
Denise L Faustman, MD, PhD

Harvard Medical School

Mass General Hospital

November 2018

TNFR2 Targeting:  

Cancer Treatment Through Direct Tumor 

Killing and Treg elimination

Disclosures in 2017-8: Consulted for Pfizer, Amgen, UCB 



THE TNFR2 TARGET (TNFRSF1B)

TNFR2 is not widely expressed on normal cells, but highly 

expressed in the tumor micro-environment
-on highly activated and potent Tregs

-on oncogene expressing tumors

-on MDSC

TNFR2 is a signaling pathway most over expressed protein of 

the cancer micro-environment
• Analysis of over 5,000 subjects with more than 20 tumors shows TNFR2 is the 

most abundant protein on the infiltrating T cells of tumors is TNFRSF1B (TNFR2)

TNFR2 is may be a primary escape mechanism for aPD1/PDL1 

and aCTLA4  failures

TNFR2 is the most broadly expressed surface oncogene on 

many human cancers



TNFR2 Promotes tumor progression and 

preserves immunosuppression in the tumor 

microenvironment



Diverse human tumors have high TNFR2 expression

associated with T cell infiltrates
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Oncotarget 2016, Medimmune/AstraZeneca The Cancer Genome Atlas



TNFR2 Tregs Compared to Popular Targets

• TNFR2 compared to 

other targets in the 

infiltrate
– GITR and OX40

– Tregs expressing each of 

the targets

– TNFR2 has more 

expression in the tumor 

microenvironment 

• TNFR2 is the dominant 

protein expressed in the 

tumor microenvironment

Oncotarget 2016, Medimmune/AstraZeneca



Science 2016, Broad/DFCI Institute

Result: A very abundant gene expressed in the Tregs of

melanoma is TNFSF1B (TNFR2).



Nature Genetics 2015

TNFR2 ONCOGENE PUBLICATIONS

Oncogene mutations drive 

TNFR2 expression in 

CTCL

Science Signaling 2017

Novel TNFR2 antagonistic antibodies

identified



TNFR2 pathways drives myelofibrosis through reduced amount of inhibitor 

Xiap, MAPK8 through JAK2 –V617F and increased cIAP

Transmembrane TNF-α Promotes 

Suppressive Activities of Myeloid-

Derived Suppressor Cells via TNFR2

TNF Receptor 2 Makes Tumor Necrosis 
Factor a Friend of Tumors
Front. Immunol., 28 May 2018

http://www.jimmunol.org/
http://www.jimmunol.org/
http://www.frontiersin.org/people/u/534662
http://www.frontiersin.org/people/u/534662
http://www.frontiersin.org/people/u/563875
http://www.frontiersin.org/people/u/563875
http://www.frontiersin.org/people/u/394772
http://www.frontiersin.org/people/u/394772


TNFR2: The abundant surface

oncogene of many human tumors
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TNFR2: The difficult task of

TNFR2 antagonism



Basic Science of TNFR2 Antagonism

Multiyear program:
– A very small region of TNFR2 receptor is the binding region for antibody 

antagonism   (not like CTLA4/PD1 blocking antibodies)

– It is possible to design TNFR2 antagonistic antibodies that can kill Tregs even 

in the presence of TNF

– Structural biology of the unique 3D structure of the inhibitory TNFR2 structure 

and prevention of intracellular signaling.

– Screening of dominant TNFR2 antibodies that have the following three 

desirable traits:
1. Heightened tumor microenvironment Treg killing over peripheral Treg killing

2. Heightened tumor microenvironment T effector proliferation

3. Direct killing of TNFR2 oncogene expressing human tumors even with diverse 

underlying mutations for aberrant oncogene expression on parenchymal cells

4. No cross linking required

5. Ne Fc receptor needed

6. Work well even when agonistic ligand, TNF, is present.



Dominant TNFR2 Antagonistic Antibodies

-the unique structural motifs

-the unique stabilization of the non-signaling anti-parallel dimer

Impossible for Dom Abs to bind to trimer
-remember whole antibodies work

-remember F(ab’)2 antibodies work

-remember Fab do not work

Dom Abs Produce Anti-parallel Dimers
-remember whole antibodies work

-remember F(ab’)2 antibodies work

-remember Fab do not work

-remember dominant with TNF

-remember independent of TNF

Binding region of dominant TNFR2 antagonists



https://www.nature.com/articles/s41375-018-0292-9

https://www.nature.com/articles/s41375-018-0292-9


Massive TNFR2 Cancer Oncogene and Treg 

expression in lymphoma

• Patient Cells

L
y
m

p
h
o
m

a
 t

u
m

o
r 

c
e
lls

 

(%
)

%
 T

N
F

R
2
 T

re
g



0

10

20

30

40

50

60

70

0

0
.1

0
.5

2
.5 5

1
2
.5 2
5

5
0

1
2
5

TNFR2 Antagonist

Controls
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Patients

TNFR2 Oncogene Expressing CD26- CTCL
Impressive sensitivity to TNFR2 antagonists
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TNFR2 Oncology Program

 Novel target: TNFR2 (In vivo murine models have recently validated TNFR2 

target)

 TNFR2 receptor upregulated in Tregs of murine and human tumors

 TNFR2 oncogene expressed on surface of many human tumors

 TNFR2 is highly expressed protein of myeloid suppressor cells

 Dominant TNFR2 antagonistic antibodies in human cancers

 Corrects the Treg/Teff imbalance 

 Specific to TME

 Validated in diverse human tumors

 Goal: Place TNFR2 antibodies in correct reading frames for maintained 

antagonism


