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AbstrACt
background Human Papillomavirus (HPV) associated 
oropharyngeal squamous cell carcinoma (OPSCC) is one 
of the fastest growing cancers in the Western world. When 
compared to OPSCCs induced by smoking or alcohol, 
patients with HPV+ OPSCC, have better survival and the 
mechanisms remain unclear.
Methods The Cancer Genome Atlas (TCGA) database was 
examined for genes associated with tissue- resident CD8+ 
T cells. Multiplex immunohistochemistry (IHC) staining was 
performed on tumor specimen taken from 35 HPV+ and 27 
HPV- OPSCC patients.
results TCGA database revealed that the expression 
of genes encoding CD103 and CD69 were significantly 
higher in HPV+ head and neck SCCs (HNSCC) than in 
HPV- HNSCC. Higher expression levels of these two genes 
were also associated with better overall survival. IHC 
staining showed that the proportion of CD103+ tumor- 
resident CD8+ T cells were significantly higher in HPV+ 
OPSCCs when compared to HPV- OPSCC. This higher level 
was also associated with both lower risk of loco- regional 
failure, and better overall survival. Importantly, patients 
with HPV- OPSCC who had comparable levels of CD103+ 
tumor- resident CD8+ T cells to those with HPV+ OPSCC 
demonstrated similar survival as those with HPV+OPSCC.
Conclusion Our results show that CD103+ tumor- 
resident CD8+ T cells are critical for protective immunity 
in both types of OPSCCs. Our data further suggest that the 
enhanced local protective immunity provided by tumor- 
resident T cell responses is the underlying factor driving 
favorable clinical outcomes in HPV+ OPSCCs over HPV- 
OPSCCs.

IntroduCtIon
Oropharyngeal squamous cell carcinomas 
(OPSCCs) have two distinct etiologies: human 
papillomavirus (HPV)- induced or smoking- 
related. While the incidence of HPV- negative 
(HPV−) OPSCC has steadily declined over 
the past few decades, the incidence of HPV- 
positive (HPV+) OPSCCs has increased to 
become one of the fastest growing cancers 
in some Western countries.1–3 HPV+ OPSCC 

is clinically and biologically distinct4–6 and 
accounts for up to 70% of OPSCCs in the 
Western world.7 Among the many different 
strains of HPV, type 16 is the most dominant 
type associated with OPSCC, as observed 
in cervical cancer8 and anogenital cancer.9 
Patients with HPV+ OPSCC tend to be 
younger and have more advanced nodal 
disease at diagnosis but better outcomes. This 
difference in survival has been attributed to 
many factors, including cell intrinsic factors 
such as protection of p53 to immunogenicity 
of viral proteins inducing better immune 
responses.10 Understanding the immuno-
logical mechanisms involved in this survival 
advantage can help design novel therapeutic 
strategies.

Tissue- resident memory (Trm) T cells 
have recently come under intense focus 
after several studies showed correlations of 
their numbers with better patient survival 
in many different cancers.11 Identified as a 
subset of non- circulating T cells permanently 
residing in tissues, these CD103+CD8+ Trm T 
cells were initially implicated in protective 
immunity against many pathogens, including 
those that establish persisting or latent infec-
tions.12 It has become evident that these cells 
play a crucial role in local immunity against 
these pathogens by providing the first line of 
adaptive immune resistance.12 We recently 
showed that these cells were better predictors 
of survival than the total CD8+ T cell counts 
in patients with metastatic melanoma,13 
with similar findings supported in many 
other malignancies such as cervical cancer,14 
ovarian cancer,15 breast cancer,16 and lung 
cancer.17 18 Mechanistically, a recent study 
has shown that these cells play an important 
role in preventing tumor metastasis by main-
taining a stage of immune equilibrium.19 As 
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such, it is highly likely that Trm T cells generated against 
HPV are likely to play a key role in HPV- driven OPSCCs.

In this study, we determined the prognostic significance 
of Trm T cells in a well- defined cohort of OPSCC by their 
HPV status. In addition, we examined whether the Trm 
T cells can modify the known prognostic effect of HPV 
in OPSCC.

Methods
Patients
The study cohort consisted of 62 patients with T1-4 
N0-3 M0 (American Joint Committee on Cancer Staging 
System Seventh Edition) OPSCC treated with curative 
intent. Demographic characteristics, clinicopathological 
details, and follow- up data were obtained from institu-
tional databases. The histopathology and tumor grade 
were reviewed in all cases. The median age was 58 (range 
34–83; online supplementary table 1). The median 
follow- up time was 65.5 months. All samples were either 
from definitive surgery or biopsy prior to radiotherapy 
with or withoutchemotherapy.

hPV testing
We determined HPV status of the OPSCC by both DNA 
and p16 expression as reported previously.2 6 The pres-
ence and type of HPV DNA were determined by E6- based 
multiplex tandem PCR assay using a modification of the 
Tandem method of Stanley and Szewczuk.8 This assay 
simultaneously detects and identifies 21 HPV types. The 
expression of p16 was determined by semiquantitative 
immunohistochemistry (IHC) using the JC2 p16 anti-
body (Neomarkers, Fremont, USA). Staining was typically 
strong and diffuse in both the nucleus and cytoplasm of 
cancer cells and was recorded as positive if seen in more 
than 50% of cancer cells.9 An HPV+ OPSCC was defined 
as one both testing positive for HPV DNA and demon-
strating p16 overexpression by IHC.20 21

Gene expression analysis from tCGA database
The expression levels of genes associated with Trm T cells 
and the impact on patient survival were determined from 
the publicly available The Cancer Genome Atlas (TCGA) 
database using recently published Tumor Immune 
Estimation Resource server.22 Differential expression 
module was used to determine the expression levels of 
ITGAE (CD103) and CD69 between patients with HPV+ 
and HPV− head and neck squamous cell carcinoma 
(HNSCC). Survival module was used to determine the 
impact of increased gene expression levels on overall 
patient survival.

Immunohistochemical staining of tissues
Formalin fixed paraffin embedded (FFPE) OPSCC tissue 
blocks were cut at 4 µm thickness and stained using Opal 
Multiplex IHC assay kit (PerkinElmer, Waltham, Massa-
chusetts, USA) as per optimized inhouse protocol. Briefly, 
FFPE tissue sections were deparaffinized and rehydrated. 

Tissues were then subjected to antigen retrieval by boiling 
in basic (10 mmol/L Tris base, 1 mmol/L EDTA, 0.05% 
Tween 20, pH 9.0) buffer. Tissue sections were then incu-
bated with 3% hydrogen peroxide for 30 minutes at room 
temperature before washing and blocking. Sections were 
then incubated with a single unconjugated primary anti-
body for 35 min, washed and then incubated with Opal 
Polymer HRP (Akoya Biosciences, USA) for 10 minutes. 
After washing, sections were incubated with opal fluoro-
chromes at a 1:100 dilution made up in tyramide signal 
amplification reagent (PerkinElmer) for 10 minutes. The 
antigen retrieval step was repeated for subsequent stains. 
After all staining was complete, sections were stained with 
4', 6- diamidino-2- phenylindole, dihydrochloride (DAPI) 
(Cell Signaling Technologies) for 5 minutes and then 
mounted using Vectashield (Vector Labs, USA). Slides are 
kept in the dark until imaging. The following antibodies 
were used: Ab4055 clone (Abcam, UK) for investigating 
CD8 expression and Ab129202 clone (Abcam) for CD103 
expression. Mantra imaging platform (PerkinElmer) was 
used for imaging and Mantra Snap software was used for 
the acquisition of data. For all quantitative analyses, up 
to 15 randomly selected regions of interest per section 
were analyzed. Images were unmixed and analyzed using 
inForm 2.3.0 software (PerkinElmer) to phenotype and 
quantify the expression of each of the markers on indi-
vidual cells.

statistical analyses
Graphical and statistical analyses were performed using 
Prism V.6.0f (GraphPad Software), or survival anal-
ysis was performed in the R software with the survival 
package (V.2.44) and the survminer package (V.0.4.6). 
Mann- Whitney rank tests for unpaired, non- parametric 
distributions were used to identify differences between 
proportions of immune cell subsets (ns; *p<0.05; 
**p<0.01; ***p<0.001; and ****p<0.0001), or Wilcoxon 
rank- sum test was applied for comparisons of cell densi-
ties in different segments of the tumors. Both overall 
survival and recurrence- free survival times were censored 
either at the 120th months after the initial diagnosis 
or where follow- up ended. The median of each CD8 
segmentation was used as the threshold value to separate 
groups. Variability in the data is shown as SEM. All clin-
ical and genomic variables that potentially impact survival 
were included in the multivariate analyses of immune- 
mediated survival data.

results And dIsCussIon
Genes associated with tumor-resident Cd8+ t cells are 
enriched in hPV+ hnsCC and are associated with better 
prognosis
We examined TCGA database to determine whether 
ITGAE (CD103) and CD69, the two genes associated 
with CD8+ Trm T cells, were differentially expressed 
between HPV+ and HPV− HNSCCs. HPV+ HNSCCs had 
significantly higher expression of both these genes when 
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Figure 1 Increased expression of genes related to tissue- resident T cells is associated with improved patient survival in HPV+ 
head and neck SCC. The expression levels of two genes associated with tissue- resident T cells, ITGAE (CD103) and CD69, 
were examined in The Cancer Genome Atlas database using the Tumor Immune Estimation Resource server. (A) Differential 
expression module analysis showed both ITGAE and CD69 were significantly increased in HPV+ when compared with HPV− 
SCCs. (B) Kaplan- Meier survival curves of patients with head and neck SCC showed that patients with increased ITGAE 
(CD103) and CD69 (red lines) had improved survival when compared with patients with lower levels of these genes (blue lines) 
in HPV+ SCCs (upper panels). In patients with HPV− SCCs, however, there were no significant differences in patient survival 
(bottom panels). Statistical significance computed by differential analysis (edgeR) on RNA- Seq raw count ***p<0.001. HPV, 
human papillomavirus; SCC, squamous cell carcinoma.

compared with HPV− HNSCCs (figure 1A). Within the 
HPV+ HNSCC group, a higher than the median expres-
sion levels of CD103 or CD69 were associated with signifi-
cantly better overall survival (figure 1B). By comparison, 
there was no correlation between the level of CD103 or 
CD69 expression and patient survival with HPV− HNSCCs 
(figure 1B). These data suggest that HPV+ HNSCCs may 
be characterized by increased tumor- resident CD8+ T 
cells and that the numbers of these T cells may be prog-
nostic in HPV+ HNSCCs, but not in HPV− HNSCCs.

hPV+ oPsCC has significantly higher proportion of 
Cd103+Cd8+ tumor-resident t cells compared with hPV− 
oPsCC
The baseline characteristics by HPV status of the study 
cohort are shown in online supplementary table 1. Of 62 
patients, 35 (56.5%) had HPV+ OPSCC. These patients 
were more likely to be never smokers (48.6%), and had 
higher tumor grade (54.3% grade 3), higher N- stage 
(59.3% N2/N3) and higher programmed death- ligand 
1 (PD- L1) expression (94.3%), compared with patients 
with HPV− OPSCC. Patients with HPV+ OPSCCs had 
a significantly better overall survival than those with 
HPV− OPSCCs (figure 2A). The median overall survival 
of patients with HPV− OPSCC was 62.2 months, and 

the median survival for patients with HPV+ OPSCC was 
not reached. There was a significant difference in the 
5- year overall survival between the two groups (82.3% for 
patients with HPV+ OPSCC vs 51.9% for patients with HPV- 
OPSCC, p=0.014). Multiplex quantitative IHC staining 
of tumor biopsy specimen showed increased numbers 
of CD8+ T cells in HPV+ OPSCCs when compared with 
HPV− OPSCCs, although the difference did not reach 
significance (figure 2B,C). CD103 staining showed that 
there was significantly more CD103+CD8+ T cells in HPV+ 
OPSCC than HPV− OPSCC (4.8% vs 1.06% of all nucle-
ated cells, p=0.0001) (figure 2B,D). There was no signifi-
cant difference in CD103−CD8+ T cell numbers between 
the HPV+ and HPV− OPSCC (figure 2E). Together these 
data demonstrate that HPV+ OPSCCs have significantly 
more CD103+CD8+ Trm T cells when compared with 
HPV− OPSCCs.

Intratumoral Cd103+Cd8+ t cells are associated with best 
prognosis in hPV+ oPsCCs
The location of T cells can be a critical factor in influencing 
the effectiveness of tumor control.11 23 We reasoned that 
persistent viral infection may have impacted on the intra-
tumoral accumulation of CD103+CD8+ T cells in HPV+ 
OPSCCs. The specimens were segmented into tumor and 
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Figure 2 Significantly more CD103+CD8+ T cells in HPV+ OPSCCs when compared with HPV− OPSCCs. (A) Kaplan- 
Meier survival curves of patients with OPSCC from the study cohort with HPV+ (red; n=36) and HPV− (blue; n=26) OPSCCs 
showed better overall survival for patients with HPV+ OPSCCs. (B) When tumor biopsy specimen was stained for CD103, CD8 
and nucleus marker DAPI by multiplex IHC staining, it showed increased numbers of tumor- resident CD8+ T cells in HPV+ 
OPSCCs when compared with HPV− OPSCCs. (C–E) When the proportion of all nucleated cells expressing these markers 
was quantified as total CD8+ T cell population (C), CD103+CD8+ population (D) and CD103−CD8+ T cell population (E), it was 
clear that CD103+CD8+ T cells were significantly enhanced in HPV+ OPSCCs when compared with HPV− OPSCCs. Statistical 
differences were calculated using unpaired and non- parametric Mann- Whitney t- test (***p<0.001; ns p>0.05). HPV, human 
papillomavirus; IHC, immunohistochemistry; OPSCC, oropharyngeal squamous cell carcinoma.

stroma regions and then enumerated the CD103+ and 
CD103− CD8+ T cells. Both CD103+ and CD103− CD8+ 
T cells were present in both regions, and there were no 
significant differences between the regions in the overall 
study cohort (figure 3A–D). However, HPV+ OPSCC 
had a significantly higher measurement of both intratu-
moral (2.8% vs 0.42% of all nucleated cells, p<0.0001) 
and stromal (1.57% vs 0.68%, p<0.005) CD103+CD8+ 
T cell numbers when compared with HPV− OPSCC 
(figure 3A,B). By contrast, the proportions of CD103−
CD8+ T cells were not significantly different between 
HPV+ and HPV− OPSCC at either region (figure 3C,D). 
When we examined the cell distribution between each 
tumor type, CD103+CD8+ T cells were equally distrib-
uted between tumor and stroma in both HPV+ and HPV− 
OPSCCs (online supplementary figure 1). CD103−CD8+ 
T cells accumulated significantly more in the stroma in 
both HPV+ and HPV− OPSCCs (online supplementary 
figure 1).

We then determined the impact of CD103+CD8+ T cell 
numbers and their location on survival in patietns with 
HPV+ OPSCCs. Kaplan- Meier plots showed that patients 

with higher intratumoral CD103+CD8+ T cells had signifi-
cantly better survival when compared with patients with 
lower numbers (p=0.0078; figure 3E). The 5- year survival 
was 83.6% vs 54% (p=0.018). The amount of stromal 
CD103+CD8+ T cells can also influence the overall 
survival. The 5- year survival for those with high stromal 
CD103+CD8+ T cells was 83.4% compared with 53.9% for 
those with low stromal CD103+CD8+ T cells (figure 3F). 
By contrast, while there was a trend toward better survival 
with increased intratumoral CD103−CD8+ cells (p=0.053; 
figure 3G), their numbers in the stroma were not associ-
ated with any survival advantage (figure 3H). Together, 
these data demonstrate that CD103+CD8+ T cells were 
equally distributed between tumor and stroma, and 
increased numbers at both sites were associated with 
enhanced survival in patient with HPV+ OPSCC.

Cd103+Cd8+ t cell numbers rather than hPV status underlie 
survival advantage in hPV+ oPsCCs
The effects of a combination of HPV status and Trm level 
on outcomes are shown in multivariate Kaplan- Meier 
models (figure 4A,B). The study cohort was grouped by 
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Figure 3 Enhanced intratumoral CD103+CD8+ T cell numbers are associated with best patient survival. Tumor tissues 
examined by IHC stains were segmented into intratumoral regions and stromal regions, and the distribution of CD8+ T cell 
subsets was quantified. CD103+CD8+ T cell numbers in tumor regions (A) and stromal regions (B) showed that significantly 
more CD103+CD8+ T cells were present in both these regions in HPV+ OPSCCs when compared with HPV− OPSCCs. By 
contrast there were no significant differences in the CD103−CD8+ T cell numbers in those regions between HPV+ and HPV− 
OPSCCs (C and D). Data are expressed as box and whisker plots and statistical differences were calculated using unpaired and 
non- parametric Mann- Whitney t- test. (E–H) Kaplan- Meier plots show the overall patient survival based on intratumoral (E and 
G) or stromal (F and H) distribution of CD103+CD8+ (E and F) and CD103−CD8+ (G and H) cells in HPV+ OPSCC. Statistical 
differences were calculated using unpaired and non- parametric Mann- Whitney t- test (****p<0.0001; *p<0.05; ns p>0.05). HPV, 
human papillomavirus; IHC, immunohistochemistry; OPSCC, oropharyngeal squamous cell carcinoma.
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Figure 4 Increased CD103+CD8+ T cell numbers are associated with improved survival in both HPV+ and HPV− OPSCCs. 
Kaplan- Meier plots for overall survival (A) or recurrence- free survival (B) for patients with OPSCCs based on their HPV status 
(HPV+, red lines; HPV−, blue lines) and the number of intratumoral CD103+CD8+ T cells show patients with increased 
CD103+CD8+ T cells had the best survival in both HPV+ and HPV− OPSCCs. The threshold for CD103+CD8+ cell numbers was 
set based on the median value of the overall cohort (high: solid lines; low: broken lines). Multivariate analysis shows intratumoral 
CD103+CD8+ T cell numbers were the key differentiator between patients with HPV+ OPSCCs and HPV− OPSCCs for overall 
survival (C) and recurrence- free survival (D). Statistical differences were calculated using univariate analysis (Cox proportional 
Hazards model) (*p<0.05). HPV, human papillomavirus; NEG, negative; OPSCC, oropharyngeal squamous cell carcinoma; POS, 
positive; AIC, Akaike information criterion.

HPV status and Trm cell level (high vs low) (supplemen-
tary figure 2). Patients with HPV+ OPSCC had favorable 
survival regardless of the Trm cell level. Notably, patients 
with HPV− OPSCC and high level of CD103+CD8+ T cells 
had similar overall survival (figure 4A) and recurrence- 
free survival (figure 4B) to those patients with HPV+ 
OPSCC. The worst survival was seen in patients with 
HPV− OPSCC and low Trm level. In the multivariate anal-
ysis, intratumoral Trm level was a significant predictor 
of overall survival (HR 0.31, 95% CI 0.11 to 0.89, p=0.03; 
figure 4C) and recurrence- free survival (HR 0.3, 95% CI 
0.106 to 0.85, p=0.023; figure 4D). These data strongly 
suggest that CD103+CD8+ T cell numbers rather than 
HPV status impact the survival of patients with OPSCCs.

ConClusIons
Recently the American Joint Committee on Cancer has 
included HPV status in the staging system of OPSCC24 as it 
is a strong prognostic factor in addition to T stage, N stage 
and M stage classification. Immunotherapy is also being 
increasingly used in the treatment of OPSCC.25 A greater 
understanding of immune landscape of OPSCC can 
help to develop novel prevention and treatment strate-
gies. Here we show that the underlying mechanism for 
the better survival seen in HPV+ OPSCC is largely medi-
ated by local T cell immunity provided by enhanced 
CD103+CD8+ Trm T cells. HPV+ OPSCC have higher 

level of Trm T cells than HPV− OPSCC. Importantly, our 
data also show that patients with HPV− OPSCC showing 
a high level of CD103+CD8+ Trm T cells in the tumor 
region had comparable survival with those patients with 
HPV+ tumors. This suggests that the critical determinant 
of survival is the effectiveness of the immune response 
rather than the virus status.

HPV is thought to infect the basal cells of the tonsillar 
crypt epithelium.26 As an immune population adapted 
to providing protection at such barrier surfaces, 
CD103+CD8+ T cells are likely to localize near the epithe-
lium to prevent viral replication. These cells are also likely 
to express CD69, another marker of tissue retention. Our 
previous work on tonsillar memory T cells indeed showed 
that CD103+CD8+ T cells preferentially localized near the 
epithelium, particularly areas near the crypts.27 Accumu-
lation of these cells could be critical for immune- mediated 
control mechanisms. In addition, another previous study 
examining CD4+ T cells in head and neck cancers also 
found CD69+CD4+ T cell numbers to be significantly 
associated with better survival and better locoregional 
control.28 Interestingly, CD103+CD8+ T cells infiltration 
can occur in HPV− OPSCCs, and sufficient numbers 
can also provide survival advantage to patients, further 
supporting the role of tumor- resident T cells in tumor 
immunity. Our findings of better survival associated with 
enhanced Trm T cells could also be related to better 
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response to radiation therapy. Radiation therapy is one of 
the main treatment modalities for OPSCC, and a recent 
study showed that local tumor T cell status contributes 
to response to radiotherapy.29 Pre- existing tumor T cells 
can survive radiation and mediate antitumor responses 
without the assistance from newly infiltrating T cells.29

Together our study shows that local T cell immunity 
provided by Trm T cells could be a critical determinant 
in providing favorable clinical outcomes in patients with 
OPSCCs. Therefore, strategies aiming to boost these Trm 
T cells at sites of tumor development could be beneficial.
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