OX-40)



Immunomodulatory
Abs promote

Anti-PDI Y
immunity L(

Anti-CTLA-4

Are Fc-FcR Ancr4-188

interactions 'Qf-@:m

N

: Anti-CD40
required?
Q{D/oxm
Anti-OX40 TCR Anti-PD-LI
f{ LAG3 TIM3 BTLA & l =y ..'f
Tumource

e R R

Anti-LAG3 Effector CTL

Anti- TIM3 Anti BTLA



FcRs contribute to checkpoint blocking
antibodies for anti-tumor activity

Mice surviving (%) Tumor volume (mm?3)
100 3000.
80 2250. ~FcgR-/- +anti-PD-L1
-~WT + anti-PD-L1
60
1500. control
40=
750.
20+
0 1 0.
0 60 0 5 9 14 18
Day post tumor challenge Day post treatment
Anti-CTLA4 depletes Tregs through ADCC Anti-PDL1 depletes intratumoral

myeloid suppressor cells

1. Simpson, et al., 2013 JEM Dahan, et al. 2015 Cancer Cell



CD40
activates
innate and
adaptive
immunity
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Agonistic CD40
antibody modulates
tumor growth in the
KPC tumor model
KPC mice with pancreatic
tumors were treated with

PBS or Gemcitabine with
control or agonistic anti-

CD40 antibody (clone
FGKA45, rat IgG2a).

Beatty et al., 2011

Percentage change
in tumor volume
relative to baseline

600%
450%1
300%-+
150%1
0%
25%1
50%1
75%1

100%-

PBS

IgG2a

[

Gemcitabine
+

FGK45

Gemcitabine
+

IgG2a

PBS

FGK45




VOLUME 25 - NUMBER 7 - MARCH 1 2007

Clinical Activity and Immune Modulation in Cancer
Patients Treated With CP-870,893, a Novel CD40 Agonist
Monoclonal Antibody

Robert H. Vonderheide, Keith T. Flaherty, Magi Khalil, Molly S. Stumacher, David L. Bajor,
Natalie A. Hutnick, Patricia Sullivan, ]. Joseph Mahany, Maryann Gallagher, Amy Kramer, Stephanie J. Green,
Peter ]. O’Dwyer, Kelli L. Running, Richard D. Huhn, and Scott ]. Antonia

CP-870,893: Human IgG2 agonistic anti-CD40 mAb



CP-870,893 is
active in tumor
xenografts

Daudi B cell
lymphoma, CD40+,
SCID mice wiith
murine FcRs

Gladue et al, 2011

IV tumor challenge

Number of animals surviving

. Anti-KLH CP-870,893

14 17 18 19 20 24 26 27 29 32 33 34 35 40 42 43 47 49 53 55 56 57

Day post tumor challenge

SQ tumor challenge

Tumor size in mm?2

600 -

500 A

400

300

200

100 |

0

l%l Anti-KLH
o-g
CP-870,893
o p<0.01
—B.
R
16 17 18 19 20 21 22 23 24 25 26 27 28 29

Day post tumor challenge



CD40 agonists
in clinical trials

Stable disease or
partial responses
only

What went wrong?

Beatty et al, 2016

# ClinicalTrials.go

Drugs Phase of patients Tumor type Efficacy v Identifier
szz;%’ligjose) | 29 Advanced solid tumors BORR: 14% NCT02225002
CP-870,893 . | 27 Advanced solid tumors BORR: 0%

(weekly dosing)
CP-870,893 + . | 30 Advanced solid tumors BORR 20% NCT00607048

Carboplatin/Paclitaxel
CP-870,893 + . o

Cisplatin/Pemetrexed | 15 Mesothelioma BORR 40%
Cpg:r%fi?:bi)rne | 21 Pancreas cancer BORR 24% NCT00711191
CP:I'?'Z(r)r;islai?n:mab | 24 Melanoma BORR 27.3% NCT01103635
CP-870,893 +

Poly IC:LC + peptide vaccine Melanoma Not reported NCT01008527
ChiLob 774~ | 21 Advanced solid tumors BORR: 0% NCT01561911

(weekly dosing)




Could it be the Fc?



FcRIIB is required
for anti-CD40

agonistic activity

B6

DEC-N297A-OVA +

aCD40:rlgG2a

0.40+0.16

0.36+0.22

6.35+2.83

0.10+0.10

8.89+6.34

0.12+0.11



Anti-tumor activity of
agonistic anti-CD40
Is Fc dependent

mG1 binds
mFcRIIB, mG2a
binds RIV, D265 is
FcR null

B6BL-CD40 in B6 mice

Survival (%)

100

80-

60-

401

20

vy

L

@ migG

A 0CD40:mlgG1(D265A)
4 0CD40:mlgG2a

& oCD40:miIgG1

&} aCD40:mlgG1 + aCD8a

30 40 50

Days



FcyRIIB-dependent 1

e 1l
activation of

T T,

Agonism requires

crosslinking
provided by Fc

TNFR I-I'-NFd Activated « TNFR IgG2 antibody FeyRIIB-enhanced
lgan TNFR signaling l weak FcyRIIB 1 agonistic antibody

binding
L FcyRIIB



Enhancing FcyRIIB binding improves
human anti-CD40 agonistic activity

Tet-OVA/CDS (%)

25+
°
°
15-._ °
10 °
® °
8- °. L
—— .
64 °
° o0 °,
4= ° . °
'3 A
2 o o
'Y ] —.*— P ® o
O'H .l' T T T
Control IgG2 IgG1 SELF SE V9 V11
Pfizer SG APX Rock

Variant FcyRIIB-fold IIA/IIB
IgG1 1 2.7
SELF 70 2.4
(S267E/L328F)
SE 30 0.9
(S267E)
V9
(G237D/P238D/P271G/ 32 0 02
A330R)
V11
(G237D/P238D/H268D/ 96 0 01

P271G/A330R)




Enhancing MC38
h FCRI IB Tumor volume (mm3)

binding 1200

improves g | ool c
a-CD40 ~—|gG1-SELF
anti-tumor e I
1gG1-v1l
activity 600 SELF
400
. G2
200 P=0.054
0 k%%
0 5 10 15 20 25 V11

Days after treatment onset



Enhanced efficacy
comes with
increased toxicity
Can we achieve anti-

tumor activity without
systemic toxicity?

| 'Nec“l‘osis

b

¥ :

““‘
A

Thrombus




Jumpstarting the cancer-immunity cycle

.. ) .. . 2. Trafficking to 3. Re-enter the blood
IV administration | Local administration lymph nodes to stream and travel to

activate T cells distant sites of disease

Systemic Targeted 1. Enhanced
Side Immune activation of 4. Abscopal
) ) dendritic cells killing of tumor
Effects Activation and APCs in cells
TME

Immunosuppressive
' tumor microenvironment
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Phase | Clinical Trial of 2141-V11

» GMP clinical product made and vialed
» Macaque toxicity completed
» IND approved Q1 of 2019

» Phase | dose escalation trial in metastatic tumor
amenable to IT injection Q2 2019

» Expansion to other established clinical settings
(NMIBC,GBM)
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FcRs are critical to the activity of therapeutic Abs

3. mAb agonizes activating receptors to
enhance antitumor effector cell activity

(FcyR dependent) fr A

r Inhibitory FcyR

1. mAb mediates direct tumor
cell killing by ADCC and
ADCP (FcyR dependent)

9, Cytotoxic granules

ﬂ Activating receptor

2. mAb mediates depletion of inhibitory
cells by ADCC and ADCP to enhance
antitumor immunity (FcyR dependent)

/ Activation signal

' Inhibitory receptor

. FcyR+ Effector Cell
e.g, NK Cell, Neutrophil,
Monocyte, Dendritic Cell

.:o:. Blocked inhibitory signal

\'. ADCC/ADCP Target Ag /

Effector Cell
e.g, CD4/CD8 T Cell,

Macrophage,
S ladec 4. mAb antagonizes inhibitory receptors

o toenhance antitumor effector cell
activity (FcyR dependent)



Knowledge of FcR function has resulted
in the development of new therapeutics

FcR signaling inhibitors for autoimmune diseases
» Fostamatinib, approved 2017

Fc engineered antibodies for enhanced cytotoxicity
» Obinutuzumab, approved 2013 CLL
» Benralizumab, approved 2017 asthma
» Mogamulizumab, approved 2018 CTCL
» Margetuximab, approved 2020 breast carcinoma

Large number of late stage clinical trails in progress for
Fc engineered antibodies, FcR inhibitors and modulators
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