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Working model: immunobiology of T cell-inflamed 

and non-inflamed tumor microenvironment

Nature Immunol. 2013

T cell-inflamed Non-T cell-inflamed

• Chemokines

• CD8+ T cells

• Type I IFN signature

• Immune escape: Inhibitory pathways

• Most immunotherapy responders have 

this phenotype

• Low inflammatory signature

• Absent intratumoral CD8+ T cells

• Immune escape: T cell exclusion



Tregs, PD-L1, and IDO are associated with CD8+

T cell infiltration and immune gene signature

T cell-inflamed
Non-T cell-

Inflamed

CD8

FoxP3

PD-L1

IDO

Science Trans. Med. 2013 
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Spranger et al; Nature. 2015



Activity of anti-PD1 in head and neck cancer 

and gastric cancer is associated with T cell-
inflamed tumor microenvironment signature

5

SCCHN Gastric

Ayers…Seiwert et al; JCI, 2017 



1. Somatic differences at the level of 

tumor cells

– Distinct oncogene pathways 

activated in different patients

– Mutational landscape and 

antigenic repertoire

2. Germline genetic differences at 

the level of the host

– Polymorphisms in immune 

regulatory genes

3. Environmental differences

– Commensal microbiota

– Immunologic/pathogen exposure 

history of patients

bIObank protocol: evaluating these parameters in patients

treated with anti-PD-1 using multiple genomics platforms

What molecular mechanisms drive the 

presence or absence of the T cell-

inflamed tumor microenvironment?



Which dimension of biomarker data is most 

critical?  An integrated approach could be 

more informative

7



Multiple tissues and compartments being 

interrogated in patients

Germline 

SNPs

Stool 16S

rRNAseq

Stool 

shotgun SEQ

Tumor

Exome 

SEQ

Neoantigens

Oncogene 

pathways

Tumor

RNAseq

Tumor

IHC

Serum 

metabolomics

Serum 

Proteomics

Circulating 

immune cells

Diet

Exercise

Medications



Diet impacts on tumor growth and anti-

tumor immunity

Diet 1

Diet 2

SPF TAC mice





Serum metabolites measured by mass 

spectrometry associated with clinical 

response to anti-PD-1

11



Machine learning algorithm approach for 

identifying combinatorial patterns of 

biomarkers linked to anti-PD-1 efficacy







Diet computer-recommended based on specific 

microbiota and dietary history improves 

glycemic control



1. Somatic differences at the level of 

tumor cells

– Mutational landscape and 

antigenic repertoire

– Distinct oncogene pathways 

activated in different patients

2. Germline genetic differences at 

the level of the host

– Polymorphisms in immune 

regulatory genes

3. Environmental differences

– Commensal microbiota

– Immunologic/pathogen exposure 

history of patients

What are the molecular mechanisms that 

explain the T cell-inflamed versus non-inflamed 

tumor microenvironments?



Integrating RNAseq data with exome sequencing 

data identified pattern: non-T cell inflamed 

melanomas are enriched for b-catenin signaling 

T cell/chemokine

Signature PRESENT

T cell/chemokine

Signature ABSENT



Tumor cell-intrinsic b-catenin activation 

prevents host anti-tumor immune response by 

failure to recruit Batf3 DCs

Spranger et al; Nature. 2015

Responsive to

Checkpoint blockade

Resistant to

Checkpoint blockade

Batf3



1. Somatic differences at the level of 

tumor cells

– Mutational landscape and 

antigenic repertoire

– Distinct oncogene pathways 

activated in different patients

2. Germline genetic differences at 

the level of the host

– Polymorphisms in immune 

regulatory genes

3. Environmental differences

– Commensal microbiota

– Immunologic/pathogen exposure 

history of patients

What are the molecular mechanisms that 

explain the T cell-inflamed versus non-inflamed 

tumor microenvironments?



Direct administration of Bifidobacterium mix to 

tumor-bearing TAC recipients improves tumor-

specific immunity and response to αPD-L1 mAb

CD8-depleted

Sivan, Corrales et al; 

Science. 2015



Does the commensal microbiota impact on anti-

tumor immunity carry over to human cancer 

patients?



Metastatic melanoma patients:

anti-PD-1 responders and non-responders 

have distinct baseline microbiota



Commensal microbiota associated with clinical 

response to anti-PD-1 in metastatic melanoma

ResponderNon-responder



Integration of 

16S, shotgun 

sequencing, 

and specific-

specific PCR: 
Bifidobacterium 

longum is one 

species more 

abundant in 

responders

9 additional species

confirmed across all

three platforms 

(16S, shotgun, PCR)



qPCR score and ratio of OTUs as a 

predictive biomarker for clinical 

response

16S OTU Ratio
qPCR score

10 species total



Comparison of biomarkers reveals the 

high predictive value of microbiota 

sequencing in this cohort (n=15)

A B C

D E F



Anti-PD-L1 is effective in GFM that receive 

responder but not non-responder 

microbiota

Matson, Fessler et al; 

Manuscript in press

Tumor growth



Conclusions

• Multiple tumor and host-derived factors appear to 

impact on the generation of the T cell-inflamed tumor 

microenvironment phenotype, and in turn on the efficacy 

of PD-1-targeted therapy

• Already associated are specific tumor cell-intrinsic 

oncogene pathways, tumor neoantigen load, specific 

germline SNPs, serum metabolites, and the composition 

of the commensal microbiota

• Machine learning approaches are being pursued to 

identify patterns and potential interactions between 

dimensions of data

– Maximize predictive biomarker efficacy

– Generate new hypotheses about mechanism of effect

– Develop new therapies to expand therapeutic benefit
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