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whose tumors 
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Immune Checkpoints as Therapeutic Targets

Jean-Charles Soria et al. 

Clin Cancer Res 2015;21:2256-2262



Reck et al., NEJM 2016

Immune Checkpoint Inhibitors are Frequently 

Not Curative in Lung Cancer

Borghaei et al., NEJM 2015

What are the cellular and molecular mechanisms of 
acquired resistance to immune checkpoint 

inhibitors in lung cancer?

Median duration of response 12-25 months



Approaches to Study Sensitivity and Resistance to 

Lung Cancer Therapies

Patient

Specimens

Cell lines

Genetically engineered mouse models

Xenografts/Patient-derived xenografts

• Relationship between genotype and sensitivity

• Discovery of resistance mechanisms

• Identification of new therapeutic strategies 

to overcome and or prevent drug resistance.
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The Genomic Landscape Resistant Tumors

Jungmin Choi



Acquired Resistance to Anti-PD-L1 plus Anti-CTLA4
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Beta 2 microglobulin Loss at Acquired Resistance to ICIs
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A Transplantable Lung Cancer Model

with Sensitivity to PD-1 Blockade 

• UN-SCC680AJ line derived 

from NCTU carcinogen 

treatment

• Kras mutation

• ~200 non-synonymous 

mutations 
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Establish whether candidate resistance drivers 

modulate sensitivity to PD-1 axis blockade

sgB2MCONT

Weeks
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Harvest tumors 

for assessment
Monitor tumor volume

Treat with 

ICI

Implant modified tumor 

cells into recipient mice

Responsive to ICIs Resistant to ICIs UN-SCC680AJ cells

B2M

Actin

- 9 - 6 - 3 0 3 6 9 1 2 1 5

2 0

4 0

6 0

8 0

1 0 0

1 2 0

1 4 0

1 6 0

D a y s  a f t e r  t r e a t m e n t  i n i t i a t i o n

T
u

m
o

r
 

V
o

lu
m

e
 

(
m

m
3

)

E m p t y  V e c t o r  ( I s o t y p e )

E m p t y  V e c t o r  ( P D - 1 )

B 2 M  K n o c k o u t  ( I s o t y p e )

B 2 M  K n o c k o u t  ( P D - 1 )

Days after treatment initiation

20

40

60

80

100

120

140

160

- 9 - 6 - 3 0 3 6 9 1 2

2 0

4 0

6 0

8 0

1 0 0

1 2 0

D a y s  a f t e r  t r e a t m e n t  i n i t i a t i o n

T
u

m
o

r
 

V
o

lu
m

e
 

(
m

m
3

)

E m p t y  V e c t o r  ( I s o t y p e )

E m p t y  V e c t o r  ( a n t i - P D - 1 )

B 2 m  K n o c k o u t  ( I s o t y p e )

B 2 m  K n o c k o u t  ( a n t i - P D - 1 )

Empty Vector (Isotype)

B2m Knockout (anti-PD-1)

Empty Vector (anti-PD-1)

B2m Knockout (Isotype)

T
u

m
o

r 
V

o
lu

m
e

 (
m

m
3
)

***
***

****

****

-6 -3 0 3 6 9 12 15

Katherine Hastings, Anna Truini



Testing Candidate Resistance Drivers at Acquired Resistance to ICIs

sgB2MCONT

Weeks
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Harvest tumors 

for assessment
Monitor tumor volume

Treat with 
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Implant modified tumor 

cells into recipient mice

Responsive to ICIs Resistant to ICIs
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Epigenetic silencing of MHC I genes?
Other mechanisms?

Multiple Genetic and Non-genetic Processes can Lead to Defects in 

MHC I Antigen Presentation
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Conclusions and Future Directions

Impaired MHC I antigen presentation either through  defects in the pathway or changes in

neoantigens are mechanisms of resistance to immune checkpoint inhibitors. 

Impaired MHC I antigen presentation: 

 Why? –spectrum of mechanisms that give rise to it and contribute to resistance.

 What is the frequency in resistant tumors?

 How can we overcome these defects?



Ideal Preclinical Models to Study Sensitivity and 
Resistance to Immune Checkpoint Inhibitors

Type of Model Functional
Immune System

Genetic
complexity

GEM models ✔ ✗

PDXs ✗ ✔

Immune PDXs ✔ /✗ ✔

 Immunocompetent

 Genomic features of human disease

Mouse model vs. Human 

tumor mutation load

Mouse Human

McFadden et al, PNAS 2016



Low efficacy of immunomodulatory agents in 

GEM models of lung adenocarcinoma

Pfirschke et al., Immunity, 2016, 343–354

Akbay et al., Cancer Discovery. 2013 1355-63

Kras, p53

EGFR

Del 19 Del 19; T790M



Generating murine lung tumors models that better model 

sensitivity and resistance to immune checkpoint 

inhibitors

Transgenic/

Knockout mice

CRISPR (DNA 

repair genes) 

Carcinogen 

treatment

Introduce defects 

in DNA repair

DNA 

adducts

Initiatives to model sensitivity and resistance 

to immunotherapy in lung cancer



Creating more genetically diverse tumors through carcinogen 

administration

MNU (N-Nitroso-N-methylurea)

~400-800 mutations

Pros: single injection; KrasG12 mutation 

induction; tumors harvested at 20 weeks

Cons: weight loss

NNK

(4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone): 

Naturally occurring tobacco 

product

Pros: single injection; tumors 

harvested @ 20-40 weeks

:KrasG12 mutation induction

Cons: uncharacterized WES

Westcott et al., Nature (2015)

Elevated mutation load in carcinogen-

induced lung adenocarcinomas
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Characterizing the sensitivity of carcinogen-induced 

lung tumor models to immune checkpoint inhibition
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