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Purpose: Head and neck squamous cell carcinoma (HNSCC) is a highly invasive malignancy with poor survival. 
Perforin (PRF1) plays essential roles in host immunity. Our research intended to identify the correlations of PRF1 
with clinical prognosis and tumor immune infiltration in HNSCC. 
Methods: We explored PRF1 expression and its associations with the clinical features of HNSCC via the Tumor 
Immune Estimation Resource (TIMER), Oncomine and The Cancer Genome Atlas (TCGA) databases. The prog- 
nostic value of PRF1 for HNSCC was further explored by Kaplan–Meier plotter and TIMER. Finally, the relation 
between PRF1 and immune infiltration in HNSCC was estimated via CIBERSORT and TIMER. 
Results: PRF1 expression was remarkably elevated in HNSCC and associated with clinical stage and HPV infection. 
High PRF1 expression predicted favorable outcomes in HNSCC, especially in HPV + HNSCC. Moreover, higher 
infiltration of CD8 + T cells and CD4 + T cells were found in the PRF1 high group of HNSCC. PRF1 expression in 
HNSCC was strongly correlated with infiltrating CD8 + T cells and dendritic cells (DCs), with higher relevance in 
HPV + HNSCC. 
Conclusion: Our findings suggested that PRF1 could be a novel prognostic biomarker in HNSCC and that its 
expression was related to immune cell infiltration, which was impacted by HPV status. 
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Head and neck squamous cell carcinoma (HNSCC), representing ap-
roximately 90% of head and neck cancers, ranks ninth in the global in-
idence of malignant tumors.[ 1 , 2 ] Tobacco exposure, alcohol consump-
ion and human papilloma virus (HPV) infection are the most common
isk factors for HNSCC. The incidence of smoking-related HNSCCs has
eclined over the past several decades, while HPV-related HNSCCs have
ignificantly increased in frequency. [3] HNSCC has the characteristics
f high recurrence and metastasis rates, which lead to poor survival. The
raditional treatments of HNSCC include surgery, radiation therapy and
hemotherapy. [4] 

The key role of immune dysfunction in HNSCC has been widely
ecognized in recent decades and the remarkable advancement of im-
unotherapy has altered the therapeutic patterns of HNSCC. Some

cholars have pointed that HNSCC is a type of immunosuppressive dis-
ase with disordered immune effector cells and abnormal secretion
f pro-inflammatory factors in the immune microenvironment. [5] Im-
unotherapy based on immune checkpoint blockade for HNSCC has
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hown promising clinical results. Two PD-1 antibodies, pembrolizumab
nd nivolumab, have been approved for the clinical therapy of re-
urrent/metastatic HNSCC by the US Food and Drug Administration
FDA). [6] Tumor infiltrating lymphocytes (TILs), a prominent feature
f HNSCC, has been reported to be an independent prognostic marker.
ased on the differences in infiltrating immune cells and the expression
f inflammatory markers in tumor and stromal compartments, Chen YP
t al. defined two different subtypes of HNSCC, namely, the active im-
une class and exhausted immune class. The former was correlated with

nhanced cytolytic activity, enriched M1 macrophages, abundant TILs,
PV infection and better prognosis, while the latter was characterized
y enriched M2 macrophages, activated stroma and poor prognosis. [7]
bundant CD8 + T cell, CD4 + T cell, CD3 + T cell and Foxp3 + T cell in-
ltration in HNSCC tumor tissues was correlated with favorable progno-
is.[ 8 , 9 ] As the main component of the host immune microenvironment,
ccumulating evidence highlights the value of TILs in predicting tumor
rogression and response to immunotherapy.[ 10 , 11 ] Therefore, a bet-
er understanding of immune infiltration in HNSCC will help us clarify
he mechanisms of tumor immunity, define predictive biomarkers and
dentify new therapeutic targets. 
g). 

 February 2021 
ticle under the CC BY-NC-ND license 

https://doi.org/10.1016/j.tranon.2021.101042
http://www.ScienceDirect.com
http://www.elsevier.com/locate/tranon
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tranon.2021.101042&domain=pdf
mailto:aydyebin@126.com
mailto:mingliangxiang@163.com
https://doi.org/10.1016/j.tranon.2021.101042
http://creativecommons.org/licenses/by-nc-nd/4.0/


C. Fan, H. Hu, Y. Shen et al. Translational Oncology 14 (2021) 101042 

 

m  

i  

p  

k  

o  

l  

l  

v  

A  

P  

c  

c  

i  

e  

r  

s  

K  

P  

s  

p  

r

M

D

 

i  

R  

f  

w  

f  

t  

D  

O  

H

O

 

c  

r

K

 

e  

a  

e  

a  

a

C

 

c  

t  

t  

I  

i  

W  

t  

t

T

 

c  

i  

t  

a  

a  

w  

a

G

 

I  

T  

e

I

 

f  

m  

s  

a  

b  

w  

(  

t  

t

S

 

y  

c  

w  

w  

r  

v  

a  

w
0  

“  

s

R

P

 

c  

i  

c  

W  

T  

c  

h  

L  

c  

n  

r  

t  

c

The pore-forming protein perforin (PRF1), belonging to the
embrane-attack-complex/PRF (MACPF) protein family, is essentially

nvolved in the granule-dependent killing activities of cytotoxic T lym-
hocytes (CTLs) and NK cells. [12] Serving as a definite marker of the
illing ability of immune cells, PRF1 participates in the establishment
f immune homeostasis, elimination of pathogens and tumor surveil-
ance. [13] However, there are only a few studies concerning the corre-
ation of PRF1 with cancer, and its role in the tumor immune microen-
ironment and related mechanisms remain unclear. Alcaraz-Sanabria
 et al. reported that in advanced ovarian cancer, the combination of
RF1, IFNG, CXCL13 and CD30 expression was related to favorable out-
ome. [14] Additionally, a meta-analysis showed that increasing levels of
ytotoxic proteins, including PRF1 and GZMA, indicated better survival
n multiple cancers, such as melanoma and bladder cancer. [15] Here, we
xplored PRF1 expression in HNSCC and its relations with clinical pa-
ameters and overall survival (OS) via databases with a good reputation,
uch as Oncomine, Tumor Immune Estimation Resource (TIMER) and
aplan–Meier plotter. Moreover, we analyzed the associations between
RF1 expression and tumor immune infiltration and immune marker
ets in HNSCC by TIMER and CIBERSORT. Our findings showed the
rognostic value of PRF1 in HNSCC and provided novel insight into its
ole in cancer immunity. 

aterials and methods 

ata and patients 

HNSCC patients datasets ( n = 527), including transcriptome sequenc-
ng data and clinical materials, were obtained from TCGA utilizing the
/Bioconductor/TCGA package. We excluded cases with insufficient in-

ormation on gene expression data, TNM stage and OS. Finally, 505 cases
ere included in the study. 25 pairs of tumor and normal samples came

rom 25 HNSCC patients diagnosed and hospitalized in Shanghai Jiao-
ong University School of Medicine, Ruijin Hospital from Oct 2018 to
ec 2019, who experienced surgery and adjuvant chemoradiotherapy.
ur research was approved by the institutional review board of Ruijin
ospital. Informed content was obtained from all recruited patients. 

ncomine database analysis 

We investigated PRF1 expression in a variety of cancers via On-
omine database. [16] 1.5 fold change, P value = 0.001, and all gene
anking were set as the threshold. 

aplan–Meier plotter database analysis 

Kaplan–Meier plotter database could estimate the impact of gene
xpression in prognosis in 21 types of cancers including HNSCC. The
ssociation between PRF1 expression and patient survival in HNSCC was
xplored via Kaplan–Meier plotter. [17] In addition, log-rank P value
s well as its hazard ratio (HR) with 95% confidence intervals were
nalyzed. 

IBERSORT algorithm analysis 

CIBERSORT is a deconvolution algorithm that calculates immune
ell infiltration proportions on the basis of gene expression profiles in
he sample. [18] We used a white blood cell gene signature matrix LM22
hat includes 547 genes to identify 22 kinds of infiltrating immune cells.
n our current analysis, the CIBERSORT tool was utilized to analyze the
nfiltrating fractions of immune cells of 505 cases of HNSCC from TCGA.

e divided patients into the PRF1 high and PRF1 low group according
o the cutoff point (111.0) for PRF1 expression, which was calculated
hrough the automatic Cutoff Finder platform. 
2 
IMER database analysis 

TIMER database could analyze the abundance of infiltrating immune
ells in 32 types of cancers from TCGA. [19] We studied PRF1 expression
n different tumor tissues relative to normal controls and the correla-
ion between PRF1 expression and OS in HNSCC overall, HPV + HNSCC
nd HPV- HNSCC by Kaplan–Meier curves. Furthermore, we explored
ssociations of PRF1 expression with tumor immune infiltration, and
ith gene markers of immune cells in HNSCC overall, HPV + HNSCC
nd HPV- HNSCC. 

ene correlation assessment via GEPIA 

Gene correlation could be assessed in Gene Expression Profiling
nteractive Analysis (GEPIA) using RNA sequencing datasets from
CGA. [20] We explored the correlation of PRF1 with markers of T cell
xhaustion signature in HNSCC tumor tissues via GEPIA. 

mmunohistochemical analysis 

We performed immunohistochemistry (IHC) of PRF1 on the
ormalin-fixed, paraffin-embedded tumor and matched normal speci-
ens of HNSCC. For antigen retrieval and PRF1 detection, specimen

ections were deparaffinized and autoclaved in 10 mM citrate buffer
t 121 °C for 20 min. The primary monoclonal mouse anti-PRF1 anti-
ody (Zisbio, ZM-0151,Beijing, China) packaged in working solution
as used for staining. We scanned the images via Image Pro Plus 6.0

Media Cybernetics, Bethesda, USA). The results were presented with
he average optical density (AOD) fo PRF1 in intratumoral and normal
issues. 

tatistical analysis 

SPSS 22.0 and GraphPad Prism 8.0 were utilized for statistical anal-
sis and graph plotting. Mann-Whitney U test was applied to detect the
omparisons between two groups. Differences among multiple groups
ere examined by Kruskal-Wallis one-way ANOVA. The survival curves
ere created via Kaplan–Meier plotter and TIMER, which included cor-

esponding P values and HR. Cox regression was used to perform uni-
ariate and multivariate analysis. Spearman’s correlation analysis was
pplied to estimate correlation coefficients. The degree of correlation
as determined according to the following absolute r values: 0.00–
.19 “very weak ”, 0.20–0.39 “weak ”, 0.40–0.59 “moderate ”,0.60–0.79
strong ” and 0.80–1.0 “very strong ”. p value less than 0.05 was set as a
tatistical significance. 

esults 

RF1 expression in different cancers 

We compared the levels of PRF1 mRNA in various cancers by On-
omine. The results revealed that compared to normal tissues, PRF1 was
ncreased in kidney cancer, liver cancer and breast cancer but was de-
reased in lung cancer, colorectal cancer and bladder cancer ( Fig. 1 A).
e further investigated PRF1 expression in particular tumors through

IMER. The expression level of PRF1 in HNSCC, ESCA (oesophageal car-
inoma) and KIRC (kidney renal clear cell carcinoma) was significantly
igher than that in normal tissues. In LUAD (lung adenocarcinoma),
IHC (liver hepatocellular carcinoma), LUSC (lung squamous cell car-
inoma), BRCA (breast invasive carcinoma), COAD (colon adenocarci-
oma), UCEC (uterine corpus endometrial carcinoma) and THCA (thy-
oid carcinoma), PRF1 expression was significantly lower ( Fig. 1 B). No-
ably, PRF1 was significantly more highly expressed in HPV + HNSCC in
omparison to HPV- HNSCC. 
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Fig. 1. The levels of PRF1 expression in multiple cancers. (A) PRF1 expression of various cancers relative to normal controls in Oncomine. (B) PRF1 expression of 
particular types of cancers in TIMER ( ∗ p < 0.05, ∗ ∗ p < 0.01, ∗ ∗ ∗ p < 0.001). 

Fig. 2. PRF1 expression and association with 
clinical parameters in HNSCC. PRF1 expres- 
sion in the different T stage (A) , N stage (B) , 
clinical stage (C) , tumor site (D) and HPV sta- 
tus (E). (F) Correlation of PRF1 and CDKN2A 

(P16) expression from TIMER. (G) Represen- 
tative IHC images of PRF1 protein expression 
in tumor tissues and normal tissues in HNSCC. 
(H) Quantitative analysis of PRF1 in tumor and 
normal tissues. AOD, average optical density. 
( ∗ p < 0.05, ∗ ∗ p < 0.01, ∗ ∗ ∗ p < 0.001). 
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RF1 expression profiles of HNSCC patients 

From oncomine and TIMER database, we found that PRF1 expression
as significantly increased in tumor tissues compared to normal controls

n HNSCC. Then we studied the relationship of PRF1 expression with the
linical parameters of HNSCC in the TCGA cohort ( n = 505) ( Fig. 2 A–E).
he results displayed that PRF1 expression was significantly different

n terms of tumor T stage, clinical stage, tumor site and HPV status.
ith the increase in T stage and clinical stage, PRF1 expression showed
3 
 downward trend. Specifically, the results indicated significant differ-
nces in PRF1 expression between T1 and T4, between stages I and III,
etween stages II and IV, and between stages I and IV ( p < 0.05). Re-
arding different N stages, no significant difference in PRF1 expression
as observed. According to different tumor sites, we divided the pa-

ients with HNSCC into three groups: oropharyngeal squamous cell car-
inoma (OPSCC), oral squamous cell carcinoma (OSCC), and laryngeal
nd hypopharyngeal squamous cell carcinoma (LSCC + HPSCC). The re-
ults revealed that PRF1 expression was significantly elevated in OPSCC
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Fig. 3. Prognostic value of PRF1 and CDKN2A in HNSCC. Kaplan–Meier survival curves based on PRF1 expression in HNSCC overall (A) , HPV + HNSCC (B) and 
HPV- HNSCC (C) in TIMER. Correlation of PRF1 expression (D) and CDKN2A expression (E) with OS of HNSCC in Kaplan–Meier plotter. (F) Correlation of CDKN2A 

expression with OS of HNSCC in TIMER. (G) Multivariate Cox analysis for PRF1 expression. 
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ompared to OSCC ( p < 0.01) and LSCC + HPSCC ( p < 0.001). PRF1 was
ore highly expressed in OSCC than in LSCC + HPSCC although the dif-

erence was not significant. Interestingly, higher PRF1 expression was
bserved in HPV + HNSCC than in HPV- HNSCC ( p < 0.01). Thus, we ex-
lored the correlation between PRF1 and the common HPV molecular
arker P16 (CDKN2A) through TIMER and found that PRF1 and P16

xpression were significantly related in HNSCC ( p < 0.05) ( Fig. 2 F). Ad-
itionally, we performed IHC for PRF1 detection in 25 pairs of tumor
nd normal samples of HNSCC and found that the protein expression of
RF1 was elevated in tumor tissues. Representative images of IHC are
hown in Fig. 2 G and Figure S1. Quantitative analysis showed there was
n increase of PRF1 expression in tumor tissues compared with normal
issues ( p < 0.05) ( Fig. 2 H). 

rognostic value of PRF1 in HNSCC 

The expression profiles of PRF1 displayed that low expression of
RF1 correlated with advanced T and clinical stages and HPV negative
nfection status, which were unfavorable prognostic factors of HNSCC.
 a  

4 
ext, we utilized Kaplan–Meier plotter and TIMER to investigate the
nfluence of PRF1 expression on OS in HNSCC. High PRF1 expression
as related to better OS in HNSCC significantly, as analyzed by TIMER

HR = 0.854, p = 0.0129) ( Fig. 3 A). Consistent results were obtained in
aplan–Meier plotter, wherein better OS in HNSCC was significantly as-
ociated with high PRF1 expression (HR = 0.65, p = 0.0031) ( Fig. 3 D).
f note, the prognostic value of PRF1 in HNSCC was impacted by HPV

tatus. Survival curves from TIMER demonstrated that compared with
NSCC overall, PRF1 exhibted a stronger prognostic value in HPV + HN-
CC. There was a significant association between high PRF1 expression
nd better prognosis in HPV + HNSCC (HR = 0.676, p = 0.00858), while
n HPV- HNSCC, no obvious correlation was observed ( Fig. 3 B,C). Addi-
ionally, we also explored the impact of P16 expression on the outcomes
f HNSCC. High P16 expression was significantly related to better OS
n HNSCC according to TIMER (HR = 0.842, p = 0.00658) ( Fig. 3 E) and
aplan–Meier plotter (HR = 0.57, p = 0.00074) ( Fig. 3 F), which was con-
istent with the better prognosis of HPV + HNSCC than HPV- HNSCC.
oreover, univariate analysis displayed that age, sex, PRF1, N stage

nd T stage were significantly related to OS ( p < 0.05 ) (Table S1), and
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urther multivariate analysis showed that high PRF1 expression was a
avorable independent prognostic factor (HR = 0.36, p < 0.05 ) ( Fig. 3 G).

elationship between PRF1 expression and tumor immune infiltration in 

NSCC 

The Kaplan–Meier survival curves showed high PRF1 expression cor-
elated with better prognosis. Since PRF1 is an essential cytotoxic pro-
ein involved in anti-tumor immunity, we next explore the relation-
hip of PRF1 expression with immune cell infiltration in HNSCC. The
nfiltrating proportions and differences of immune cells between the
RF1 high and PRF1 low groups were estimated via the CIBERSORT tool
 Fig. 4 A). The results displayed that CD8 + T cells ( p < 0.0001), activated
D4 + memory T cells ( p < 0.0001), naive CD4 + T cells ( p < 0.0001), fol-

icular T helper cells (Tfhs, p < 0.0001), resting NK cells ( p < 0.0001), M1
acrophages ( p < 0.0001), M2 macrophages ( p < 0.01) and regulatory T

ells (Tregs, p < 0.01) were significantly elevated in the PRF1 high group
n comparison to the PRF1 low group, while M0 macrophages, eosinophils
nd plasma cells were significantly decreased ( p < 0.0001). 

PRF1 was differentially expressed according to HPV status. There-
ore, we confirmed the relationship of PRF1 expression to infiltrating im-
une cells in HNSCC overall, HPV + HNSCC and HPV- HNSCC through
IMER ( Fig. 4 B). In whole HNSCC, positive correlations were observed
etween PRF1 expression and 6 kinds of immune cells, especially neu-
rophils ( r = 0.763, P = 1.86e-92), CD8 + T cells ( r = 0.751, P = 5.51e-
7) and DCs ( r = 0.714, P = 3.22e-76). The associations of PRF1 expres-
ion with immune cell infiltration differed by HPV infection status. In
PV + HNSCC, PRF1 expression showed significant associations with
D8 + T cell ( r = 0.853, P = 4.09e-23), neutrophil ( r = 0.763, P = 2.20e-
7), DC ( r = 0.718, P = 2.18e-14) and B cell ( r = 0.492, P = 4.02e-6) infil-
ration. Compared with HNSCC overall, PRF1 expression in HPV + HN-
CC showed stronger associations with infiltrating CD8 + T cells and
Cs. Moreover, the associations of PRF1 expression with infiltrating
eutrophils ( r = 0.752, P = 2.17e-72), CD8 + T cells ( r = 0.712, P = 6.80e-
2) and DCs ( r = 0.697, P = 6.09e-59) were weaker in HPV- HNSCC than
n HPV + HNSCC. Our findings suggested that PRF1 was related to tumor
mmune infiltration in HNSCC and that the associations were closely in-
uenced by HPV status. 

ssociation assessment between PRF1 and gene markers of immune cells 

Since PRF1 expression exhibited significant correlations with infil-
rating immune cells in HNSCC, which was influenced by HPV status.

e finally estimated the associations between PRF1 and gene markers of
arious immune cells in HNSCC overall, HPV + HNSCC and HPV- HNSCC
 Table 1 ). The findings presented that PRF1 expression was significantly
elated to a majority of immune markers in HNSCC overall and HPV-
NSCC after adjusting for tumor purity. In HPV + HNSCC, PRF1 expres-

ion exhibited significant associations with CD8 + T cell, monocyte, T
ell (general), B cell and NK cell markers but poor correlations with DC,
AM, and M1 and M2 macrophage markers. Moreover, regarding differ-
nt functional T cells, PRF1 expression presented significant correlations
ith Th1 markers (TBX21, STAT4, STAT1, IFNG, TNF) but poor corre-

ations with Th2 markers (GATA3, STAT6, IL-13), Tfh markers (BCL6,
L-21), Th17 markers (STAT3, IL17A) and Treg markers (CCR8, STAT5B,
GF-B1). 

In addition, there were significant strong correlations between PRF1
nd exhausted T cell markers (LAG-3, GZMB, PD-1, CTLA4, TIM-3). We
urther confirmed this result via the GEPIA database and also found that
RF1 expression exhibited very strong associations with the gene mark-
rs of the T cell exhaustion series ( r = 0.83, p < 0.0001). Among the se-
ies, PRF1 had very strong correlations with PD-1 ( r = 0.86, p < 0.0001),
AG3 ( r = 0.84, p < 0.0001) and TIGIT ( r = 0.82, p < 0.0001), and strong
orrelations with TIM-3 ( r = 0.75, p < 0.0001) and CXCL13 ( r = 0.62,
 < 0.0001), while the correlation with LAYN was weak ( r = 0.29,
 < 0.05) ( Table 2 ). 
f  

5 
iscussion 

PRF1, a cytotoxic protein expressed in CTLs and NK cells, could serve
s a definitive marker of immune cells with killing ability. PRF1 is in-
olved in the granule-dependent killing pathway, which is the primary
ffector mechanism to clear infected or malignant host cells by CTLs
nd NK cells in innate and adaptive immune responses. [21] In terms
f tumor immunity, PRF1 is closely correlated with the maintenance
f immune homeostasis, tumor surveillance and tumor regression etc.
n our study, we reported that PRF1 was overexpressed in HNSCC tu-
or tissues and related to clinical parameters, including T stage, clinical

tage, tumor site and HPV infection status. High PRF1 expression indi-
ated a better survival rate in HNSCC, the prognostic value of which
as stronger in HPV + HNSCC. Further analysis suggested that PRF1 ex-
ression was related to tumor immune infiltration and associated gene
arkers in HNSCC, of which the correlation degree was affected by HPV

nfection status. Our studies highlight the potential role of PRF1 in the
mmune network of HNSCC. 

In this study, we first assessed PRF1 expression in various can-
ers. Our findings demonstrated that PRF1 expression was markedly
ncreased in tumor tissues of multiple cancers in comparison to corre-
ponding normal tissues, especially in HNSCC and KIRC. Further anal-
sis of 505 cases of HNSCC from TCGA showed that high PRF1 ex-
ression was remarkably related to advanced HNSCC. Survival analysis
ia TIMER and Kaplan–Meier plotter displayed that high PRF1 expres-
ion predicted better prognosis of HNSCC. These findings suggested that
RF1 expression was related to the clinical features and survivial rates
f HNSCC and could serve as a prognostic biomarker. 

According to the analysis of the differential expression of PRF1, PRF1
as significantly increased in HPV + HNSCC relative to HPV- HNSCC
nd was also significantly increased in OPSCC compared with OSCC
nd LSCC + HPSCC, which demonstrated the association between PRF1
xpression and HPV infection. HPV infection represents a critical risk
actor for HNSCC, especially OPSCC. Over the past half century, HPV-
elated HNSCC has increased in incidence. In contrast to HPV- HN-
CC patients, HPV + HNSCC patients present with different clinical be-
aviours, histologies, molecular landscapes, immune profiles and prog-
osis. [3] P16 is a common molecular marker of HPV. Previous studies
eported that P16 expression was related to the clinical features and
urvival rates of OSCC.[ 22 , 23 ] In our study, high P16 expression was
lso found to be associated with better OS in HNSCC. Correlation anal-
sis indicated a positive correlation between PRF1 and P16 expression
n HNSCC, which was consistent with high PRF1 expression in HPV +
NSCC. More particularly, our results demonstrated that the prognostic
alue of PRF1 in HPV + HNSCC was higher than that in both HNSCC
verall and HPV- HNSCC. In view of the fact that PRF1 is a cytotoxic
rotein involved in tumor immune activity, we speculate that the asso-
iation between PRF1 expression and HPV infection may be one of the
ritical factors facilitating the better survival of HPV + HNSCC. 

The TIL levels and immune status of the TME are key factors af-
ecting tumor progression, therapeutic effects and recurrence. With a
ighly invasive and heterogeneous nature, HNSCC is believed to be an
mmunogenic tumor. [24] It has been reported that increased TILs are fa-
orable prognostic factors for HNSCC. [25] Our findings displayed that
RF1 expression was related to the tumor immune infiltration of HN-
CC, especially in HPV + HNSCC. By comparing the differences of TILs
etween the PRF1 high group and PRF1 low group, we showed that tumors
ith high PRF1 expression had elevated levels of CD8 + T cell, CD4 + T

ell, NK cell and M1 macrophage infiltration. The increased CD8 + T cell
nd CD4 + T cell infiltration indicated high levels of TILs in the PRF1 high 

roup, which further illustrated the prognostic value of PRF1. NK cells,
laying an essential part in the immune effector responses and tumor
urveillance, have been reported to give rise to a better prognosis in
NSCC. [26] 

Previous studies have pointed out that HPV infection profoundly af-
ects the host immunity in HNSCC and that HPV + HNSCC presents spe-
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Fig. 4. Relationship of PRF1 expression to tumor infiltrating immune cells in HNSCC. (A) Comparison of the infiltrating levels of immune cells between the PRF1 high 

and PRF1 low groups. (B) Associations of PRF1 expression with tumor immune infiltration in HNSCC overall, HPV + HNSCC and HPV- HNSCC. ( ∗ p < 0.01, ∗ ∗ p < 0.001, 
∗ ∗ ∗ p < 0.0001). 
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ific immune profiles, of which CD8 + T cell and CD4 + T cell infiltration
lays critical roles and correlates with a better prognosis.[ 27 , 28 ] Our
ndings displayed that PRF1 expression was strongly related to CD8 +
 cell, neutrophil and DC infiltration and moderately related to CD4 + T
ell and macrophage infiltration in HNSCC. The associations of PRF1 ex-
ression with CD8 + T cell, neutrophil and DC infiltration were stronger
n HPV + HNSCC than in HPV- HNSCC. The effector phenotype of CD8 +
 cells could directly kill target cells by expressing perforin, which might
artly explain its correlations with PRF1. [13] Moreover, the strong cor-
elation between PRF1 expression and CD8 + T cell infiltration suggested
hat CD8 + T cells had higher cytotoxicity in HPV + HNSCC than in HPV-
6 
NSCC, which was related to favorable prognosis. Neutrophils and DCs
re important components of innate immunity and can initiate the adap-
ive immune system in response to antigen stimuli. Our findings indi-
ated the potential function of PRF1 in the recruitment and activation
f CTLs by neutrophils and DCs.[ 29 , 30 ] In addition, the significant as-
ociations between PRF1 expression and most immune marker sets sug-
ested that PRF1 was closely involved in regulating the tumor immune
etwork in HNSCC. Compared with HPV + HNSCC, PRF1 expression ex-
ibited higher significant correlations with TAM, M2 Macrophage and
reg markers in HPV- HNSCC. TAMs, M2 Macrophages and Tregs play
romotive roles in the establishment of the immunosuppressive TME,
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Table 1 

Associations assessment between PRF1 and the gene markers of immune cells in TIMER. 

Description 
Gene 
markers 

HNSCC HPV ( + ) HNSCC HPV (-) HNSCC 

None Purity None Purity None Purity 

Cor P Cor P Cor P Cor P Cor P Cor P 

B cell CD19 0.456 ∗ ∗ ∗ 0.421 ∗ ∗ ∗ 0.599 ∗ ∗ ∗ 0.550 ∗ ∗ 0.392 ∗ ∗ ∗ 0.344 ∗ ∗ ∗ 

CD79A 0.448 ∗ ∗ ∗ 0.415 ∗ ∗ ∗ 0.541 ∗ ∗ 0.487 ∗ 0.411 ∗ ∗ ∗ 0.366 ∗ ∗ ∗ 

CD8 + T cell CD8A 0.861 ∗ ∗ ∗ 0.862 ∗ ∗ ∗ 0.917 ∗ ∗ ∗ 0.909 ∗ ∗ ∗ 0.845 ∗ ∗ ∗ 0.846 ∗ ∗ ∗ 

CD8B 0.799 ∗ ∗ ∗ 0.792 ∗ ∗ ∗ 0.775 ∗ ∗ ∗ 0.789 ∗ ∗ ∗ 0.793 ∗ ∗ ∗ 0.784 ∗ ∗ ∗ 

T cell (general) CD3D 0.822 ∗ ∗ ∗ 0.811 ∗ ∗ ∗ 0.867 ∗ ∗ ∗ 0.862 ∗ ∗ ∗ 0.809 ∗ ∗ ∗ 0.795 ∗ ∗ ∗ 

CD3E 0.837 ∗ ∗ ∗ 0.832 ∗ ∗ ∗ 0.877 ∗ ∗ ∗ 0.864 ∗ ∗ ∗ 0.828 ∗ ∗ ∗ 0.818 ∗ ∗ ∗ 

CD2 0.828 ∗ ∗ ∗ 0.818 ∗ ∗ ∗ 0.855 ∗ ∗ ∗ 0.840 ∗ ∗ ∗ 0.822 ∗ ∗ ∗ 0.811 ∗ ∗ ∗ 

Monocyte CD86 0.649 ∗ ∗ ∗ 0.624 ∗ ∗ ∗ 0.632 ∗ ∗ ∗ 0.537 ∗ 0.644 ∗ ∗ ∗ 0.623 ∗ ∗ ∗ 

CD115(CSF1R) 0.650 ∗ ∗ ∗ 0.623 ∗ ∗ ∗ 0.596 ∗ ∗ ∗ 0.513 ∗ 0.656 ∗ ∗ ∗ 0.627 ∗ ∗ ∗ 

Neutrophil CD66b (CEACAM8) 0.014 2.730 0.003 3.469 0.107 1.089 0.128 0.853 0.068 0.611 0.089 1.007 

CD11b (ITGAM) 0.410 ∗ ∗ ∗ 0.373 ∗ ∗ ∗ 0.515 ∗ 0.485 ∗ 0.362 ∗ ∗ ∗ 0.317 ∗ ∗ ∗ 

CCR7 0.575 ∗ ∗ ∗ 0.534 ∗ ∗ ∗ 0.636 ∗ ∗ ∗ 0.568 ∗ ∗ 0.546 ∗ ∗ ∗ 0.496 ∗ ∗ ∗ 

Dendritic cell HLA-DPB1 0.727 ∗ ∗ ∗ 0.706 ∗ ∗ ∗ 0.753 ∗ ∗ ∗ 0.717 ∗ ∗ ∗ 0.705 ∗ ∗ ∗ 0.680 ∗ ∗ ∗ 

HLA-DQB1 0.618 ∗ ∗ ∗ 0.590 ∗ ∗ ∗ 0.641 ∗ ∗ ∗ 0.595 ∗ ∗ ∗ 0.565 ∗ ∗ ∗ 0.595 ∗ ∗ ∗ 

HLA-DRA 0.752 ∗ ∗ ∗ 0.732 ∗ ∗ ∗ 0.760 ∗ ∗ ∗ 0.737 ∗ ∗ ∗ 0.734 ∗ ∗ ∗ 0.709 ∗ ∗ ∗ 

HLA-DPA1 0.750 ∗ ∗ ∗ 0.730 ∗ ∗ ∗ 0.761 ∗ ∗ ∗ 0.725 ∗ ∗ ∗ 0.732 ∗ ∗ ∗ 0.707 ∗ ∗ ∗ 

BDCA-1(CD1C) 0.277 ∗ ∗ ∗ 0.201 ∗ 0.263 0.458 0.164 0.456 0.255 ∗ ∗ 0.174 0.084 

BDCA-4(NRP1) 0.323 ∗ ∗ ∗ 0.297 ∗ ∗ ∗ 0.134 0.695 0.211 0.636 0.444 ∗ ∗ ∗ 0.416 ∗ ∗ ∗ 

CD11c(ITGAX) 0.526 ∗ ∗ ∗ 0.488 ∗ ∗ ∗ 0.559 ∗ ∗ 0.463 0.012 0.518 ∗ ∗ ∗ 0.479 ∗ ∗ ∗ 

TAM CCL2 0.457 ∗ ∗ ∗ 0.425 ∗ ∗ ∗ 0.293 0.177 0.208 0.689 0.492 ∗ ∗ ∗ 0.461 ∗ ∗ ∗ 

CD68 0.323 ∗ ∗ ∗ 0.302 ∗ ∗ ∗ 0.264 0.436 0.141 0.684 0.333 ∗ ∗ ∗ 0.316 ∗ ∗ ∗ 

IL10 0.497 ∗ ∗ ∗ 0.462 ∗ ∗ ∗ 0.544 ∗ ∗ 0.452 0.021 0.483 ∗ ∗ ∗ 0.446 ∗ ∗ ∗ 

M1 

Macrophage 

INOS(NOS2) 0.219 ∗ 0.239 ∗ 0.359 0.058 0.380 0.044 0.152 0.087 0.165 0.165 

IRF5 0.218 ∗ 0.232 ∗ 0.121 0.868 0.133 0.784 0.203 0.018 0.208 0.019 

COX2(PTGS2) 0.056 0.754 0.032 1.773 0.038 2.601 0.079 1.641 0.077 0.412 0.048 1.127 

M2 

Macrophage 

CD163 0.574 ∗ ∗ ∗ 0.553 ∗ ∗ ∗ 0.413 0.019 0.308 0.166 0.609 ∗ ∗ ∗ 0.584 ∗ ∗ ∗ 

VSIG4 0.517 ∗ ∗ ∗ 0.499 ∗ ∗ ∗ 0.347 0.093 0.261 0.181 0.559 ∗ ∗ ∗ 0.532 ∗ ∗ ∗ 

MS4A4A 0.588 ∗ ∗ ∗ 0.563 ∗ ∗ ∗ 0.434 0.025 0.316 0.128 0.615 ∗ ∗ ∗ 0.591 ∗ ∗ ∗ 

NK cell KIR2DL1 0.462 ∗ ∗ ∗ 0.472 ∗ ∗ ∗ 0.528 ∗ ∗ 0.497 ∗ 0.420 ∗ ∗ ∗ 0.431 ∗ ∗ ∗ 

KIR2DL3 0.618 ∗ ∗ ∗ 0.614 ∗ ∗ ∗ 0.644 ∗ ∗ ∗ 0.638 ∗ ∗ ∗ 0.594 ∗ ∗ ∗ 0.583 ∗ ∗ ∗ 

KIR2DL4 0.788 ∗ ∗ ∗ 0.797 ∗ ∗ ∗ 0.769 ∗ ∗ ∗ 0.783 ∗ ∗ ∗ 0.775 ∗ ∗ ∗ 0.781 ∗ ∗ ∗ 

KIR3DL1 0.517 ∗ ∗ ∗ 0.513 ∗ ∗ ∗ 0.539 ∗ ∗ 0.509 ∗ 0.488 ∗ ∗ ∗ 0.475 ∗ ∗ ∗ 

KIR3DL2 0.655 ∗ ∗ ∗ 0.641 ∗ ∗ ∗ 0.745 ∗ ∗ ∗ 0.711 ∗ ∗ ∗ 0.620 ∗ ∗ ∗ 0.601 ∗ ∗ ∗ 

KIR3DL3 0.329 ∗ ∗ ∗ 0.322 ∗ ∗ ∗ 0.500 ∗ 0.469 ∗ 0.260 ∗ 0.256 ∗ ∗ ∗ 

KIR2DS4 0.426 ∗ ∗ ∗ 0.404 ∗ ∗ ∗ 0.479 ∗ 0.499 ∗ 0.395 ∗ ∗ ∗ 0.366 ∗ ∗ ∗ 

Th1 T-bet(TBX21) 0.818 ∗ ∗ ∗ 0.812 ∗ ∗ ∗ 0.884 ∗ ∗ ∗ 0.879 ∗ ∗ ∗ 0.798 ∗ ∗ ∗ 0.788 ∗ ∗ ∗ 

STAT4 0.632 ∗ ∗ ∗ 0.602 ∗ ∗ ∗ 0.760 ∗ ∗ ∗ 0.705 ∗ ∗ ∗ 0.595 ∗ ∗ ∗ 0.564 ∗ ∗ ∗ 

STAT1 0.672 ∗ ∗ ∗ 0.661 ∗ ∗ ∗ 0.617 ∗ ∗ ∗ 0.591 ∗ ∗ 0.686 ∗ ∗ ∗ 0.674 ∗ ∗ ∗ 

IFN- 𝛾 (IFNG) 0.799 ∗ ∗ ∗ 0.796 ∗ ∗ ∗ 0.852 ∗ ∗ ∗ 0.844 ∗ ∗ 0.779 ∗ ∗ ∗ 0.775 ∗ ∗ ∗ 

TNF- 𝛼 (TNF) 0.234 ∗ 0.213 ∗ 0.399 0.036 0.400 0.019 0.212 ∗ 0.195 0.058 

Th2 GATA3 0.348 ∗ ∗ ∗ 0.303 ∗ ∗ ∗ 0.454 ∗ 0.350 0.144 0.337 ∗ ∗ ∗ 0.297 ∗ ∗ 

STAT6 0.270 ∗ ∗ 0.300 ∗ ∗ ∗ 0.204 0.604 0.257 0.206 0.257 ∗ ∗ 0.280 ∗ ∗ 

STAT5A 0.568 ∗ ∗ ∗ 0.556 ∗ ∗ ∗ 0.626 ∗ ∗ ∗ 0.608 ∗ ∗ 0.543 ∗ ∗ ∗ 0.520 ∗ ∗ ∗ 

IL-13 0.403 ∗ ∗ ∗ 0.386 ∗ ∗ ∗ 0.365 0.040 0.298 0.228 0.398 ∗ ∗ ∗ 0.380 ∗ ∗ ∗ 

Tfh BCL6 0.008 3.178 0.051 0.942 0.074 1.718 0.098 1.328 − 0.032 1.906 0.017 2.730 

IL-21 0.494 ∗ ∗ ∗ 0.47 ∗ ∗ ∗ 0.509 ∗ 0.451 0.023 0.482 ∗ ∗ ∗ 0.456 ∗ ∗ ∗ 

Th17 STAT3 0.299 ∗ ∗ ∗ 0.297 ∗ ∗ ∗ 0.276 0.303 0.312 0.146 0.276 ∗ 0.267 ∗ 

IL17A 0.526 ∗ ∗ ∗ 0.488 ∗ ∗ ∗ 0.372 0.029 0.366 0.076 0.229 ∗ 0.191 0.021 

Treg FOXP3 0.664 ∗ ∗ ∗ 0.639 ∗ ∗ ∗ 0664 ∗ ∗ ∗ 0.606 ∗ ∗ 0.650 ∗ ∗ ∗ 0.621 ∗ ∗ ∗ 

CCR8 0.560 ∗ ∗ ∗ 0.529 ∗ ∗ ∗ 0.463 ∗ 0.384 0.037 0.566 ∗ ∗ ∗ 0.534 ∗ ∗ ∗ 

STAT5B 0.280 ∗ ∗ 0.274 ∗ ∗ 0.176 1.135 0.061 2.101 0.293 ∗ ∗ 0.296 ∗ ∗ 

TGF- 𝛽(TGF-B1) 0.008 3.156 0.024 2.204 0.003 3.587 − 0.110 1.129 0.054 0.986 0.050 1.155 

T cell 

exhaustion 

PD-1(PDCD1) 0.860 ∗ ∗ ∗ 0.856 ∗ ∗ ∗ 0.896 ∗ ∗ ∗ 0.893 ∗ ∗ ∗ 0.853 ∗ ∗ ∗ 0.846 ∗ ∗ ∗ 

CTLA4 0.761 ∗ ∗ ∗ 0.745 ∗ ∗ ∗ 0.821 ∗ ∗ ∗ 0.800 ∗ ∗ ∗ 0.737 ∗ ∗ ∗ 0.719 ∗ ∗ ∗ 

LAG3 0.863 ∗ ∗ ∗ 0.858 ∗ ∗ ∗ 0.919 ∗ ∗ ∗ 0.912 ∗ ∗ ∗ 0.847 ∗ ∗ ∗ 0.841 ∗ ∗ ∗ 

TIM-3(HAVCR2) 0.752 ∗ ∗ ∗ 0.738 ∗ ∗ ∗ 0.772 ∗ ∗ ∗ 0.735 ∗ ∗ ∗ 0.741 ∗ ∗ ∗ 0.724 ∗ ∗ ∗ 

GZMB 0.879 ∗ ∗ ∗ 0.874 ∗ ∗ ∗ 0.917 ∗ ∗ ∗ 0.899 ∗ ∗ ∗ 0.862 ∗ ∗ ∗ 0.857 ∗ ∗ ∗ 

HNSCC, head and neck squamous cell carcinoma; Cor, R value of Spearman’s correlation; None, correlation without adjustment; Purity, correlation 
adjusted by purity; TAM, tumor-associated macrophage; Th, T helper cell; Tfh, Follicular helper T cell; Treg, regulatory T cell. ( ∗ p < 0.01, ∗ ∗ p < 0.001, 
∗ ∗ ∗ p < 0.0001). 
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hich facilitates tumor immune escape. [31] Of note, PRF1 expression
as significantly associated with exhausted T cell markers in HNSCC,

specially in HPV + HNSCC. Traditionally, as a marker of immune cyto-
oxic activity (CYT), PRF1 was expected to play an opposite role against
 cell exhaustion. However, Cai M et al. reported that the immune mark-
rs of exhausted T-cells were significantly positively associated with CYT
nd inflamed T-cell markers, which suggested the complicated crosstalk
etween immune attack and immune protection in the TME. [32] Fur-
7 
her works are necessary to elucidate the related mechanisms of the
nterrelations between T-cell exhaustion and CYT. 

To summarize, high PRF1 expression had significant associations
ith improved survival and with CD8 + T cell, CD4 + T cell, DC and neu-

rophil infiltration in HNSCC, especially in HPV + HNSCC. The promi-
ent associations between PRF1 and multiple immune marker sets high-
ight the important role of PRF1 in tumor immunity in HNSCC. There-
ore, PRF1, which is related to immune cell infiltration and HPV infec-
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Table 2 

Relationship analysis between PRF1 and the gene signa- 
tures of T cell exhaustion in GEPIA. 

Description Gene markers HNSCC 

Cor P 

T cell 

exhaustion 

PD-1(PDCD1) 0.86 ∗ ∗ ∗ 

LAG3 0.84 ∗ ∗ ∗ 

TIM-3(HAVCR2) 0.75 ∗ ∗ ∗ 

LAYN 0.29 0.047 

TIGIT 0.82 ∗ ∗ ∗ 

CXCL13 0.62 ∗ ∗ ∗ 

T cell exhaustion signatures 0.83 ∗ ∗ ∗ 

Cor, R value of Spearman’s correlation. ( ∗ p < 0.01, 
∗ ∗ p < 0.001, ∗ ∗ ∗ p < 0.0001). 
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ion, may be served as a novel prognostic biomarker in HNSCC. There
re some limitations of our work that we are lack of validation model
nd multiple examinations of PRF1 expression, which need to be studied
n future work. Further understanding of PRF1-related immune infiltra-
ion mechanisms will favor new progress for immunotherapy in HNSCC.
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