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Purpose: One of the cardinal etiological factors for oral squamous cell carcinoma (OSCC)
is Human papillomavirus (HPV). Neutrophils were potential targets of immune therapy for
patients with OSCC. The objective of this study was to determine if neutrophils density and
HPV status can be used to define a high-risk category of patients in OSCC and to investigate
the possible relationship between them.

Patients and methods: We performed immunohistochemistry to probe neutrophils infiltration
and HPV (P16) expression in 81 patients with OSCC. Prognostic factors for cancer-related survival
were evaluated by univariate and multivariate analyses. We used the detection of cytokines to
investigate the possible molecular mechanisms between neutrophils infiltration and HPV status.
Results: There were significantly higher numbers of CD15+ neutrophils infiltration in OSCC
tissues. Higher numbers of CD15+ neutrophils infiltration was related to stage III, IV (p<0.001),
poor grade (p<0.001), lymph node metastasis (p=0.014), and the higher preoperative neutrophil-
lymphocyte ratio (NLR) (p<0.001). HPV-negative status was also associated with stage III, [V
(»=0.001), poor grade (p=0.002), lymph node metastasis (p=0.005), radiotherapy (p=0.038), and
the higher NLR (p=0.002). The high density of neutrophils was associated with worse cancer-
related survival time (»<0.001) and was an independent prognostic factor for OSCC, while the
HPV-positive group was associated with better cancer-related survival time. Moreover, high
density of neutrophils was correlated with HPV-negative status in OSCC (p<0.001). Detection of
cytokines and chemokines revealed that one of the chemotactic factors of neutrophils, IL-8, was
exhibited relatively low expression by HPV-positive OSCC cells, whereas HPV-negative OSCC
cells were found to drive an IL-8 secretion profile.

Conclusion: Neutrophils infiltration and HPV status appear to be prognostic parameters for
OSCC. Overexpression of HPV18 E7 on OSCC cells may participate in depressing neutro-
phils infiltration to some extent through downregulating expression of IL-8.

Keywords: human papillomavirus, neutrophils, oral squamous cell carcinoma, IL-8

Introduction

It is noticed that the incidence of head and neck squamous cell carcinomas (HNSCCs)
is increasing compared with carcinomas of other origins, which cause more than
300,000 deaths worldwide every year and attract public attention. It can occur in
multiple sites, and oral cancer, especially oral squamous cell carcinoma (OSCC)
accounts for one-third of HNSCCs, so OSCC has become the most common type of
HNSCCs.'? Over the past few decades, the survival of OSCC remains poor which
could be attributed to distant metastasis and local recurrence,’ even though the tech-
nology of diagnosis and treatment is more advanced than before. It has been proved that
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chronic inflammation is one uniform characteristic of the
tumor microenvironment by epidemiological and experimen-
tal evidence.* ® As we all know, inflammatory cells include
neutrophils, macrophages, plasmocytes, lymphocytes, eosi-
nophilic granulocytes etc, among which neutrophils
accounted for 50-70% in total circulating leukocytes.”®
Neutrophils which are famous for their antimicrobial func-
tions have been proved to be a critical factor in the develop-
ment of tumor with the exception of macrophages.
Nevertheless, tumor-associated neutrophils (TANs) have
been demonstrated playing important role in the pathological
processes of the malignant tumor and in the modulation of
the antitumor immunity.” Evidence shows that neutrophil
infiltration within tumors may be associated with worse out-
comes in metastatic and localized clear cell carcinomas,'® as
well as inbronchoalveolar carcinomas.!! However, there is
few systematical investigation of the relationship between
TAN infiltration and clinical prognosis with tumors, espe-
cially with OSCC. In addition, it seems to be important to
understand the regulation of inflammatory status in the tumor
microenvironment.

OSCC is a head and neck cancer with a marked increase in
incidence. Infections with oncogenic high-risk (HR) human
papillomaviruses (HPV) may lead to this development as they
are increasingly found in OSCC. Based on the published
paper, in addition to tobacco and alcohol, viruses such as
HPV are also the risk factor for OSCC."* According to the
recently published series, HPV plays an important role in the
occurrence and development of OSCC.'? P16 protein is a great
substitute for carcinogenic HPV in the oropharyngeal tissues
in immunohistochemistry.'*'> Research has suggested that
tumor-infiltrating immunocytes between HPV-positive and
HPV-negative tumors was quite different. There were more
CD8+ T-cells infiltrating in HPV+ cancer, which could lead to
better clinical outcomes.'® However, the effects of oncogenic
HPV on immune cells are poorly studied. Here, the objective
was to determine if neutrophils density and HPV status can be
used to define a HR category of patients in OSCC and to
investigate the possible relationship between them.

Material and methods

Patients and specimens

Institutional Medical Ethics Committee of the Qilu
Hospital of Shandong University reviewed and approved
this study, and each patient had signed informed consent.
In this study, a series of 81 patients with OSCC who
underwent primary and curative resection at Qilu

Hospital of Shandong University, from January 2007 to
December 2011, were included in the analysis. All the 81
patients underwent neck dissection, 30 of which had
lymph node metastasis. All the diagnoses were made
following the Pathology and Genetics of Head and
of the World Health Organization
Classification of Tumors.'” Clinicopathological, tumor-

Neck Tumors

specific, and adjuvant therapy data were obtained from
the patients’ medical recording system of Qilu Hospital.
Descriptive statistics were used to summarize the demo-
graphic and clinical characteristics of the patients.
Conventional clinicopathologic parameters, including
age, gender, smoking history, drinking history, clinical
stage, histological grade, lymph node metastasis, tumor
extension radiotherapy, and chemotherapy are recorded in
Tables 1 and 2.

The study was approved by ethics committee of Qilu
Hospital of Shandong University and consented by all
participants (KYLL-2017(KS)-281), a parent or legal
guardian signed informed consent for any patient under
the age of 18 years, and that this was conducted in accor-
dance with the Declaration of Helsinki.

Tissue microarray (TMA) and

immunohistochemistry

We used the H&E staining to premarked the representative
areas which were away from the hemorrhagic and necrotic
materials in the paraffin-embedded wax blocks. TMA
included 81 patients’ duplicates of 1-mm-diameter cylin-
ders in the tumor center that designated as peritumoral
tissues and tumor, respectively. Each block that contained
42 cylinders was sectioned at a thickness of 4-um thick.
We placed the blocks on the glass slides coated with
3-aminopropyl triethoxysilane. Thus, this is preparation
for immunohistochemistry.

To investigate whether the density of neutrophils infiltra-
tion correlated with the HPV expression in OSCC, we
detected the expression of CD15 (a marker of human neu-
trophils), P16 (a marker for HPV) in 81 patients with OSCC
by immunochemical staining. Infiltration of neutrophils was
detected with a rabbit anti-CD15 (FUT4) polyclonal anti-
body (19497-1-AP, Proteintech Group, Inc., USA), and P16
was detected with a mouse anti-P16INK4a monoclonal anti-
body (MA5-17093, Thermo Scientific, USA). Microwave-
repaired antigens on the sections and then the tissue sections
were immersed by 3% H,O, to block endogenous oxidase.
Antigen impurities were blocked by sera at room temperature
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Table | The relationship of CD 5+ neutrophils count in OSCC
and clinicopathologic parameters

Characteristics n | CDI5+ neutrophils p-value
density
Low High

Age 0.597
<60 years 42 | 24 18
>60 years 39 | 20 19

Sex 0.904
Male 40 | 22 18
Female 41 ] 22 19

Smoking 0.953
No 55| 30 25
Yes 26 | 14 12

Drinking 0.810
No 47 | 25 22
Yes 34119 15

Stage <0.001
L 43 | 34 9
i, v 38110 28

Histological grade <0.001
Well 40 | 30 10
Moderate 28 | 12 16
Poor 13 ]2 I

Lymph node metastasis 0.014
No 51 ]33 18
Yes 30 | 19 I

Tumor extension 0.570
<4 cm 53 | 30 23
>4 cm 28 | 14 14

Radiotherapy 0.051
Yes 38|25 13
No 43 [ 19 24

Chemotherapy 0.489
Yes 47 | 24 23
No 34120 14

NLR <0.001
<2925 57 | 40 17
>2.925 24 | 4 20

Notes: Chi-square test analysis. p<0.05 was considered statistically significant.
Abbreviations: NLR, neutrophil-lymphocyte ratio; OSCC, oral squamous cell
carcinoma.

for 20 or 30 mins and then washed three times with 0.01M
PBS, the sections were incubated with primary antibody anti-
P16 (dilution 1:200) or anti-CD15 (dilution 1:200) overnight
at 4°C. The sections were washed with 0.01M PBS and then
incubated with secondary antibody for 20 mins. The anti-

Table 2 The relationship of HPV (P16) expression in OSCC and
clinicopathologic parameters

Characteristics n HPV (P16) expression | p-value
+ -

Age 0.306
<60 years 42| 14 28
>60 years 39 (9 30

Sex 0.752
Male 40 | 12 28
Female 41 | 11 30

Smoking 0.840
No 55| 16 39
Yes 26 | 7 19

Drinking 0.185
No 47 | 16 31
Yes 34 |7 27

Stage 0.001
(] 43 | 19 24
I, v 38| 4 34

Histological grade 0.002
WVell 40 | I8 22
Moderate 28 | 5 23
Poor 130 13

Lymph node metastasis 0.005
No 51 |20 31
Yes 30 |3 27

Tumor extension 0.312
<4 cm 53|17 36
>4 cm 28 | 6 22

Radiotherapy 0.038
Yes 38|15 23
No 43 | 8 35

Chemotherapy 0.863
Yes 47 | 13 34
No 34 |10 24

NLR 0.002
<2.925 57 | 22 35
>2.925 24 | | 23

Notes: Chi-square test analysis. p<0.05 was considered statistically significant.
Abbreviations: NLR, neutrophil-lymphocyte ratio; OSCC, oral squamous cell
carcinoma; HPV, Human papillomavirus.

biotin-labeled peroxidase solution was used to terminate the
reaction. Finally, diaminobenzidine colorized the sections,
counterstain with hematoxylin, dehydrate with absolute etha-
nol and fix with neutral glue, then observe the nuclei under
200x microscope.
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CDI15 and P16 evaluation

Two independent observers who did not know prognosis
or clinicopathologic variables use the 2006 magnifica-
tion of light microscopy to evaluate the TMAs. Then,
another conclusive judgment evaluated the disagree-
ments for the third time. We calculated the positive
cells in each 1-mm- diameter cylinder and used them
as a repeated mean (cell/core) to obtain the CDI5+
neutrophils count. The median value cutoff was
designed by cut-point survival analysis. For patients
with positive P16, according to previous reports, the
positive cell rate of tumor cells stained with P16 immu-
nohistochemistry is 25% or more, that is, the surgical
specimens are positive.'"® An experienced pathologist

determines whether P16 is positive.

CXCL8 evaluation

To quantify the expression of CXCLS expression level, a score
was created based on two criteria: 1. The intensity of CXCL8
staining was classified by the following scale: negative=0;
weak=1; and strong=2. II. We calculated and classified the
percentage of immunoreactive tumor cells on a 5-point scale
(0=0%, 1=1-25%, 2=26-50%, 3=51-75%, 4=76-100%)."
For statistical analysis, a final score of 0-1 indicates low
gene expression; a score of 2—4 indicates high expression of
CXCLS8

Cell culture

Human tongue squamous cell carcinoma cell line Cal-27
which were purchased from Culture Collection of Chinese
Academy of Science (Shanghai, China) expanded with
Dulbecco’s modified Eagle’s medium (DMEM, Hyclone,
Thermo scientific, USA) with 10% fetal bovine serum
(FBS, Gibco Life Technologies, Carlsbad, CA, USA)
then cultured in an incubator with a humidified atmosphere
containing 5% CO, at 37°C for 48 hrs.

Plasmid DNA transient transfection
HPV18-E7-HA-Flag-targeting Plasmid DNA sequences
inserted into the PC-DNA 3.1 vector were purchased
from Shanghai Boshang biotechnology company. An
empty vector PC-DNA 3.1 was used as a negative control.
The cal-27 cells were plated on a six-well plate with
a density of 60% before transfection. Then, cells were
transfected with HPV18-E7-HA-Flag-DNA (2 pg plasmid)
by 5 mL Lipofectamine ™ 2000 (Invitrogen, USA) accord-
ing to the manufacturer’s instructions.

Quantitative RT-PCR analysis of
HPVI8-E7 expression in different

transfection groups

According to the manufacturer’s protocol, we extracted the
total RNA from three groups of cells at the time of 48 hrs
after (HPV18-E7-HA-Flag-DNA, PC-DNA3.1 and control),
using TRIZOL Reagent (Invitrogen, Waltham, MA, USA).
And it used for detection of the relative expression of RNA.
We used the First Strand cDNA Synthesis kit (TOYOBO,
JAPAN) to reverse transcribe 2 pg of each RNA samples to
cDNA, and used the SYBR Green qPCR kit (Takara, Japan)
to carry out the real-time quantitative transcription polymer-
ase chain reaction (QRT-PCR). Cycling conditions were as
follows: 30 s at 95°C, followed by 40 cycles of 5 s at 95°C,
10 s at 55°C, 15 s at 72°C, and recorded by Melting Curve
Analysis finally. According to previous studies, we calcu-
lated and normalized relative expression values to b-actin
using the comparative CT method.”® Each experimental
reaction was performed in triplicate. The primer sequences
used in this study are listed in Table 6.

Western blot analysis of E7-HA-Flag

expression

Total cellular protein was extracted by using ice-cold
RIPA buffer containing 1% phenylmethylsulfonyl fluoride
for 60 mins. The protein concentration in the medium was
measured by using a BCA Protein Assay Kit (Beyotime).
The collected lysates were centrifuged at 15,000g for 10
mins at 4°C. Twenty-five micrograms of total protein was
subjected to 8% SDS-polyacrylamide gels and transferred
onto polyvinylidene difluoride membranes which were
blocked with 5% non-fat milk blocking buffer for 1 hr.
The blots were incubated with the primary monoclonal
antibody against monoclonal rabbit anti-human HA-Tag
(dilution 1:500, 3724S, CST; USA) and antibody against
B-actin (dilution 1:1,000, Abcam, Cambridge, UK). Then,
the membranes were washed with TBST and incubated
with horseradish peroxidase-linked secondary antibody
(dilution 1:5,000; Beyotime). The results were visualized
through using enhanced chemiluminescence reagent
(Thermo Fisher Scientific, USA). The density of the pro-
tein bands was analyzed by the software ImageJ (NIH,
Bethesda, MD, USA).

Detection of cytokines and chemokines
Cell-free supernatants were collected from cultures of
CAL-27 cells at the time of 48 hrs after the HPV18 E7
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transfection process. All the steps were performed in a cell
ultra clean platform. The desired solution which was used
for the detection of cytokines was collected and stored in
a —80°C refrigerator until analysis. As described in the
previous study, cytokines and chemokines in the super-
natant were quantified using the bio-plex protein array
system (bio-rad Laboratories, Hercules, CA),*' such as
IL-1B, IL-8, G-CSF, and GM-CSF.

gRT-PCR analysis of IL-8

cDNA was used for qRT-PCR analysis, and the mRNA expres-
sion of iL-8 in the three groups was detected after verifying the
transfection efficiency of E7-HA-Flag. We listed the primers
information for b-actin, IL-8 in Table 6.

Statistical analysis

Statistical analyses were performed by using Graph Prism
Program, Version 7.0 (GraphPad Software, Inc., La Jolla,
CA, USA) and the SPSS statistical software package
(Version 20.0; IBM Corporation, Armonk, NY, USA). The
correlation of clinicopathologic parameters and CD15+ neu-
trophils density infiltration as well as HPV18-E7 expression
was examined by using the Chi-square test. Correlations of
infiltration of neutrophils and HPV18-E7 expression were
analyzed by Spearman’s rho coefficient test. Kaplan—Meier
curves and log-rank were used for survival analysis to test
significance. Statistical analysis included single univariate ana-
lysis and multifactor analysis. Survival time was calculated
from the date of surgery to the event or the last follow-up.

Univariate Cox regression analysis was performed using dis-
ease recurrence or death as a significant level of outcome
p<0.05. Student 7 test was used to evaluate the results of qRT-
PCR.

Tumor size was defined referring to the classification of
TNM (T2= tumor size <4 cm): tumor size <4 cm vs tumor size
>4 cm. The neutrophil-lymphocyte ratios (NLRs) were ana-
lyzed in two-categories according to the optimal cutoff values
determined using the receiver operating characteristic curve
analysis and You den’s index (sensitivity + specificity — 1):
NLR <2.85 vs NLR >2.85 (Figure S1).

Results

Patients’ characters

Eight-one patients (100%) with OSCC were included in the
analysis. Variables of pathological characteristics of patients
are shown in Tables 1 and 2. The median age of 81 patients was
57.8 years (ranging from 17 to 79 years), and 49.4% of these
patients were male. The 38 patients had T3/T4 tumor, and the
13 patients had the highest pathological grade. Some patients
had positive lymph node metastasis, and some of them were in
stage III/TV.

IHC analysis of neutrophils infiltration, HPV

(P16) expression, and their correlation
Density of neutrophils in OSCC tissues, and its
relationship with clinical pathological features

In order to analyze neutrophils infiltration in OSCC, tumor
specimens from 81 patients diagnosed with OSCC were

Figure | Immunohistochemistry staining results of CD15 and HPV. (A) There were many CD 15+ neutrophils (black arrow) in OSCC tissues (a). In tumors areas, some
neutrophils lied in the stroma of tumors (b), some were located within the carcinoma nests (c), and some infiltrated in the borderline of tumor invasion (d). a: 100x; b, c, d:
400%. (B) The expression of HPV in peritumoral tissues was negative or weak (a). In OSCC tissues, HPV expression was obviously strong and located mainly in the
cytoplasm of tumor cells (b). a: 100%; b: 400%. (C) The relationship of HPV expression on tumor cells and infiltration of neutrophils. In HPV-negative expression tumors,
there were more neutrophils (a); while in HPV-positive expression tumors, there were relatively fewer neutrophils (b). a, b: 400x.

Abbreviations: OSCC, oral squamous cell carcinoma; HPV, Human papillomavirus.
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stained for CD15, a marker of human neutrophils. As
shown in Figure 1A, there were many CD15+ neutrophils
in OSCC (Figure 1A a). Outside of the blood vessels in
each l-mm-diameter tissue, the number of CD15+ cells
ranged from 1 to 2290/core. The median density was 41.0/
core. If the average number of repetitions in a condition
was less than 41.0, it was classified as a low-density
group; otherwise, it was classified as a high-density
group. The percentage of high CD15+ neutrophil density
was 45.7% in all tumor specimens. In OSCC tissues, the
majority of CD15+ cells were closely adjacent to tumor
cells, and they mainly penetrated into the tumor tissues
(Figure 1A b, ¢) or tumor infiltration margins (Figure 1A
d). Neutrophils surrounding the nests were distributed in
the stroma (Figure 1A b) or in the nests (Figure 1A c) in
the intratumoral region. The high-density CD15+ neutro-
phils had been analyzed to be associated with higher
clinical stage (p<0.001), poor histological grade
(»p<0.001), lymph node metastasis (p=0.014), and the
higher preoperative NLR (p<0.001) by using Chi-square
test. There were no significant differences in age, gender,
smoking history, drinking history, tumor size, radiother-
apy, and chemotherapy (Table 1).

Immunostaining of P16 in OSCC tissues

To investigate the HPV expression in OSCC, we detected
the expression of P16 (a marker of HPV) in 81 OSCC by
immunochemical staining. As shown in FigurelB, P16
expression was upregulated in tumor tissues (Figure 1B).
In OSCC tissues, P16 expression has obvious heterogene-
ity. Among the 81 cases, 58 were negative, 23 were
positive. The HPV-negative status had been analyzed to
be associated with higher clinical stage (p=0.001), poor
histological grade (p=0.002), lymph node metastasis
(»=0.005), radiotherapy (p=0.038), and higher NLR
(p=0.002) as shown in Table 2.

Table 3 The relationship of HPV(P16) expression and density of
neutrophils

HPYV expression | CDI15+ neutro- Spearman’s rho coef-
phils density ficient test
Low High r p-value
HPV(P16)+ 20 3 —0.413 <0.001
HPV(P16)— 24 34

Note: p<0.05 was considered statistically significant.
Abbreviation: HPV, Human papillomavirus.

Correlation of HPV expression on OSCC

with neutrophils count

The density of CD15+ neutrophils was detected to be
negatively correlated with HPV (P16) expression (Table
3) by using Spearman’s rho coefficient test analysis. In
other words, high-density neutrophils were less infiltrated
in the HPV (P16) positive expression group (21.74%,
Figure 1C b), while high-density neutrophils were more
infiltrated in the HPV (P16) negative group (55.17%,
Figure 1C a).

Analysis of the effects of neutrophils
infiltration and HPV expression on OSCC

patients’ survival

Eighty-one patients were followed up to assess the effect
of neutrophil infiltration and HPV expression on OSCC
survival. The CDI15+ neutrophil density, HPV (P16)
expression, lymph node metastasis, and high clinical sta-
ging were detected to be associated with cancer-related
survival time by using Kaplan—Meier survival analysis.
The median cancer-related survival of this cohort was 35
months (range 6-80 months). Kaplan—-Meier curves of
cancer-related survival based on Neutrophils Infiltration
and HPV Expression are shown in Figure 2. Survival
analysis showed a significant difference in cancer-related
survival among different neutrophils Infiltration (»p<0.001)
and HPV Expression categories (p=0.007) in these entire
data. Furthermore, we first performed univariate analysis
with COX proportional hazard model, and then selected
variables related to cancer-related survival time to be
included in multivariate survival analysis, so as to test
whether the above parameters were independent prognos-
tic factors of OSCC patients (Tables 4 and 5). As shown in
Table 5, high-density CD15+ neutrophils and lymph node
metastasis were independent prognostic factors of OSCC
patients.

HPV may participate in depressing
neutrophils infiltration to some extent

through downregulating expression of
IL-8

It was because of the low level of HPV expression in
the cal-27 cell line that we constructed HPV18-E7-HA-
Flag-targeting Plasmid DNA vectors and transfect them
into cal-27 to simulate the in vivo environment. By

qRT-PCR (Figure 3A) and western blot analysis
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Figure 2 Survival analysis of the effects of HPV expression and CD |5+ neutrophils density on OSCC patients. (A) Cancer-related survival curve for 81 patients with OSCC
according to the CD |5+ neutrophils density. (B) Cancer-related survival curve for 81 patients with OSCC according to the HPV expression.

Abbreviations: OSCC, oral squamous cell carcinoma; HPV, Human papillomavirus.

(Figure 3B and C), the expression of HPV18 E7 in the
HPV18 E7 transfection group was significantly higher
than that in the empty vector transfection group and the
control group. It was precise because the THC results
showed a negative correlation between HPV (P16)
expression and CD15+ neutrophil density that we specu-
lated that there might be some relationship between the
two. The possible effect of overexpression of HPV in
OSCC on neutrophil infiltration was investigated. The
overexpression of HPV18 E7 was investigated to possi-
bly downregulate the expression of IL-8 (p<0.05), but
not IL-1B, G-CSF and GM-CSF in Cal-27 cell line
(Figure 4) by detecting cytokines and chemokines.
Moreover, HPV18 E7 overexpression was found possi-
bly downregulate the mRNA expression of IL-8 (Figure
4) by using qRT-PCR. We confirmed that the results of
gene level and protein secretion level were consistent.
Previous studies have found that IL-8 is the important
chemokine for neutrophils.?**

In order to analyze the expression of IL-8 in OSCC,
tumor specimens from 81 patients diagnosed with OSCC
were stained for CXCL8. As shown in Figure 5, CXCLS8
expression was upregulated in tumor tissues (Figure 5). It
was found that the density of CXCLS8 expression was
detected to be positively correlated with CD15+ neutro-
phils (Table 7) and negatively correlated with HPV (P16)
expression (Table 7) by using Spearman’s rho coefficient
test analysis.

The results revealed that HPV may participate in
depressing neutrophils infiltration to some extent through
downregulating expression of IL-8.

In addition, we validated the results based on mRNA
expression data from the Gene Expression Omnibus
(GEO) database and The Cancer Genome Atlas (TCGA)
database. In (GEO) database (GSE3292 and GSE6791
datasets), the expression of IL-8 (CXCLS8) was signifi-
cantly different. The expression of CXCL8 in HPV-group
was significantly up-regulated (Figures S2 and S3). In the
TCGA database (http://cancergenome.nih.gov/), there
were about 500 cases of HNSCCs, but we found that 112
cases were labeled with HPV status. In 112 samples, 1L-8
was significantly up-regulated (Figure S4). These results
were consistent with our experimental conclusions.

Discussion

Increasing studies have shown that inflammation is related
to the development of tumors.>> Many of the leukocytes
including macrophages and neutrophils involved in the
tumor microenvironment may play a dual role in the
development and progression of the tumor. TANs have
been considered to be very insignificant in tumor-
associated immune responses due to their short lifespan
and adequate phenotypic differentiation. However, recent
studies have pointed out that neutrophils play a very
important role in the occurrence and development of
tumors, which is another type of tumor-infiltrating myeloid
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Table 4 Univariate survival analysis in OSCC patients

Table 5 Multivariate survival analysis in OSCC patients

Variables Cancer-related survival Variables Cancer-related survival
p-value HR 95% CI p-value | HR 95% CI
Age Stage(lll, IV) 0.465 1.421 | 0.554-3.642
<60 years 0.442 I Ref Histological grade (poor) 0.133 2.017 | 0.807-5.038
>60 years 0.442 1.346 0.632-2.866 Lymph node metastasis 0.004 3.743 | 1.525-9.187
s Radiotherapy 0.134 0.532 | 0.233-1.216
e);’l | 0961 | Ref CD 15+ neutrophils density (high) | 0.020 3.078 | 1.196-7.922
ae ' € HPV expression (HPV-) 0400 | 1.741 | 0.479-6.334
Female 0.961 0.981 0.461-2.090
Note: p<0.05 was considered statistically significant.
Smoking Abbreviations: OSCC, oral squamous cell carcinoma; HPV, Human papillomavirus.
No 0.110 | Ref
Yes 0.110 0.981 0.866—4.068
Drinking . .
Table 6 Primer sequences and size of PCR products
No 0.820 | Ref
Yes 0.820 1.093 1.828-9.655 Sequences
Stage B-actin 5'-TTGCCGACAGGATGCAGA-3'
I, 0.001 | Ref 5'-GCCGATCCACACGGAGTACT-3’
1, Iv 0.001 4201 2.575-16.991 HPVI8-E7 5-TGTATTGCATTTAGAGCCCCAAA-3’
- ] 5-CTTCCTCTGAGTCGCTTAATTGC-3’
Histological grade IL-8 5-CTTGGCAGCCTTCCTGATTTCT-3
Well <0.001 ! Ref 5-GTTTTCCTTGGGGTCCAGACAG-3'
Moderate 0.039 2.691 1.051-6.893
Poor <0.001 9.834 3.579-27.019
Lymph node metastasis
No <0.001 | Ref infiltration is associated with poorer prognosis and shorter
Yes <0.001 5480 | 2.432-12.349 overall survival.?®?° Abundant of tumor-associated
Tumor extension macrophage and neutrophil infiltration predicted poor
<4 cm 0.257 | Ref prognosis in HPV-negative head and neck cancers.>3?
24 cm 0.257 1.560 | 0.723-3.367 However, in OSCC tissues, there was little research on
Radiotherapy neutrophil infiltration, and the regulatory mechanism was
Yes 0.040 ! Ref not yet clear.
No 0.040 2329 | 1.039-5.220 In recent years, HPV has been linked to squamous cell
carcinoma of the head and neck in addition to alcohol
Chemotherapy ] . 3337 )
Yes 0.384 I Ref consumption and smoking.”” >’ HPV+ HNSCC, which
No 0.384 1399 | 0.657-2.977 has specific clinical and molecular characteristics, is
CDI5+ neutrophils density a stand-aloge subtype, whllch ha§ the characterllstlcs of
High <0.001 | Ref younger patients, no obvious history of smoking and
Low <0.001 0.199 | 0.085-0.465 drinking, more sensitive to radiotherapy and chemother-
apy, and better prognosis.*® In this study, the expression of
HPV expression Py, P ,g o _ .p
+ 0014 | Ref HPV and the density of neutrophils in OSCC tissues were
- 0.014 4550 1.364—15.183 explored. The relationship between them and the possible
Note: p<0.05 was considered statistically significant. effect of HPV on neutrophlls in OSCC ftissues and the
Abbreviations: OSCC, oral squamous cell carcinoma; HPV, Human possible mechanism were also investigated.

papillomavirus.

cells in addition to the well-behaved TAM.? There have
been many reports that neutrophil infiltration is associated
with patients’ clinical prognosis, that more neutrophil

First of all, we explored that the majority of CD15+
cells were closely adjacent to tumor cells, and they mainly
penetrated into the tumor tissues or tumor infiltration mar-
gins (Figure 1A). The lymph node metastasis group’s
infiltrated CD15+ neutrophils density was significantly
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Figure 3 Verification of HPV overexpression vectors transfection to Cal-27. (A) gRT-PCR results of HPV18-E7-HA-Flag-targeting Plasmid DNA vector transfection. The
results showed that E7 mRNA expression was obviously higher in HPV |8-E7-HA-Flag-targeting Plasmid DNA vector transfection group than the other two groups. (B) and
(C) Western blot results for HPV8-E7-HA-Flag-targeting Plasmid DNA vector transfection. Results showed that HPV18-E7-HA-Flag protein expression was obviously
stronger in HPV18-E7-HA-Flag-targeting Plasmid DNA vectors transfection group than the other two groups (**p<0.01).

Abbreviation: HPV, Human papillomavirus.
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Figure 4 The expression of IL-8, IL-|1B, G-CSF, and GM-CSF in three groups. The result of cytokines and chemokines’ detection showed that in Protein secretion level the
relative expression of IL-8 was significantly lower in HPV18-E7-HA-Flag-targeting Plasmid DNA vector group (E7) than in PC-DNA3.| (PC) and control group (*p<0.05 and
*p<0.01), while there was no obvious alteration of in expression IL-1B, G-CSF, and GM-CSF. The relative mRNA expression of IL-8 was also significantly lower in HPV 18-
E7-HA-Flag-targeting Plasmid DNA vector group (E7) than in other two groups (*p<0.05 and *p<0.01).

Abbreviation: HPV, Human papillomavirus.
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Figure 5 Immunohistochemistry staining results of IL-8. IL-8 expression was obviously strong and located mainly in the cytoplasm of tumor cells in OSCC tissues. (A) 100x%; (B) 400x.

Abbreviation: OSCC, oral squamous cell carcinoma.

Table 7 The relationship of IL-8 expression with the density of
neutrophils and the relationship of IL-8 expression with HPV
(Plé)

CD |5+ neutrophils density | IL-8 Spearman’s rho

or HPV expression expression coefficient test
Low | High | r p-value

CD |5+ neutrophils density 6 31 0.677 | <0.001

high

CD 15+ neutrophils density 37 7

low

HPV(P16)+ 21 2 —0.482 | <0.001

HPV(P16)— 22 36

Abbreviation: HPV, Human papillomavirus.

higher than the no lymph node metastasis group, which
was the same as the clinical stage III/IV and poor histolo-
gical grade group (Table 1). This finding gave backing to
the strong association between CD15+ neutrophil infiltra-
tion and poor clinical outcomes. Furthermore, we found by
survival analysis that high CD15+ neutrophil infiltration
was an independent prognostic factor in OSCC patients
undergoing primary and therapeutic resection, which
seems to be consistent with the observation of other
groups in other tumors.?®>® Previously published articles
have shown that neutrophils are involved in tumorigenesis
by releasing nitric oxide derivatives and reactive oxygen
species (ROS).>** It was noted that ROS of neutrophil
origin, for example, MPO-mediated HOCI formation, had
a relationship with point mutation and DNA damage.*
Furthermore, HOCI can also activate multiple proteolytic
enzymes, such as MMP-2, to enhance the activity of
MMP-9 by inactivating the tissue inhibitor metalloprotease
1, thus facilitating the invasion and metastasis of cancer
cells.*! Neutrophils also inhibit the effector function and

proliferation of T-cells by secreting stored arginase 1. The
degradation of extracellular arginine by arginase 1 is
a necessary factor for the normal activity of T-cells.***
All of these studies revealed that neutrophils can promote
the development of tumor through a series of mechanisms,
as well as the invasion and metastasis of cancer cells.
However, the causes and mechanisms of large numbers
of neutrophil infiltration in tumors are still poorly studied.
Next, the expression of HPV in OSCC tissues and its
possible role in cancer tissues were investigated in this
study. The expression of P16 was detected by immunohis-
tochemistry to study the expression of HPV in OSCC. Our
study showed that HPV was highly expressed in OSCC
tissues (Figure 1B). We also performed statistical analysis,
and the results showed that the expression of P16 was
associated with lymph node metastasis (p=0.000), and the
clinical stage was relatively high (p=0.001) (Table 2).
Survival analysis suggested that the overexpression of
HPV in OSCC was associated with better clinical outcomes.
Consistent with previous studies on tonsillar carcinomas**
and other head and neck squamous cancer,” this result
indicated that the overexpression of HPV in OSCC was
correlated with better clinical outcomes by survival analy-
sis. The clinical manifestations of HPV-related oropharyn-
geal squamous cell carcinoma are significantly different
from those of non-HPV-related oropharyngeal squamous
cell carcinoma, and due to the high sensitivity to radio-
therapy, it has been reported that the clinical efficacy of
HPV-related OSCC is
of non-HPV-related
carcinoma.>**>*¢ The reason for the better survival out-

significantly better than that

oropharyngeal squamous cell
come of HPV+ OSCC patients was not completely clear.
Based on the abundance of head and neck lymph nodes and
blood vessels, the activation of local immunity may play

a role in limiting the spread and metastasis of HNSCC and/
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or enhancing the response of patients to treatment, which
may be the reason for this phenomenon'® Therefore, the
study on the characterization of neutrophil infiltration in
tumor microenvironment may be helpful to further under-
stand the reasons for the improved prognosis of OSCC.
Furthermore, the results of our study explored that
neutrophils were less infiltrated in the HPV (P16) expres-
sion positive group (Figure 1C a), while neutrophils were
more infiltrated in the HPV (P16) expression negative
group (Figure 1C b). HPV expression was found to be
negatively correlated with CD15+ neutrophil density in
OSCC tissues with Spearman’s rho coefficient detection
(Table 3). Based on this result, HPV-negative expression
in OSCC affected neutrophil infiltration and location. We
detected cytokines and chemokines in different HPV18
E7 transfection groups in order to explore how HPV18 E7
affects neutrophils in OSCC (Figure 4). Data from the
chemokine protein array demonstrated that the condi-
tioned medium from HPV-negative OSCC increased the
expression of IL-8, which was a member of the chemo-
kine family. In order to further explore the possible
mechanism of HPV blocking CD15+ neutrophil infiltra-
tion, we performed immunohistochemical staining on
TMA of 81 patients. We found that some of them had
high expression of IL-8. As shown in Figure 5, CXCL8
expression was upregulated in tumor tissues (Figure 5). In
addition, the density of CXCLS8 expression was detected
to be positively correlated with CDI15+ neutrophils
(»<0.001, Table 7) and negatively correlated with HPV
(P16) expression (p<0.001, Table 7) by using Spearman’s
rho coefficient test analysis. The results of this in vivo
experiment were highly consistent with those of our
in vitro experiment. Therefore, combined with in vitro
experiments, we could conclude that HPV may participate
in inhibiting neutrophils infiltration to some extent
through downregulating expression of neutrophil chemo-
kine, IL-8. Previous reports have shown that squamous
cell carcinoma cells of the head and neck are capable of
expressing chemokines.*”* However, the secretion of
these and other chemokines increased substantially from
HPV-negative cells rather than HPV-positive cells in the
conditioned medium. Indeed, previous studies have
reported the expression of IL-8 in HPV-negative orophar-
yngeal cancer, and our study is consistent with this con-
clusion, while in OSCC, the data on how the status of
HPV affect the role of neutrophils through the expression
of neutrophil chemokines is very limited.® Our results
suggest that HPV status plays a role in the recruitment of

leukocyte subsets in OSCC tumor microenvironment and
affects inflammatory activities. Given that neutrophils can
also be involved in tumor development and metastasis in

S1-5% the association between HPV-

a number of ways,
negative status and neutrophil infiltration may be another
reason for poor clinical outcomes in cancer with HPV-
negative status. To sum up, this phenomenon was first
detected in OSCC patients, which was the first time that
both HPV-negative expression and neutrophil abundance
revealed poor clinical outcomes. Neutrophil infiltration in
tumor cells was correlated with HPV-negative status in
tumor cells. The HPV-negative OSCC cells may attract
more neutrophils by releasing the significant neutrophil
chemokine IL-8, whereas in HPV-positive OSCC cells
this molecular mechanism is not obvious. The overex-
pressed HPV may participate in inhibiting the accumula-
tion of neutrophils in the tumor site by downregulating
the expression of IL-8 in OSCC.
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Figure S3 Expression of IL-8 (CXCL8) in GSE6791| dataset of GEO database. The
expression of |L-8 (CXCL8) was significantly different. The expression of CXCL8 in
HPV-group was significantly up-regulated (*p<0.05).

Abbreviations: GEO, Gene Expression Omnibus; HPV, Human papillomavirus.

Figure S2 Expression of IL-8 (CXCLS8) in GSE3292 dataset of GEO database. The
expression of IL-8 (CXCL8) was significantly different. The expression of CXCL8 in
HPV-group was significantly up-regulated (*p<0.05).

Abbreviations: GEO, Gene Expression Omnibus; HPV, Human papillomavirus.
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Figure S4 Expression of IL-8 (CXCLS8) in the TCGA database. The expression of
IL-8 (CXCL8) was significantly different. The expression of CXCL8 in HPV-group
was significantly up-regulated (*p<0.05).

Abbreviations: HPV, Human papillomavirus; TCGA, The Cancer Genome Atlas.
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