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Etiology and clinical characteristics of head and neck cancer

Ang et al, NEJM 2010

We hypothesize viral- and carcinogen-induced HNSCC are 

associated with differences in antitumor immunity

Carcinogen-induced HPV-induced
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Patient cohort and identification of major immune lineages

131,224 single cells analyzed

Paired blood and tumor from 18 HPV–

and 8 HPV+ patients

Blood from 6 healthy donors

 Tonsil tissue from 5 sleep apena
patients 3



Quantifying differences in immune lineages between HPV– and 
HPV+ HNSCC
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PC1 PC1

 Distance between distributions is known 
as the Bhattacharrya Distance (BD)

 Greater BD = greater difference 
between populations



Dissection of CD4+ Tconv in HPV– vs HPV+ HNSCC

HPV+ enriched HPV– enriched

 Identified 41,889 CD4+ Tconv from all samples

 CD4+ Tconv from HPV+ TIL were enriched in cluster 1, while CD4+ Tconv

from HPV− TIL were enriched in cluster 7
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Diffusion analysis provides insight into differentiation trajectories 

Diffusion Pseudotime (DPT)

Pseudotime modeling

Haghverdi et al, Nat Methods 2016
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CD4+ Tconv exhibit divergent differentiation trajectories

 Differentiation begins with naïve CD4+ T cells becoming activated and 
progressing through early activation

 Trajectories then branch, with the Cluster 1 branch associated with HPV+ TIL, 
while the Cluster 7 branch is associated with HPV– TIL
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CD4+ TFH signature genes expressed in cluster 1

 Performed differential 
expression analysis, 
comparing clusters 1 and 7

 CD4+ T follicular helper (TFH) 
genes are upregulated in 
cluster 1

 Immunofluorescence (7-
color) analysis revealed 
tertiary lymphoid 
structures, supporting 
the presence of 
functional CD4+ TFH



TFH enrichment is associated with better progression free survival
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Utilized clinical data and bulk 
mRNAseq data from The 
Cancer Genome Atlas
 111 HNSCC patients with bulk 

mRNAseq, progression free 
survival data, and confirmed 
HPV status was used for 
survival analysis

Determined a TFH gene set 
enrichment score for each 
patient

Stratified patients by high and 
low TFH signatures
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scRNAseq reveals spectrum of differences in immune lineages 
between viral- and carcinogen-induced HNSCC

 A spectrum of differences exists 

between immune lineages in viral-

versus carcinogen-induced HNSCC

 CD8+ T cells and CD4+ Treg are relatively 

similar in both types of HNSCC

 Germinal center B cells, CD4+ TFH present 

in HPV+ HNSCC

 Presence of viral antigens during 

carcinogenesis may potentiate humoral arm 

of adaptive immunity

 Design of optimal immunotherapy 

should be predicated on the specific 

features of each immune lineage within 

the tumor microenvironment

Comparing HPV– vs HPV+ TIL
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