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Figure6. CT26 tumour growth is delayedby FS120surrogatemAb². Balb/C miceinoculatedwith 10E6 cellssubcutaneouslyandtreated
with 1 mg/kgFS120surrogatemAb²or controlsQ2D startingon day13 for 3 doses. Mixed modelstatisticaltestingshowsa significant
differencein tumour growth betweenFS120surrogatemAb²and isotypecontrol treated mice. Thesimilaractivity of FS120surrogate
mAb²with LALAmutation (LALA)andwithout LALAmutation(WT)indicatesFcgRinteractionisnot requiredfor its anti-tumour activity.

6. FS120 surrogate mAb2 has superior anti-tumour 
activity than combination of OX40 and CD137 mAbs, 
with activity independent of binding to FcgR

3. Activity of FS120 mAb² in primary cell assays is 
independent of crosslinking

4. FS120 mAb² goes beyond agonist monotherapies 
by stimulating both CD4+ and CD8+ T cells

Figure4. FS120mAb2 co-stimulatesboth CD4+ andCD8+ Tcellsin the absenceof Fc-crosslinking. BothCD4+ andCD8+ Tcells
co-expressOX40 andCD137but OX40 expressionandactivityof OX40 agonistantibodiesis highestin CD4+ TcellsandCD137
expressionandactivityof CD137agonistantibodiesishighestin CD8+Tcells.

7. Peripheral T cell proliferation and 
activation induced by FS120 surrogate mAb²

Figure7. FS120 surrogatemAb2 inducesperipheralT cell proliferation and its anti-tumour activity is independentof T reg depletion.
A - CT26 tumour bearingBalb/C mice treated with FS120 surrogatemAb2 show increasedperipheralT cell proliferation (Ki67+) and
activation(CD69+). BςAnalysisof CT26 tumourson day25 after inoculationshowsFS120surrogatemAb2 doesnot induceTreg(CD4+
FoxP3+)depletion.

2. FS120 is an agonist of both OX40 and CD137 
pathways

Figure5. Activityof FS120mAb2 requiresbindingto both OX40andCD137. Tcellsareactivatedwith coatedCD3 antibodyand
co-stimulatedby FS120 mAb2 in the presenceof control or OX40 and CD137 competingantibodies. FS120 mAb2 activity is
reducedwhenengagementof either OX40or CD137isblockedbycompetingantibodies.

Figure2. Functionalactivity determinationof FS120 mAb2. A - PrimaryhumanT cellsstimulatedwith coatedCD3 antibody and co-
stimulatedwith OX40/mockmAb²or controlsin the presenceor absenceof Fc-crosslinkingantibody. OX40/mockmAb2 showsmoderate
activity in the absenceof Fc-crosslinkingantibody which is increasedin the presenceof Fc-crosslinkingantibody. B - DO11.10 cells
expressingCD137 stimulatedwith coatedCD3 antibody and co-stimulatedwith FS120 or controls in the presenceor absenceof Fc-
crosslinkingantibody. Activityof FS120mAb2 on CD137expressingcellscanonlybedetectedin the presenceof crosslinking.

5. Engagement of both OX40 and CD137 is required 
for FS120 mAb² activity

1. FS120 mAb² simultaneously binds OX40 and 
CD137 with equivalent affinity

Figure 1. A - SPR
determinationof FS120
mAb2 affinity to OX40
and CD137 shows
equimolar binding to
both receptors.

B ςFS120 mAb2 can
engage OX40 and
CD137at the sametime
and in either
orientation as
determinedbySPR.

CςCellbindingto OX40
and CD137 expressing
DO11.10 cell lines by
flow cytometry shows
FS120 mAb2 can bind
cell expressed
receptors.

Figure3. Activityof FS120mAb² in primarycell assay. HumanPBMCs
stimulated with SEA(Staphylococcusaureusenterotoxin A) and co-
stimulatedwith FS120 or controls in the presenceor absenceof Fc-
crosslinking antibody. FS120 mAb² shows potent co-stimulatory
activity in PBMCsin the absenceof Fc-crosslinkingantibody. OX40
antibody controls only show activity when crosslinkedartificially,
whileCD137mAbshowsnoactivityin either case.
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FS120 mAb2, a dual agonist bispecific antibody targeting OX40 and CD137, activates 
T cells in vitro and induces potent, FcgR- independent anti- tumour activity
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Background
Followingthe successof checkpointblockade(1), activationof the co-stimulatoryTumourNecrosis
FactorReceptor(TNFR)superfamilyreceptorsrepresentsthe next stageof cancerimmunotherapy
with clinical trials underway for antibodies stimulating T cell co-stimulatory pathways (2, 3).
TargetingOX40 and CD137 hasthe potential to stronglyactivatethe immune systemdue to their
broad expressionacrossCD4+ and CD8+ T cells and NK cells (4, 5, 6). However,FcgR-mediated
crosslinkingis often requiredfor the activity of monoclonalantibodies,and this likely limits clinical
activity, due to the inherently low affinity of Fc:FcgRinteractions,aswell asdue to FcgR-mediated
depletion of T cellsthrough ADCC(7, 8). FS120 is a novel, dual agonistbispecificantibody that is
crosslinkedvia dual binding to OX40 and CD137, resulting in potent activation of both CD4+ and
CD8+Tcells,andshowinganti-tumour activity independentof FcgRbinding.

Fc

Phage 
library

Yeast
display 
library

mAb2

mAb2™

mAb2Fcab™
OX40

CD137

Bivalent binding 
for both antigens

Limited number 
of amino acid substitutions 

in CH3 domain

Fc region with 
antigen binding

Effector functions 
retained*

Plug-and-play insertion 
into any mAb

Virtually limitless 
possibilities 

Conclusions
FS120 bindssimultaneouslyto OX40 and CD137 with subnanomolaraffinity and hasstrongactivity in PBMC
and T cell stimulationassays. ConventionalOX40 and CD137 agonistantibodiesrequire crosslinking,e.g. via
anti-Fc secondaryantibodiesfor their activity. OX40 expressionand activity of OX40 agonistantibodiesis
highestin CD4+ T cellsand CD137 expressionand activity of CD137 agonistantibodiesis highestin CD8+ T
cells. FS120hassubnanomolardual agonistactivity on both CD4+ and CD8+ T cells,which is independentof
additional crosslinking. This activity is dependent on concurrent binding to the two receptors. FS120
surrogatemAb2 showedgreater anti-tumour activity than a combinationof OX40 and CD137 agonistsin a
CT26 mousetumour model,whichwasassociatedwith peripheralTcellactivationandproliferation. Theanti-
tumour activity was independentof T regulatory cell (T reg) depletion, as evidencedby similar levelsof
tumour infiltrating T reg cells in mice treated with the FS120 surrogate mAb2 and isotype control. In
conclusionan OX40/CD137-specificmAb2 can autonomouslystimulate both CD4+ and CD8+ T cells in vitro
independent of CŎʴwbinding and mediate potent anti-tumour activity in vivo via an CŎʴw-independent
mechanismof action. Thesedata support initiation of clinical developmentof FS120, a first-in-classdual
agonistbispecificantibodyfor the treatment of humancancer.

Acknowledgments
In vivoandProteinSciencesteamsat F-star; Pierrefor posterpreparation

References
1. PardollDM. Theblockadeof immunecheckpointsin cancerimmunotherapy. Nat. Rev. Cancer12(4), 252ς264(2012).
2. MayesPA,HanceKW,HoosA. Thepromiseand challengesof immune agonistantibody developmentin cancer. Nat.

Rev. DrugDiscov. 17, 509-27 (2018).
3. Melero I, Hirschhorn-CymermanD, Morales-KastresanaA, SanmamedMF, Wolchok JD. Agonistantibodiesto TNFR

moleculesthat costimulateTandNKcells. Clin. CancerRes. 19(5), 1044-53 (2013).
4. Croft M, SoT,DuanW, SorooshP. Thesignificanceof OX40 andOX40L to T-cell biologyand immunedisease. Immunol.

Rev. 229(1), 173ς91 (2009).
5. BartkowiakT,CurranMA. 4-1BBagonists: multi-potent potentiatorsof tumor immunity. Front. Oncol. 5, 117(2015).
6. Ma BY,MikolajczakSA,DaneshA, HosiawaKA,CameronCM, Takaori-KondoA, UchiyamaT, KelvinDJ,Ochi A. The

expressionand the regulatoryrole of OX40 and 4-1BBheterodimerin activatedhumanT cells. Blood106(6), 2002-10
(2005).

7. BulliardY,JolicoeurR,ZhangJ,Dranoff G, WilsonNS,BrogdonJL. OX40 engagementdepletesintratumoral Tregsvia
activatingCŎʴwǎ, leadingto antitumor efficacy. Immunol. CellBiol. 92(6), 475-80 (2014).

8. VanameeÉS,FaustmanDL. Structuralprinciplesof tumor necrosisfactor superfamilysignaling. Sci. Signal. 11(511), 1-12
(2018).

15 20 25

0

20

40

60

80
T cells

Tim e p o st  t u m o u r  in o cu lat io n  (d ays)

F
re

q
. 

o
f 

L
y

m
p

h
o

c
y

te
s
 (

%
)

dose
 1

dose
 2

dose
 3 15 20 25

40

50

60

70

80

90
CD4+ T cells

Tim e p o st  t u m o u r  in o cu lat io n  (d ays)

F
re

q
. 

o
f 

T
 c

e
ll

s
 (

%
)

d o
se

 1

do
se

 2

do
se

 3 15 20 25

0

10

20

30

40

50

CD8+ T cells

Tim e p o st  t u m o u r  in o cu lat io n  (d ays)

F
re

q
. 

o
f 

T
 c

e
ll

s
 (

%
)

d o
se

 1

do
se

 2

do
se

 3

15 20 25

0

10

20

30

40

50

Pro lif erat in g T cells (Ki67+)

Tim e p o st  t u m o u r  in o cu lat io n  (d ays)

F
re

q
. 

o
f 

T
 c

e
ll

s
 (

%
)

d o
se

 1

do
se

 2

do
se

 3
15 20 25

0

20

40

60

Pro lif erat in g CD4+ T cells (Ki67+)

Tim e p o st  t u m o u r  in o cu lat io n  (d ays)

F
re

q
. 

o
f 

C
D

4
+

 T
 c

e
ll

s
 (

%
)

d o
se

 1

do
se

 2

do
se

 3 15 20 25

0

10

20

30

40

50

Tim e p o st  t u m o u r  in o cu lat io n  (d ays)

F
re

q
. 

o
f 

C
D

8
+

 T
 c

e
ll

s
 (

%
)

dose
 1

dose
 2

dose
 3

Pro lif erat in g CD8+ T cells (Ki67+)

15 20 25

0

2

4

6

8

10

Act ivat ed  T cells (CD69+)

Tim e p o st  t u m o u r  in o cu lat io n  (d ays)

F
re

q
. 

o
f 

T
 c

e
ll

s
 (

%
)

d o
se

 1

do
se

 2

do
se

 3 15 20 25

0

2

4

6

Act ivat ed  CD4+ T cells (CD69+)

Tim e p o st  t u m o u r  in o cu lat io n  (d ays)

F
re

q
. 

o
f 

C
D

4
+

 T
 c

e
ll

s
 (

%
)

d o
se

 1

do
se

 2

do
se

 3 15 20 25

0

5

10

15

Tim e p o st  t u m o u r  in o cu lat io n  (d ays)

F
re

q
. 

o
f 

C
D

8
+

 T
 c

e
ll

s
 (

%
)

d o
se

 1

do
se

 2

do
se

 3

Act ivat ed  CD8+ T cells (CD69+)

IgG  ct r l CD 1 3 7  m A b OX4 0  m A b OX4 0  m Ab  + CD1 37  m Ab FS1 2 0  su r r o gat e  m A b ²

0

10

20

30

40

50
T ce lls

F
re

q
. 

o
f 

C
D

4
5

+
 (

%
)

0

20

40

60

80

Pr o l i f e rat in g T ce l ls (Ki67+)

F
re

q
. 

o
f 

C
D

3
+

 (
%

)

0

10

20

30

40

50

FoxP3+

F
re

q
. 

o
f 

C
D

4
+

 (
%

) p =0.04

p =0.0002

p =0.0005

IgG ct r l

OX40 m Ab  W T

CD137 m Ab  W T

OX40 m Ab   W T + CD137 m Ab  W T

OX40 m Ab  LALA + CD137 m Ab  LALA

FS120 su r rogat e m Ab² W T

FS120 su r rogat e m Ab² LALA

OX40 –KD 0.2 nM

CD137 –KD 0.2 nM

0.0010.01 0.1 1 10 100 1000

10

100

1000

10000

DO11.10  OX40

An t ibo d y co n c (n M )

G
M

F
I

0 .0010.01 0.1 1 10 100 1000

10

100

1000

DO11.10 CD137

An t ibo d y co n c (n M )

G
M

F
I

IgG ct r l

OX40 m Ab

CD137 m Ab

FS120 m Ab²

*FcgRbinding is decreased via the insertion of a L234A; L235A (LALA) mutation in FS120 mAb² and FS120 surrogate mAb²

A B

C

Anti-CD3 mAb

T cell

+

OX40

CD137

FS120 
mAb²

Competingantibodies 
(CD137 mAb) (100x excess)

-

Inoculation at 10E6 cells ςCT26 ςs.c.

Balb/c

Days
00 13 15 17 19 21

n=15 
per group

Dosing at 1 mg/kg ςi.p.

23 25 27

Tumour measurement

End of 
the study

FS120 
mAb²

T cell

+

MHCII

TCR

OX40

CD137

SEA

APC

+ +

Crosslinker 
mAb

T cell

OX40 CD137

FS120 
mAb²

Anti-CD3 mAb

0.01 0.1 1 10 100 1000

0

10000

20000

30000

40000

No t  cro sslin ked

An t ib o d y co n c (n M )

h
IL

2
 (

p
g

/
m

l)

IgG ct r l

OX40/ m o ck m Ab²

OX40 m Ab

0.01 0.1 1 10 100 1000

0

10000

20000

30000

40000

Cro sslin ked

An t ib o d y co n c (n M )

h
IL

2
 (

p
g

/
m

l)

IgG ct r l

OX40/ m o ck m Ab²

OX40 m Ab

0.001 0.01 0.1 1 10 100 1000

0

5000

10000

15000

An t ib o d y co n c (n M )

m
IL

2
 (

p
g

/
m

l)

IgG ct r l

CD137 m Ab

FS120 m Ab²

0 .001 0.01 0.1 1 10 100 1000

0

5000

10000

15000

An t ib o d y co n c (n M )

m
IL

2
 (

p
g

/
m

l)

IgG ct r l

CD137 m Ab

FS120 m Ab²

O
X

4
0

C
D

1
3

7

A

B

OX40/mock 
mAb²

A B


