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Head and neck cancers (excluding thyroid cancer) account for 4.9% of total cancers diagnosed
worldwide (1). Optimizing better selection of different therapeutic strategies in head and neck
cancer suffers from multiple unmet medical needs because of the critical anatomical site from which
cancer arises, chemo- and radioresistance, lacking actionable driver mutations while showing both
innate and acquired resistance to immune checkpoint blockade (Kok). Multifaceted cancer
management cannot be successful without incorporating measurable and quantifiable biological
biomarkers, such as specific enzyme concentration, imaging characteristics, gene phenotype, and
metabolomic expression profiles. These biomarkers serve as indicators for cancer risk estimation,
prognostication, and treatment monitoring in HNSCC and should be continually investigated.

P16 (INK4A) is an established prognostic biomarker in oropharyngeal cancer, and testing for it
has been mandatory in this subgroup of cancer patients (2). Nevertheless, emerging evidence has
also supported that P16 has similar prognostication in non-oropharyngeal cancer such as
hypopharyngeal, laryngeal, and oral squamous cell carcinoma (OSCC) (3, 4). Over the past few
years, rapid advances in genome analysis techniques have opened new possibilities for studying
transcriptomes. In 2015, The Cancer Genome Atlas (TCGA) network demonstrated the somatic
genome alterations from 279 HNSCC, revealing the genome alterations in P16-positive or smoking-
related P16-negative HNSCC, as well as the therapeutic candidate alterations (5). Moreover,
increasing evidence has suggested the significant role of aberrantly expressed microRNAs or long
non-coding RNAs in head and neck cancer. Furthermore, molecular characterization of HNSCCs
will better understand the carcinogenesis and cancer progression process and therapeutic
implications. In this Research Topic, we have published studies providing new insights into
genetic alterations or novel biological mechanisms underlying the carcinogenesis of head and
neck cancer, molecular biomarkers, genomic (e.g., mRNA and long non-coding RNA), or
metabolomic or expression profiles for head and neck cancer prognosis, emerging, candidate or
novel biomarkers in silico or in vivo research, biomarkers indicative of resistance to
chemotherapeutic or radiation therapy, prognostic or predictive outcome biomarkers, imaging
biomarkers of hypoxia or stemness in head and neck cancer using positron emission tomography-
computed tomography as an emerging imaging biomarker of occult neck lymph node metastasis in
early-stage node-negative tongue cancer.

Unbalanced N°-methyladenosine regulation, which affects RNA transcriptional modification, can
be carcinogenic, which a paper in our Research Topic has investigated and confirmed its involvement

Frontiers in Oncology | www.frontiersin.org

6 March 2021 | Volume 11 | Article 666103


https://www.frontiersin.org/articles/10.3389/fonc.2021.666103/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.666103/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.666103/full
https://doi.org/10.3389/fonc.2020.00268
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:victorkok@asia.edu.tw
https://doi.org/10.3389/fonc.2021.666103
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.666103
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.666103&domain=pdf&date_stamp=2021-03-19

Kok et al.

Editorial: Head & Neck Cancer and Esophageal Cancer

in HNSCC (Zhou et al.). BRAF and its complex component,
BCL11A, are known to be altered either as mutation,
amplification, or deep deletion in approximately 5% of HNSCC
(cBioPortal). Zhou et al. discovered that high levels of BCL11A
found in laryngeal SCC tissues, as demonstrated in
immunohistochemical staining, were associated with advanced
lymph node metastasis and poor prognosis and positively
correlated with MDM2 expression. Ambele et al. reported their
discovery of a case of oral SCC presenting with high confidence
BRAF:p.G469A:c.1406G>C somatic mutation. To investigate the
homeobox A cluster (HOXA) gene family as a prognostic factor in
laryngeal SCC, Li et al. found that HOXA2 and HOXA4 were
downregulated whereas HOXA7 and HOXA9-13 were
upregulated in laryngeal SCC. A study from central Taiwan
investigated the association between the genotypes, the allelic
frequency of long pentraxin 3 (PTX3, also known as TGF14)
single-nucleotide variations, and the risk of oral cavity cancer in
men (Yeh et al.). In the study, the combined effect of cigarette
smoking and PTX3 polymorphism considerably increased the
odds of late-stage oral cancer and lymph node metastases (Yeh
et al.). Matrix metalloproteinases (MMPs) are implicated in
carcinogenesis and cancer progression. It is interesting to note
that the transcriptional expression of MMP25 is associated with
earlier stage HNSCC, as demonstrated by an in silico study using
The Cancer Genome Atlas dataset (Liang et al.). The authors have
shown that the increased MMP25 expression correlates with
increased immune infiltration levels in HNSCC, which
significantly activated CD4+ memory T cells (Liang et al.).
Resorting to metabolic reprogramming is a cancer hallmark of
HNSCC, while increased glycolytic flux is a feature of cancer cells
(the Warburg effect). Taking advantage of targeting the glycolysis
in cancer cells, scientists have a strong rationale for pursuing
glycolytic inhibitors in treating HNSCC. Hexokinase 2 (HK2) is
the first enzyme of glycolysis. Li et al. discovered in their study that
HNSCC is a glycolytic tumor, and HK2 inhibition does trigger a
metabolic shift away from aerobic glycolysis toward mitochondrial
metabolism. SMAD4 (also known as Deleted in Pancreatic
Cancer-4, DPC4) is a tumor suppressor gene that mediates the
TGF-P signaling. Low SMAD4 expression is associated with an
approximately 5-fold increase of relapse during follow-up in a
cohort of 122 HNSCC patients after adjusting for age, gender, and
clinical stage (Lin et al.). Lin et al. leveraging next-generation
sequencing analysis based on multiplex-PCR demonstrate that
missense SMAD4 mutations could be a potential prognostic
biomarker in patients with HNSCC.

Regarding radiological biomarkers development, our
Research Topic has two relevant papers investigating the role
of positron emission tomography-computerized tomography
(PET-CT) scanning in the management of cT1-2NOMO tongue
cancer. In a prospectively enrolled cohort of patients, Zhao et al.
found that PET-CT is useful in predicting occult lymph node
metastasis; typically, when the SUV max is >9.0, it is significantly
associated with worse locoregional control in this subgroup of
cT1-2NO tongue cancer patients. In their retrospective study,
Zhu et al. suggested that neck dissection may be avoided when
the PET-CT scan reveals no neck lymph node involvement.

We have two bioinformatics research papers using in silico
methodology to deduce significant gene signatures in HNSCC.
Li et al. utilized Weighted Gene Co-expression Network
Analysis (WGCNA), differential gene expression analysis, and
protein-protein interaction network construction to deduce
ten hub genes related to survival from HNSCC. Yang and
colleagues leveraged bioinformatics algorithms to establish a
long non-coding RNA (IncRNA) signature associated with the
prognosis of patients with HNSCC. The investigators ultimately
demonstrated an eight IncRNA signature that may be useful in
predicting the prognosis; furthermore, they showed that patients
with high signature scores might have an abnormal immune
function (Yang et al.).

Therapeutic development for HNSCC still requires more
research effort to test for novel agents. We have five original
articles on trying five chemicals or combinations in controlling
HNSCGCs. Five independent studies report pre-clinical evaluation
of the anti-HNSCC activity of the following agents,
hydroxygenkwanin, arsenic trioxide combined with cisplatin,
pinostilbene hydrate, psorachromene, and taiwanin E.

Previous studies had revealed that hydroxygenkwanin
(HGK), a flavonoid extracted from Daphne genkwa Sieb. et
Zucc. exhibits anti-cancer effect. Huang and colleagues
demonstrated that HGK might be an effective natural product
for oral cancer therapy that inhibited cell growth dose-
dependently in SAS and OCEM1 cells. They further showed
the HGK induced the cell cycle arrest by flow cytometry and
inhibited colony formation ability and cell movement. HGK
induced intrinsic cell apoptosis pathway and caused cell cycle
arrest through p21 activation (Huang et al.).

Hu and colleagues analyzed the inhibitory tumorigenicity
of co-treatment with arsenic trioxide and cisplatin on head
and neck cancer-initiating cells (HN-CICs) enriched from
HNSCC cells. They observed that this drug combination
strategy successfully synergized the cell death on HN-CICs
with a Combination Index (CI) <1 by Chou-Talalay’s analysis
in vitro (Hu et al.). In addition, this therapeutic regimen also
showed both preventive and therapeutic effects by in vivo
xenograft assays.

Pinostilbene hydrate (PSH) significantly decreases the
activity and expression of MMP-2 and markedly inhibits the
abilities of cancer cell migration and invasion (Tseng et al.).
Moreover, combined treatment of PSH with ERK1/2 inhibitor
(U0126) caused significant elevation of the activity and the
expression of MMP-2. Besides, PSH upregulated claudin-1 and
E-cadherin expression levels while downregulating vimentin
and N-cadherin on two nasopharyngeal carcinoma cell lines
(Tseng et al.).

Psorachromene is an isoflavone component isolated from the
fruit kernels of P. corylifolia L. with anti-inflammatory effects
and no previous studies on its anti-cancer activity. Wang and
colleagues studied the antitumor effects of psorachromene using
cells and animal models of OSCC. Their results revealed that
psorachromene significantly inhibited cell proliferation,
migration, and invasiveness and increased chemotherapeutic
agents’ toxic effects against OSCC cells (Wang et al.).
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Taiwanin E is a bioactive compound extracted from Taiwania
cryptomerioides Hayata. Wang and colleagues studied the anti-
cancer effect of taiwanin E against arecoline and 4-
nitroquinoline-1-oxide-induced OSCC and elucidated the
underlying intricacies. The results showed that taiwanin E
significantly attenuated oral cancer cells’ cell viability without
significant cytotoxic effects for normal oral cells (N28)
(Wang et al.).

In conclusions, we are humble to prepare this editorial after we
have formally published the last paper included in this Research
Topic because the road in search of the diagnostic, prognostic, and
predictive biosignatures for specific settings in HNSCC is still a
long way to go and therapeutic development to conquer this
debilitating cancer is still flourishing. Nevertheless, colleagues
worldwide have strong determinations to do good research on
HNSCCs. Through the bit by bit of medical breakthrough, we will
someday achieve great success in managing HNSCCs.
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Long pentraxin 3 (PTX3) is produced by various cell types and is correlated with
tumor progression in various tumor types. However, the clinical significance of PTX3
polymorphisms in oral cancer and their correlation with the risk of cancer are still unclear.
In this study, we assessed the influence of PTX3 gene polymorphisms and environmental
factors on susceptibility to oral tumorigenesis. We recruited 865 cases with oral cancer
and 1,189 controls. Four single-nucleotide variations of the PTX3 gene (rs1840680,
rs2305619, rs3816527, and rs2120243) were verified using a real-time polymerase chain
reaction in control participants and cases with oral cancer. We found that rs3816527
in smokers was correlated with the development of late-stage cancer (odds ratio [OR],
2.328; 95% confidence interval [Cl], 1.078-5.027) and increased lymph node metastasis
(OR, 2.152; 95% ClI, 1.047-4.422). Moreover, additional bioinformatics analysis results
showed that the rs3816527 C allele variant to the A allele exhibited the strongest exonic
splicing enhancer activity. In conclusion, our results suggested that PTX3 rs3816527
plays a role in oral cancer development.

Keywords: long pentraxin 3, oral squamous cell carcinoma, single-nucleotide variation, metastasis, splicing, tumor
progression

INTRODUCTION

The incidence of oral cancer in Asia and more particularly Taiwan increases annually. In addition
to tobacco smoking and alcohol consumption, betel quid chewing is a major cause of oral cancer
(1-4). Moreover, the annual number of deaths due to oral cancer among men is increasing rapidly
(5). The global 5 year mortality rate of oral cancer is ~50%. Although considerable progress has
been made in surgery, chemotherapy, and radiotherapy, no considerable improvements have been
made in the preceding 50 years (6).
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TABLE 1 | Information on PTX3 SNPs.

Variable rs2120243 rs2305619 rs3816527 rs1840680
Chromosome 3:157429779 3:157437072 3:157437525 3:157438240
Exon . - 2 -

Nucleotide change A>C A>G C>A A>G

mRNA position - - 286 -

Function TFBS Intron variant Non-synonymous  Intron variant
dbSNP allele - - GCC = GAC -

Protein residue - - A [Ala] = D [Asp] —

Allele frequencies 0.6744 0.6358 0.7845 0.6738

Allele frequencies were obtained from population databases gnomAD (https://gnomad.
broadinstitute.org/) for East Asian population.

Pentraxins (PTXs) are a superfamily of conserved
proteins that contain the pentraxin domain. Proteins of the
pentraxin family are multifunctional and participate in acute
immunological responses (7). PTX3, also known as TGF14, is a
transmembrane molecule expressed in a variety of human tissues
(8, 9). PTX3 is secreted by natural immune cells in response
to inflammatory cytokines, such as interleukin-1  (IL-1p) and
tumor necrosis factor a (TNFa), or selected pathogen-associated
molecular patterns (9-11). Therefore, PTX3 may play a vital
role at the crossroads of inflammation increase (12, 13), innate
immunity (14-16), tissue repair stimulation (17, 18), and cancer
(19-21). PTX3 promotes cell migration and invasion in several
cancers, and the expression of PTX3 correlates with tumor
progression in various human tumor types (19, 22-24).

Genetic variations contribute to susceptibility to common
diseases such as cardiovascular disease, diabetes, inflammatory
disease, and cancer (25-29). Single-nucleotide variations (SN'Vs)
may be a causative genetic variant that can affect the expression
and structure of proteins, thereby directly contributing to disease
(30). The PTX3 gene is located on chromosome 3 and contains
three exons and two introns. Previous studies have described
that SNVs in PTX3 (rs2305619 and rs1840680) have functional
significance. Results indicated that the A allele of PTX3 SNVs
(rs2305619 and rs1840680) is associated with higher plasma
levels of PTX3 (31, 32). In addition, the A alleles of rs2305619
and rs1840680 are associated with susceptibility to Pseudomonas
aeruginosa and Mycobacterium tuberculosis infections (33, 34).
Carmo et al. also revealed that genetic variations in PTX3
(rs2305619 and rs1840680) and plasma levels were associated
with hepatocellular carcinoma (35). Moreover, Hakelius et al.
indicated that PTX3 played a major role in non-malignant
and oral cancer malignant disease processes (36). However, few
studies have investigated the association of PTX3 polymorphisms
in oral cancer. Therefore, we investigated the relationship
between four PTX3 gene polymorphisms (rs1840680, rs2305619,
rs3816527, and rs2120243; Table1) and clinicopathological
characteristics of patients with oral cancer to identify those with
an increased risk of oral cancer.

Abbreviations: PTX3, long pentraxin 3; OSCC, oral squamous cell carcinoma; OR,
odds ratio; SNV, single-nucleotide variation.

TABLE 2 | Distribution of demographic characteristics in 1,189 controls and 865
male individuals with oral cancer.

Variable Controls Cases p-value
(N =1,189) (N = 865)

AGE (YRS)

<55 607 (51.0%) 454 (52.5%) p = 0.521

>55 582 (49.0%) 411 (47.5%)

BETEL QUID CHEWING

No 991 (83.4%) 188 (21.7%) p <0.001*

Yes 198 (16.6%) 677 (78.3%)

CIGARETTE SMOKING

No 558 (46.9%) 99 (11.5%) p <0.001*

Yes 631 (53.1%) 766 (88.5%)

ALCOHOL DRINKING

No 954 (80.2%) 414 (47.9%) p <0.001*

Yes 235 (19.8%) 451 (52.1%)

STAGE

Bl 431 (49.8%)

N+1V 434 (50.2%)

TUMOR T STATUS

T1+T2 496 (57.3%)

T3+T4 369 (42.7%)

LYMPH NODE STATUS

NO 583 (67.4%)

N1+N2-+N3 282 (32.6%)

METASTASIS

MO 856 (99.0%)

M1 9 (1.0%)

CELL DIFFERENTIATION
Well-differentiated
Moderately or poorly differentiated

119 (13.8%)
746 (86.2%)

Mann-Whitney U-test or Fisher’s exact test was used between healthy controls and
individuals with oral cancer. 'p < 0.05 was considered statistically significant.

MATERIALS AND METHODS
Study Population

The participants of this case—control study were 865 male cases
with oral cancer of squamous cell carcinoma recruited from
Changhua Christian Hospital in Changhua and Chung Shan
Medical University Hospital in Taichung, Taiwan, between 2007
and 2017, and 1,189 cancer-free male controls selected from the
Taiwan Biobank. The oral cancers of squamous cell carcinoma
in this study were pre-specified to include any cancers that
originated from buccal mucosa (n = 314; 36.3%), tongue (n =
268;31.0%), gingiva (n = 78; 9.0%), palate (n = 40; 4.6%), floor of
the mouth (n = 25; 2.9%), and other areas (n = 140; 16.2%). The
Institutional Review Board of Chung Shan Medical University
approved this study (CSMUH No: CS13214-1). All participants
provided written informed consent. Personal characteristics
and information, including demographic characteristics; tobacco
smoking, betel quid chewing, and alcohol consumption habits;
and the medical histories of the participants, were investigated
using interviewer-administered questionnaires.
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Determination of Genotypes

Genomic DNA from peripheral blood leukocytes was extracted
using a QIAamp DNA Blood Mini Kit (Qiagen, Valencia,
CA, USA) following the manufacturer’s protocol (37). DNA
was dissolved in ethylenediaminetetraacetic acid (EDTA) buffer
(I0mM Tris, 1lmM EDTA; pH 7.8) and then quantified
by measuring absorbance at 260 nm. Finally, the preparation
was stored in a —20°C refrigerator and later analyzed using
a real-time polymerase chain reaction (PCR) system. Allelic
discrimination for the PTX3 SNV was performed using a TagMan
assay (ID C_12069244_10 for rs1840680, C_22275654_10 for
rs2305619, C_3035766_30 for rs3816527, and C_11796613_20
for rs2120243) with an ABI StepOne Real-Time PCR System
(Applied Biosystems). The genotypic frequencies of PTX3 were
further evaluated using the SDS v3.0 software program.

Bioinformatics Analysis

Several bioinformatics tools were used to assess the putative
functional relevance of the rs3816527 PTX3 polymorphism.
SNPinfo was used to predict the function of the rs351855
polymorphism. Splicing enhancement activity was analyzed

using ESEfinder. We used the National Center for Biotechnology
Information (NCBI) database to determine splicing types of
PTX3. Furthermore, protein structure homology modeling of
PTX3 was performed using SWISS-MODEL.

Statistical Analysis

The Mann-Whitney U-test was used to compare differences
in demographic characteristics between healthy controls and
cases with oral cancer. Multiple logistic regression models were
used to determine the association between genotypic frequencies
and oral cancer risk after adjustment for age, betel quid
chewing, cigarette smoking, and alcohol consumption. Data were
analyzed using SAS 9.1 statistical software. A p < 0.05 was
considered significant.

RESULTS

Demographic Characteristics of the

Participants
Table 2 displays the results of the statistical analysis of the
participants’ demographic characteristics. A total of 2,054

TABLE 3 | Genotyping and allelic frequency of PTX3 single-nucleotide variations (SNVs) in individuals with oral cancer and controls.

Variable Controls (N = 1,189 (%)) Cases (N = 865 (%)) OR (95% CI) AOR (95% CI)
rs1840680

GG 531 (44.7%) 375 (43.4%) 1.000 (reference) 1.000 (reference)
GA 532 (44.7%) 407 (47.0%) 1.083 (0.901-1.303) 1.056 (0.832-1.341)
AA 126 (10.6%) 3 (9.6%) 0.933 (0.686-1.268) 0.876 (0.591-1.297)
GA+AA 658 (565.3%) 490 (56.6%) 1.054 (0.884-1.258) 1.020 (0.812-1.281)
G allele 1594 (67.0%) 1157 (66.9%) 1.000 (reference) 1.000 (reference)
A allele 784 (33.0%) 573 (33.1%) 1.007 (0.883-1.149) 0.978 (0.825-1.159)
rs2305619

GG 493 (41.5%) 346 (40.0%) 1.000 (reference) 1.000 (reference)
GA 550 (46.3%) 428 (49.5%) 1.109 (0.920-1.336) 1.126 (0.885-1.433)
AA 146 (12.2%) 91 (10.5%) 0.888 (0.661-1.194) 0.786 (0.537-1.151)
GA + AA 696 (58.5%) 519 (60.0%) 1.062 (0.889-1.270) 1.050 (0.835-1.322)
G allele 1536 (64.6%) 1120 (64.7%) 1.000 (reference) 1.000 (reference)
A allele 842 (35.4%) 610 (35.3%) 0.994 (0.873-1.131) 0.960 (0.812-1.135)
rs3816527

AA 734 (61.7%) 511 (59.1%) 1.000 (reference) 1.000 (reference)
AC 402 (33.8%) 317 (36.6%) 1.133 (0.941-1.364) 1.191 (0.937-1.515)
CC 53 (4.5%) 37 (4.3%) 1.003 (0.649-1.549) 1.110 (0.633-1.947)
AC + CC 455 (38.3%) 354 (40.9%) 1.118 (0.934-1.337) 1.182 (0.938-1.490)
A allele 1870 (78.6%) 1339 (77.4%) 1.000 (reference) 1.000 (reference)
C allele 508 (21.4%) 391 (22.6%) 1.075 (0.926-1.248) 1.130 (0.931-1.371)
rs2120243

CC 530 (44.6%) 385 (44.5%) 1.000 (reference) 1.000 (reference)
CA 542 (45.6%) 401 (46.4%) 1.019 (0.847-1.224) 1.062 (0.837-1.347)
AA 117 (9.8%) 79 (9.1%) 0.930 (0.679-1.273) 1.129 (0.753-1.692)
CA + AA 659 (565.4%) 480 (55.5%) 1.003 (0.841-1.196) 1.073 (0.855-1.347)
C allele 1602 (67.4%) 1171 (67.7%) 1.000 (reference) 1.000 (reference)
A allele 776 (32.6%) 559 (32.3%) 0.986 (0.863-1.125) 1.059 (0.893-1.257)

Adjusted odds ratios (aORs) with their 95% confidence intervals (Cls) were estimated using multiple logistic regression models after controlling for betel quid chewing, cigarette smoking,

and alcohol consumption.
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TABLE 4 | Association of the combined effect of PTX3 gene polymorphisms and betel quid chewing with susceptibility to oral cancer among 1,397 smokers.

Variable Controls (n = 631) Cases OR (95% CI) p-value AOR (95% CI) p-value
(%) (n = 766) (%)
rs1840680
GG genotype & non-betel quid chewing 208 (33.0%) 53 (6.9%) 1.00 1.000
(reference) (reference)
GA or AA genotype or betel quid chewing 312 (49.4%) 356 (46.5%) 4.478 (3.195-6.277) p < 0.001 4.230 p < 0.001
(2.998-5.969)
GA or AA genotype with betel quid chewing 111 (17.6%) 357 (46.6%) 12.622 (8.725-18.259) p < 0.001 10.504 p < 0.001
(7.198-15.327)
rs2305619
GG genotype & non-betel quid chewing 188 (29.8%) 44 (5.7%) 1.00 1.000 (reference)
(reference)
GA or AA genotype or betel quid chewing 322 (51.0%) 349 (45.6%) 4.631 (3.226-6.647) p < 0.001 4.455 p < 0.001
(3.081-6.441)
GA or AA genotype with betel quid chewing 121 (19.2%) 373 (48.7%)  13.171 (8.944-19.395) p < 0.001 11.271 p < 0.001
(7.586-16.745)
rs3816527
AA genotype & non-betel quid chewing 283 (44.8%) 66 (8.6%) 1.00 1.000 (reference)
(reference)
AC or CC genotype or betel quid chewing 270 (42.8%) 449 (58.6%) 7.130 (5.243-9.697) p < 0.001 6.652 p < 0.001
(4.857-9.112)
AC or CC genotype with betel quid chewing 78 (12.4%) 251 (32.8%)  13.798 (9.538-19.960) p < 0.001 11.827 p < 0.001
(8.099-17.271)
rs2120243
CC genotype & non-betel quid chewing 194 (30.8%) 54 (7.1%) 1.00 1.000
(reference) (reference)
CA or AA genotype or betel quid chewing 339 (63.7%) 363 (47.4%) 3.847 (2.749-5.383) p < 0.001 3.664 p < 0.001
(2.600-5.162)
CA or AA genotype with betel quid chewing 98 (15.5%) 349 (45.5%) 12.794 (8.787-18.628) p < 0.001 10.755 p < 0.001
(7.330-15.779)

Adjusted odds ratios (aORs) with their 95% confidence intervals (Cls) were estimated using multiple logistic regression models after controlling for age and alcohol drinking.

P-values were adjusted for multiple comparisons by applying the Bonferroni correction.
Bold values were considered statistically significant.

participants were enrolled, namely 865 male cases with oral
cancer and 1,189 male controls. Results revealed significant
differences in cigarette smoking (p < 0.001), betel quid chewing
(p < 0.001), and alcohol consumption (p < 0.001) between the
cases with oral cancer and the controls.

PTX3 Gene Polymorphisms in Cases With

Oral Cancer and Controls

To investigate the association between PTX3 gene
polymorphisms and oral cancer risk, the genotypic, and
allelic frequencies of PTX3 in the individuals with oral cancer
and the controls were established in this investigation (Table 3).
After adjustment for betel quid chewing, cigarette smoking, and
alcohol consumption, no significant difference was observed
between the participants with oral cancer who had rs1840680,
rs2305619, rs3816527, and rs2120243 polymorphisms of the
PTX3 gene and those with wild-type (WT) genes.

Combined Effects of Environmental
Factors and PTX3 Gene Polymorphisms on

Oral Cancer

To determine the combined effects of environmental factors and
PTX3 gene SNVs on oral cancer susceptibility, we conducted
further analysis on 1,397 smokers (Table4). As presented in

Table 4, participants with at least one A allele of rs1840680,
one A allele of rs2305619, one C allele of rs3816527, or one A
allele of rs2120243 exhibited 12.622-fold (95% CI: 8.725-18.259),
13.171-fold (95% CI: 8.944-19.395), 13.798-fold (95% CI: 9.538-
19.960), and 12.794-fold (95% CI: 8.787-18.628) higher risks of
oral cancer, respectively, compared with individuals with WT
homozygotes who did not chew betel quid.

Effects of Polymorphic Genotypes of PTX3

on Clinical Status of Oral Cancer

We analyzed the relationship between the combined effect
of cigarette smoking and PTX3 variants on oral cancer
development. As depicted in Table 5, individuals who possessed
the CC allele of rs3816527 and smoked cigarettes were more
prone to developing late-stage tumors (stage III/IV: OR, 2.328;
95% CI, 1.078-5.027; p = 0.0314) and lymph node metastasis
(OR, 2.152; 95% CI, 1.047-4.422; p = 0.0371) compared
with individuals who were homozygous for the WT allele of
rs3816527 (Table 5).

Functional Connotation of the PTX3
rs3816527 Locus

We investigated the functional connotation of the rs3816527
SNV on the PTX3 gene. The function of PTX3 rs3816527 was
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TABLE 5 | Genotyping frequency of the PTX3 rs3816527 polymorphism on clinical status of oral cancer among 766 smokers.

Clinical Stage

OR (95% CI)

AOR (95% CI)@

PTX3
rs3816527

AA
AC
CC

PTX3 rs3816527
AA
AC
CC

PTX3 rs3816527
AA
AC
CC

PTX3 rs3816527
AA
AC
CC

Stage I/ll (n = 379) n (%)

235 (62.0%)

134 (35.4%)

10 (2.6%)

Tumor size
<underline<>T2 (n = 436) n (%)
262 (60.1%)

157 (36.0%)

17 (3.9%)

Lymph node metastasis
No (n =519) n (%)

312 (60.1%)

191 (36.8%)

16 (3.1%)

Cell differentiation

Well (n = 111) n (%)

70 (63.1%)

38 (34.2%)

3(2.7%)

Stage II/IV (n = 387) n (%)

222 (57.3%)
143 (37.0%)
22 (5.7%)

> T2 (n = 330) n (%)
195 (59.1%)

120 (36.4%)

15 (4.5%)

Yes (n = 247) n (%)
145 (58.7%)

186 (34.8%)

16 (6.5%)

Moderate/poor (n = 655) n (%)
387 (569.1%)

239 (36.5%)

29 (4.4%)

1.000 (reference)
1.130 (0.838-1.523)
2.328 (1.078-5.027)P

1.000 (reference)
1.027 (0.760-1.388)
1.186 (0.578-2.432)

1.000 (reference)
0.969 (0.702-1.337)
2.152 (1.047-4.422)°

1.000 (reference)
1.138 (0.743-1.743)
1.748 (0.518-5.897)

1.000 (reference)
1.111 (0.823-1.500)
2.424 (1.114-5.273)¢

1.000 (reference)
1.034 (0.764-1.400)
1.202 (0.5682-2.483)

1.000 (reference)
0.950 (0.687-1.312)
2.183 (1.053-4.528)°

1.000 (reference)
1.117 (0.728-1.713)
1.750 (0.515-5.939)

aAdjustment for the effects of betel quid chewing and alcohol consumption.
bp =0.0314.

°p =0.0371.

Ip = 0.0256.

€p = 0.0359.

Bold values were considered statistically significant.

performed using several bioinformatics tools, namely SNPinfo,
the NCBI database, ESEfinder, and SWISS-MODEL. Data
indicated that PTX3 rs3816527 was located on the exonic splice
enhancer sequence of the PTX3 gene (Figure 1A). The C allele
had stronger enhancement activity than did the A allele and may
be more likely to promote the splicing modification of the PTX3
gene (Figure 1B). Two splicing forms of PTX3 existed in the
NCBI database (Figure 1C).

DISCUSSION

Head and neck cancers are common worldwide. Approximately
90% of head and neck cancers are squamous cell carcinomas,
of which ~50% occur in the oral cavity (38, 39). In south
Central Asia, oral cancer is the third most common type
of cancer (40). Oral cancer is associated with the use of
chronic stimuli such as tobacco smoking, alcohol consumption,
and betel quid chewing in particular (3, 4, 41). PTX3 was
recognized by proteomics as a critical candidate biomarker
for liposarcoma (42), lung cancer (43), prostate cancer (44),
and pancreatic cancer (22). For example, a high expression of
PTX3 was found in pancreatic cancer cell lines and a direct
relationship was found between tumor metastasis and PTX3
expression (22). Moreover, several studies have reported the
role of PTX3 in epithelial cancer progression due to EMT

induction (45-48). A low expression of PTX3 has been associated
with increased susceptibility to epithelial carcinogenesis (46).
Previous studies have demonstrated that PTX3 mediated the
induction of the EMT by reducing the expression of E-cadherin,
increasing the expression of N-cadherin and vimentin, and
promoting the migration of HK-2 cells (45). Moreover, results
indicated that the expression of pentraxin family members was
significantly associated with the poor prognosis of patients
with pancreatic cancer (22). Furthermore, overexpression of
PTX3 could promote the proliferation and invasion of cervical
cancer in vitro and in vivo (24). However, few studies have
discussed the role of PTX3 in oral cancer. In the present
study, the combined effect of environmental factors and PTX3
polymorphisms considerably increased the risk of oral cancer
(Table 4). Moreover, patients with PTX3 SNV rs3816527 with CC
had the highest risk of tumors (Table 5).

The occurrence of cancer stems from the genetic and
epigenetic alterations of the basic mechanisms of the normal
cell cycle, such as replication control and cell death (49, 50).
Most genes in the human genome consist of multiple introns
and exons that are modified through splicing to form mature
messenger ribonucleic acid and protein products (51, 52).
Although alternative splicing (AS) provides cells with protein
diversity, studies have found that pathological changes in splicing
can contribute to the development of cancers. For instance,
mutations and gene expression changes affect the splicing
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regulatory sequences of key cancer-related genes (53) and the
core or accessory components of spliceosome complexes (54-59).

PTX3 has two splice variants; one contains exon 1 or 2
(length of 453 bp) and the other contains exon 3 (length of
931 bp) (Figure 1C). ESEfinder analysis results revealed that the
rs3816527 C allele had superior splicing enhancement activity for
the A allele (Figure 1B). In addition, in the protein structure
constructed by SWISS-MODEL, PTX3 was split into an N
terminus and C terminus after splicing. Although the mechanism
of action for this structure remains unclear, a molecular study
indicated that the overexpression of PTX3 at the N terminus
can considerably inhibit the oncogenic activity of transgenic
adenocarcinoma mouse prostate-C2 transfectants, whereas C-
terminal overexpression has only a minor effect on tumor
growth (60).

We revealed an impact of PTX3 gene variations on the
development of oral cancer; however, there are some limitations
in the study. As this study only included a discovery population
and not a second independent study to replicate the findings,
the associations between PTX3 variations and oral cancer should
be considered preliminary. The other concern is that we failed
to exclude the possibility of potential selection bias and since
the control group was enrolled among subjects without cancer
on a hospital basis. In addition, determining the functional
role of PTX3 in the development of oral cancer still requires
further investigation.

In conclusion, our results suggest that the allelic effects of
PTX3 SNVs (rs1840680, rs2305619, rs3816527, and rs2120243)
enhance the risk and progression of oral cancer in the presence
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Nasopharyngeal carcinoma (NPC) is a malignancy of epithelial origin that is prone to
local invasion and early distant metastasis. Although concurrent chemotherapy and
radiotherapy improves the 5-year survival outcomes, persistent or recurrent disease still
occurs. Therefore, novel therapeutic targets are needed for NPC patients. MicroRNAs
(miRNAs) play important roles in normal cell homeostasis, and dysregulations of miRNA
expression have been implicated in human cancers. In NPC, studies have revealed
that miRNAs are dysregulated and involved in tumorigenesis, metastasis, invasion,
resistance to chemo- and radiotherapy, and other disease- and treatment-related
processes. The advantage of miRNA-based treatment approaches is that miBNAs can
concurrently target multiple effectors of pathways involved in tumor cell differentiation and
proliferation. Thus, MiBRNA-based cancer treatments, alone or combined with standard
chemotherapy and/or radiotherapy, hold promise to improve treatment response and
cure rates. In this review, we will summarize the dysregulation of miRNAs in NPC
initiation, progression, and treatment as well as NPC-related signaling pathways, and
we will discuss the potential applications of miRNAs as biomarkers and therapeutic
targets in NPC patients. We conclude that miRNAs might be potential promising
therapeutic targets in nasopharyngeal carcinoma.

Keywords: microRNA, Nasopharyngeal Carcinoma (NPC), therapeutic target, biomarker, application

INTRODUCTION
Nasopharyngeal Carcinoma (NPC)

Nasopharyngeal carcinoma is a non-lymphomatous squamous cell carcinoma that arises from the
epithelial lining of the nasopharynx. Local invasion and early distant metastasis are common in
NPC. Etiologic factors for NPC include Epstein-Barr virus (EBV) infection, genetic predisposition,
and environmental factors (1, 2). It is extremely difficult to detect early because of its deep location
and lack of obvious clinical signs in its early stages. Concurrent chemotherapy and radiotherapy is
a standard treatment for late-stage NPC (3). Nevertheless, despite the effectiveness of concurrent
chemotherapy and radiotherapy in treating NPC, local or regional failure in the form of persistent
or recurrent disease occurs in some patients. Therefore, novel biomarkers and therapeutic strategies
to improve treatment outcomes are urgently required for NPC patients.
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MicroRNAs (miRNAs)

MiRNAs are a class of endogenous non-coding RNA molecules
that are typically 22-25 nucleotides long (4, 5). They are
transcribed from intragenic or intergenic regions by RNA
polymerase II into pri-miRNAs (at a length between 1 and 3 kb)
(6), and further processed by the RNase III ribonucleases Drosha
and DiGeorge syndrome critical region gene 8, DGCRS, complex
in the nucleus into a hairpin intermediate pre-miRNA (consisting
in a stem-loop structure of about 70 nucleotides) (7). The pre-
miRNA is then transported from the nucleus to the cytoplasm
by exportin 5 (8). After strand separation, the mature double-
stranded miRNA, also known as the guide strand, is incorporated
into an RNA-induced silencing complex (RISC), whole the
passenger strand (miRNA™*) is typically degraded. The RISC is the
effector complex of the miRNA pathway and comprises miRNA,
Argonaute proteins (Argonaute 1 to Argonaute 4) and other
proteins. The mature strand is important for target recognition
and for the incorporation of specific target mRNAs into RISC
(8, 9). Each miRNA can potentially target many genes (about
500 on average), and about 60% of mRNAs have at least 1
evolutionarily conserved sequence that is believed to be targeted
by miRNAs (10, 11).

Usually, miRNAs target the 3 prime untranslated region
(3'UTR) of their target genes, most often causing mRNA
deadenylation and degradation and subsequent translational
repression (5, 12). However, other miRNA-mediated mechanisms
of modulating mRNA expression have also been reported. Some
miRNAs bind to the open reading frame or the 5 UTR of their
target genes; in some cases, miRNAs have been shown to activate
gene expression rather than suppress it (13). For example, Jopling
et al. reported that miR-122 can bind to 5 UTR, inhibiting
translation of its target genes (14). In 2008, another miRNA,
miR-10a, was reported to enhance translation by binding to
ribosomal protein mRNA at the 5 UTR (which is known to
regulate translation) downstream of the conserved 5" TOP motif
(13). In 2016, we demonstrated that miR-24 could bind to both
3'UTR and 5UTR of COPS5 (also named JABI and COP9
signalosome subunit 5), leading to COPS5 mRNA degradation
and translational suppression (15). Besides, miRNAs can also

Abbreviations: A20/TNFAIP3, tumor necrosis factor alpha-induced protein 3;
ABCBI, ATP binding cassette subfamily B member 1; ATM, ataxia telangiectasia
mutated; BRD7, bromodomain containing 7; CAPN4/CAPNSI, calpain small
subunit 1; circRNA, circular RNA; COPS5, COP9 signalosome subunit 5; CXCL12,
C-X-C motif chemokine ligand 12; CXCR4, C-X-C motif chemokine receptor
4; DGCRS, Drosha and DiGeorge syndrome critical region gene 8; E2F3, E2F
transcription factor 3; EBV, Epstein-Barr virus; EMT, epithelial-mesenchymal
transition; EZH2, enhancer of zeste homolog 2; FGF5, fibroblast growth factor
5; IL-17, interleukin-17; ITGA3, integrin subunit alpha 3; KLF12, Kruppel-like
factor 12; LASP1, LIM and SH3 protein 1; IncRNA, long non-coding RNA;
MALAT]I, metastasis-associated lung adenocarcinoma transcript-1; AP3K5/ASK1,
apoptosis signal-regulating kinasel; miRNA, microRNA; MIF, macrophage
migration inhibitory factor; mTOR, mechanistic target of rapamycin kinase; NF-
kB, nuclear factor kB; NPC, nasopharyngeal carcinoma; PDRG1, p53 and DNA
damage regulated 1; PTEN, phosphatase and tensin homolog; RISC, RNA-induced
silencing complex; RP, ribosomal protein; SP1, specificity protein 1; TIAMI, T
cell lymphoma invasion and metastasis 1; TRIAP1, TP53-regulated inhibitor of
apoptosis 1; TSGA10, testis-specific gene antigen 10; UTR, untranslated region;
WNT2B, Wnt family member 2B; XIST, X inactivate-specific transcript.

regulate gene expression at the transcriptional level by binding
directly to the DNA (16, 17). Moreover, proteins can also be
targeted by miRNAs (18) (Figure 1).

Exosomal miRNAs

Exosomes are microvesicles that are 40-100nm long. They
originate in intracellular endosomal compartment and are
secreted by cells into their microenvironment. Exosomes
transport DNA fragments, proteins, mRNAs, and miRNAs
from donor cells to recipient cells and are therefore crucial
to intercellular communication. Exosomal miRNAs miR-21
and miR-29a are secreted by tumor cells and can bind to
toll-like receptors on nearby immune cells, thus initiating
an inflammatory response that promotes metastasis (19).
Furthermore, miR-21 was observed at a higher level in exosomes
from the serum of patients with esophageal squamous cell
carcinoma than in serum from patients with benign diseases
without systemic inflammation, and an association was found
between exosomal miR-21 and the presence of metastasis with
inflammation (20). In addition, exosomal miR-223 was reported
to be elevated in breast cancer cells and promote breast cancer
invasion (21). In NPC, exosomal miR-9 was found to inhibit
angiogenesis through regulating PDK/AKT pathway (22). And
exosomal miR-24-3p serves as a potential biomarker for NPC
prognosis (23). Therefore, exosomal miRNAs are involved in the
initiation and progression of cancers including NPC, and could
be biomarkers for NPC patients.

EBV-Encoded miRNAs

EBV, a herpesvirus that infects the majority of the population
worldwide asymptomatically (24), was the first human virus
reported to encode miRNAs (25). More than 44 viral miRNAs
are encoded from EBV. In NPC, EBV expresses EBNAI,
LMP1, and LMP2A, EBERs, and BARTs (26). miR-BARTS,
which are EBV-encoded miRNAs derived from BamHI-A
rightward transcripts, are highly expressed in NPC and promote
its development. A recent study showed that EBV-encoded
miR-BARTS, including BARTS5-5p, BART7-3p, BART9-3p, and
BART14-3p, downregulated the expression of a key DNA double-
strand break repair gene, ataxia telangiectasia mutated (ATM),
by targeting several sites on its 3 -UTR (27). Thus, those 4 EBV-
encoded miRNAs work cooperatively to suppress ATM activity
in response to DNA damage, contributing to NPC tumorigenesis.
Those findings indicate that EBV-encoded miRNAs can be used
as a novel therapeutic strategy for NPC.

THE MECHANISM OF miRNA
REGULATION IN CANCERS

Genes encoding miRNAs are often located at or near fragile
sites and in minimal regions of loss of heterozygosity, in
minimal regions of amplification, and in common cancer-
related breakpoints (28). Upregulated expression of miRNAs
can be caused by genomic alterations such as translocations o
amplification, and loss of function can be caused by alterations
such as deletions, insertions, or mutations (29). For example, the
mir-17-92 cluster, which is made up of mir-17, mir-18a, mir-19b,
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FIGURE 1 | The process and functions of miRNA. (A) Both intergenic and intragenic genes encode miRNAs. (B) Mature miRNAs are transcribed from pri-miRNA and
then then pre-miRNA, translocated from nucleus to cytoplasm by exportin 5, and composed of RNA-induced silencing complex (RISC). (C) RISC can target mRNA at
3 UTR, CDS, and 5'UTR as well as DNA promoter sequences and even proteins, leading to upregulation or downregulation of a specific protein.

Target mRNA

mir-19b-1, mir-201, and mir-92-1, resides in an 800 base-pair
region of the non-coding gene MIR17HG (also called C130rf25),
a genomic region known to be amplified in lymphomas (30). The
mir-17-92 cluster is often overexpressed in hematological cancers
(31, 32). In contrast, the mir-15a-mir-16-a cluster, which resides
in the chromosome 13q14 region (between exons 2 and 5 of
the non-coding gene DLEU2), is often downregulated in patients
with chronic lymphocytic leukemia due to genomic deletion of
this region (31, 33).

In addition to structural genetic alterations, epigenetic
modulations, including DNA promoter hypermethylation and
histone hypoacetylation, have been described in solid tumors
(34). For example, miR-127 is downregulated because of
promoter hypermethylation in human bladder cancer (34).
Usually, hypermethylation of tumor-suppressive miRNAs leads
to miRNA silencing, and hypomethylation of onco-miRNAs
leads to their activation and to tumorigenesis (35). In addition,
long non-coding RNAs (IncRNAs) can target miRNAs, resulting
in in tumorigenesis and chemo- and radioresistance. For
example, IncRNA FTHIP3 promotes ATP binding cassette
subfamily B member 1 (ABCB1) protein expression by targeting
miR-206, acting as a miRNA “sponge,” leading to the activation
of paclitaxel resistance in breast cancer (36). Circular RNAs
(circRNAs) also can act as miRNA sponges to regulate miRNA
expression. For example, circNT5E was recently reported to
directly bind to miR-422a and inhibit its activity, promoting
glioblastoma tumorigenesis (37).

The aberrant miRNA expression in cancer can also be caused
by downstream miRNA processing. Merritt et al. reported that
miRNA expression could be globally suppressed by short hairpin

RNAs against Dicer and Drosha, 2 critical ribonucleases involved
in miRNA processing (38). This miRNA suppression promotes
cellular transformation and tumorigenesis.

The alteration of miRNA expression in cancers can also be
caused by aberrant transcription factor activity, which leads to
increased or decreased transcription from miRNA genes. The
miR-34 miRNA family (comprising miR-34a, miR-34b, and miR-
34c) is directly induced by the tumor suppressor p53. In cells with
high levels of p53, miR-34 expression is elevated; furthermore,
chromatin immunoprecipitation assays revealed that p53 can
bind to the promoter of miR-34 (39, 40). The MYC oncoprotein
downregulates transcription of tumor suppressor miRNAs such
as let-7 and miR-29 family members. MYC can bind to conserved
sequences of the miRNA promoter that it suppresses, and the
suppression of miRNAs by MYC has been found to facilitate
lymphomagenesis (41) (Figure 2).

miRNA DYSREGULATION IN NPC
INITIATION

The function of miRNAs is largely influenced by the expression
of their main targets. Some miRNAs promote tumorigenesis
in some cell types and suppress it in others. The classification
of a miRNA as an oncogene or a tumor suppressor, therefore,
requires knowledge of the type of cell in which it acts. Typically,
miRNAs do not cause a specific phenotype by aiming at a single
target. Instead, miRNAs target multiple mRNAs concurrently
and engage in complex interactions with the machinery that
controls the transcriptome. In cancers, miRNAs often are
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FIGURE 2 | The mechanisms of miRNA dysregulation in cancers. (A) Structural gene alterations, including translocation, amplification, deletion, insertion, and
mutation contribute to miIRNA dysregulation in cancers. (B) Epigenetic alterations, including methylation, acetylation, INcRNAs, and circRNAs contribute to miRNA
dysregulation in cancers. (C) MiRNA promoters can be altered by p53, MYC, and other transcription factors, leading to cancer. (D) Alterations of proteins involved in

miRNA processing, including Dicer, Drosha, and others, can result in cancer.

dysregulated and function collectively to mark differentiation
states or individually as oncogenes or tumor suppressors. In
NPC, miRNAs were reported to be expressed aberrantly and exert
pivotal effects by altering the expression of their specific mRNA
targets (42) (Table 1).

Onco-miRNAs in NPC

Tumor suppressor genes are usually inhibited by miRNAs
directly, and such miRNAs are considered to be onco-
miRNAs. For example, cell cycle inhibitor CDKNIA (also
called P21) is believed to be directly targeted by miR-663 in
NPC, leading to the promotion of NPC cell proliferation and
tumorigenesis (43). An onco-miRNA, miR-125b, was found
to be significantly upregulated in the NPC tissue compared
with healthy nasopharyngeal mucosa, and this upregulation
was correlated with poor survival outcomes; furthermore, high
expression of miR-125b was identified as an independent
predictor for shorter survival durations in NPC patients (44).
The same study found that miR-125b promoted proliferation
and inhibited apoptosis in NPC cells. A direct target of miR-
125b, the tumor necrosis factor alpha-induced protein 3 gene
TNFAIP3 (formerly called A20), functions as a tumor suppressor
in NPC and mediates miR-125b-promoted NPC tumorigenesis
by activating the nuclear factor kB (NF-kB) signaling pathway.
Together, these findings demonstrate that onco-miRNAs target
tumor suppressor genes, leading to NPC initiation.

Tumor-Suppressive miRNAs in NPC

Oncogenes can be suppressed by miRNAs directly, and such
miRNAs are considered to be tumor-suppressive miRNAs. For
example, the C-X-C motif chemokine receptor 4 oncogene
CXCR4 can be directly targeted by tumor-suppressive miR-
9, resulting in the inhibition of NPC pathogenesis. In NPC
clinical specimens, miR-9 was observed to be downregulated (45).
Interleukin-17 (IL-17), a proinflammatory cytokine, suppresses

immune defense, and immune surveillance while promoting
tumor growth. A study showed that IL-17 was targeted by
miR-135a, resulting in the inhibition of NPC cell proliferation
(46). In another study, overexpression of miR-320b was shown
to suppress NPC cell proliferation and enhance mitochondrial
fragmentation and apoptosis (47). In contrast, silencing miR-
320b enhanced NPC tumor growth and inhibited cell apoptosis.
The TP53-regulated inhibitor of apoptosis 1 gene, TRIAPI,
has been found to be directly targeted by miR-320b, which
mediates TRIAPI’s role in NPC cell proliferation inhibition and
apoptosis induction. It has also been reported that miR-326/330-
5p clusters can target cyclin D1 gene, CCNDI, exerting their
tumor-suppressive roles on NPC initiation (48). Some tumor-
suppressive miRNAs target IncRNAs that function as oncogenes.
For example, miR-25 expression was found to be upregulated
in NPC cells, and its ectopic expression was shown to suppress
NPC cell growth and motility by targeting metastasis-associated
lung adenocarcinoma transcript-1 (MALAT1), a proto-oncogenic
IncRNA (49). The tumor-suppressive miRNAs miR- 451 and
miR-539-5p inhibit NPC initiation by targeting the macrophage
migration inhibitory factor (MIF) and Kruppel-like factor 12
(KLF12) genes, respectively (50, 51). Finally, lentivirus can
be used as a delivery system to overexpress specific tumor-
suppressive miRNAs in NPC, resulting in the inhibition of NPC
initiation. For example, lenti-miR-26a was shown to inhibit the
tumorigenicity of NPC cells in nude mice significantly, providing
a useful strategy for treating NPC patients (52).

miRNA DYSREGULATION IN NPC
PROGRESSION

NPC is an aggressive disease that tends to spread locally and
metastasize to regional lymph nodes and distant organs. Distant
metastasis is the principal mode of treatment failure (53).
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TABLE 1 | miRNA dysregulation in NPC initiation, progression and therapies.

miRNA Target Mechanism Function References
miR-663 CDKN1A Promotes NPC cell proliferation Onco-miRNA (43)
miR-125b TNFAIP3 Inhibits NPC cell apoptosis Onco-miRNA (44)
miR-9 CXCR4 Suppresses NPC pathogenesis Suppressive miRNA (45)
miR-135a IL-17 Suppresses NPC cell proliferation Suppressive MIRNA (46)
miR-320b TRIAP1 Enhances NPC cell apoptosis Suppressive miRNA 47)
miR-326/330-5p clusters CCND1 Suppresses NPC initiation Suppressive miRNA (48)
miR-25 MALATT1 Suppresses NPC cell growth Suppressive miRNA (49)
Exosomal miR-23a TSGA10 Promotes NPC angiogenesis Metastasis promoter (54)
EBV-miR-BART1/7-3p PTEN Promotes EMT process Metastasis promoter (55, 56)
miR-29¢ TIAM1 Suppresses NPC metastasis Metastasis suppressor (57)
miR-101 ITGA3 Inhibits NPC angiogenesis Metastasis suppressor (58)
miR-203a-3p LASP1 Inhibits NPC metastasis Metastasis suppressor (59)
miR-630 EzZH2 Inhibits NPC cell invasion Metastasis suppressor (60)
EBV-miR-BART6-3p MIR3936HG Suppresses NPC metastasis Metastasis suppressor (61)
miR-324-3p WNT2B Reduces NPC radioresistance Radiosensitizer (69)
miR-519d PDRG1 Sensitizes NPC to IR Radiosensitizer (70)
miR-24 COPS5/SP1 Enhances NPC radiosensitivity Radiosensitizer (15)
miR-19b-3p TNFAIP3 Increases NPC radioresistance Radioresistant agent (63)
miR-3188 mTOR Suppresses NPC resistance of 5-FU Chemosensitizer 67)

CCND1, cyclin D1; CDKNT1A, cyclin-dependent kinase inhibitor 1A; CXCR4, C-X-C motif chemokine receptor 4, IL-17, interleukin-17; MALAT1, metastasis-associated lung
adenocarcinoma transcript 1; TNFAIP3, tumor necrosis factor alpha-induced protein 3; TRIAP1, TP53-regulated inhibitor of apoptosis 1; CXCL12, C-X-C motif chemokine ligand
12; EZH2, enhancer of zeste homolog 2; ITGAS3, integrin subunit alpha 3; LASP1, LIM and SH3 protein 1; MIR3936HG, a long noncoding RNA,; PTEN, phosphatase and tensin homolog;
TIAM1, T cell lymphoma invasion and metastasis 1, TSGA10, testis-specific 10; 5-FU, fluorouracil; COPS5, COP9 signalosome subunit 5 (also called JAB1); MTOR, mechanistic target
of rapamycin kinase; PDRG1, p53 and DNA damage regulated 1; SP1, specificity protein 1; WNT2B, Wnt family member 2B.

It is known that NPC metastasis is associated with miRNA
dysregulation. The functions of miRNAs often are contradictory
because they are determined by the cellular environment and
the stage of the metastatic process. Therefore, identifying which
miRNAs promote or suppress the metastatic process of NPC
could lead to the development of new, efficient therapeutic agents
to prevent or delay metastasis (Table 1).

Metastasis Promoter miRNAs in NPC
Mounting evidence implicates miRNAs in the modulation
of angiogenesis, which is essential to the metastatic process.
For instance, it has been reported that exosomal miR-23a
overexpression promotes angiogenesis in NPC by directly
targeting the testis-specific 10 gene, TSGA10 (54). Furthermore,
miR-23a overexpression in pre-metastatic NPC tissue was
identified as a prognostic biomarker for early metastasis. In
addition, EBV-encoded miR-BART1 has been shown to induce
NPC metastasis by regulating pathways that depend on the
phosphatase and tensin homolog gene, PTEN (55). Another
EBV-encoded miRNA, miR-BART7-3p, was shown to promote
the epithelial-mesenchymal transition (EMT) and metastasis of
NPC cells by suppressing PTEN and consequently activating the
PI3K/AKT/GSK-3p signaling pathway (56).

Metastasis Suppressor miRNAs in NPC

The tumor-suppressive miR-29¢ is also a metastasis suppressor
that inhibits NPC cell migration, invasion, and metastasis by
targeting the T cell lymphoma invasion and metastasis 1 gene,

TIAM], directly (57). In NPC patient samples and cell lines, miR-
101 was found to be downregulated, and its ectopic expression
significantly inhibited cell migration, invasion, and angiogenesis
both in vitro and in vivo. The prometastatic gene integrin subunit
alpha 3 (ITGA3) has been identified and validated as a target of
miR-101 and shown to mediate the suppressive effects of miR-
101 on NPC metastasis. Interestingly, the systemic delivery of
lentivirus-mediated miR-101 in NPC suppressed lung metastatic
colony formation with no noticeable toxic effects (58). Also, miR-
203a-3p was found to be dysregulated and to act as a tumor
suppressor in NPC. This miRNA suppresses NPC metastasis by
targeting the LIM and SH3 protein 1 gene, LASPI (59).
Metastasis suppressor miRNAs can also target or be targeted
by IncRNAs in NPC. For example, IncRNA HI9 has been
found to be overexpressed in NPC tissue, and H19 knockdown
significantly suppressed invasion NPC cells. H19 knockdown
downregulated the expression of the enhancer of zeste homolog
2 gene, EZH2, which is upregulated in NPC and promotes
invasion. H19 does not bind directly to EZH2 but instead
modulates its expression by suppressing the activity of miR-630,
which inhibits EZH2 and interacts with HI9 in a sequence-
specific manner. H19 also suppresses E-cadherin expression and
promotes invasion in NPC cells through the miR-630/EZH2
pathway (60). And He et al. demonstrated that EBV-miR-
BART6-3p suppressed EBV-associated cancer cell migration and
invasion by targeting IncRNA MIR3936HG (also known as
LOC553103) and reversing the EMT process. And MIR3936HG
knockdown by specific siRNAs was shown to phenocopy

Frontiers in Oncology | www.frontiersin.org

August 2019 | Volume 9 | Article 756


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Wang et al.

MicroRNAs in NPC

the effect of EBV-miR-BART6-3p, while elevated MIR3936HG
expression enhanced tumor cell migration and invasion to
promote EMT (61).

miRNA DYSREGULATION-RELATED
SIGNALING PATHWAYS IN NPC

Several signaling pathways are involved in miRNA dysregulation-
related processes in NPC. For example, miR-125b was shown to
promote NPC tumorigenesis by activating the NF-kB signaling
pathway, which plays a critical role in NPC tumorigenesis and
progression (44, 62). In addition, miR-19b-3p was found to
be upregulated and to be an independent predictor for poor
survival outcomes in NPC patients. MiR-19b-3b increased NPC
cell radioresistance by targeting TNFAIP3 and then activating the
NF-kB signaling pathway (63).

The PTEN/AKT pathway plays an important role in NPC
processes related to miRNA dysregulation. One study found that
miR-141 was markedly elevated in NPC tissues and negatively
correlated with both patient survival and the expression of the
bromodomain containing 7 gene, BRD7; BRD7 overexpression
activated the PTEN/AKT pathway, but restoring miR-141
expression suppressed this activation and partially restored
NPC cell proliferation and tumor growth. The BRD7/miR-
141/PTEN/AKT axis therefore is important to NPC progression
and could provide new treatment targets and diagnostic markers
(64). In addition, EBV-encoded miRNAs miR-BART1 and
miR-BART7-3p promote NPC metastasis by modulating the
PTEN/PI3K/AKT signaling pathway (55, 56). PI3K signaling is
also involved in miRNA dysregulation-related processes in NPC.
A study of NPC tumor specimens found that tumor-suppressing
protein PDCD4 suppresses the pPI3K/pAKT/c-JUN signaling
pathway, which in turn modulates miR-374a’s binding to CCNDI,
resulting in dysregulation of NPC cell growth, metastasis, and
chemoresistance (65). In this study, miR-374a expression was
positively correlated with PDCD4 expression and negatively
correlated with CCNDI expression. The PI3K/AKT/mTOR
signaling pathway also significantly affects NPC tumorigenesis
and development (66). For example, miR-3188 was shown to
inhibit NPC cell cycle transition and proliferation, to sensitize
cells to chemotherapy, and to extend survival in tumor-bearing
mice, and to inactivate p-PI3K/p-AKT/c-JUN signaling by
targeting mTOR directly, further suppressing the cell cycle
through the p-PI3K/p-AKT/p-mTOR pathway (67).

miRNA DYSREGULATION IN NPC
THERAPIES

Radiotherapy and chemotherapy are 2 main treatments for
NPC. Mounting evidence shows that miRNAs are dysregulated
during radio- or chemotherapy for NPC and may reduce
or induce the sensitivity of NPC cells to radiotherapy or
chemotherapy (Table 1).

miRNA Dysregulation in Radiotherapy
Radioresistance is the main reason for NPC treatment failure
(68). Multiple studies have shown that miRNA expression in

various cell types changed upon irradiation, as did the specific
effects of various miRNAs on cellular radiosensitivity. It has
been reported that miR-324-3p reduces NPC radioresistance
by directly targeting the well-known oncogene Wnt family
member 2B (WNT2B), inhibiting the gene’s translation (69).
Studies have also reported that miR-519d sensitizes NPC cells to
radiation by directly targeting the 3 -UTR of PDRGI (p53 and
DNA damage regulated 1) mRNA (70) and thatiR-24 increases
radiosensitivity in NPC by targeting both COPS5 and SPI
(specificity protein 1) (15). In contrast, Huang et al. demonstrated
that miR-19b-3p upregulation decreases—and downregulation
increases—NPC sensitivity to radiation. The researchers also
found that miR-19b-3p directly targeted TNFAIP3, and the gene’s
upregulation reversed miR-19b-3p’s suppressive effects on NPC
cell radiosensitivity. Thus, miR-19b-3p was shown to enhance
radioresistance in NPC cells by activating the TNFAIP3/ NF-kB
pathway (63). Together, these studies indicate the potential use of
miRNAs as radiosensitizing agents in NPC treatment.

miRNAs Dysregulation in Chemotherapy
The importance of miRNAs in chemotherapy response has
been demonstrated in multiple human cancers, including cancer
of the tongue (71). In NPC, miR-3188 has been found to
inhibit cell growth and resistance to fluorouracil by directly
targeting the mechanistic target of rapamycin kinase gene,
MTOR, and regulating the cell cycle (67). Another study
showed that the metastasis suppressor miR-29c¢ can also increase
NPC cells’ sensitivity to both radiotherapy and cisplatin-based
chemotherapy (72). The above evidence shows that miRNAs
mainly function as chemosensitizers in NPC.

miRNAS AS BIOMARKERS AND NOVEL
THERAPEUTIC APPROACHES IN NPC

In the above sections, we showed that miRNAs are dysregulated
during NPC initiation, progression, and therapy. In addition,
several studies have reported that miRNA dysregulation is
associated with the survival of NPC patients, and miRNAs may
serve as independent biomarkers for NPC diagnosis, recurrence,
and prognosis. Furthermore, a few molecularly targeted drugs
have emerged as clinically active against advanced NPC in recent
years (73), and the exploration of miRNAs as drugs or drug
targets against other cancer types is already underway (29).

miRNAs as Biomarkers in NPC

Several miRNAs show potential as biomarkers in NPC. A recent
meta-analysis indicated that increased miRNA expression led to
a poor overall survival and increased the likelihood of death of
NPC patients (74). The tumor and metastasis suppressor miR-
29c has been shown to be downregulated in both the serum
and tumor tissue of NPC patients, indicating its promise as a
biomarker for NPC diagnosis, prognosis, and recurrence (75).
Also, NPC patients were shown to have significantly higher
serum levels of miR-663 compared with healthy individuals,
and high levels were associated with worse 5-year overall and
relapse-free survival outcomes in NPC patients (76). In addition,
chemotherapy significantly lowered NPC patients’ serum miR-
663 levels. These results suggest a critical role for miR-663 as
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a biomarker of NPC prognosis and response to chemotherapy.
Recent studies showed that miR-31-5p was downregulated in
present in NPC tissues and cell lines, acting as a tumor
suppressive miRNA. And circulating miR-31-5p was identified
to be a potential novel and non-invasive biomarker for the
early diagnosis of NPC (77). The expression levels of tumor-
educated platelet miR-34c-3p and miR-18a-5p are upregulated in
NPC, which are promising novel liquid biopsy biomarkers for
NPC diagnosis (78). In addition, miR-342-3p was significantly
downregulated in NPC specimens and its low expression was
significantly correlated with reduced overall survival of NPC
patients, indicating miR-342-3p as a biomarker of NPC prognosis
(79). All in all, the above results suggest miRNA can be a
single biomarker for NPC diagnosis, prognosis, and response
to therapy.

Additionally, miRNA signatures have been more and more
identified to be novel biomarkers of NPC prognosis and
prediction. For example, a two-miRNA signature of miR-548q
and miR-483-5p were identified as potential biomarkers of
NPC by comparing the plasma miRNA profiles of 31 NPC
patients and 19 controls (80). And a three-miRNA signature
including miR-548q, miR-630, and miR940 were increased in
the plasma of NPC patients compared to those of controls. They
are potential novel and useful biomarkers for NPC detection
and diagnosis (81). The plasma level of miR-483-5p, miR-103,
and miR-29a could be helpful to predict survival in patients
with NPC (82). A four-miRNA signature of miR-22, miR-572,
miR-638, and miR-1234 were identified to be prognostic
biomarkers of NPC to the TNM staging system (83). Recently,
a 8-miRNA signature including miR-188-5p, miR-1908,
miR-3196, miR-3935, miR-4284, miR-4433-5p, miR-4665-3p,
miR-513b, and 16-miRNA signature including miR-1224-3p,
miR-1280, miR-155-5p, miR-1908, miR-1973, miR-296-5p,

miR-361-3p, miR-425-5p, miR-4284, miR-4436b-5p, miR-4439,
miR-4665-3p, miR-4706, miR-4740-3p, miR-5091, miR-513b are
promising biomarkers for NPC diagnosis (84). Taker together,
miRNAs can be as both single biomarkers and signatures for
NPC detection, diagnosis, and prognosis (Table 2).

miRNAs as Therapeutic Approaches in
NPC

One of the most appealing properties of miRNAs as therapeutic
agents is their ability to simultaneously target more than
1 gene, making miRNAs extremely efficient for regulating
distinct cell processes relevant to normal and malignant cell
homeostasis. In NPC, miRNAs for gene therapy have been
delivered using lentiviral vectors. For example, a previous
study found that tumor suppressor miR-31-5pinhibited EBV-
positive NPC tumorigenesis, and minicircle-oriP-miR-31, a novel
EBNA1-specific miRNA delivery system, was constructed and
shown to inhibit NPC cell proliferation and migration in vitro
and to suppress xenograft growth and lung metastasis in vivo. The
researchers also found that the WD repeat domain 5 gene, WDR5,
is a target of miR-31-5p. The study proved that targeted delivery
of miR-31-5p using a non-viral minicircle vector could serve as
a novel therapeutic approach for NPC, indicating a promising
miRNA therapy for NPC patients (85). More studies are still
ongoing to apply miRNA therapy to patients with NPC.

CONCLUSIONS AND FUTURE
DIRECTIONS

The need for novel therapeutic targets and agents for treating
NPC patients is urgent, owing to NPC’s anatomical location
and resistance to both radiotherapy and chemotherapy. Large

TABLE 2 | miRNAs as biomarkers in NPC.

MiR Expression in NPC Biomarker References

MiR-29¢ Downregulated in NPC tissue NPC diagnosis and (75)
prognosis

MiR-663 Upregualted in NPC serum NPC prognosis and (76)
response to chemotherapy

MiR-31-5p Downregulated in NPC tissue NPC diagnosis (77)

MiR-34c-3p Upregualted in NPC tissue NPC diagnosis (78)

MiR-18a-5p Upregualted in NPC tissue NPC diagnosis (78)

MiR-342-3p Downregulated in NPC tissue NPC prognosis (79)

MiR signatures

2-miRNA: miR-548q and miR-483-5p NPC detection (80)

3-miRNA: miR-548q, miR-630, and miR940 NPC detection and (81)
diagnosis

3-miRNA: miR-483-5p, miR-103, and miR-29a NPC prognosis (82)

4-miRNA: miR-22, miR-572, miR-638, and miR-1234 NPC prognosis (83)

8-miRNA: miR-188-5p, miR-1908, miR-3196, miR-3935, miR-4284, NPC diagnosis (84)

miR-4433-5p, miR-4665-3p, miR-513b

16-miRNA: miR-1224-3p, miR-1280, miR-155-5p, miR-1908, miR-1973, NPC diagnosis (84)

miR-296-5p, miR-361-3p, miR-425-5p, miR-4284, miR-4436b-5p,
miR-4439, miR-4665-3p, miR-4706, miR-4740-3p, miR-5091, miR-513b
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numbers of miRNAs are dysregulated during the process of
NPC initiation, progression, and therapy; therefore, miRNAs
have been proposed as useful biomarkers to predict prognosis
in and therapeutic approaches to cure patients with NPC. The
advantages of using miRNAs as drugs antagonizing NPC is that
1 miRNA can target multiple targets and the same target can
be targeted by many miRNAs, showing their comprehensive
potential roles in the clinic. Based on the previous studies
on miRNA dysregulations in NPC, how to use and take the
advantages of miRNAs in clinic is to be solved. And due to the
fact that miRNAs can regulate many mRNAs, the potential of
toxic phenotypes and other off-target effects of miRNA treatment
approaches is a major concern. As a result, more and more studies
focusing on the toxic effects of targeting miRNAs are required
before such therapies can be used safely in NPC patients.
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Carcinoma showing thymus-like elements (CASTLE) is a rare tumor, most commonly
found in the thyroid gland. Here we report a case of CASTLE tumor localized to the
parotid gland, recognized in retrospect after a late manifestation of symptomatic pleural
carcinomatosis. The original tumor in the parotid gland was treated by surgery followed
by radiotherapy. Ten years later, a metastatic disease with recurrent pleural effusions
occurred. Pleural carcinomatosis was strongly positive for CD5, CD117, and p63 as
was the original tumor of the parotid, which allowed the diagnosis of a CASTLE tumor.
Additionally, the pleural tumor expressed high levels of programmed death ligand 1
(PD-L1), and the patient underwent treatment with the monoclonal PD-L1 inhibitor
pembrolizumab achieving a partial remission. To the best of our knowledge, this is the
first patient with a metastatic CASTLE tumor treated with a PD-L1 inhibitor.

Keywords: CASTLE, parotid, extrathyroidal, carcinoma, thymus-like, PD-L1, immunotherapy, checkpoint inhibitor

BACKGROUND

Carcinoma showing thymus-like differentiation (CASTLE) is a rare tumor usually of the thyroid
gland or adjacent soft tissues of the neck (1). The entity was first described as an intrathyroidal
epithelial thymoma by Miyauchi et al. (2) and later renamed as CASTLE by Chan and Rosai, who
proposed that these tumors arise either from ectopic thymuses or from remnants of the branchial
pouches that differentiate along the thymic line (3).

CASTLE tumors show not only structural similarity to thymic tissue but also express molecular
markers of thymomas and thymic carcinomas (4, 5). In immunohistochemical staining, they are
positive for CD5 in nearly all cases and positive for CD117 and p63, but negative for markers of
thyroid carcinomas, such as thyroglobulin and calcitonin (5).

CASTLE tumors are indolent and slow-growing malignant neoplasms. In about 30-50% of cases,
that describe the nodal status, lymph node involvement is reported and in 14-29% metastatic
disease (6). Radical surgery is the treatment of choice for CASTLE, and radiotherapy is considered
in patients with positive lymph node status. For advanced and metastatic disease, the standard
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treatment is chemotherapy (6). However, because of the rarity of
CASTLE, data on the effectiveness of adjuvant radiotherapy and
chemotherapy is missing.

Immunotherapy has become a cornerstone in the treatment of
several malignancies in the past few years and involves the use
of immune checkpoint inhibitors including antibodies against
programmed cell death protein 1 (PD-1), and programmed
death ligand 1 (PD-L1) (7). When PD-1, which is primarily
expressed on activated T cells, binds PD-L1 on tumor cells,
the cytotoxic T-cell response is reduced. PD-L1 expression is
associated with a better response to anti-PD-1 treatment in non-
small cell lung cancer (8, 9) as well as in thymic carcinoma
(10). Herein, we report what we believe is the first case of a
metastatic CASTLE tumor systemically treated with the PD-L1
inhibitor pembrolizumab.

CASE PRESENTATION

A 79-year old woman was hospitalized on April 25, 2018,
at which time she had progressive dyspnea over the past 5
weeks, productive cough, poor appetite, and weight loss of 5kg
over the last 6 months currently weighing 81 kg. Her medical
history included an invasive ductal breast cancer pT1cNOMO
G2 ER 90%, PR 20% 20 years ago treated with lumpectomy,
radiotherapy, and tamoxifen until 2004, and an undifferentiated
cancer of the right parotid pT1 (17 mm) pN2 (1/2 positive in
level I, 1/11 positive in level II, no extranodal extensions) pMO0
diagnosed 2008 and treated with a total parotidectomy achieving
RO margins and a selective neck dissection levels II-IV followed
by radiotherapy.

On physical examination, the patient was in mild respiratory
distress. The pulmonary exam revealed dullness to percussion,
decreased fremitus, and decreased breathing sounds in up to
two-thirds of the left lung field. Oxygen saturation was 92%
with the patient breathing ambient air, and arterial blood gases
showed partial respiratory insufficiency. A chest X-ray confirmed
a left-sided pleural effusion, and thoracentesis removed 1.5 liters
of turbid fluid. Biochemical analysis of the fluid established
an exudative etiology. Atypical cells with immunocytochemical
positivity for p40, cytokeratin 5, and p63 in the cytopathology
specimen were primarily suggestive of a non-small cell lung
cancer, and a CT scan of the thorax showed a mass (4.2 x 2.2
x 2.8cm) in the right upper lobe and extensive cardiophrenic,
mediastinal, and hilar lymphadenopathy as well as enlarged
lymph nodes along the left arteria mammaria interna. An FDG
PET/CT scan confirmed these findings, and the scan revealed
a hypermetabolic activity in mesenteric lymph nodes and at
the left pleura (Figures 1A,B). Thoracoscopy and biopsy of the
parietal pleura were performed. Surprisingly, histopathological
examination revealed a non-small cell carcinoma (Figure 2A)
expressing CD5 (Figure 2B), CD117 (Figure2C), and p63
all indicating a carcinoma of thymic origin (5). With no
signs of a thymic pathology, the histopathological diagnosis of
CASTLE was established, and as additional immunostainings
for CD5 (Figure 3B) and CD117 (Figure 3C) in the specimen

of the parotid cancer diagnosed 2008 were positive also, a
rare case of a CASTLE tumor of the parotid healed at the
primary and neck sites, but with late metastatic dissemination
was diagnosed.

As CD117 was highly overexpressed in the tumor, exons
9, 11, 13, 14, and 17 of the C-KIT gene were analyzed after
extraction of genomic DNA by PCR using specific primers,
but no common mutation was found consistent with previous
reports (11, 12). Anticancer immunity and potential response
to immunotherapy were assessed by PD-LI staining of the
pleural tumor, which showed a high expression level of
60% (Figure 2D).

The patient underwent talc pleurodesis and left partial
pleurectomy for recurrent pleural effusions. Systemically,
disseminated metastatic disease was treated with the monoclonal
PD-L1 inhibitor pembrolizumab at a dose 200 mg every 3 weeks.
Four months after the start of immunotherapy a follow-up
FDG PET/CT study showed a partial remission with a moderate
morphologic reduction of the tumor load, but a markedly
reduced metabolic activity at all tumor sites (Figures 1C,D).
Pembrolizumab treatment continued at a dose of 200 mg IV
every 3 weeks. The patient showed a mild skin rash treated
with low dose prednisolone (20 mg with tapering) for 2 weeks.
No other adverse events associated with pembrolizumab
were observed, and the therapy was tolerated well. At the
last follow-up, the patient was in good clinical condition and
had gained 3kg of weight. On March 28th, 2019, a second
follow-up FDG PET/CT showed no residual pleural effusion (not
shown) and a further regression of lesions in the right lung and
lymph nodes. Residual focal FDG-Uptake was seen in the left
pleura (Figures 1E,F).

DISCUSSION

CASTLE is a rare malignant tumor, and in the majority
of cases, the tumor is localized in the thyroid gland (6).
Histologically, CASTLE resembles thymic carcinoma, and the
current postulation is that these tumors arise from remnants
of the branchial pouches with thymic differentiation, or ectopic
thymuses (3, 13). This hypothesis is further supported by the
observation that these tumors show positive immunostaining
for CD5, CD117, and p63 reminiscent of thymomas and thymic
carcinomas (4, 5). As Gao et al. (6) suggested the low number of
reported cases of this disease may be related to the variable, and
non-specific clinical manifestation and a conclusive diagnosis can
only be maid by postsurgical pathological examination including
immunohistochemical studies. A few extrathyroidal cases of
CASTLE have been reported, and one of them localized to the
right parotid and was classified as WHO stage III, pT1pN1cMO,
and expressed CD5, CD117, P40, and P63 (14). The patient was
treated with right total parotidectomy and ipsilateral selective
neck dissection followed by adjuvant radiotherapy and remained
disease free for more than 1 year after completing treatment
on follow-up with MRI scan (14). In the case reported here,
the diagnosis of the primary tumor in the parotid was made in
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FIGURE 1 | Initial and follow-up FDG PET/CT: (A) Initial FDG-MIP with multiple hypermetabolic lesions in the upper lobe of the right lung, in mediastinal, hilar and
upper mesenteric lymph nodes and at the left pleura. Increased turnover of the bone marrow. (B) Initial fusion FDG-PET/CT axial slice with pathologic high
FDG-uptake in the left pleura, upper mesenteric lymph nodes, and bone marrow. Normal presentation of liver, spleen, and stomach. (C) Follow-up FDG-MIP after 4
months on pembrolizumab shows a generally reduced metabolism at all tumor locations. Normalization of the bone marrow turnover. Due to newly incipient traumatic
injury at the left shoulder the patient could not lift up the left arm. (D) Fusion FDG-PET/CT axial slice after 4 months on pembrolizumab with residual FDG-uptake at the
left pleura and in upper mesenteric lymph nodes. Normal presentation of the bone marrow. (E) Follow-up FDG-MIP after 11 months on pembrolizumab shows further
regression of lesions in the upper lobe of the right lung as well as in mediastinal, hilar, and upper mesenteric lymph nodes (the focal lesions in the left mediastinum and
supraclavicular right represent the central venous catheter). Residual focal FDG-Uptake in the left pleura. Normal turnover of the bone marrow. (F) Fusion
FDG-PET/CT axial slice after 11 months on pembrolizumab with only little elevated FDG-uptake in the left pleura. The formerly upper mesenteric lymph node is healed
up. Normal presentation of liver, spleen, stomach, and bone marrow.
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FIGURE 2 | Histomorphological and immunohistochemical analysis of parietal pleura, biopsy from 2018: (A) H & E staining, (B) Immunostaining for CD5, (C)
Immunostaining for CD117, and (D) Immunostaining for PD-L1.

FIGURE 3 | Histomorphological and immunohistochemical analysis of parotid, tumor excisate from 2008: (A) H & E staining, (B) Immunostaining for CD5, and (C)
Immunostaining for CD117.

retrospect after the disease was discovered in the pleural biopsy ~ of a metachronous CASTLE, but this seems unlikely due to the
and after the parotid specimen was reanalyzed with additional  rarity of the disease. Also, we can not exclude with certainty that
staining for CD5 and CD117. We can not exclude the possibility  the lesion in the right upper lobe was a primary lung cancer with
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metastasis of the collateral, left-sided pleura. But, this alternative
diagnosis seems less likely in this non-smoking patient presenting
with weight loss over 6 months and dyspnea due to the process in
the left pleura with large, left-sided pleural effusion. Expression
of CD5 and CD117 strongly support CASTLE with metastatic
dissemination, though a minority of NSCLC are known to
express CD5 and CD117 (15).

The parotid tumor pT1pN2pMO diagnosed 2008 was
treated as undifferentiated cancer with a total parotidectomy
and a selective neck dissection levels II-IV followed by
radiotherapy, a therapeutic approach typically used for CASTLE
as well.

Chemotherapeutic regimens for advanced, metastatic
CASTLE have been used based on those designed for thymic
carcinomas (16) with the assumption that the tumor biology
of CASTLE is similar to thymic carcinomas, but available data
is very limited, and the benefit for patient survival unknown
(6). For metastatic thymic carcinomas, the response rate to
chemotherapy is <50% (17), and new effective therapies are
awaited. Importantly, thymic carcinomas express high levels
of PD-L1 (18), and recently, a first prospective study with
the anti-PD-L1 antibody pembrolizumab in patients with no
response to chemotherapy or recurrent, progressive disease
was encouraging showing a positive correlation between
response, progression-free survival, overall survival, and PD-L1
expression (10). To the best of our knowledge, expression
levels of PD-L1 in CASTLE has not been investigated. In our
patient 60% of tumor cells expressed PD-L1, and after intensive
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The incidence and mortality of oral squamous cell carcinoma (OSCC) are high, and
the number of oral cancers had risen in the world. However, chemotherapy drugs
have numerous side effects. There is an urgent requirement to develop a novel drug
that can be used to treat oral cancer. Hydroxygenkwanin (HGK) is a nature flavonoid
extracted from Daphne genkwa Sieb. et Zucc. (Thymelaeaceae). Previous studies had
demonstrated that HGK exhibits anticancer effect, but the effect is still unclear in oral
cancer. HGK inhibited cell growth dose-dependently in SAS and OCEM1 cells. The
functional enrichment analysis showed the significant pathway in cellular movement, cell
cycle and cellular growth and proliferation. We further demonstrated the HGK induced
the cell cycle arrest by flow cytometry and inhibited colony formation ability and cell
movement. The western blot showed that HGK induced cell cycle arrest through p21
activation and caused intrinsic cell apoptosis pathway. HGK inhibited the cell invasion and
migration through down-regulation vimentin. HGK might be an effective natural product
for oral cancer therapy.

Keywords: oral cancer, RNA sequencing, apoptosis, cell cycle, migration, invasion

INTRODUCTION

Oral cancer is a lethal disease worldwide with a 5-year survival rate of around 50% and oral
squamous cell carcinoma (OSCC) accounts for 90% of all oral cancer types found in the mouth,
tongue, and lips (1). The oral cancer is highly related to the exposure of risk factors such as
betel nut chewing, smoking, alcohol drinking, and virus infection (2). From 2004 to 2015, the
oral cancer incidence keeps increasing in Taiwan. Surgery, radiotherapy, and chemotherapy are
the three main treatments intended to stop or eliminate the spread of oral cancer (3). However,
chemotherapy compounds would cause normal cells damage. In order to reduce the side effect of
treatment in oral cancer, identification of the new potentially anticancer compounds is necessary.
Hydroxygenkwanin (HGK) is purification from Daphne genkwa plant. Daphne genkwa (yuanhua in
Chinese), is one kind of Daphne plants (Thymelaeaceae) distributed in Europe, Taiwan and China.
Daphne genkwa is a commonly used traditional Chinese medicine (TCM) known to have purgative
and diuretic effects (4). The daphnane diterpenoid from the flowers of Daphne genkwa, has been
demonstrated a potential anti-cancer effect in human non-small cell lung cancer (NSCLC) cells and
anti-gioma (5, 6). The Genkwa flos flavonoids significantly decreased arthritis through antioxidant
and hemorheological modulatory mechanisms in animal study (7). However, the systematic studies
of HGK, the compound from Daphnis Genkwa Flo, in oral cancer is limited. We systematically
study the gene expression profile in OECM1 and SAS cells treated with HGK. Furthermore, we
investigate the anti-cancer mechanism of HGK in oral cancer cells.
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MATERIALS AND METHODS

Cell Culture

HGK was purchased from Shanghai BS Bio-Tech Co., Ltd
(Shanghai, China) and was dissolved in dimethyl sulfoxide
(DMSO) (Merck, Darmstadt, Germany) as a stock solution
of 100mM and stored at —20°C before use. SAS is a
human tongue squamous cell carcinoma from the Japanese
Collection of Research Bioresources (Tokyo, Japan) (2).
OECM1, a human gingival squamous carcinoma cells,
derived according to previous study (2). Two cell lines
were authenticated by short tandem repeat analysis and
cultured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 1.2 g/L
sodium bicarbonate, 0.5mM sodium pyruvate, and 2.5 mM
L-glutamine. Chemical compounds, culture medium and
FBS were purchased from Life Technologies (Grand Island,
NY, USA).

Phenotypic Examination

Phenotypes including cell proliferation (MTT assay), clonogenic
ability, migration, and invasion assay were done as described
previously (2, 8).

RNA Sequencing

The total RNA samples are first treated with DNase I to
degrade any possible DNA contamination. Then the mRNA is
enriched by using the oligo (dT) magnetic beads. Mixed with
the fragmentation buffer, the mRNA is fragmented into short
fragments. Then the first strand of cDNA is synthesized by
using random hexamer-primer. Buffer, dANTPs, RNase H and
DNA polymerase I are added to synthesize the second strand.
The double strand cDNA is purified with magnetic beads. End
reparation and 3’-end single nucleotide A (adenine) addition is
then performed. Finally, sequencing adaptors are ligated to the
fragments. The fragments are enriched by PCR amplification.
During the QC step, Agilent 2100 Bioanaylzer and ABI Step One
Plus Real-Time PCR System are used to qualify and quantify of
the sample library. The library products are ready for sequencing
via Illumina HiSeq 4000 or other sequencer when necessary.

Differential Expression Analysis

Primary sequencing data that produced by Illumina Hiseq
4000 (San Diego, CA), called as raw reads, is subjected to
quality control (QC) to determine if a resequencing step is
needed (Using Trimmomativ v0.33). After QC, raw reads are
filtered into clean reads which will be aligned to the reference
sequences (mm10 for mouse) by Bowtie2 v2.2.6. QC of alignment
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is performed to determine if resequencing is needed. The
alignment data is utilized to calculate distribution of reads
on reference genes and mapping ratio. Once all of the clean
reads mapped to reference sequences, we're using “RSEM
(RNA-seq by Expectation Maximization)” for calculating read
raw count and normalized quantification from each sample.
As we got the read quantification data, we could continue
various different comparisons. The statistical tool we selected
is “EBSeq v1.16.0” which may be used to identify DEGs
(differential expressed genes). The RNAseq data were publicly
available on NCBI’s Sequence Read Archive (SRA) database (Bio-
project: PRINA559691).

Functional Enrichment
The pathway enrichment were analyzed by the Ingenuity

Pathway Analysis (IPA) (QIAGEN company, Redwood
City, CA, USA), and Gene set enrichment analysis
(GSEA) (9).

TABLE 1 | Molecular and cellular functions analysis of differential gene expression
in HGK-treated oral cancer cells.

Name p-value range #Molecules
Cellular movement 2.32E-04-2.39E-15 68
Cell death and survival 2.34E-04-7.60E-12 74
Cell cycle 2.35E-04-1.09E-11 87
Cellular growth and proliferation 2.35E-04-1.09E-11 78
DNA replication 2.80E-11-2.80E-11 22

Cell Cycle Analysis

Cell cycle analysis was performed as previously described (10).
Briefly, cells were fixed in —20°C absolute ethanol for 4h
and resuspended in PBS having 20 jLg/ml ribonuclease A. After
incubating at 37°C for 30 min, propidium iodide 100 pg/ml was
added to samples. Cell cycle was examined by flow cytometry (BD
FACSCalibur TM system, Becton-Dickinson).

Western Blotting

Western blotting was performed as described previously (2).
Antibodies against poly (ADP-ribose) polymerase (PARP)
(Asp214), caspase 9, phosphor-H2A X (ser139), E-cadherin, and
Vimentin were purchased from Cell Signaling (Temecula, CA,
USA). Anti-p21 and B-actin were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA).

Statistics

Student’s ¢-test was completed by the Statistical Package for the
Social Sciences version 12.0 (SPSS, Inc). Differences between the
variables were considered significant for p-values < 0.05.

RESULTS

Effects of HGK on the Cell Survival Assay
and Colony Formation in SAS and OECM1

Cells
To determine the ability of HGK to inhibit cell growth and colony

formation in two cell lines, cells were incubated in the absence
or presence of increasing concentrations of HGK for 24 h. The
growth and colony formation of SAS and OECM1 cells were
reduced after exposure to 25-75uM HGK for 24 h (Figure 1).
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The inhibition activity of HGK on cell survival assay and colony
formation of SAS cells was more potent than on OECM1 cells.

Functional Enrichment Analysis of
Differential Gene Expression Genes After
HGK Treatment

We identified the differential gene expression genes from
RNAseq data. A filtering criterion of FPKM value is more
than 1 (11), and log2 fold change was greater than two in
both SAS and OECMI1 datasets. The sign of change must

be consistent in both cell lines. A total of 274 genes were
significant in the SAS dataset and 969 genes in the OECM1
dataset (Table S1). 170 genes were consistent change in both cell
lines (Figure 2). Table 1 showed the most significant molecular
and cellular function of differential expression genes after HGK
treatment in SAS and OECMI cells. The final consistency
170 genes were listed in the Table S2. The cellular functions
affected by HGK were involved in the cellular movement, cell
cycle and cell proliferation (Table 1). GSEA shows a statistically
significant difference between biological samples association
with apoptosis and regulation of actin cytoskeleton functions
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FIGURE 6 | Effects of HGK on cell invasion in SAS and OECM1 cells. SAS and OECM1 cells were treated with 0, 25, 50, 75 uM HGK for 24 h. The results are shown
as the mean =+ S.E. of three independent experiments. *P < 0.05 and **P < 0.01.
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(Figure 3). Differential expression and pathway analysis in HGK
treatment oral cancer cells indicated the cell cycle, cell survival
and cell movement pathways were potential mechanisms.

Effects of HGK on the Cell Cycle
Progression in SAS and OECM1 Cells

We further examine the HGK biological function according
to the results of functional enrichment. For investigation of
the effect of HGK on cell cycle progression, cells were stained
by propidium iodide (PI) and measured by flow cytometry at
24 h following 25-75 WM HGK drug treatments. In Figure 4, as
compare to control (0 M), HGK dose dependently increased
the percentage of sub Go/G; phase SAS and OECM1 cells, and
reduced the cells in G2/M phases of SAS cells but not OECM1
cells. 50 and 75puM HGK increased the percentage of Go/G;
phase SAS cells, but 25 uM HGK reduced both of the cells in
Go/G; phases and concomitantly increased the percentage of S
phase cells (Figure 4).

Effects of HGK on Cell Motion in SAS and

OECM1 Cells

To investigate the HGK effect on SAS and OECM1 cell migration,
we used wound healing assay. The cell migration was obviously
reduced in SAS and OECMI cells at 8 and 24 h after 25 and 50 uM
HGK treatment (Figure 5). To investigate the HGK effect on SAS
and OECMLI cell invasion, we used transwell invasion assay. As
shown in Figure 6, the invasion was significantly reduced in 25
and 50 wM HGK treated- SAS and OECMI1 cells.

Effects of HGK on Cell Cycle, Apoptosis,
and EMT Regulatory Proteins in SAS and
OECM1 Cells

In a previous result, we confirmed that HGK increased the
percentage of SAS cells but not OECM1 cells in GO/G1 phase.
In order to identify the molecular involved in the HGK effect
of the GO/G1 phase, SAS and OECMI1 cells were treated with
50 and 75wM HGK for 24 h, and the cells were harvested for
Western blotting. We observed the up-regulation of p21 in SAS
cells after HGK treatment, but downregulation of p21 in OECM1
cells (Figure 7). p21 acts at the checkpoint in the cell cycle at
the G1 phase. Western blot indicated that cell cycle regulated
p21 might play an important role in in HGK-induced cell cycle
arrest. HGK dose dependently increased the percentage of sub
Go/G; phase SAS and OECM1 cells (Figure4). We further
examined the apoptosis effect by using of H2AX Phosphorylation
(12) and cleaved PARP cleaved caspase 9 (13). Western blot
analyses of pH2AX, cl-PARP and cleaved caspase 9 in both HGK
treated-SAS and OECM1 cells. The epithelial-mesenchymal
transition (EMT) provides cells with migration and invasion
abilities (14). We measured the e-cadherin (epithelial marker),
and vimentin (mesenchymal markers) in HGK-treated cells.
Vimentin showed significantly decreased between the HGK-
treated and control groups, but not significant up-regulation of
E-cadherin (Figure 7).

DISCUSSION

Natural compound and their related moieties played an
important role in drug discovery and development (15). HGK

internal marker.
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FIGURE 7 | Western blot analysis of cell cycle, apoptosis, and EMT regulatory proteins after treatment with HGK in SAS and OECM1 cells. p-actin was used as the
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was obtained from novel flavonoid extracted from Daphne
genkwa and induced cancer cell toxicity, cell cycle arrest,
apoptosis and EMT signaling pathways in different types of
OSCC cell lines (OECM1 and SAS). We demonstrated that HGK
significantly dose-dependently inhibited the rate of cell growth
in OECM1 and SAS cells. SAS cells were higher sensitivity to
HGK than OECMI cells (Figure 1). The SAS cell line was high
malignancy and metastasis derived from a poorly differentiated
squamous cell carcinoma. The OECM-1 cell line was less
malignancy established from a Taiwanese patient (16). Next-
generation sequencing technologies are being widely applied in
biomedical research (17). Systems for transcriptome profiling
provided the insight into the specific biological pathways.
Increases in GO/G1 phase cell cycle arrest with increasing doses
of HGK treatments in SAS cells, but not OECM1 (Figure 4).
Increase of the sub-G1 phase with various doses of HGK in
both SAS and OECM1 cells. Western blot results showed that
HGK activated the protein levels of p21in SAS cells, but decrease
in OECM1 cells (Figure 7). The results were consistent with
cell cycle analysis. The G1-S transition in cell cycle is driven
mainly by cyclin-dependent kinase (CDK) 2 that is controlled
by abundance of CDK inhibitors: p21 (18). p21 was a key
cell cycle regulator that arrests cells in the G1 and G2 phases.
Therefore, p21 proteins were involved in HGK-induced the cell
cycle arrest in SAS cells. HGK induce the cell death of OSCC
cells by apoptosis. The mechanisms of apoptosis are involving
two main apoptotic pathways: the extrinsic and the intrinsic
pathway (19). HGK induced cell apoptosis through the intrinsic
pathway by activation of cleave Caspase 9, and cleave PARP
(Figure 7). Histone H2AX phosphorylation was sensitive marker
for DNA double-strand breaks (20). We demonstrated that HGK
induce DNA damage in both two cell lines. Moreover, H2AX
phosphorylation also an essential role in cell cycle arrest regulated
by p21 and cell growth (21). HGK induced cell cycle arrest not
only through p21 activation but also H2AX phosphorylation.
Decrease of E-cadherin and gain of vimentin promoted tumor
migration, leading to higher metastatic risk of head and neck
squamous cell carcinoma patients (22). E-cadherin was an
important therapeutic target for designing anti-tumor drugs (6).
Figure 7 showed that SAS1 and OECMI1 cells did not loss the E-
cadherin expression. Therefore, HGK inhibited the cell invasion
and migration through down-regulation vimentin, not increase
in E-cadherin.

In this study, we provided the bioinformatics analysis and
biological functions experiments of HGK-treated oral cancer
cells. Our results showed HGK had anti-cancer activities through
multiple mechanisms including inhibition of cellular movement,

1. Markopoulos AK. Current aspects on oral squamous cell carcinoma.
Open  Dent ]. (2012) 6:126-30. doi: 10.2174/1874210601206
010126

2. Chen CY, Chiou SH, Huang CY, Jan CI, Lin SC, Hu WY, et al. Tid1 functions
as a tumour suppressor in head and neck squamous cell carcinoma. J Pathol.
(2009) 219:347-55. doi: 10.1002/path.2604

cell cycle arrest and blocking cell proliferation in oral cancer
cells. In conclusion, this study provided evidence that HGK
was a potential natural anti-tumor compound for squamous cell
carcinoma. However, further pharmacological and investigations
in vivo are required.
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Objectives: LncRNAs are essential survival prognostic indicators with important
biological functions in tumorigenesis and tumor progression. This study aimed to
establish a long non-coding RNA (IncRNA) signature that can effectively predict the
prognosis of patients with head and neck squamous cell carcinoma (HNSCC) and explore
the potential functions of these INcRNAs.

Materials and Methods: \We re-annotated RNA sequencing and obtained exhaustive
RNA-seq data of 269 patients with comprehensive clinical information from the GEO
database. Then an 8-IncRNA signature capable of predicting the survival prognosis of
HNSCC patients and a nomogram containing this signature were established. Weighted
Co-expression Network Construction (WGCNA), Gene Set Enrichment Analysis (GSEA),
and Gene Ontology (GO) enrichment were then applied to predict the possible biological
functions of the signature and each individual INncCRNA.

Results: Eight IncRNAs associated with survival in HNSCC patients, including
AC010624.1, AC130456.4, LINCO0608, LINCO1300, MIR99AHG, AC008655.1,
AC055758.2, and AC1185583.1, were obtained by univariate regression, cox LASSO
regression, and multivariate regression. Functionally, patients with high signature
scores had abnormal immune functions via GSEA. AC010624.1 and AC130456.4 may
participate in epidermal cell differentiation and skin development, and MIR99AHG in the
formation of cellular structures. Other INcRNAs in the signature may also participate in
important biological processes.

Conclusions: Therefore, we established an 8-IncRNA signature that can effectively
guide clinical prediction of the prognosis of patients with HNSCC, and individuals with
high signature scores may have abnormal immune function.

Keywords: head and neck squamous cell carcinoma (HNSCC), long non-coding RNA (IncRNA), prognostic
signature, weighted co-expression network construction (WGCNA), gene set enrichment analysis (GSEA)
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8-IncRNA Signature Predicts Prognosis in HNSCC

INTRODUCTION

Head and neck squamous carcinoma (HNSCC), the most
common and malignant carcinoma affecting the head and neck
region, is also the sixth common cancer worldwide (1, 2). In
the past few decades, multidisciplinary therapy based on various
combinations of surgery, chemotherapy, and radiotherapy has
been applied for the management of HNSCC. In addition to the
approved immune checkpoint inhibitors such as the second-line
treatment (2016), no further progress has been made, resulting
in ~50% of HNSCC patients still dying from the disease (3-
5). Meanwhile, the prognostic model currently used for HNSCC
patients is based on clinicopathological parameters (CPPs), but
many cases with the same clinical stage show different outcomes
(5, 6). Prognostic signatures based on mRNAs could not be
applied clinically (7, 8). Therefore, for HNSCC patients, an
efficient prognostic model that can predict the survival prognosis
of patients is urgently required.

Long non-coding RNAs (IncRNAs) are non-coding RNAs
with more than 200 nucleotides in length. LncRNAs are
important biomarkers for the diagnosis and prognosis of tumors
because of higher tissue specificity and increased ease of detection
compared with mRNAs (9-12). Accumulating evidence indicates
IncRNAs play vital roles in the progression and tumorigenesis
of tumors, including HNSCC (12-16). For example, LncRNA
MIR31HG promotes cell proliferation and tumorigenesis
by targeting HIF1A and P21. NEAT1 promotes laryngeal
squamous cell cancer by regulating the miR-107/CDK6 pathway.
Overexpression of IncRNA H19 promotes the occurrence of

HNSCC (17-19). With the development of the high-throughput
sequencing technology, more and more IncRNAs have been
discovered, and IncRNA signatures associated with HNSCC
prognosis have been established, but the functions of IncRNAs
in most signatures remain unknown (20-23). Therefore,
establishing an integrated IncRNA model associated with
prognosis in HNSCC and predicting the functions of respective
IncRNAs is of high importance for both patients and clinicians.

To identify IncRNAs associated with prognosis in
HNSCC and guide clinical application, we integrated
RNA-seq and clinical survival information of 269 patients
from the GEO dataset and established a nomogram
containing an 8-IncRNA signature. Functional enrichment
was performed to predict the potential functions of the
hub IncRNAs.

MATERIALS AND METHODS

Patient Information Collection and Study
Design

All HNSCC patients were collected from GSE65858 public
database (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=
GSE65858). Here are two criteria used to select desired
samples: (1) patients with mRNA expression data and clinical
data were selected; (2) survival time of patients was more
than 10 days. The platform of mRNA expression analysis
of GSE65858 was Illumina HumanHT-12 V4.0 expression
beadchip (GPL10558). All selected expression datasets were log2-
transformed, then standardized.

Download HNSCC GEO data
(GSE65858)

l 4—[ Exclude 1 cases without clinical information

269 Cases

B E——

1. Uniquely mapped to the human genome (hg 38)
2. Matching the chromosomal position of probes to the chromosomal
position of INcRNA genes based on annotations from GENCODE (Release 29)

| 17,037 mRNAs I

| 1,506 IncRNAs |
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gene expression levels from large to small

[

Y
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FIGURE 1 | Analysis of flowchart illustrates the exploration procedure for the HNSC prognostic INcRNAs and the related mechanisms.
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Construction of IncRNA Expression

Through Re-annotation

The Illumina probe sequences were obtained from the annotation
file GPL10558 and uniquely mapped to the human genome
(hg38) by NCBI blast without mismatch. Specific probes
of IncRNAs were obtained by matching the chromosomal
position of probes to the chromosomal position of IncRNA
genes based on annotations from GENCODE (Release 29).

For the case where different probes correspond to the
same gene, the expression of the gene is taken as the
median. LncRNAs were selected based on the following
criteria according to the expression values and the calculated
median and standard deviation (SD). First, IncRNAs with non-
zero values in more than 75% of the cases were included.
Second, the median and SD of the IncRNA was required to
be larger than 1.

A
33 LncRNAs 435 times
32 LncRNAs 287 times
35 LncRNAs 198 times
38 LncRNAs 42 times
28 LncRNAs 29 times
40 LncRNAs 7 times
43 LncRNAs 1 times
23 LncRNAs 1 times
rEREOANSONRNNNANESEXNNNTENE = Ow @ NS = (6]
I N ®©O o N~ o woeol s g § ﬁ § - -
cEEjieSijEaigaieigigagciigsgasgiopoiaasis
g 5555858555888 -253%¢8 35'5 g 58°a3 8szd
<<<<<<<<<<<§<<<333<934# ég## S444 232
B
1000 —
800 -
600 -
400 -
200 -
o -
"."."."."!N."’.N".".*.N.F.".N.Q".mgi §(9°'?"!°!"g".°‘.§n!".".°!‘t~.".".‘tg (O]
Pt T R P IR R L e PR LS E TR FA LS
EHBJARK g’ﬁ 28 ;g 88-—%3‘—.” § N SNSOCI o
5535050535550 2222557055235 5585000¢
2222323233833 S33233337 37 T2
FIGURE 2 | The seed IncRNAs were extracted by 1,000 times Cox LASSO regression. (A) Highly consistency was demonstrated in the IncRNAs among the 8
extracted INcCRNA sets. The left ordinate indicates the seed INcCRNA set and the number of seeds INcRNAs found by every single iteration of LASSO. The right ordinate
is the frequency of the seed INcRNA set disclosed through the 1,000 times Cox LASSO regression. The horizontal ordinate is the INcRNA name. The yellow block
represents the occurrence of the particular INcRNA in the specific INcRNA set; (B) Totally 28 seed IncRNAs with >990 occurrences in the most common IncRNA set
were filtered out for further analysis. The blue column indicates the frequency of each INcCRNA occurs in the most common IncRNA set.

Frontiers in Oncology | www.frontiersin.org

September 2019 | Volume 9 | Article 898


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Yang et al.

8-IncRNA Signature Predicts Prognosis in HNSCC

Cox Survival Analysis and Least Absolute
Shrinkage and Selection Operator (LASSO)
Regression With 10-fold Cross-Validation

The prognostic value of each IncRNA was firstly calculated
in the univariate Cox analysis using R/survival package, and
the IncRNAs with P < 0.01 were selected as seed IncRNAs
for Cox LASSO regression with 10-fold cross-validation

(CV). To identify the prognostic value of the IncRNAs,
multivariate Cox regression was further performed using
R/survival package based on each “significant” IncRNA
disclosed in the above steps. A IncRNA with P < 0.05
was defined as significant. The corresponding hazard
ratio (HR), 95% confidence interval (CI), and P-value
were collected.

TABLE 1 | Descriptions of the eight INcRNAs.

Hg38_name Ensembl_ID Havana_gene Gene_type Chr Start End Strand
MIR99AHG ENSG00000215386.12 OTTHUMGO00000074377.5 lincRNA 21 15928296 16645065 +
AC008655.1 ENSG00000267815.1 OTTHUMG00000183045.1 Antisense 19 50310022 50310539 -
AC010624.1 ENSG00000204666.3 OTTHUMG00000165525.1 Sense_overlapping 19 50050589 50066793 +
AC055758.2 ENSG00000244358.1 OTTHUMG00000159391.1 lincRNA 3 145939912 145961536 +
AC130456.4 ENSG00000260681.1 OTTHUMG00000177223.1 Antisense 16 19,410,729 19,411,662 -
AC1185583.1 ENSG00000228084.1 OTTHUMG00000010804.1 Antisense 1 99968383 99969864 -
LINC00608 ENSG00000236445.4 OTTHUMG00000154665.5 Antisense 2 218975393 218989940 +
LINC01300 ENSG00000253595.5 OTTHUMG00000164482.1 Antisense 8 141340549 141344621 +

TABLE 2 | The correlations of the INcRNAs with patients’ overall survival in HNSCC based on GSE65858 dataset using uni- and multi-variate Cox analysis.

Gene Univariate cox Multivariate cox

HR 95%CI P-value HR 95%Cl P-value
AC006213.1 0.02 0-0.25 0.002 0.14 0.01-2.15 0.16
AC008655.1 0.33 0.18-0.63 0.001 0.47 0.23-0.94 0.033*
AC009093.1 26.05 2.81-241.84 0.004 9.1 0.45-182.4 0.149
AC010624.1 0.01 0-0.23 0.003 0 0-0.1 0.001*
AC011447.3 0.58 0.24-1.17 0.117 0.45 0.16-1.26 0.129
AC026954.3 1.55 0.98-2.47 0.063 1.32 0.73-2.41 0.363
AC055758.2 0.04 0-0.74 0.031 0.02 0-0.67 0.029*
AC073957.2 14.28 1.07-190.83 0.044 9.94 0.54-184.8 0.128
AC092368.3 5.29 1.93-14.52 0.001 3.2 0.82-12.55 0.095
AC097376.2 0.04 0-0.46 0.01 0.36 0.02-6.28 0.482
AC097478.1 0.71 0.51-1 0.049 0.89 0.57-1.37 0.589
AC1185583.1 0.02 0-0.22 0.001 0.03 0-0.4 0.008**
AC130456.4 5.02 1.3-19.41 0.019 22.51 4.02-126.25 o
AC244034.2 0.17 0.04-0.65 0.01 0.99 0.19-4.99 0.986
AL121839.2 5.2 0.68-39.61 0.111 10.86 0.92-127.89 0.058
AL356157.1 12.25 2.18-68.67 0.004 2.51 0.2-32.17 0.479
AL359649.1 30.21 2.05-445.86 0.013 7.09 0.19-260.04 0.286
AL391069.2 0.03 0-0.36 0.005 0.07 0-1.06 0.055
AL451065.1 10.35 1.03-103.75 0.047 2.74 0.12-62.27 0.527
AL512625.3 11.94 1.26-113.15 0.031 8.72 0.57-133.69 0.12
AL589863.1 0.01 0-0.25 0.005 0.09 0-2.54 0.16
CERNA2 0.54 0.33-0.88 0.014 0.7 0.36-1.38 0.305
CYTOR 49.02 4.42-543.27 0.002 1.05 0.06-19.48 0.972
FLJ13224 0.01 0-0.32 0.008 0.03 0-1.13 0.058
LINC00346 21.89 2.24-213.51 0.008 8.91 0.41-196.03 0.165
LINC00608 0.04 0-0.74 0.03 0.01 0-0.27 0.006™*
LINCO1300 9.26 1.67-51.37 0.011 39.02 3.79-401.34 0.002**
MIR99AHG 0.19 0.05-0.69 0.012 0.23 0.05-0.97 0.046*
*P < 0.05, P < 0.01, **P < 0.001.
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Development of an Individualized

Prediction Model

The OS and Hazard ratios (HRs) were calculated by Kaplan—
Meier algorithm and univariate Cox regression analysis,
respectively. The log-rank method tested the differences between
the survival curves. We used the following formula to construct
a prognostic risk score model: risk score expGenel X
BGenel + expGene2 x PGene2 + exp Genen x PGenen (exp,
prognostic gene expression level; B, multivariate Cox regression

model regression coeflicients). The gene signature score as a
predictor for HNSCC patients was analyzed in the model. We
find out the significant variables through the univariate Cox
regression analysis. Candidate variables with a P-value < 0.2
on univariate analysis were included in multivariable model.
Finally, multivariable Cox regression model began with the
clinical candidate predictors as follows: T stage, M stage, and
Score. The nomogram model was built by the coeflicients of the
multivariable Cox regression model.
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Clinical Use

The R-script stdca was (https://www.rdocumentation.org/
packages/DecisionCurve/versions/1.4) used to do decision curve
analysis (DCA) which can assess the clinical net benefit of
different probability thresholds.

Gene Set Enrichment Analysis (GSEA)

The expression profile data were ranked according to the
signature score, and the data were divided into high-risk group
and low-risk group by the mean score. Then, we downloaded the
h.all.v6.2.symbols.gmt (24) from the GSEA website, and analyzed
our data using GSEA version 3.0.

Weighted Gene Co-expression Network

Analysis

The “WGCNA” package in R was applied to performed co-
expression network using the expression values of mRNA
and IncRNAs screened above. Briefly, we constructed the
weighted adjacency matrix using a power function based on
a soft-thresholding parameter p. After that, the adjacency was
transformed into topological overlap matrix (TOM), and average
linkage hierarchical clustering was performed according to the
TOM-based dissimilarity measure. In this study, we chose a
minimum size (gene group) of 30 for the genes dendrogram
and a cut-line (0.25) for module dendrogram and merged
some modules.

Hub LncRNA and Module Function

Annotation

To predict the molecular of each candidate IncRNA, IncRNA-
related mRNAs were filtered out by WGCNA. The network
visualization was performed by Cystoscope software version 3.5.1
(https://cytoscape.org/). An appropriate cutoff of p-values <0.05
and FDR <0.05 was used. The statistics and data visualization
were performed by ClusterProfiler Package in RStudio.

Validation of MIR99AHG

We compared the expression of MIR99AHG and the relationship
with overall survival in HNSCC and normal tissues with the
available data from the gene expression profiling interactive

analysis (GEPIA). GEPIA is an online tool that provides
expression analysis functions for TCGA and GTEx data.

RESULTS

Patient Characteristics

The analysis procedure of the current study is shown in Figure 1.
The basic characteristics of the patients are listed in Table S1.
A total of 269 patients with HNSCC were retrieved from the
GSE658585 dataset for further analysis. The male to female ratio
was 4.72:1, and average age was 60.14 years. There were T3-
4 (72.8%) and MO (97.4%) cases; median survival time was 28
months, and 72.9% of all individuals had no HPV infection.

Identification of Eight IncRNAs for
Predicting HNSCC Patient Survival

Using array re-annotation analysis, 1,506 IncRNAs were
identified for prognostic significance in univariate Cox
survival analysis, and 95 with P < 0.01 were filtered out
and applied to 1,000 times Cox Lasso regression with 10-
fold CV. A total of 8 IncRNA groups were disclosed, and
high consistency among the IncRNA sets was demonstrated
(Figure 2A). In the most common IncRNA set, 28 IncRNAs
were uncovered to show >990 occurrences and extracted
for further analysis (Figure2B). Multivariate Cox analysis
based on the 28 IncRNAs finally identified 8 IncRNAs,
including AC008655.1, AC010624.1, AC055758.2, AC118553.1,
AC130456.4, LINC00608, LINC01300, and MIR99AHG. The
detailed information and the survival significance of the 8
IncRNAs are shown in Tables 1, 2.

Development of the Gene Signature
Prediction Model

The overall score of these 8 genes based on regression coefficients
was as follows: signature score = (—0.9250632 x expression
of AC008655.1) — (4.7457363 x expression of AC010624.1)
- (4.1420857 x expression of AC055758.2) — (4.1541207 X
expression of AC118553.1) + (1.8755252 X expression of
AC130456.4) - (3.5253117 x expression of LINCO00608) +
(3.3913564 x expression of LINCO01300) - (1.8634876 x
expression of MIR99AHG).

TABLE 3 | Model discussion for 8 INncRNA HNSCC.

Characteristics Model 1 Model 2

Hazard Ratio 95% CI P-value Hazard ratio 95% CI P-value
HPV_status 0.53 0.31-0.9 0.018* 0.53 0.31-0.9 0.018*
M_category 3.29 1.41-7.63 0.006™* 3.47 1.5-8.01 0.004**
N_category 1.18 0.66-2.1 0.576 1.27 0.71-2.26 0.425
T_category 2.42 1.28-4.58 0.007* 2.41 1.27-4.57 0.007*
Uicc_stage 1.08 0.37-2.88 0.949 0.92 0.33-2.57 0.874
Score 0.28 0.17-0.45 o
C-index 0.68 (0.65-0.70) 0.75(0.73-0.78)
*P < 0.05, P < 0.01, **P < 0.001.
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FIGURE 4 | Score correlated enrichment gene analysis with GSEA.

(A) Hallmark IL6 JAK SATA3 SIGNALING (P = 0.004; FDR = 0.104; ES =
0.72); (B) HALLMARK COMPLEMENT (P = 0.002; FDR = 0.110; ES = 0.62);
(C) HALLMARK ALLOGRAFT REJECTION (P = 0.031; FDR = 0.180;

ES = 0.69).

An optimal cutoff value was selected to separate patients into
low-risk and high-risk groups using the pROC package in R.
Figure 3A shows that patients in the low-risk group had longer
OS (p < 0.0001) than those of the high-risk group. Multivariate
cox regression analysis included Score, Uicc_stage, T_category,
N_category, M_category, and HPV_status as independent
predictors. The results showed that factors with P < 0.05 were
included in the prediction model (Table 3). Then, the model was
also presented as a nomogram (Figure 3B). Figure 3C shows that
calibration of the new prediction model was fitted; the results
predicted by the model were basically consistent with the ideal
results of the model incorporating the gene signature (C-index
0.75, 95% CI 0.73-0.78), which was more predictive than models
not including it (C-index 0.68, 95% CI 0.65-0.71; Table 3).

Clinical Use

Figure 3D shows the DCAs for the prognostic prediction model
and the model without the gene signature. The results showed
that using the prognostic prediction model with the gene
signature to predict the OS of patients could be of more benefit
in the current model than the treat-all patients- or treat-none
scheme. Compared with this model without the gene signature,
the prognostic prediction model with the gene signature could
bring greater benefits to patients.

GSEA of the Signature Score

The GSEA data showed that samples with high signature
scores were mainly enriched in the hallmark of IL6 JAK
SATA3  signaling, HALLMARK COMPLEMENT, and
HALLMARK ALLOGRAFT REJECTION (P < 0.05; FDR
< 0.2; Figure 4; Table 4).

Weighted Co-expression Network
Construction (WGCNA)

A co-expression network was constructed using GSE65858,
including 269 HNSCC samples with complete clinical data. The
expression amounts of 5,000 genes including 4,992 mRNAs
and 8 IncRNAs were analyzed for co-expression network
constructing the “WGCNA” package. In the current study, to
ensure a scale-free network, we selected B = 5 as the soft-
thresholding power (Figure 5A) and identified a total of 13
modules (Figure 5B).

Identification of Hub IncRNAs in Modules

and Function Annotation

Identifying modules most significantly related to clinical features
is difficult. We found that the blue module was correlated with N
category, T category, and Stage; N category showed the highest
correlation (P = 5.1e-62; r = 0.58, Figure 5C).

To assess the functional involvement of the hub IncRNAs,
their co-expression modules were determined via the WGCNA
algorithm. We found AC010624.1 and AC130456.4 in the
black module, LINC00608 and LINC01300 in the blue module,
MIR99AHG in the brown module, AC008655.1 in the tan
module, and AC118553.1 in the magenta module. All mRNAs in
the modules, as well as mRNAs associated with the hub IncRNAs
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TABLE 4 | Gene Set Enrichment Analysis (GSEA) group by score.

GS follow link to SIZE ES NES NOM FDR g-val FWER Rank Leading edge
MSigDB p-val p-val at max
HALLMARK_IL6_JAK _ 66 0.72197646 1.6556728 0.004040404 0.104168214 0.065 1,383 Tags = 42%, list = 11%,
STAT3_SIGNALING signal = 48%
HALLMARK _ 144 0.6246483 1.5693254 0.002061856  0.1100425 0.138 1,045 Tags = 34%, list = 8%,
COMPLEMENT signal = 37%
HALLMARK_ALLOGRAFT_ 146 0.6888915 1.56099503 0.031189084  0.18018493 0.287 1,987 Tags = 51%, list = 16%,
REJECTION signal = 60%
A Scale independence Mean connectivity

g 2 4 5678910 12 14 16 18 20 1

3 4

s34 | g

£ 2z

s < 2

- £ 8

> Q

& I - 9

5 ° 2 §

Q @

2 = 8

g g al « 2

[

2 o

,,3;0"1 o 45678910 12 14 16 18 20

T T T T T T T T
5 10 15 20 5 10 15 20

Dynamic Tree Cut

Merged dynamic:

MEyelow
MEgrey

significance.

Soft Threshold (power)

Cluster Dendrogram

Module-trait relationships

PR
& P

S P PP LSS
dg/':oﬁ~\9 & & #’g*“’c” o o

Gene significance for N_category

0.00

015 020

0.10

0.05

Soft Threshold (power)

Module membership vs. gene significance
cor=0.58, p=5.1e-62

Module Membership in blue module

FIGURE 5 | Determination of soft-thresholding power in WGCNA. (A) Analysis of the scale-free fit index for various soft-thresholding powers (8) and analysis of the
mean connectivity for various soft-thresholding powers. (B) Dendrogram of all differentially expressed genes clustered based on a dissimilarity measure. (C) Heatmap
of the correlation between module eigengenes and clinical traits of HNSC. Scatter plot for correlation between gene module membership in the blue module and gene

Frontiers in Oncology | www.frontiersin.org

51

September 2019 | Volume 9 | Article 898


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Yang et al.

8-IncRNA Signature Predicts Prognosis in HNSCC

cam
r'E
o=
o~
-
st

|
|
!

genes in Black module).

FIGURE 6 | LncRNA-mRNA network in Black module and functional enrichment. (A) The IncRNA-mRNA network in Black module, (B) GO-BP enrichment analysis
(All genes in Black module), (C) GO-BP enrichment analysis (ACO1 0624.1 related genes in Black module), and (D) GO-BP enrichment analysis (AC130456.4 related

b i

|
s
i
m— i

assessed by the ClusterProfiler Package in the R software, are
shown in Figures 6-10.

Validation of Hub IncRNAs

All hub IncRNAs were selected for validation using the TCGA
and GTEx datasets. In the TCGA database, MIR99AHG
expression was associated with overall survival (Figure 11A),
with a difference in expression between cancer and adjacent
tissues (Figure 11B).

DISCUSSION

Using the mRNAs and IncRNAs selected after re-annotating
the GSE65858 dataset of the GEO database, 8 prognosis-related
IncRNAs  including AC010624.1, AC130456.4, LINC00608,
LINCO01300, MIR99AHG, AC008655.1, AC055758.2, and
AC118553.1 were obtained by univariate analysis, cox LASSO
regression and multivariate analysis. Combined with clinical
information, a nomogram containing an 8-IncRNA signature
was established. Time-dependent calibration curves and decision
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et

|
i
!
P
{

st et o o A e e+

curve analysis confirmed the prognostic significance and
prediction superiority of the signature and nomogram. Further,
GSEA of the signature score indicated that samples with high
scores were mainly enriched in IL6/JAK/SATA3 signaling,
complement, and allograft rejection, indicating HNSCC patients
with poor prognosis might have dysfunctional immune systems.
To identify the potential functions and involved biological
processes of each IncRNA in the signature, WGCNA was
performed. The black module containing AC010624.1 and
AC130456.4, the blue comprising LINC00608 and LINC01300,
the brown containing MIR99AHG, the tan encompassing
AC008655.1, and the magenta containing AC118553.1 were
obtained. GO enrichment analysis of all genes and IncRNA
associated genes in modules was performed. Compared with
previously established signatures (20-23), the current signature
was more effective in predicting the prognosis of patients with

HNSCC; more importantly, it indicated that the poor prognosis
of high-score patients may be associated with changes in
immune function. Furthermore, the possible biological functions
of the IncRNAs contained in the signature were assessed, which
provides new insights into possible treatment directions for
HNSCC patients.

Previous studies have shown that the IL6/JAK/SATA3
pathway plays an important role in HNSCC (25-27),
corroborating the current GSEA data. Drugs targeting the
IL6/JAK/SATA3 pathway with low side effects are still under
investigation (25-27). It can be inferred from the above
signature that patients with high scores may benefit more from
targeted drugs against the IL6/JAK/SATA3 pathway, which has
a high guiding significance in future clinical applications. In
addition, immune cells in the microenvironment such as M1/M2
macrophage, CD8+ T lymphocyte, NK cells, etc. can affect the
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tumor growth, progression, and cachexia of HNSCC by secreting
IL-6. M2 macrophage can promote the proliferation of HNSCC,
while CD8+ T lymphocyte, M1 macrophage, and NK cells can
inhibit the progression of HNSCC via IL-6 (28). Therefore, we
predicted the immune-related cells in the microenvironment
of HNSCC through CIBERSORT and explored the relationship
between IncRNAs in signature and these immune cells. It was
found that IncRNA associated with good prognosis of HNSCC,
such as AC010624.1 and MIR99AHG, was negatively correlated
with NK cells resting and M2 macrophage (Figures S1A-D).
Similarly, LINC01300 related to poor prognosis of HNSCC
was negatively correlated with CD8+ T Ilymphocyte and
M1 macrophage (Figures S1E,F). It provides a basis for the
functional study of these IncRNAs in the IL6/JAK/STAT3
pathway and immune microenvironment, but the mechanism
among IncRNAs and IL-6 remains to be explored. Besides, it

had been reported HNSCC patients with high tumor mutational
burden (TMB) appears worse prognosis (29). Our results showed
AC010624.1 was negatively related with TMB, while LINC01300
was positively related with TMB (Figures S1G,H). LncRNAs in
the signature play an important role in maintaining immune
function in HNSCC, and the mechanisms need to be explored in
the future.

WGCNA results showed that the black module containing
AC010624.1 and AC130456.4 was closely related to EGFR
mutation in clinical phenotypes, while GO enrichment data
indicated that these two IncRNAs may both participate
in epidermal cell differentiation and skin development,
which is consistent with the potential function of the black
module. EGFR is elevated in ~90% of HNSCC patients and
considered a negative prognostic factor for patients with HNSCC
(30-32). Combining these findings, we hypothesized that
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(All genes in Brown module), and (C) GO-CC enrichment analysis (MIR99AHG related genes in Brown module).

AC010624.1 and AC130456.4 affect prognosis by participating  colorectal cancer (33-36). Our results also supported these
in epidermal cell differentiation and skin development, which  conclusions. We further investigated the potential biological
in turn affects EGFR mutation in patients with HNSCC.  process by which MIR99AHG acts and may affect EGFR
Whether and how AC010624.1 and AC130456.4 affect gene mutation. There is a great need to further explore
EGFR mutations deserves further investigation by molecular  the role of MIR99AHG in the prognosis evaluation and
biology experiments. treatment of HNSCC and other cancers. Finally, we used the
Similarly, the brown module containing MIR99AHG was  TCGA database for validation. Patients with high MIR99AHG
closely related to EGFR mutation in clinical phenotype. GO  expression had better OS, and MIR99AHG was differentially
enrichment results indicated that the brown module was  expressed between HNSCC and adjacent tissues. In the future,
involved in the formation of cellular structures, such as the biological significance of MIR99AHG in HNSCC should
the apical part of the cell, actin cytoskeleton, and apical  be assessed.
plasma membrane, and MIR99AHG might also participate in The blue module containing LINC00608 and LINCO01300
this biological function. Previous studies have reported that  was associated with T and N stages, and GO enrichment
MIR99AHG, also known as MONK, is a good prognostic  results showed the blue module may be involved in protein
indicator of breast cancer, lung squamous cell carcinoma, and  processing and presentation. The potential functions of
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both LINC00608 and LINCO1300 were consistent with
the blue module. The potential function enriched for
AC008655.1 was the same as which the tan module, both
of which might be related to the response to xenobiotics.
The magenta module and ACI118553.1 may be involved
in the regulation of the extracellular matrix. LINCO01300,
AC008655.1, and AC118553.1 have not been previously
reported. For the first time, we predicted the biological
processes that may involve these IncRNAs, which deserve
further investigation for predicting the prognosis of patients
with HNSCC.

However, the limitations of this study should be mentioned.
First, we did not apply an additional data set to validate
the novel signature, which needs to be validated in large
cohorts. Secondly, alcohol and tobacco consumptions are
known prognostic factors of HNSCC (37-39), but the present
signature did not fully consider the impact of these factors.
This should be investigated in the future. Thirdly, HNSCC

originated from different tissues, but the dataset we applied
does not contain this information. Our signature lacked
information of origination. Finally, we did not perform molecular
biology experiments and clinical specimen validation to further
explore the biological functions of hub IncRNAs involved
in HNSCC.

In conclusion, we established an 8-IncRNA signature and
a nomogram for predicting the prognosis of patients with
HNSCC, and speculated that patients with a high signature
score may have dysfunctional immune regulation, which may
be a new direction of treatment for patients with HNSCC.
Functional enrichment was performed to predict the potential
functions of the IncRNAs contained in the signature, and
for the first time, various biological functions and processes
potentially altered by multiple IncRNAs were revealed. The 8-
IncRNA signature is of great significance in evaluating patient
prognosis and exploring new therapeutic targets for patients
with HNSCC.
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Exosomes are small membranous vesicles that contain proteins, lipids, genetic material,
and metabolites with abundant information from parental cells. Exosomes carry
and deliver bioactive contents that can reprogram the functions of recipient cells
and modulate the tumor microenvironment to induce pathological events through
cell-to-cell communication and signal transduction. Tumor-derived exosomes (TDES)
in head and neck squamous cell carcinoma (HNSCC) are involved in most aspects
of cancer initiation, invasion, progression, immunoregulation, therapeutic applications,
and treatment resistance. In addition, HNSCC-derived exosomes can be used to
obtain information on diagnostic and therapeutic biomarkers in circulating blood and
saliva. Currently, the biology, mechanisms, and applications of TDEs in HNSCC are still
unclear, and further research is required. In this review, we discuss various aspects of
exosome biology, including exosomal components, exosomal biomarkers, and molecular
mechanisms involved in immunoregulation, cancer metastasis, and therapy resistance.
We also describe recent applications to update our understanding of exosomes
in HNSCC.

Keywords: exosomes, head and neck squamous cell carcinoma, tumor microenvironment, biomarkers, therapy
resistance

INTRODUCTION

Head and neck cancer (HNC) is one of the most widespread malignancies worldwide. Although
continual progress has been made in the treatment of HNC, the 5-year overall survival rate
of advanced HNC remains low at approximately 50% (1, 2). HNC frequently develops from
mucosal surfaces of the mouth, including the oral cavity (tongue, lip, buccal, gingiva, and
palate), oropharynx, larynx, and perioral skin carcinoma (3). More than 90% of HNCs are head
and neck squamous cell carcinoma (HNSCC). The exact etiology of HNSCC remains unclear;
however, tobacco and alcohol consumption are major risk factors for HNSCC, as demonstrated
in epidemiological studies. Mucosal human papilloma virus (HPV) is also related to a subset of
HNSCCs; ~25.9% of HNSCCs are HPV positive, whereas the prevalence of HPV in oropharyngeal
squamous cell carcinoma (SCC) is 34.1%, which is higher than that in oral SCC (4).

Exosomes, which were first discovered in 1983, are 30-150 nm mature double membrane
multivesicular bodies (MVBs) originating from the endosomal pathway (5). Exosomes exist
in the extracellular space and in liquids, such as blood, urine, and saliva (6). Exosomes are
associated with many physiologic aspects of the disease via intercellular communication and
signal transduction, indicating that exosomes have potential clinical applications as biomarkers
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and therapeutic targets. Tumor-derived exosomes (TDEs)
contain a cytomembrane, proteins, nucleic acids, lipids, and
other substances from parental tumor cells (7). Moreover,
exosomes are known to be involved in nearly all stages of
cancer (8-11). Growing evidence has demonstrated that TDEs
participate in the development, progression, and treatment of
cancer by mediating intercellular communication and signal
transduction (12, 13). The bioactive components of HNSCC-
derived exosomes, such as microRNAs, transcription factors, and
oncogenic proteins, play key roles in mediating tumorigenesis,
tumor microenvironment reprogramming, immune tolerance,
promoting metastasis, and therapy resistance. For example,
intracellular annexin 1 (ANXA1) regulates epidermal growth
factor receptor (EGFR) activity and alter the release of
EGFR-containing TDEs in HNCs (14). Exosomes produced
by hypoxic oral SCC cells deliver viral miR-21 to normoxic
cells, inducing the epithelial-mesenchymal transition (EMT)
to promote cell migration and invasion (15). Another study
showed that exosomal nuclear factor-kB-activating kinase-
associated protein 1 (NAP1) derived from oral cancer promotes
the cytotoxicity of natural killer (NK) cells via activation
of the interferon regulatory factor (IRF-3) signaling pathway
in recipient cells (16). In addition, miR-34a-5p in cancer-
associated fibroblast (CAF)-derived exosomes in oral SCC
stimulates the proliferation and metastasis of oral cancer cells
through the AKT/glycogen synthease kinase-3B/f-catenin/Snail
signaling cascade (17). A recent study demonstrated that
thrombospondin 1 derived from oral SCC exosomes is also
involved in the polarization of macrophages to M1-like tumor-
associated macrophages and promotes the invasion of cancer
cells (18). HNSCC-derived exosomes containing EphrinBl may
manipulate the tumor microenvironment through induction of
tumor innervation (19). Additionally, Sento demonstrated that
oral SCC-derived exosomes promote tumor growth by activating
the phosphatidylinositol 3-kiase (PI3K)/AKT, mitogen-activated
protein kinase (MAPK)/extracellular signal-regulated kinase
(ERK), and c-Jun N-terminal kinase-1/signal transducer and
activator of transcription (STAT) 2 pathways (20). Emerging
evidence has supported the vital role of TDEs in the development,
progression, and treatment of HNSCC.

In this review, we summarize many aspects of exosome
biology and functions in HNSCC.

BIOGENESIS, FEATURES, AND
COMPONENTS OF EXOSOMES

Inward Budding and MVB Formation

Different types of vesicles, including extracellular vesicles (EVs),
MVBs, and exosomes, have been described and often labeled
interchangeably in many previous studies. Although these
different types of vesicles share overlapping features, they have
distinct morphologies, properties, biogenesis mechanisms, and
functional roles. Plasma membrane components and enclosing
cytosolic components are incorporated into the invaginating
membrane, resulting in the formation of early endosomes
(21). Exosomes typically originate from inward budding from

the membrane and are then released into the extracellular
space via activation of Ca’*-dependent or Rab-GTPases (22).
Briefly, exosomes are generated from early endosomes, mature
into MVBs, and are then secreted into the extracellular space
upon fusion with the plasma membrane. First, exosomes
start as early endosomes, which are formed by endocytosis
of the plasma membrane. The biogenesis of exosomes and
sorting of functional cargo is precisely regulated by certain
mechanisms involving multiple factors. The most commonly
described pathway for exosomes biogenesis is the endosomal
sorting complex required for transport (ESCRT) machinery.
Four types of ESCRTs (ESCRT-0-III) are involved in regulating
MVB formation, vesicle budding, and protein cargo sorting
(23). The ESCRT mechanism is initiated and sequestrated by
ubiquitinated proteins to domains of the endosomal membrane
via ubiquitin binding subunits of ESCRT-0 in the endosomal
membrane, then interacting with the ESCRT-I and ESCRT-
II complexes inducing membrane deformation into buds.
Finally, the ESCRT-III complex separates from the MVBs
membrane (23-25). However, the machinery that drives the
load of protein cargo into ESCRT-dependent exosomes is
still unclear.

Cells also utilize ESCRT-independent pathways, involving
insphingosine-1-phosphate, ceramide, tetraspanin-enriched
microdomains, and sphingomyelinase, for exosome production
and release (26-28). These ESCRT-independent mechanisms
may participate in promoting domain-induced budding, sorting
of bioactive molecules into exosomes, segregation of cargo
within the endosomal membrane, and exosome formation.

The ESCRT-dependent and -independent mechanisms of
exosome release are based on the cell origin. In addition,
membrane proteins of lysosomes and late endosomes may be
important for the biogenesis and secretion of exosomes (29).

Regulated Secretion and Intercellular

Interactions

Exosome secretion is involved in various signaling pathways.
For example, the key regulatory role of RAB family proteins in
trafficking intracellular exosomes was demonstrated by Colombo
et al. (30). Another report showed that the Wnt pathway is
particularly important for the dysregulation of exosome release
in cancer cells (31). Additionally, the secretion of exosomes is
mediated through exocytosis-associated molecular motors and
cytoskeletal proteins (32). Spontaneous secretion of exosomes
usually occurs at the steady state; however, some conditions are
known to stimulate exosomes. Indeed, cell intrinsic signals are
known to enhance the release of high levels of TDEs from cancer
cells via activation of oncogenic signaling pathways or regulation
of membrane fusion machinery (33). In addition, evidence
suggests that microenvironmental conditions enhance exosome
release from cancer cells (15, 34). Exosomes are then released into
the extracellular environment through exocytosis or degraded by
fusing with lysosomes. As previously described, Rab GTPases are
essential regulators of exosome secretion. Furthermore, several
studies have shown that soluble N-ethylmaleimide-sensitive
component attachment protein receptor complexes, which are
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involved in membrane fusion machinery, may affect the secretion
of exosomes (35-37).

Ultimately, exosomes are internalized by recipient
cells through receptor-mediated endocytosis, pinocytosis,
phagocytosis, or fusion with the cell membrane, resulting in
delivery of molecular and genetic components into the recipient
cells (30). Exosomes target recipient cells after secretion into
the extracellular space and then induce changes in downstream
signaling pathways. The specificity of target recipient cells
is dependent on the type of ligand/receptor pairs present on
exosomes and recipient cells; and a study provides further insight
that glycans are key players in the process of exosomes uptake
(38). A schematic representation of exosome biogenesis and
secretion pathways is shown in Figure 1.

FEATURES AND COMPONENTS OF
EXOSOMES

Typical exosomes exhibit a particular biconcave or cup-like
shape and are observed as spheroids under transmission electron
microscopy (39). Exosome contents are rich in nucleic acids,
cytosolic/endosome proteins, and cytoskeleton components,
which have unique biological activities (40). The components
of TDEs are distinct from those of exosomes released from

healthy cells. TDEs deliver functional cargo, including oncogenes
and oncogenic proteins that can exert biological activities.
The functional cargoes, such as protein cargo, RNA cargo,
and DNA cargo, of TDEs in the tumor microenvironment
have an important role in promoting cancer progression
and metastasis (Figure 1) (33). Protein cargoes, including
different oncoproteins, immunomodulatory molecules, and
growth factors, act as mediators of tumorigenesis. TDEs also
contain abundant nucleic acids, such as microRNAs (miRNAs),
mRNA, long noncoding RNAs, and DNAs, which deliver genetic
information (41-43).

Many researchers have analyzed the functions of miRNAs in
exosomes, and various specific miRNA cargoes and extracellular
components have been detected in exosomes. These observations
highlight the specificity of exosomal miRNAs, distinct miRNA
signatures of exosomes, and various functions of exosomal
miRNAs. A series of experiments have analyzed the function
of the miRNAs in exosomes since their initial description
(44). Tt has been reported that there was a selection of specific
miRNA cargoes and extracellular exports in exosomes (30).
These observations highlight the specificity of exosomal
miRNAs, distinct miRNA signatures of exosomes, and various
functions of exosomal miRNAs. Exosomal miRNAs are
associated with a variety of pathological activities, including
tumorigenesis, invasion, progression, angiogenesis, metastasis,
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FIGURE 1 | A schematic representation of biogenesis and components of the HNSCC-derived exosomes. Invagination of the plasma membrane form early
endosomes, followed by budding of payload into the endosomal membrane to form multivesicular endosomes (MVBs). Maturation of the late endosome through
fusion with the plasma membrane and release of exosomes. Some of the late endosome fuse with lysosomes for lysosomal degradation. The HNSCC-derived
exosomes contain various cellular ingredients, such as nucleic acids, lipid, and proteins, which act as key molecules of signaling transduction.
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and chemoresistance. However, not all exosomal miRNAs
are implicated in tumor-supportive mechanisms. miRNAs
of exosomes are highly functional, with roles in intercellular
communication and tumor microenvironment regulation,
indicating that exosomal miRNAs play important roles in
diagnostic and therapeutic applications.

In addition, contain  ceramides, lipids,
sphingolipids, cholesterol, and glycerophospholipids. Because
exosomes originate from the fusion of endocytic compartments
with the plasma membrane, the protein, lipid, and double lipid
layer compositions can be used to identify exosomes. The most
commonly identified markers are ALIX and tetraspanins, such as
CD9, CD63, CD81, and CD82 (23).

€xosomes

FUNCTIONS OF EXOSOMES IN HNSCC

Exosomes have been identified as bioactive and informative
nano-sized MVBs that influence many aspects of the
development and progression of HNSCC. Here, we discuss
recent findings of the mechanisms through which HNSCC-
derived exosomes modulate the immune response, tumor
microenvironment, cell-to-cell communication, and tumor
invasion. We also describe exosomes as potential biomarkers
and discuss their applications in cancer therapy and
therapy resistance.

EXOSOMES AS POTENTIAL BIOMARKERS

In the clinical setting, some relevant biomarkers have been
shown to influence treatments for patients with HNSCC. Several
reports have shown that liquid biopsies, including biopsies of
circulating tumor DNA, circulating tumor cells, and exosomal
miRNAs, can have potential clinical applications in HNC
(45). Moreover, HPV status is a prognostic factor in HNSCGC;
patients with HPV positivity have better responsiveness to
chemotherapy and radiotherapy and are more susceptible to
immune surveillance. In addition, miRNAs are independent
prognostic markers for patients with HPV-negative HNSCC
(46), and EGFR overexpression is associated with poorer
prognosis and outcomes in HNSCC (47). However, further
studies are needed to establish biomarkers for staging HNSCC
and facilitating therapeutic decision-making.

Exosomes modulate various pathological activities to promote
cancer cell growth, invasion, and distant metastasis. TDEs
also carry valuable genomic and proteomic information and
can provide information regarding alterations in genomic and
proteomic profiles of exosomes from patients with cancer
in response to anticancer therapies (48). Such proteomic
and genetic components are well-protected within the lipid
bilayer and can be preserved without significant loss of
functional profiling. Therefore, exosomes may serve as promising
markers for monitoring cancer progression and therapeutic
responses (49).

TDEs can be obtained from blood or saliva of patients with
HNSCC, indicating that TDEs may represent a real-time, non-
invasive, clinically relevant biomarker of cancer progression,

and treatment responses (45, 50-53). For example, the number
of exosomes in the plasma has been shown to be a prognosis
indicator for HNSCC. Gimzewski reported that elevated exosome
numbers, exosome sizes, and interexosomes were detected in
the saliva of patients with oral cancer (54). In addition, patients
with HNSCC with advanced-stage disease and shorter overall
survival usually exhibit elevated levels of exosomes in the
plasma, indicating that plasma exosomes in HNSCC may have
applications in monitoring tumor progression (52, 54). One
previous study demonstrated that TDE signatures could serve
as candidate biomarkers for early cancer diagnosis, monitoring,
and surveillance in HPV-16-associated oropharyngeal (55).
Moreover, a non-invasive method involving Fourier-transform
infrared spectroscopy of salivary exosomes was shown to have
high sensitivity and specificity in the diagnosis of oral cancer (56).

Non-coding RNAs from plasma exosomes have been
extensively studied as potential biomarkers in HNSCC because
they are derived from whole tumor cells and may therefore
represent whole cellular RNAs (57, 58). Several studies have
reported that cancer cells can selectively pack selected miRNAs
into exosomes, and these selective exosomal miRNAs then
act as tumor suppressors or oncogenes in HNSCC (59-61).
Additionally, a hypoxic microenvironment can stimulate oral
SCC to generate miR-21-rich exosomes, which are associated
with lymph node metastasis (15). Serum exosomal miR-21
and homeobox transcript antisense RNA (HOTAIR) are also
significantly associated with the clinical characteristics of
laryngeal SCC (59). In a previous study, elevated CAF-derived
exosomal miR-196a levels were shown to be correlated with
cisplatin resistance in HNSCC through targeting cyclin-
dependent kinase (CDK) N1B and inhibitor of growth family
member 5 (ING5), indicating that this miRNA may serve as a
promising predictor of cisplatin resistance and poor survival
in HNSCC (60). A study by Zhou and colleagues revealed
that there were significant differences in expression between
exosomal miRNAs and cellular miRNAs in laryngeal SCC
(61). Furthermore, oral cancer-derived salivary exosomal
miR-512-3p and miR-412-3p may serve as potential biomarkers
(62). In another example, Inazawa and colleagues found
that exosomal miR-1246 induces cell motility and invasion
through directly targeting differentially expressed in normal
vs. neoplastic/ MAPK-activating death domain-containing 2D
in oral SCC (63). Collectively, these results suggested that
exosomal miRNAs could serve as excellent diagnostic and
prognostic biomarkers.

Analysis of exosomal proteins is a novel tool for developing
exosomes as potential biomarkers for HNSCC. More than
80% of HNSCCs exhibit overexpression of EGFR in the
membrane, and hyperactivity EGFR plays an important role in
tumorigenesis development and drug-resistance mechanisms by
activating various signaling pathways, including the PI3K/AKT,
RAS/MEK/ERK, and Janus kinase (JAK)/STAT pathways, in
HNSCC. A recent study showed that EGFR can be secreted
from cells via the transport of exosomes and that these EGFR-
containing exosomes have the ability to regulate autocrine VEGF
production in endothelial cells (64). Exosomal EGFR mediates
metastasis and tumor immunity in lung cancer (65). ANXAI,
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a tumor suppressor in HNSCC, regulates EGFR activity and
exosomal phospho-EGEFR release, revealing that exosomal EGFR
and phospho-EGFR may be prognostic biomarkers in HNSCC
(14). Additionally, the levels of exosomal EGFR and phospho-
EGFR are reduced after cetuximab treatment, indicating that
exosomes can serve as biomarkers to monitor cetuximab
treatment (66).

Analysis of exosome protein profiles showed that the
characteristics and functions of exosomes from HPV-positive/-
negative HNC differed significantly. HPV-positive exosomes had
low p53 levels and did not contain cyclin D1, but did harbor p16,
E6/E7, and the T-cell inhibitory protein PTPN11 (67). A recent
study revealed that proteome analysis of salivary extracellular
vesicles may yield prognostic biomarkers for oral SCC (68).

The  microenvironment of HNSCC is  highly
immunosuppressive, and the programmed cell death (PD)-
1/PD-ligand 1 (PD-L1) pathway plays an important role
in HNSCC. High levels of PD-L1 are associated with poor
outcomes in various types of cancer, including HNSCC. PD-1
checkpoint inhibitors were found to be safe and effective in
platinum-refractory recurrent or metastatic HNSCC (69, 70).
Furthermore, a study by Whiteside and colleagues indicated
that PD-L1" exosomes in the plasma were related to immune
suppression and disease progression. Additionally, blocking
PD-L17 exosome signaling to PD-17 T cells attenuated immune
suppression in patients with HNSCC (71). In another study,
Ferris reported that JAK2/STAT1 signaling was involved in
EGFR-mediated immune evasion in HNSCC and that therapies
targeting this signaling pathway may be beneficial for blocking
PD-L1 upregulation in HNSCC (72). Moreover, elevated heat-
shock protein 90 levels in TDEs have been reported to serve as
potential biomarkers for clinical stage and prognosis in patients
with oral cancer (73). A recent study showed that plasma-
derived exosomes were associated with disease progression of
HNSCC after separation into CD3% and CD3~ fractions (74).
Furthermore, HNSCC-derived exosomes have been shown to

exhibit synergistic interactions with invadopodia, indicating
that exosomes play key roles in promoting cancer invasion (35).
TDEs inducing transcriptome reprogramming can cause cancer-
associated pathologies in HNSCC, including angiogenesis,
immunoregulation, and metastasis; these functional differences
in HNSCC may serve as candidate markers (75).

A growing body of evidence has shown that the characteristics
of TDEs and exosomal components (e.g., exosomal miRNAs,
exosomal proteins) may serve as potential noninvasive
biomarkers for the detection, monitoring, and treatment of
HNSCC (Figure 2). However, methods for TDE isolation and
separation are complicated and time-consuming, and additional
studies of TDEs as non-invasive biomarkers are needed.

ROLES IN REGULATING THE TUMOR
MICROENVIRONMENT

Immune Cells

The tumor microenvironment is formed by stromal cells and
is associated with malignant progression (76). Moreover, TDEs
play important roles in regulating the tumor microenvironment
of HNC (77). The immunological activities of exosomes are
related to many aspects of immune regulation, including antigen
presentation, immune activation, immune surveillance, and
immune suppression. Tumor-infiltrating myeloid-derived
suppressor cells (MDSCs), tumor-associated macrophages
(TAMs), and regulatory T cells (Tregs) are known mediators
of the immunosuppressive microenvironment and limit
the efficacy of immune therapy in HNC (78). Exosomes
that contain immunosuppressive molecules can facilitate
immunosuppression in cancer, which helps cancer cells escape
from immune responses, thereby promoting tumorigenesis
(79, 80). Additionally, exosome-associated bioactive proteins
and RNAs have been shown to regulate the immune system
(81, 82). Exosomes may mediate immune suppression through
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FIGURE 2 | HNSCC-derived exosomes act as biomarkers. Exosomal biomarkers screening of diagnostics, prognosis, or therapeutics in HNSCC.
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directly/indirectly inhibiting the functions of T cells and NK
cells and then altering the number or activity of immune
suppressor cells, including MDSCs, Tregs, and HLA-DR cells
(83). Exosomes are also involved in different soluble factors such
as check-point receptor ligands (PD-L1), inhibitory cytokines
(IL-10 and TGF-B1), death receptor ligands (FasL), ectoenzymes,
and prostaglandin E2 responsible for antitumor immunity in
the tumor microenvironment (84, 85). In lymphocytes and NK
cells, exosomes are associated with disease stage and activity in
patients with HNC, suggesting that plasma exosomes may be
related to HNC progression (86). In cancer, exosome signaling
may affect the immune system by inhibiting the maturity of
antigen-presenting cells and TDEs that carry and transfer
tumor antigens to antigen-presenting cells, thereby inducing
T cell- or NK cell-dependent immune responses (87). In a
similar study, TDEs containing FasL and tumor necrosis factor
a were found to induce T-cell apoptosis, thereby establishing
an immunosuppressive tumor microenvironment to support
tumor progression (88). TDEs derived from multiple HNCC cell
lines induce a suppressive phenotype in CD8* T cells through
galectin-1, indicating that tumor-derived immunosuppressive
exosomes may be potential therapeutic targets for preventing
T-cell dysfunction and enhancing antitumor immune responses
(89). As previously mentioned, the levels of oral SCC-derived
FasL™ microvesicles are correlated with tumor burden, and
the FasL™ microvesicles are involved in mediating apoptosis
in activated T lymphocytes via receptor and mitochondrial
pathways (51). A recent study showed that CD4TCD39" Tregs
produce adenosine by exposure to CD39TCD73" exosomes
from plasma in patients with HNSCC, thereby supporting
tumor immune escape (90). Additionally, a recent study showed
that oxygen pressure regulates the tumor microenvironment
by altering exosomal miRNAs, which subsequently regulate
the miR-21/phosphatase and tensin homolog (PTEN)/PD-L1
axis (91).

HPV-Positive and -Negative Exosomes

The molecular and functional profiles of exosomes from HPV-
positive and -negative HNSCC are different. An early study
demonstrated that HNSCC-derived exosomes have different
effects on the immune system in HPV-positive and -negative
HNSCC. However, there are no differences in suppressive
CD4" and CD8™ T cells between HPV-positive and -negative
exosomes, although the responses of human monocyte-derived
dendritic cells (DCs) and mature DCs to exosomes are
different. HPV-positive exosomes promote DC maturation,
whereas HPV-negative exosomes suppress DC maturation.
HPV-negative exosomes suppress the expression of antigen
processing machinery, whereas HPV-positive exosomes do not
(67). HPV-positive exosomes that promote DC maturation may
also stimulate antitumor immune responses, thereby improving
clinical outcomes in patients with HPV-positive HNSCC (67).
HPV has been shown to utilize host exosomes for cell-cell
communication and to induce EGFR expression and AKT
signaling in recipient cells. One study found that exosomal NAP1
derived from oral cancer cells can promote the activation of

NK cells by increasing the expression and phosphorylation of
IRE-3 (92).

Fibroblasts
CAFs are particularly important for regulating tumor
progression. Mesenchymal stem cells reprogrammed by

TDEs mediate pro-angiogenic activity and convert stromal cells
into CAFs; these cells are a major component of the tumor
microenvironment and play key roles in promoting tumor
progression (93). HNC-derived CAFs are innately resistant
to cisplatin. Indeed, a study by Zhang showed that exosomal
miR-196a derived from HNC causes cisplatin resistance by
targeting CDKN1B and INGS5, highlighting the roles of CAF-
derived exosomal miR-196a in promoting cell proliferation and
inhibiting cell apoptosis in the HNC microenvironment (60).
Moreover, high expression of microfibril associated protein 5 in
CAF-derived exosomes may contribute to the proliferation and
metastasis of oral SCC via activation of the MAPK and AKT
signaling pathways (94). Additionally, TDEs have been shown to
deliver caveolin-1 to the tumor microenvironment to mediate
the EMT and CAFs in tongue SCC (95). In a similar study,
CAF-derived exosomal miR-34a-5p was found to be associated
with oral cancer cell proliferation and metastasis in oral SCC
(17). Thus, TDEs are emerging as potent mediators of the tumor
microenvironment in HNSCC (Figure 3).

ROLES OF TDES IN REGULATING CANCER
PROGRESSION AND METASTASIS

Many studies have evaluated the roles of TDEs in cancer
initiation and progression. Numerous molecules in TDEs
have been implicated in the initiation and progression of
cancer cells or the tumor microenvironment (96). Indeed,
TDEs can transform epithelial cells into cancerous cells,
thereby initiating tumorigenesis. Studies have shown that
TDEs reprogram the functions of recipient cells and facilitate
premetastatic niche transformation to promote metastasis
through cell-cell communication or autocrine signals.
Additionally, TDEs facilitate tumor progression by delivery
of factors necessary for sustaining tumor growth via utilizing
autocrine or juxtacrine signaling (97). Furthermore, many
studies have shown that RNA from TDEs can promote
metastasis (57). The shuttling of miRNA molecules may
cause tumorigenesis, tumor progression, and mRNA entry
into recipient cells, resulting in protein translation and
metastasis (44). The EMT has been implicated in cancer
cell progression and metastasis, and TDEs deliver functional
complexes by membrane fusion with recipient cells and binding
of the recipient cell membrane receptors to promote the
EMT (98).

Exosomes derived from hypoxic oral SCC cells promote
cell migration and invasion by delivering miR-21 to normoxic
cells in HNSCC (15). Nakashima conducted a study indicating
that miR-200c-3p had invasive capacity in the human oral
SCC microenvironment (99). Moreover, CAFs contribute
to the proliferation and metastasis of oral cancer cells via
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exosome-mediated paracrine miR-34a-5p signaling (17). Several
studies have reported the heterogeneity of transforming growth
factor (TGF) P signaling in oral cavity SCC. TGFf expressed
on the surface of TDEs can differentiate fibroblasts into
myofibroblasts, thereby promoting tumor progression and
metastasis in oral cavity SCC (100). Additionally, exosomes
target different organs via variations in integrin molecules
expressed on the surface. Released exosomes can be delivered
to distant organs to promote oncogenic activity by constructing
a suitable premetastatic tumor microenvironment for tumor
migration. Thus, TDEs contribute to the development of this
premetastatic niche and induce metastatic potential in recipient
cells. A recent study showed that exosomes can transport
EGFR to the liver to remodel the liver microenvironment
(101). TDEs can transfer oncogenic EGFR to endothelial cells,
triggering upregulation of vascular endothelial growth factor
(VEGF) and autocrine VEGF in endothelial cells exposed
to cancer cell-related MVs (64). Moreover, oral cancer cell-
derived MVs promote endothelial cell angiogenesis through the
Shh/RhoA signaling pathway (102). Additional experiments have
demonstrated that exosomal miR-150 promotes tumorigenesis
by upregulating VEGE, and another study showed that
HNSCC-derived exosomes stimulate angiogenesis in vitro

and in vivo through functional reprogramming of endothelial
cells (103). These studies suggest that exosomal miRNA could
affect the biology of endothelial cells; then the exosomal
miRNA induces angiogenesis in HNC through different
regulation pathways.

TDEs modulate the immune response in tumor
microenvironment interactions implicated in cancer progression.
Oral SCC-derived exosomes induced M1-like TAMs polarized
and promoted tumor metastasis (18). And tumor released
exosomes containing EphrinB1 potentiate induce axonogenesis
will promote tumor innervation in HNSCC (19). And the
delivery of miRNA-21-abundant exosomes promote EMT-
mediated M2-like polarization of TAMs may promote tumor
progression of HNSCC (104). Another study demonstrated that
exosomes derived from irradiated HNSCC cells can modify
cancer cell movement and promote migration of recipient
cells through AKT-signaling (105). In an additional series of
experiments, exosomes were recruited to the plasma membrane
of invadopodia, and knockdown of Rab27a decreased exosome
secretion and extracellular matrix digestion associated with
maturing invadopodia (35). The mechanisms through which
TDEs regulate cancer progression and metastasis are illustrated
in Figure 3.
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THERAPEUTIC APPLICATION

Exosomes are cell-derived nanoparticles that have unique
properties, such as low immunogenicity, strong ability to cross
physiological barriers, good biodistribution and bioavailability,
and reduced immunogenicity. Thus, TDEs may have important
roles as potential vehicles for anticancer drugs. In addition,
exosomes can be remodeled through their parental cells or
supplemented with desired biological activity (106). Exosomes
have been designed as promising therapeutic agents in the
treatment of various cancers (107-109). Because patients with
metastatic HNSCC have a poor prognosis and do not typically
respond well to traditional therapies, efficient targeted delivery
of conventional chemotherapeutic drugs may be facilitated by
innovative approaches to engineering drug delivery systems, such
as exosomes.

Drug carrier exosomes have been isolated from various types
of cells, including HEK-293 cells, immature DCs, macrophages,
and cancer cells. Different therapeutic agents, including proteins,
small interfering RNAs (siRNAs), miRNAs, and targeted drugs,
can be incorporated into exosomes via electroporation, chemical-
based transfection, modification of parental cells, or direct
incubation, thereby increasing bioactivity and achieving targeted
delivery in patients. The James Graham Brown Cancer Center
initiated a phase I clinical trial to test the therapeutic effects
of plant exosomes in HNC (NCT01668849). In various types
of cancer, exosomes have been shown to shuttle miRNAs
and soluble proteins as therapeutic molecules into recipient
cells and tissues (107, 110). A hypoxic microenvironment
promotes the generation of miR-21-rich exosomes by oral SCC
in a hypoxia-inducible factor (HIF)-1a- and HIF-2a-dependent
manner, and these miR-21-rich exosomes then mediate migration
and invasion behaviors. Restoration of miR-21 expression in HIF-
la- and HIF-2a-depleted exosomes rescues oral SCC migration
and invasion (15). Moreover, hypoxic TDEs mediate MDSC
function through the miR-21/PTEN/PD-LI axis in oral SCC
(91). These findings indicate the therapeutic value of exosome
inhibition for oral SCC treatment.

Anti-EGFR nanobodies anchored on extracellular vesicles via
glycosyl phosphatidylinositol may improve the targeting ability
of extracellular vesicles, highlighting the potential applications
of these extracellular vesicles as a drug delivery system and
new tool in EGFR-expressing tumor cells (111). The blood-
brain barrier restricts drugs from entering into the brain, which
can reduce the therapeutic effects of brain cancer treatments.
Brain endothelial cell-derived exosomes can deliver anticancer
drugs across the blood-brain barrier for the treatment of brain
cancer. Additionally, exosome-based drug carriers can mediate
permeability across the blood-brain barrier, enabling the drug to
target cancer cells (112).

The main rational approaches for inhibiting exosome-
mediated tumor-promoting potential have focused on blocking
exosome release and suppressing the communication of tumor
cells with recipient cells. TDEs are known to be abundantly
secreted from cancer cells, making them potential targets for
anticancer therapy. Direct targeting of the exosome release
process has also been studied for the treatment of cancer.

Exosome-delivered transient receptor potential polycystic 2
(TRPP2) siRNA markedly suppresses TRPP2 expression and
inhibits the EMT, suggesting that exosome-TRPP2 siRNA may
be an effective RNA-based gene therapy in the treatment of HNC
(113). Invadopodia also enhance exosome secretion; accordingly,
silencing the expression of invadopodia may suppress TDE
biogenesis and release (114). Another potential strategy for
exosomal dysregulation is the inhibition of exosome uptake.
Treatment with heparin blocks the uptake of exosomes by
oral SCC cells, thereby attenuating exosome-induced cancer
progression to inhibit the growth and progression of oral SCC
cells (20). However, the use of these reagents for eliminating
exosomes is currently limited to research use only because these
reagents may also induce off-target effects. Further studies are
needed to explore the translational implications of exosome-
targeted reagents.

Owing to the potential presence of TDEs and the unique
biomarkers associated with these vesicles, TDEs may also
have applications as vaccine immunotherapies (115). Antigen-
presenting exosomes from B lymphocytes and DCs containing
MHCI/II complexes could stimulate CD4" and CD8" T cells as
therapeutic HPV vaccines (116). Additionally, HPV oncogenes
play vital roles in HPV-induced carcinogenesis, and silencing
of endogenous HPV E6/E7 expression affects both the contents
and levels of MVs released from HPV-positive cancer cells
(117). These findings indicate that inhibition of endogenous
HPV E6/E7 expression may have therapeutic applications. HPV
vaccines based on endogenously engineered exosomes for HNC
have been evaluated in several phase I clinical trials (118).
However, additional studies are required to determine the
feasibility and safety of TDEs as cancer vaccines. One of the major
challenges in developing this approach is establishing scalable,
reproducible methods for exosome production. MSCs may have
uses in exosome production at a clinically applicable scale owing
to their ability of produce large amounts of exosomes.

Collectively, these studies suggest that exosome-based
strategies may have many benefits over conventional drug
regimens; however, there are some limitations and challenges
to the use of exosomes. First, because TDEs contain genetic
components from cancer cells, cancer cells may not be suitable
parental cells for exosome targeting in clinical applications.
Additionally, efficient loading of exosomes without significant
alterations to the structure and content of exosomal membranes
may be difficult. Overall, these reports indicate that exosomes
may function as exceptional gene delivery vectors that are
safe, efficient, organ-/cell-specific, and nonimmunogenic.
Nevertheless, significant efforts are required to before clinical
applications are feasible.

ANTI-CANCER THERAPY RESISTANCE

Current therapy options for HNSCC include surgery,
radiotherapy, chemotherapy, anti-EGFR-antibody treatment,
and immunotherapy (119). However, drug resistance remains
a major obstacle for achieving successful curative treatment of
cancer. Drug resistance includes endogenous drug resistance,

Frontiers in Oncology | www.frontiersin.org

66

September 2019 | Volume 9 | Article 894


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Xiao et al.

Exosomes in HNSCC

innate drug resistance, and acquired drug resistance. Acquired
drug resistance is a process through which cancer cells
exposed to chemotherapy, radiation, or targeted therapy show
reprogramming of their genome to acquire resistance to the
therapy. Cancer cells may mitigate the effects of radiation and
chemotherapy through different mechanisms (120, 121).

Given the important roles of exosomes in cellular
communication and the tumor microenvironment, many
studies have indicated that exosomes are involved in anticancer
therapy resistance. In one mechanism, exosomes sequester
cytotoxic drugs in intracellular vesicles and subsequently negate
the effects of drugs within the cells (122). Owing to the nature
of exosomes as mediators of cell-cell communication in the
tumor microenvironment, these exosomes play important
roles in therapy resistance by transferring various contents,
such as miRNAs, mRNAs, DNAs, and proteins, to induce
extrinsic therapy resistance (123). Similarly, exosomes also
promote therapy resistance by transferring mRNAs, miRNAs,
and other components. In addition, TDEs mediate therapy
resistance by different mechanism, including improved DNA
repair, anti-apoptotic signaling, or delivery of transporters
to treatment-sensitive cells. As mediators of mesenchymal
stem cells and the EMT, exosomes also promote tumor
microenvironment-associated treatment resistance (123).

Exosomes derived from drug-resistant cancer cells mediate
drug resistance through direct shuttling of drugs out of the
cells (124). The AKT pathway is a frequently mutated oncogenic
pathway in HNSCC and functions as a key regulator of
radiation resistance and a major driver of cellular movement
and migration (125). Exosomes derived from irradiated HNSCC
cells trigger the AKT pathway to promote migration and
increase chemotaxis in recipient cancer cells (105). Radiation
therapy may increase the invasive and metastatic properties
of HNSCC via release of an abundance of exosomes in
hypoxic cancer tissue after radiotherapy (126-128). In patients
with melanoma receiving PD-1 blockade therapy, the level of
circulating exosomal PD-L1 correlates with tumor burden and
response to therapy (129). The PD-1/PD-L1 immune checkpoint

signaling axis exhibits remarkable responses in platinum-
refractory recurrent or metastatic HNSCC; PD-L1-containing
TDEs, which transfer functional PD-L1 and inhibit immune
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Objectives: Sarcomatoid carcinoma (SaCa) of the hypopharynx is rare, and its clinical
pathologic characteristics and prognosis remain unknown. Therefore, the study aimed
to analyze the oncologic outcomes of patients with SaCa of the hypopharynx.

Methods: Patients with SaCa of the hypopharynx who were surgically treated in the
period from January 1985 to December 2018 were enrolled from two clinical centers. A
matched pair study was also performed, and each patient with SaCa of the hypopharynx
was matched with one patient with squamous cell carcinoma (SCC) of the hypopharynx.
The main study endpoint was disease-specific survival (DSS).

Results: A total of 62 patients (all male) were enrolled. Compared to patients with
traditional SCC of the hypopharynx, patients with SaCa of the hypopharynx were
older and had higher rates of perineural invasion, lymphovascular invasion and cancer
cachexia. The 5-year DSS rate was 20% in patients with SaCa compared to 34% in
patients in the matched group, and the difference was significant (p = 0.016). According
to the univariate analysis, tumor stage, lymph node stage, disease stage, and cachexia
were associated with DSS. According to the Cox model, neck lymph node metastasis
and disease stage were independent predictors for worse DSS.

Conclusion: The prognosis of patients with SaCa of the hypopharynx is dismal, and
this type of SaCa is associated with more aggressive biological behavior than traditional
SCC of the hypopharynx; neck lymph neck node metastasis and disease stage were the
most important predictors of DSS.

Keywords: sarcomatoid carcinoma, cancer of the hypopharynx, spindle cell carcinoma, head and neck spindle
cell carcinoma, prognosis

INTRODUCTION

Since it was first reported by Virchow et al. (1) in 1864, sarcomatoid carcinoma (SaCa), a rare
variant of squamous cell carcinoma (SCC), has been shown to be biphasic (2) and usually
consists of both a conventional epithelial squamous cell component and a sarcomatous spindle
cell component. Conventional SCC and sarcomatoid components have now been proven to arise
monoclonally from a single stem cell (3-7). The disease is characterized by local recurrence and
invasive growth, and is associated with poor prognosis. The tumor shows morphologic epithelial
changes, where areas of squamous and spindle cell differentiation are observed (2-10).
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The larynx is the most commonly involved site in SaCa  alcoholic drink per day for at least 1 year, and smokers were
of the head and neck region, followed by the oral cavity and  defined as those who smoked on a daily basis or who had quit
hypopharynx (3). Cases of SaCa of the hypopharynx have only ~ smoking for <5 years (15).
been described by a few authors (2, 3, 5-8, 11, 12); owing to the To compare the survival rates between patients with SaCa
rarity of the disease, <50 cases have been reported, and detailed  of the hypopharynx and those with SCC of the hypopharynx,
information regarding prognosis as well as prognostic factors for  patients with SCC of the hypopharynx were also reviewed during
SaCa of the hypopharynx remain scarce. Therefore, we aimed to  the same study period in the two hospitals. Each patient with
analyze the oncologic outcomes in SaCa of the hypopharynx by ~ SaCa of the hypopharynx was matched with one patient with SCC

looking at outcomes occurring over a period of 30 years. of the hypopharynx, and the matching process was performed
according to age, sex, perineural invasion, lymphovascular
MATERIALS AND METHODS invasion, and d{sease stage (15).

The propensity score matching was used to perform the pair
matching process. A Pearson chi-square test or Fisher’s exact test
was used to compare the clinical pathologic variables between the
two groups. Disease-specific survival (DSS) was the main study
endpoint, and it was calculated by the Kaplan-Meier method. The
factors that were significant in the univariable analysis were then
analyzed in the Cox model to determine the independent risk
factors. All statistical analyses were performed using SPSS 20.0.
A p-value of <0.05 was considered significant.

The Zhengzhou University institutional research committee
approved our study, all participants signed an informed consent
agreement for medical research before initial treatment, and
all experiments were performed in accordance with relevant
guidelines and regulations.

The medical records of patients with primary spindle cell
carcinoma or SaCa of the hypopharynx who were surgically
treated from January 1985 to December 2018 were reviewed from
two hospitals: Affiliated Cancer Hospital and The First Affiliated
Hospital of Zhengzhou University. The two clinical centers had RESULTS
the same treatment principle for hypopharynx malignancies.

Information regarding age, sex, operation record, treatment,  There were 62 (all male) patients with SaCa of the hypopharynx
pathologic report, and follow-up was collected and analyzed.  enrolled in total: 25 (40.3%) patients from the Affiliated Cancer
Patients were restaged by the 7th edition AJCC classification. =~ Hospital and 37 (59.7%) patients from the First Affiliated
Cancer cachexia was defined as an unintentional weight loss of =~ Hospital. The mean age was 65.3 years old, with a range from
at least 5% of the premorbid weight occurring over 3-6 months 51 to 76, and smoking and drinking were noted in 41 (66.1%)
(13). All the pathologic sections were re-evaluated by at least two  and 29 (46.8%) patients, respectively. Cachexia was noted in 37
head and neck pathologists for the accurate diagnosis of SaCa of ~ (59.7%) patients. Tumor stages were distinguished as T1 in 10
the hypopharynx (Figure 1). Perineural invasion was considered ~ (16.1%) patients, T2 in 20 (32.2%) patients, T3 in 16 (25.8%)
to be present if tumor cells were identified within the perineural  patients, and T4 in 16 (25.8%) patients. A total of 45 (72.6%)
space and/or nerve bundle, and lymphovascular infiltration was ~ patients underwent partial pharyngolaryngectomy, and 17
positive if a tumor was noted within the lymphovascular channels ~ (27.4%) patients underwent total pharyngolaryngectomy. Thirty-
(14). Drinkers were defined as those who consumed at least one  seven (59.7%) patients underwent primary closure, 15 patients
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FIGURE 1 | Accurate diagnosis of sarcomatoid carcinoma (SaCa) of the hypopharynx showing morphologic epithelial changes, where areas of spindle cell (A) and
squamous (B) differentiation are demonstrated (hematoxylin and eosin stain x 20).
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(24.2%) underwent submental island flap reconstruction, and 10
patients (16.1%) underwent radial forearm flap reconstruction.

All patients underwent neck dissection, and a total of
59 selective neck dissections, 14 modified neck dissections,
and five radical neck dissections were performed. Neck node
metastasis was noted in 32 (51.6%) patients: N1 in 6 (18.8%,
6/32) patients, N2a in 10 (31.3%, 10/32) patients, N2b in 10
(31.3%, 10/32) patients, N2c in 3 (9.4%, 3/32) patients, and
N3 in 3 (9.4%, 3/32) patients. The disease stages observed
in patients were distinguished as I in 5 (8.1%) patients, II
in 10 (16.1%) patients, III in 17 (27.4%) patients, and IV in
30 (48.4%) patients. Perineural invasion was reported in 23
(37.1%) patients, and lymphatic invasion was reported in 22
(35.5%) patients. A positive margin was demonstrated in 6 (9.7%)
patients. Extracapsular extension of the node was reported in
17 (27.4%) patients. A total of 50 (80.6%) patients underwent
postoperative radiotherapy, and 19 (30.6%) patients also received
postoperative chemotherapy.

During the same period, there were 1,632 patients with
traditional SCC of the hypopharynx. As described in Table 1,
compared to traditional SCC of the hypopharynx, SaCa of
the hypopharynx mainly affected male, older patients and was
associated with a higher rate of perineural invasion; moreover,
cancer cachexia was more common in patients with SaCa (all
p < 0.05). No significant difference regarding tumor stage, neck
lymph node stage, disease stage, lymphovascular invasion, or
treatment was noted (all p > 0.05).

During our follow-up period with a mean time of 40.1 (range:
5-136) months, recurrence was noted in 49 (79.0%) patients: 22
(44.9%, 22/49) were cases of local recurrence, 14 (28.6%, 14/49)
were cases of regional recurrence, 7 (14.3%, 7/49) were cases
of loco-regional recurrence, and 6 (12.2%, 6/49) were cases of
distant recurrence. Fifteen (30.6%, 15/49) patients experienced
recurrence that was successfully salvaged by surgical treatment:
8 (53.3%, 8/15) patients underwent radical neck dissection, 5
(33.3%, 5/15) patients underwent total pharyngolaryngectomy,
and 2 (13.3%, 2/15) patients underwent both radical neck
dissection and total pharyngolaryngectomy. Forty-four (71.0%)
patients died of the disease, and the 5- and 10-year DSS
rates were 20 and 8%, respectively. After being matched, the
two groups had no significant difference regarding age, sex,
tumor stage, neck lymph node stage, disease stage, perineural
invasion, lymphovascular invasion, or treatment (Table 2, all p
> 0.05). In matched patients, the 5- and 10-year DSS rates
were 34 and 28%, respectively, and the difference was significant
(p = 0.016) (Figure 2).

With regard to the survival analysis in patients with SaCa,
tumor stage, neck lymph node stage, disease stage, cachexia,
and extracapsular extension were associated with the DSS rate
according to the univariable analysis, and further Cox model
analysis described that neck node stage and disease stage were
the independent predictors for DSS rate (Table 3).

DISCUSSION

Since SaCa was first reported in 1864 (1), a few studies have
described its clinical and pathologic characteristics in the throat,

TABLE 1 | Comparison of clinical pathologic variables between patients with
sarcomatoid carcinoma (SaCa) and patients with traditional hypopharynx
sguamous cell carcinoma (SCC).

SaCa (n = 62) SCC (n =1,632) p

Age

>65 47 (75.8%) 1,002 (61.4%)

<65 15 (24.2%) 630 (38.6%) 0.022
Sex

Male 62 (100%) 1,248 (76.5%)

Female 0 384 (23.5%) <0.001
Smokers

Yes 41 (66.1%) 956 (58.6%)

No 21 (33.9%) 676 (41.4%) 0.236
Drinkers

Yes 29 (46.8%) 589 (36.1%)

No 33 (53.2%) 1,043 (63.9%) 0.086
Cachexia

Yes 37 (69.7%) 745 (45.6%)

No 25 (40.3%) 887 (54.4%) 0.030
Tumor stage

T14T2 30 (48.4%) 749 (45.9%)

T3+ T4 32 (51.6%) 883 (54.1%) 0.699
Neck node stage

NO 30 (48.4%) 715 (43.8%)

N+ 32 (51.6%) 917 (56.2%) 0.476
Disease stage

I 15 (24.2%) 519 (31.8%)

M+ v 47 (75.8%) 1113 (68.2%) 0.206
Perineural invasion®

Yes 23 (37.1%) 287 (24.0%)

No 39 (62.9%) 908 (76.0%) 0.020
Lymphovascular invasion*

Yes 22 (35.5%) 248 (20.3%)

No 40 (64.5%) 971 (79.7%) 0.004
Extracapsular spread®

Yes 17 (27.4%) 333 (24.9%)

No 45 (72.6%) 1004 (75.1%) 0.655
Treatment

Surgery 12 (19.4%) 245 (15.0%)

Surgery + radiotherapy 31 (50.0%) 822 (50.4%)

Surgery + radiotherapy + 19 (30.6%) 565 (34.6%) 0.601

chemotherapy

#Status of perineural invasion in 437 patients with traditional SCC was unknown.
*Status of lymphovascular invasion in 413 patients with traditional SCC was unknown.
& Status of extracapsular spread in 295 patients with traditional SCC was unknown.
Gray value indicates significant variables.

the parotid gland and other subsites of the head and neck region
(2-12). However, due to the rarity of the disease, <50 cases
of SaCa of the hypopharynx have been previously reported (2-
12), and the prognosis and prognostic factors remain unknown
in SaCa of the hypopharynx; the current study was the first to
present the clinical results of SaCa of the hypopharynx. SCC
is the most common pathologic type found in head and neck
cancer (16). Previous evidence has shown an evolution from
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TABLE 2 | Comparison of clinical pathologic variables between patients
with sarcomatoid carcinoma (SaCa) and matched patients with traditional
hypopharynx squamous cell carcinoma (SCC).

SaCa (n = 62) SCC (n = 62) p*

Age

>65 47 (75.8%) 47 (75.8%)

<65 15 (24.2%) 15 (24.2%) NS
Sex

Male 62 (100%) 62 (100%)

Female 0 0 NS
Smokers

Yes 41 (66.1%) 37 (59.7%)

No 21 (33.9%) 25 (40.3%) NS
Drinkers

Yes 29 (46.8%) 33 (563.2%)

No 33 (53.2%) 29 (46.8%) NS
Cachexia

Yes 37 (69.7%) 37 (69.7%)

No 25 (40.3%) 25 (40.3%) NS
Tumor stage

T+ T2 30 (48.4%) 27 (43.5%)

T3+ T4 32 (51.6%) 35 (56.5%) NS
Neck lymph node stage

NO 30 (48.4%) 34 (54.8%)

N+ 32 (51.6%) 28 (45.2%) NS
Disease stage

I+ 15 (24.2%) 15 (24.2%)

I+ v 47 (75.8%) 47 (75.8%) NS
Perineural invasion

Yes 23 (37.1%) 23 (37.1%)

No 39 (62.9%) 39 (62.9%) NS
Lymphovascular invasion

Yes 22 (35.5%) 22 (35.5%)

No 40 (64.5%) 40 (64.5%) NS
Extracapsular spread

Yes 17 (27.4%) 14 (22.6%)

No 45 (72.6%) 48 (77.4%) NS
Treatment

Surgery 12 (19.4%) 11 (17.7%)

Surgery + radiotherapy 31 (50.0%) 33 (63.2%)

Surgery + radiotherapy + 19 (30.6%) 18 (29.0%) NS

chemotherapy

#NS, not significant.

conventional epithelial cancer to SaCa as well as a malignant
nature of the sarcomatoid component (7). There might be
variations in survival between SaCa and conventional SCC. Our
matched analysis supports the hypothesis that a significantly
lower DSS rate is noted in patients with SaCa than in patients
with SCC, and a similar finding was also reported by Chang et
al. (8) in SaCa of the head and neck. However, it is prudent
to conclude that the prognosis of SaCa of the hypopharynx
is poorer than that of SCC of the hypopharynx: first, both
studies had a limited sample size (62 cases and 18 cases),
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FIGURE 2 | Comparison of disease-specific survival between patients with
sarcomatoid carcinoma (SaCa) of the hypopharynx and patients matched for
squamous cell carcinoma (SCC) (p = 0.016).

TABLE 3 | Univariable and cox model analysis of predictors for the
disease-specific survival in patients with hypopharynx sarcomatoid carcinoma.

Variables Univariable Cox model

P P Exp(B) (95% CI)
Age (<65 vs. >65) 0.185
Smoke 0.385
Alcohol 0.560
Tumor stage (T1 + T2 vs. 0.040 0.277 1.680 (0.402-7.011)
T3 +T4)
Node stage (NO vs. N+) <0.001 0.048 1.339 (1.011-4.697)
Disease stage (I+ Il vs. 0.013 0.002 2.090 (1.231-6.913)
I+ V)
Perineural invasion 0.175
Lymphovascular invasion 0.408
Cachexia 0.035 0.611 0.821 (0.287-4.341)
Extracapsular extension 0.021 0.058 1.339 (0.968-2.998)
Radiotherapy 0.689
Chemotherapy 0.738
Margin status 0.366

Gray value indicates significant variables.

and second, even if the matching process had taken several
confounding factors into consideration, the different radiation
techniques and margin statuses were not analyzed between the
two groups, owing to the long time span; these factors are
typically independent negative prognostic predictors in head and
neck cancer (17).

The detailed clinical pathologic characteristics of SaCa of the
hypopharynx remain unclear. Gamez et al. (4) reported that
the majority of patients with SaCa of the larynx were elderly
males who presented with early-stage disease. Berthelet et al.
(3) also reported a male prevalence and a low risk of lymph
node metastasis in SaCa of the head and neck. Our findings
partially supported these viewpoints: all patients were male, and
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compared to patients with traditional SCC, patients with SaCa
were older. However, hoarseness was apparent even in every
patient with early-stage SCC of the larynx; however, there are
typically no obvious symptoms that appear until advanced-stage
cancer of the hypopharynx occurs, which might explain why
most of our patients presented with advanced-stage disease.
Cancer cachexia is a common concomitant phenomenon in
SCC of the head and neck, and approximately one-third of
patients have cachexia at diagnosis (18, 19). This finding is
partially reflected by the degree of tumor malignancy (20); data
demonstrate a higher degree of tumor malignancy in patients
with SaCa than in our patients with traditional SCC of the
hypopharynx and in previous reports (18, 19). Additionally,
perineural invasion and lymphovascular invasion are two of the
most important prognostic factors in SCC of the head and neck,
and it has been noted that there are higher rates of perineural
invasion and lymphovascular invasion in patients with SaCa.
These findings suggest that the biological behavior of SaCa is
more aggressive and might result in poorer survival than that
of SCC.

The prognosis of patients with SaCa of the head and neck is
typically dismal. In a report by Berthelet et al. (3), a total of 17
patients were enrolled for analysis, and the authors described that
the median survival time was 32 months, with an actual survival
of 72 and 42% at 2 and 5 years, respectively. In another paper
focusing on outcomes in SaCa of the larynx, the authors reported
that the 5-year overall survival, progression-free survival, and
local control rates were 63, 46, and 72%, respectively (4). This
finding apparently conflicts with our findings. The 5-year DSS
rate was found to be only 20% in the current study; the first
possible explanation for this finding is that advanced stage disease
predominated in the current study, unlike in the abovementioned
studies. Similarly, in a report published by Chang et al. (8), of the
78 included patients, 64% (50) were classified as having T3 or T4
tumors at the time of diagnosis, and the 5-year survival rate was
14%. Second, all the cases of disease in the current study involved
localization in the hypopharynx, and cancer of the hypopharynx
is usually associated with a poorer prognosis than cancers in
other subsites of the head and neck (21).

Opverall lymph node metastasis is typically uncommon in SaCa
of the head and neck. Gamez et al. (4) reported that positive
neck disease represented only 5% of the cases of SaCa of the
larynx, and Niu et al. (10) reported that 5 (20%) patients had
pathologic node metastasis out of the 15 patients undergoing
neck dissection. However, in the current study, it was noted that
32 (51.6%) patients had neck metastatic disease, and this striking
difference might be associated with the anatomic characteristics
of the hypopharynx. There are abundant lymphatic vessels in the
hypopharynx, and movements related to swallowing and speech
can promote the occurrence of metastasis. Moreover, routine
neck dissection was included in the primary treatment strategy
in the two cancer centers, but in the abovementioned studies,
elective neck dissection was more commonly performed, and this
discrepancy might mask the true incidence of metastasis.

Prognostic factors have been evaluated for SaCa of the head
and neck. Chang et al. (8) found that in a surgical intervention
group, only a history of previous SCC produced good outcomes.
The practice of neck dissection, the use of adjuvant therapies,
or cancer stage did not affect the overall survival rate. Niu et
al. described that in SaCa of the parotid gland, perineural nerve
invasion was the only independent predictor for DSS (10). In
the current study, neck lymph node metastasis was significantly
associated with the DSS rate in SaCa of the hypopharynx. A
higher neck lymph node metastasis stage and disease stage were
associated with a higher risk of death, and a similar finding was
also noted in SCC of the head and neck (22, 23).

The effectiveness of radiotherapy and chemotherapy for
increasing local-regional and distant control in SCC of the head
and neck has been widely accepted, but there is little evidence
in the literature on the role of such adjuvant treatments for
the treatment of SaCa. In a report by Chang et al. (8), 41
(64.1%) of the patients received radiotherapy, and the author
found that no apparent survival benefit was associated with
radiotherapy. In another paper focusing on SaCa of the larynx
(24), the authors reported that compared to a 57.1% DSS rate
with nonsurgical treatment, surgery led to a 5-year DSS rate of
84.1%, and adjuvant radiotherapy was not advised. Similarly, we
also failed to note that postoperative adjuvant treatment could
improve DSS. However, owing to the difference in the lymph
node metastasis rate and pattern between cancer of the larynx and
hypopharynx, the application of adjuvant radiotherapy cannot
be easily excluded, and more studies are needed to clarify
this question.

In summary, the prognosis of patients with SaCa of
the hypopharynx is dismal, and SaCa of the hypopharynx
is associated with more aggressive biological behavior than
traditional SCC of the hypopharynx; neck lymph node stage and
disease stage were the most important predictors for DSS.
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Head and neck squamous cell carcinoma (HNSCC) is a highly aggressive solid tumor,
with a 5-year mortality rate of ~50%. The development of immunotherapies has improved
the survival of patients with HNSCC, but, the long-term prognosis of patients with
recurrent or metastatic HNSCC remains poor. HNSCC is characterized by intratumoral
infiltration of regulatory T cells, dysfunctional natural killer cells, an elevated Treg/CD8%
T cell ratio, and increased programmed cell death ligand 1 protein on tumor cells.
This leads to an immunocompromised niche in favor of the proliferation and treatment
resistance of cancer cells. To achieve an improved treatment response, several potential
combination strategies, such as increasing the neoantigens for antigen presentation
and therapeutic agents targeting components of the tumor microenvironment, have
been explored and have shown promising results in preclinical studies. In addition,
large-scale bioinformatic studies have also identified possible predictive biomarkers of
HNSCC. As immunotherapy has shown survival benefits in recent HNSCC clinical trials, a
comprehensive investigation of immune cells and immune-related factors/cytokines and
the immune profiling of tumor cells during the development of HNSCC may provide more
insights into the complex immune microenvironment and thus, facilitate the development
of novel immunotherapeutic agents.
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INTRODUCTION

Head and neck cancer, 90% of which is squamous cell carcinoma (HNSCC), is the sixth most
common cancer globally (1). HNSCC is composed of a heterogeneous group of tumors developing
from the mucosa of the nasal and oral cavity, oropharynx, hypopharynx, or larynx (2). The
major risk factors for HNSCC are smoking and alcohol consumption. Other risk factors include
high risk human papillomavirus (HPV) infection, which is associated with oropharyngeal cancer
increasingly worldwide (3). The areca nut chewing is linked to development of oral cancer in south
Asia, Taiwan, and Pacific islanders. Treatment of HNSCC involves a multidisciplinary approach
composed of surgery, radiotherapy, chemotherapy, and targeted therapy. However, the prognosis
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of metastatic HNSCC remains extremely poor. A combination
of cetuximab and chemotherapy (cisplatin and 5-fluorouracil)
shows better clinical efficacy than conventional chemotherapy;
however, the median overall survival time is ~10 months
(4). In recent years, the introduction of immune checkpoint
inhibitors (ICIs) targeting the programmed death 1-programmed
death ligand 1 (PD1-PDL1) pathway has resulted in further
improvements in the outcome of patients with metastatic
HNSCC, but the results remain unsatisfactory when compared
with other malignancies, like melanoma and lung cancer (5, 6).

Accumulating data suggest that the tumor microenvironment
(TME) plays an important role in the pathogenesis and
development of treatment resistance in a variety of malignancies,
including HNSCC. Several cell subtypes, including regulatory
T cells (Tregs), cancer-associated fibroblasts, and macrophages,
together with non-cellular components, like extracellular
matrix (ECM), have been shown to be associated with
immunocompromised status and the dysfunction of normal
immune cells, like cytotoxic T cells or dendritic cells in the
TME of HNSCC (7). HPV infection status and smoking are also
related with distinct immune TMEs (8, 9).

To achieve improved treatment responses and clinical
outcomes in the immunotherapy era, it is important to
understand the complex immune TME of HNSCC. In this review,
we describe major cell subtypes and cellular components and
discuss their function. In addition, we summarize potential
strategies to overcome TME-mediated treatment resistance.

TUMOR MICROENVIRONMENT OF HNSCC

The heterogeneity of molecular and cellular components has
been reported in the TME of HNSCC (10, 11). However, the
HNSCC TME is still characterized by some unique features,
leading to immunosuppression and diminished anticancer
immunity (Table 1). The TME is composed of stromal cells,
immune cells, tumor cells, and cytokines, which mediate the
interactions between these cells. HNSCC patients have decreased
absolute T cell counts in the tumor and the circulation and the T
cells have apoptotic features via the Fas/FasL signaling pathway
and defective function (12, 16). The functional defects of tumor-
infiltrating lymphocytes (TIL) include decreased expression of
the CD3 zeta chain, decreased cytokine secretion, and loss
of the ability to kill cancer cells (13-15). Tregs account for
the major proportion of T cell components, which construct
an immunosuppressive barrier, thus hindering the activity of
effector T cells (Teffs) in the TME and interfering with the
antitumor response to immunotherapy (26). A decrease in the
number of immune cells with antigen-presenting machinery
(such as dendritic cells) and in cytotoxic ability (such as natural
killer cells) results in a profoundly immunodeficient tumor,
which is common in HNSCC (16, 19, 27). Moreover, HNSCC
tumors are characterized by desmoplastic stromal fibroblasts,
which promote tumor invasion and progression via autocrine
and paracrine factors (28, 29).

Communication within cancer cells, immune cells, and
stromal cells via extracellular vesicles (EVs) is increasingly

thought to be important (30). EVs not only deliver oncogenic
proteins and non-coding RNA molecules to modulate tumor
progression, but also modulate immune responses by inhibiting
T cell proliferation and Thl and Th17 differentiation (31). EVs
promote suppressive immunity by activating Fas ligand (FasL),
to induce CD8™ T cell apoptosis and the polarization of THP-1
to tumor-associated macrophages (TAMs) of the M2 phenotype
(32, 33). Although several studies have analyzed the TME, it
remains difficult to define HNSCC as an immune-inflamed,
immune-excluded, or immune-desert tumor, due to diverse
intratumor/peritumor expression patterns and the distribution
of immune cells and cytokines (34, 35). The antitumor immune
response to immunotherapy in the TME depends on the balance
of stromal components, intratumoral Teffs, and immune-
suppressive cell populations.

Cellular Component of the HNSCC TME
Regulatory T Cells

Tregs are a subset of T «cells that contribute to the
immunosuppressive TME in HNSCC (21). Treg recruitment
is mediated by chemokines and associated receptors, such
as CCL28-CCR10 and CXCL12-CXCR4 (36, 37). Tregs are
characterized by specific markers, such as of CD4; CD25;
and the transcription factor, forkhead box P3 (FOXP3) (22).
Tregs express high levels of cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4), which binds to CD80 and CD86 on
antigen-presenting cells (APCs), leading to a reduced capacity
to activate Teffs. Tregs exhibit their suppressor function by the
consumption of interleukin-2 (IL-2), the secretion of granzyme
and/or perforin to damage effector cells, and the production
of immune-inhibitory cytokines and molecules, such as IL-10,
IL-35, and transforming growth factor-p (38, 39). Tregs release
large amounts of ATP and provide inhibitory signals to Teffs
and APCs via the engagement of adenosine A, receptor (AzAR)
(40). In HNSCC, as in other malignancies, large numbers
of Tregs infiltrate the TME. Intratumoral Tregs are more
immunosuppressive than circulating Tregs, as evidenced by an
increased expression of immune checkpoint molecules (23). A
recent study identified a subset of Tregs with high levels of T-cell
immunoglobulin and mucin domain-3 (TIM-3) expression
from a population of CD4TCTLA-4tCD25"8" Treg cells. These
high TIM-3-expressing Tregs are more immunosuppressive
than Tregs with low levels of TIM-3 expression. After the
administration of an anti-PD-1 monoclonal antibody, the
expression of TIM-3 on this subgroup of T cells decreased (41).
Another recent study demonstrated that Tregs are related to
resistance to radiotherapy. The incorporation of an anti-CD25
antibody can overcome Treg-related treatment resistance (42).
Several studies have demonstrated a negative prognostic impact
of large numbers of Tregs in HNSCC (43, 44).

Myeloid-Derived Suppressor Cells

Myeloid-derived suppressor cells (MDSCs) can be divided
into three major subtypes, Ly6C*T monocytic MDSCs (M-
MDSCs); Ly6G™ granulocytic polymorphonuclear myeloid-
derived suppressor cells (PMN-MDSCs); and early stage e-
MDSCs, which consist of the former two subsets deficient in
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TABLE 1 | Immune profilings of tumor microenvironment in HNSCC.

Characteristics Functions and mechanisms References
Decrease absolute T cell counts in tumor and circulation Activation of Fas/FasL signaling pathway, leading to apoptosis of T cells (12)
Dysregulation of T cell functions 1. Decreased HLA-DR expression on DCs and defective functions to (13-15)
stimulate allogeneic T cells
2. Decreased expression of the CD3 zeta chain (CD3g)
3. Decreased response to mitogens or IL-2
4. Absence of IL-2 and/or IFN-y production
Downregulation of antigen processing machinery Myeloid DCs is lower than lymphoid DCs (16)
Increased Treg cell 1. Induce apoptosis of CD8* T cells 12)
2. Inhibition of the proliferation of CD4™ T cells
Increased MDSCs Increased arginase-1 and iNOS driving immunosuppression partially by (17,18)
inactivating effector T cells
Decreased NK cells Impaired NK cell activity (19)
Increased Activated, antigen-presenting and memory B cells (20)
Increased expression of immune checkpoint ligand and receptors A series of inhibitory immune checkpoints including PD-1, CTLA-4, (21-23)
TIM3, IDO, KIR, and TIGIT
Deficiencies or alterations of tumor HLA class | expression Causing T-cell tolerance 1)
Increased TGF-B, IL-6, and IL-10 Secreted by Tregs and MDSCs (24, 25)
Aberrant activation of the transcription factors STAT3 and NF-kB Related to IL-6 and TGF-B signaling, respectively (24, 25)
Increase enzymes IDO-mediated degradation of the amino acid 1. Deprivation of the tumor microenvironment of essential nutrients for (17,18)

tryptophan

T cell function
2. Activate Tregs to overcome immunogenic responses and
promote tumorigenesis

HLA, human leukocyte antigen; DC, dendritic cells; IL, interleukin; IFN, Interferon; DC, dendritic cells; MDSC, myeloid-derived suppressor cells; iNOS, inducible nitric oxide synthase;
PD-1, Programmed death-1; CTLA-4, cytotoxic T-lymphocyte-associated antigen 4; TIM3, T-cell immunoglobulin and mucin domain-3; IDO, indoleamine 23-dioxygenase; KIR, killer
cell immunoglobulin-like receptors; TIGIT, T cell immunoreceptor with Ig and ITIM domains; TGF, transforming growth factor; STAT3, Signal transducer and activator of transcription 3;

NF-kB, nuclear factor kappa light chain enhancer of activated B cells.

myeloid lineage markers (45). The accumulation of MDSCs
in the TME is associated with cancer progression and the
inhibition of T cell activity and function (46). Various
factors in the TME can induce the accumulation of MDSCs,
including vascular endothelial growth factor (VEGF), IL-6, and
granulocyte-macrophage colony-stimulating factor (GM-CSF)
(20). In addition, MDSCs regulate the TME by increasing the
production of nitric oxide, reactive oxygen species, inducible
NO synthase, and arginase-1; depleting various amino acids,
such as L-arginine, L-tryptophan, and L-cystein; inducing pro-
angiogenic factors; and elevating the expression of PD-L1 (17,
18). In HNSCC, a recent study demonstrated that a higher
frequency of PMN-MDSCs is associated with poorer survival.
Specifically, a subset of CD66b™/CD11b*/CD16" mature PMN-
MDSCs showed higher expression and activity of arginase I and
demonstrated a greater suppressing effect on T cell proliferation
and cytokine production than other MDSC subtypes. Moreover,
high levels of CD11bT/CD16" PMN-MDSCs, but not other
PMN-MDSC subsets, are strongly correlated with adverse
outcomes in HNSCC patients (47).

Cancer-Associated Fibroblasts

Cancer-associated fibroblasts (CAFs) construct the stroma of
the TME to promote the growth of cancer cells. CAFs possess
different characteristics dependent on their status. For example,
the active form of CAFs displays typical markers, such as
a-smooth muscle actin and fibroblast activation protein and

promotes tumor proliferation, invasion, and metastasis (48—
50). CAFs regulate the TME via secretion of various cytokines
and growth factors, such as VEGE epidermal growth factor,
C-X-C motif chemokine ligands, and C-C motif chemokine
ligands (CCLs) (51, 52). Most importantly, CAFs secrete matrix-
metalloproteinases (MMPs), which are crucial regulators of the
TME and are responsible for degradation of the ECM (53).
CAFs can be transformed from diverse progenitor cells, including
endothelial cells, resting fibroblasts, and epithelial cells, via
mesothelial-mesenchymal transition or epithelial-mesenchymal
transition (EMT) (54, 55). In the TME of HNSCC, CAFs
can promote the proliferation, migration, and invasion of
tumor cells (29). CAFs also have a metabolic relationship with
tumor cells. CAFs secrete hepatocyte growth factor (HGEF),
which then activates c-met to promote the progression of
HNSCC (56). Additionally, HNSCCs secrete basic fibroblast
growth factor (bFGF) which increases the phosphorylation
of p44/42 mitogen-activated protein kinase, leading to the
secretion of HGF from CAFs. Notably, the secretion of bFGF
is also mediated by CAF-secreted HGF. Inhibition of c-met
and the FGF receptor can reduce tumor volume. CAFs are
also associated with the development of cancer stem cells,
which is associated with treatment resistance (57). CAF secretes
periostin, which promotes a cancer stem cell-like phenotype via
interaction with protein tyrosine kinase 7 (58). Another study
also showed that CAFs secrete several proteins that promote
the expression of stemness-associated genes in HNSCC cells.
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Inhibition of these protein-associated pathways can suppress
tumor growth (59).

Tumor-Associated Macrophages

TAMs have two distinct phenotypes, M1 and M2, with
different morphological and biological characteristics (60, 61).
The activated M1 phenotype promotes Thl response and
displays pro-inflammatory behaviors, whereas the activated
M2 phenotype enhances Th2 response and mediates anti-
inflammatory functions, which are more associated with
tumor progression, invasion, metastasis, and the suppression
of T cell immunity (61-63). Activated M2 macrophages
demonstrate upregulated levels of IL-10, arginase-1, and
peroxisome proliferator-activated receptor y, which are known
as markers of M2 TAMs (64-66). The M2 phenotype is
induced by several cytokines, such as IL-4, IL-10, and IL-13.
Activated M2 macrophages inhibit M1 TAMs and promote
tissue remodeling through the production and secretion of anti-
inflammatory cytokines, including IL-1 receptor antagonist, IL-
10, transforming growth factor-p (TGF-f), VEGE and tumor
necrosis factor-a (TNF-a) (24, 25). In HNSCC, TAMs are
recruited to the TME and directly contact SCC cells. A recent
study showed that CCL18 derived from M2 macrophages is able
to promote tumor metastasis by inducing EMT and stemness
(67). Regarding clinical significance, a meta-analysis showed that
high CD68™ and CD163% TAM density is associated with poor
cell differentiation and advanced disease status (68). Another
meta-analysis showed that high stromal levels of CD163%
TAMs are associated with poorer overall and progression-free
survival (69).

Other Cellular Subtypes
Human natural killer (NK) cells are important in the innate
immune system and can be classified into two subgroups
according to the surface expression of CD56 and CDI6.
CD564m/CD16"18" NK cells are predominantly responsible
for natural cytotoxicity, whereas CD56°"81/CD164™ NK cells
regulate immune reactions through the secretion of cytokines,
such as interferon-y and TNF-a (70, 71). The activation of NK
cells induces the apoptosis of target cancer cell, through the
exocytosis of perforin and granzymes, FasL and TNF-related
apoptosis-inducing ligand (TRAIL) activation, or antibody-
dependent cellular cytotoxicity (ADCC) (72, 73). The natural
killer group 2D (NKG2D) receptors on immune cells, including
NK and several T cell subsets, play an important role in
immunosurveillance. By identifying and engaging the NKG2D
ligand (NKG2DL) on tumor cells, NK and T cells can exert anti-
tumor effects. In HNSCC, high plasma levels of shed NKG2DLs
correlate with NK cell inhibition and disease progression (74).
Neutrophils are involved in the adaptive immunity response.
Tumor-associated neutrophils (TANs) exhibit both pro- and
anti-tumor characteristics. Similar to TAMs, TANs are also
divided into two subgroups, N1 and N2 (75). Neutrophils
eradicate cancer cells by releasing the antimicrobial and cytotoxic
contents of their granules or by secreting immune mediators
to recruit other antitumor effector cells. However, other factors
from the tumor can shift neutrophils into a pro-tumor

phenotype (76). Neutrophils with the pro-tumor N2 phenotype
possess CXCR4, VEGE, and MMP-9 markers, which facilitate
tumorigenesis, promote tumor growth, stimulate angiogenesis,
and mediate immunosuppression (75).

Non-cellular Components in the TME

The ECM contains large composites of non-cellular factors,
including structural proteins, growth factors, proteoglycans, and
glycoproteins, which form the main structure of the TME
(77). MMPs, which are mainly produced by the ECM, are a
large family of proteins and peptide hydrolases that mediate
the degradation of the ECM and facilitate the migration
of cancer cells (78). MMPs also activate bFGE VEGE and
TGF-p and promote angiogenesis (79, 80). Fibronectin is the
major glycoprotein in the ECM and it plays a crucial role
in interactions between other molecules, such as integrins,
collagens, and fibrin (81, 82). Increased levels of fibronectin
are associated with tumor invasion, progression, and resistance
to treatment (83, 84). Other molecules are also involved in
cell adhesion and proliferation and assist in supporting the
surrounding TME.

HPV Infection and Smoking Are Associated

With a Distinct Immune TME
HPV Infection
HPYV infection plays a pivotal role in the immune modulation
of HNSCC. In general, HPV-positive HNSCCs demonstrate
relatively inflamed immunity compared with HPV-negative
HNSCCs (Table 2). A TME with a prolonged viral infection
induces anti-tumor immunity via the expression of tumor-
associated antigens (TAAs) and tumor-specific antigens in
immune cells and tumor cells (8). After cytotoxic therapies
(radiotherapy or chemotherapy), the antigen-processing
machinery (APM) promotes the expression of major
histocompatibility complex (MHC) class I molecules to
present the antigen peptide from dying tumor cells to T cells
(89). In addition, an increase in the infiltration of NK cells
and T cells, including CD3%, CD4%, and CD8™" TILs, creates a
vigorous TME that stimulates cellular immunity in HPV-positive
HNSCCs (85, 86). Interestingly, HPV-positive oropharyngeal
cancer demonstrates higher CD4%, higher CD8™, and lower
CD4"/CD8* ratio compared with HPV-negative HNSCC
(85). Humoral immunity is also induced by the recruitment
of CD197/CD20" B cells (87). Antigen presentation and
cytotoxicity are promoted by gathering dendritic cells (DCs)
and APCs (86). An increase in the number of intratumor
and peritumor infiltrating immune cells results in a favorable
prognosis and enhances the response to radiotherapy and
immunotherapy (34). The interaction between HPV-negative
oropharyngeal cancer cells and CAFs results in the secretion of
chemokines via an IL-1/IL-1R-mediated mechanism, which is
less prominent within the HPV-positive TME (88). Thus, the
metabolic profiles are quite different between HPV-positive and
HPV-negative HNSCCs.

The communication vesicles, EVs, also display different
features depending on viral status. In HPV-positive cancers,
exosomes carry viral proteins, genes, and TAAs (90, 91).
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TABLE 2 | Different immune modulations between HPV-negative and HPV-positive HNSCC.

HPV negative HNSCC HPV positive HNSCC References
Lower CD3" T cells Higher CD3* T cells (85, 86)
Lower CD4™ T cells Higher CD4* T cells (85, 86)
Lower CD8™ T cells Higher CD8" T cells (85, 86)
Increased CD4%/ CD8T ratio Decreased CD4*/ CD8™ ratio (85, 86)
Lower CD45* cells, CD8" cells, CD8* IFNy* cells, and CD8*IL-17+ cells Higher CD457 cells, CD8* cells, CD8" IFNy* cells, and (85, 86)
CD8*IL-17+ cells
Lower CD45* lymphocytes and CD197/CD20™ B cells Higher CD45" lymphocytes and CD19%/CD20" B cells 87)
Higher Treg cells Lower Treg cells (85, 86)
Low CD569™ NK cells High CD569™ NK cells (85, 86)
Lower tumor-infiltrating APCs higher tumor-infiltrating APCs (86)
Lower myeloid and plasmacytoid DCs Higher myeloid and plasmacytoid DCs (86)
Lower DC signatures, including CD103, and CD11C Higher DC signatures (86)
Lower levels of chemokines Higher levels of chemokines (88)
Higher levels of Cox-2 and Tim-3 mRNA Lower levels of Cox-2 and Tim-3 mRNA (86)
Lower levels of PD-1 mRNA Higher levels of PD-1 mRNA (86)
Lower “T-cell exhaustion markers,” including LAGS3, PD-1, TIGIT, TIM3, and CD39 Higher “T-cell exhaustion markers” 87)
Lower levels of cytotoxic mediators, including granzyme A, granzyme B, and perforin Higher levels of cytotoxic mediators 87)
Exosomes suppressed DC maturation and expression of APM components Exosomes promoted DC maturation and did not suppress (89)
expression of APM components in mature DCs
Increased MAGEA1 and MAGEA3 gene expression Increased CDKN2A gene expression 87)

IFN, interferon; IL, interleukin; NK cells, natural killer cells; APC, antigen-presenting cell; DC, dendritic cells; Cox-2, cyclooxygenase-2; Tim-3, T-cell immunoglobulin and mucin
domain-3; LAG-3, lymphocyte-activation gene 3; PD-1, Programmed death-1; TIGIT, T cell immunoreceptor with Ig and ITIM domains; APM, antigen processing machinery; MAGEA,

melanoma-associated antigen; CDKN2A, cyclin-dependent kinase Inhibitor 2A.

However, these differences in EVs do not occur by influencing
the T cell response. The functions of both CD4" and CD8"
T cells are suppressed by these exosomes. The expression
of co-stimulatory CD80 and CD83 molecules on immature
DCs is up-regulated, but the expression of APM components
is not suppressed in HPV-positive exosomes. In contrast,
HPV(-) exosomes inhibit DC maturation and APM component
expression (8). Moreover, HPV-negative tumors have a more
active metabolic signature, with elevated expression of genes
associated with glycolysis and oxidative phosphorylation (92).
HPV-negative tumors are also characterized by increased MCT1
expression, which indicates that the regulation of lactate
homoeostasis is more significant in promoting the invasion of
HPV-negative HNSCCs (93).

Smoking

Smoking is a risk factor for the development of HNSCC
and it promotes pro-inflammatory and immunosuppressive
effects, which impact the TME of HNSCCs, to facilitate
tumor development (94, 95). Smoking results in enrichment
of immunogenic neoantigens which cause both pro- and anti-
immunity effects in smoking-associated cancers, including lung
cancer and HNSCC. In lung cancer, smoking leads to increased
neoantigens and constructs an inflamed TME, which suggests
higher response rates to ICIs in smokers. In contrast, the
enhancement of immunogenic neoantigens by smoking forms
a more immunosuppressive in TME in HNSCC by increased
T cell apoptosis which is mediated through reactive oxygen
and nitrogen species (94). In the TCGA database, enrichment

scores from two Gene Expression Omnibus cohorts were higher
in never-smoker and never-drinker (NSND) patients compared
with smoker and drinker (SD) patients. To identify biological
differences, gene set enrichment analysis of the TCGA dataset
was performed and immunity-associated pathways were found
to predominantly involve T-cell activation and differentiation
in NSND patients. The TME in NSND patients is more
immunoactive than the TME of SD patients, including an
increased number of CD8* TIL cells; increased INF-yactivation;
overexpression of immune checkpoint ligands and receptors,
such as indoleamine 23-dioxygenase 1 (IDO1) and PD-L1; and
higher scores in the pembrolizumab-response signature (96).
Tobacco smoking attenuates the cytotoxicity of the TME by
repressing CD8™ T cells, NK cells, and DCs (9). Overall, smoking
has a negative impact on immune responses, regardless of
alcohol consumption.

MECHANISMS OF TME-MEDIATED DRUG
RESISTANCE IN HNSCC

The mechanisms of resistance to epidermal growth factor
receptor (EGFR) inhibitors have been known for decades
and they include nuclear localization of EGFR, activation of
other ErbB family receptors, mutant forms of the receptor
(EGFRVIID), or cross-talk with other signaling pathways (97, 98).
However, issues of resistant mechanisms to immunotherapy
have been gradually emphasized recently. These include a
lack of production, editing, and presentation of neo-antigens;
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impaired intratumoral immune infiltration; impaired IFNy
signaling; immune factors within the TME; upregulation of
alternative immune checkpoints; severe T-cell exhaustion; and
T-cell epigenetic changes (99-102).

The downregulation of human leukocyte antigen (HLA) class
I molecules and loss of B2-microglobulin expression interferes
with antigen presentation to cytotoxic T cells (103). Specific
oncogenic signaling pathways change the TME. Loss of the PTEN
induces the expression of CCL2 and VEGF and blocks T-cell
infiltration, leading to resistance to ICIs (104). Alterations in f-
catenin/WNT signaling decrease CCL4 production and hinder
the infiltration of DCs (105). During the development of ICI
resistance, the TME shows an increase in the number of effector
memory CD8T cells (CCR7~-CD45RA™), a lower CD4/CD8
ratio, and upregulation of TIM-3 on CD4 and CD8T cells
(100). Moreover, the major regulators of therapeutic response
and resistance are Tregs and TAMs. In preclinical HNSCC
mouse models, the Treg population is elevated during tumor
rebound after combined treatment with ICI and radiation
(26). Depletion of major histocompatibility complex class II-
low TAMs increases chemotherapy-related DNA damage and
apoptosis (106). Depletion of tumor-infiltrating Tregs using an
anti-CD25 antibody, enhances the binding ability of activating
Fc gamma receptors, increases Teff:Treg ratios, and improves the
response to ICIs (107). High levels of alternative co-inhibitory
receptors on T cells (e.g., CTLA-4, TIM-3, lymphocyte-activation
gene 3, and V-domain Ig suppressor of T cell activation) and high

levels of immune-suppressive cytokines or metabolites, causes T
cell exhaustion, which also induces ICI resistance (108).

POTENTIAL STRATEGIES TO OVERCOME
TME-MEDIATED DRUG RESISTANCE

Novel Therapeutic Agents or Combination

Therapies
Due to the insufficient response elicited by immunotherapy
alone, several mechanisms for the regulation of

immunoresistant niches have been proposed, including defective
immunorecognition, tumor insensitivity to T cell effector
molecules, an immunosuppressive TME, and the compensatory
regulation of multiple inhibitory and costimulatory immune
checkpoints (Figure 1) (109). Combinations of diverse agents
targeting distinct mechanisms have been investigated in recent
years (Table 3).

Defective immunorecognition involves dysfunction of antigen
presentation in tumor cells, anergy of tumor-specific cytotoxic
T lymphocyte, and immunoediting. Radiotherapy and cytotoxic
therapy  (NCT02318771, NCT03040999, NCT03894891,
NCTO03162731, NCT02764593, NCT02938273) induce cell
death to promote antigen presentation and trigger activation
of the cGAS-STING pathway to enhance the T-cell response.
Moreover, radiation adjusts the stromal TME (110). Cetuximab
(NCT02764593, NCT03082534, NCT02938273) binds to EGFR
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FIGURE 1 | Schematic summary of potential strategies to overcome immunosuppressive TME in head and neck squamous cell carcinoma (HNSCC). In
cancer-immunity cycle, there are several therapeutic strategies that can be applied to overcome TME-mediated treatment resistance. The steps of immune responses
involve priming and recruitment of immune cells, infiltration of immune cells into tumor, and TME, recognition and death of cancer cells, then release and presentation
of antigen from cancer cells. Targeting different mechanism of immune response become more potential therapeutic approach in the future.
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TABLE 3 | Combination therapy to enhance PD-1/PD-L1-based treatment efficacy.

Strategy Treatments Therapeutic modalities Potential mechanisms Phase NCTID
status
Immunorecognition
Enhance Radiotherapy e RT (1 fraction, 8 Gy) + 1. Induce cell death to promote antigen 1 NCT02318771
antigen Pembrolizumab presentation Active, not recruiting
presentations ® RT (5 fractions, 4 Gy) + 2. Trigger activation of cGAS-STING
Pembrolizumab pathway to enhance T-cell response
e Pembrolizumab + RT (1 fraction, 3. Adjust stromal TME
8QGy) + Pembrolizumab
e Pembrolizumab + RT (5 fractions,
4 Gy) + Pembrolizumab
Radiotherapy * Pembrolizumab + Cisplatin + RT 3 NCT03040999
Cytotoxic agents e Placebo + Cisplatin + RT Active, not recruiting
Radiotherapy e Docetaxel + Cisplatin + Nivolumab 2 NCT03894891
Cytotoxic agents + Radioimmunotherapy Recruiting
Radiotherapy CTLA-4 inhibitor e Nivolumab + Ipilimumab + RT 1 NCT03162731
Recruiting
Radiotherapy Cytotoxic ¢ Nivolumab + Cisplatin 1 NCT02764593
agents EGFR mAb ¢ Nivolumab + High-dose Cisplatin Active, not recruiting
e Nivolumab + Cetuximab
¢ Nivolumab + IMRT
EGFR mAb e Pembrolizumab + Cetuximab 1. Stimulate antibody-dependent 2 NCT03082534
cell-mediated cytotoxicity Recruiting
2. Prime adaptive and innate cellular
immunity
3. Competitively inhibit the binding of EGF
and other ligands (TGF-a)
e Avelumab + Cetuximab + RT 1 NCT02938273
Active, not recruiting
EGFR TKI e Nivolumab + Afatinib 1. Downregulate PD-L1 expression 1 NCT03652233
2. Reduce PD-L1 expression via inhibiting Withdrawn
NF-«xB
3. Block the immune escape by
upregulating the expression of NKG2D
ligands on tumor cells and NKG2D on NK
cells
4. Enhance the susceptibility to NK
cell-mediated lysis by induction of ULBP1
by inhibition of PKC pathwy
® Pembrolizumab + Afatinib 2 NCT03695510
Not yet recruiting
Resensitizing  Interleukin ® ALT-803 + Pembrolizumab 1. IL-15 superagonist 2 NCT03228667
T cell e ALT-803 + Nivolumab 2. promote CD8" T and NK cell expansion Recruiting
effectors e ALT-8083 + Atezolizumab and function
* ALT-803 + Avelumab
e |L-2 + Pembrolizumab * 1. Intralesional IL-2 1/2 NCT03474497
Hypofractionated RT 2. increase PD-L1 expression and CD8" T Recruiting
cell infiltration
e RO6874281+ Atezolizumab 1. IL-2 Variant (IL-2v), engineered IL2v 2 NCT03386721
moiety with abolished binding to IL-2Ra Recruiting
2. targeting Fibroblast Activation Protein-A
3. Activation of immune effector CD8 T
and NK cells, reduce activity on Tregs
Immune modulation of immunosuppressive TME
DC/NK cells  Carboxymethylcellulose, e |V Durvalumab + IV Tremelimumab + 1. Synthetic dsRNA complex which 172 NCT02643303
polyinosinic-polycytidylic acid, [T/IM Poly-ICLC directly activate DCs and trigger NK cells Recruiting
and poly-L-lysine dsRNA to kill tumor cells
2. Induce interferon-y production
(Continued)
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TABLE 3 | Continued

Strategy Treatments Therapeutic modalities Potential mechanisms Phase NCTID
status
Cell cycles CDK4/6 inhibitor ¢ Abemaciclib + Nivolumab Create an immune inflamed TMEs through 172 NCT03655444
T cell activation and tumor cell Recruiting
intrinsic effects
Cytokines BTK inhibitor e |brutinib + Nivolumab 1. Inhibit IL-2 inducible T-cell kinase (ITK) 2 NCT03646461
e |brutinib + Cetuximab 2. Maintain balance between Recruiting
Th1/Th2T cells
HU Stroma e VVCN-01 and Durvalumab Tumor-selective replication-competent 1 NCT03799744
adenovirus expressing PH20 Recruiting
hyaluronidase
VEGF VEGF e Lenvatinib + Pembrolizumab 1. Reduce tumor associated 1b/2  NCT02501096
macrophages Recruiting
2. Enhance the ratio of memory T cells
Regulation of inhibitory and costimulatory receptors
Inhibitory B7-H3 (CD276) e Enoblituzumab (MGA271) 1. Synergistic antitumor activity 1 NCT02475213
receptor + Pembrolizumab 2. Engagement of both innate and Active, not recruiting
adaptive immunity
3. Modulation of T-cell
immunosuppression
4. Decrease the risk of auto-immune
related AE
LAG-3 e Relatlimab 1. Synergistic antitumor activity 1/2 NCT01968109
¢ Relatlimab + Nivolumab 2. Positively regulate effector T Recruiting
cell function
KIR e Nivolumab 1. Block interaction between 172 NCTO1714739
e Nivolumab + Lirilumab KIR2DL-1,-2,-3 inhibitory receptors and Active, not recruiting
¢ Nivolumab + Ipilimumab + Lirilumab ligands
2. Promote effector T cell function
3. Reverse T cell exhaustion
PIBK ¢ |PI-549 and Nivolumab Transform macrophages from an 1 NCT02637531
immune-suppressive to an Recruiting
immune-activating phenotype
CTLA-4 e Nivolumab with Ipilimumab 1. CTLA-4 inhibitor: induce a proliferative 2 NCT02919683
e Nivolumab signature in a subset of memory T-cells Recruiting
2. PD-1 inhibitor: modulate genes that are
involved in T-cell or NK-cell effector
functions
3. Increase in plasma cytokine or
chemokine levels
e Nivolumab and Ipilimumab 2 NCT02823574
¢ Nivolumab and placebo Active, not recruiting
Stimulatory 4-1BB (CD137) OX40 TLR9 e Cohort A5: Avelumab + Utomilumab 1. Utomilumab: production of IFN-y and 1 NCT02554812
receptor agonist (Human IgG2 4-1BB mAb) IL-2; stimulate and increase NK cells and T Recruiting
e Cohort F1: cells
CMP-001(VLP-encapsulated TLR9 2. PF-04518600: co-stimulate effector T
agonist) +Avelumab cells and deplete regulatory T cells,
e Cohort F2: CMP-001 4 Avelumab + resulting in enhanced tumor immunity
Utomilumab 3. CMP-001: release the oligonucleotide
e Cohort F3: CMP-001 + into APCs
Avelumab+PF-04518600
(OX40 agonist)
4-1BB (CD137) * PF-04518600 1 NCT02315066
e PF-04518600 + Active, not recruiting
Utomilumab (PF-05082566)
Other IDO1 ¢ Nivolumab and Linrodostat 1. Inhibitor of indoleamine 2 NCT03854032
pathway (BMS986205) 2,3-dioxygenase 1, a cytosolic enzyme for Recruiting
e Nivolumab oxidation of tryptophan into kynurenine.
2. Inhibition of
IDO1-kynurenine-AhR signaling
(Continued)
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TABLE 3 | Continued

Strategy Treatments Therapeutic modalities

Phase NCTID
status

Potential mechanisms

¢ Nivolumab + Linrodostat

e Cetuximab + Cisplatin/Carboplatin

+ Fluorouracil

¢ Nivolumab + Epacadostat
e Nivolumab + Epacadostat
+ Chemotherapy
* Pembrolizumab + Epacadostat
e Pembrolizumab
e EXTREME regimen

3 NCT03386838
Withdrawn

1/2 NCT02327078

Active, not recruiting

3 NCT03358472
Active, not recruiting

RT, radiotherapy; Gy, gray; TME, tumor microenvironment; CTLA-4, cytotoxic T-lymphocyte-associated antigen 4, EGFR, epidermal growth factor receptor; mAb, monoclonal antibody;
IMRT, intensity-modulated radiotherapy; EGF, epidermal growth factor; TGF, transforming growth factor; TKI, tyrosine kinase inhibitor; PD-L1, Programmed death-ligand 1; NK cells,
Natural killer cells; IL, interleukin; DC, dendritic cells; IV, intravenous; IT, intratumoral; IM, intramuscular; dsRNA, double-stranded RNA; BTK, Bruton’s tyrosine kinase; Th cells, T
helper cells; HU, hyaluronidase; VEGF, vascular endothelial growth factor; AE, adverse event; LAG-3, lymphocyte-activation gene 3; KIR, killer cell immunoglobulin-like receptors;
PI3K, phosphoinositide 3-kinases; IFN, Interferon; TLR9, Toll-like receptor 9; VLF, virus-like particle; APC, antigen-presenting cell; IDO1, indoleamine 23-dioxygenase 1; AhR, aryl

hydrocarbon receptor.

and to the CD16 receptor on NK cells and DCs, resulting in
innate and adaptive immune responses, including ADCC and
T cell priming (111). Afatinib (NCT03652233, NCT03695510),
an EGFR tyrosine kinase inhibitor, downregulates PD-L1
expression via the inhibition of NF-kB. However, afatinib
hinders immune escape by increasing the expression of NKG2D
ligands on tumor cells and NKG2D on NK cells (112). ALT-803
(NCT03228667), an IL-15 superagonist, promotes CD8" T cell
and NK cell expansion and function and has demonstrated
anti-tumor efficacy in preclinical models (113). Intralesional
IL-2 (NCT03474497) increases PD-L1 expression and promotes
CD8* T cell infiltration (114). RO6874281 (NCT03386721), an
engineered IL2v moiety, maintains its affinity for IL-2RBy, thus
activating effector CD8 T cells and NK cells and reducing Treg
activity (115).

The immunosuppressive TME also contributes to the
low sensitivity of HNSCC to ICIs. Modulating different
components of the TME improves the efficacy of ICIs
and enhances self-immunity. Poly-ICLC (NCT02643303), a
carboxymethylcellulose, polyinosinic-polycytidylic acid, and
poly-L-lysine dsRNA, is a synthetic dsRNA complex that
directly activates DCs, triggers NK cells, and induces interferon-
y production (116). Abemaciclib (NCT03655444), a CDK4/6
inhibitor, creates an immune inflamed TME through T cell
activation and intrinsic tumor cell effects (117). Ibrutinib
(NCT03646461), a Bruton’s tyrosine kinase inhibitor, inhibits
IL-2 inducible T-cell kinase (ITK), to strengthen specific
anti-tumor responses (118). ITK plays a crucial role in
maintaining the balance between Thl and Th2 T cells. VCN-01
(NCT03799744), a selective oncolytic adenovirus encoding the
human glycosylphosphatidylinositol-anchored enzyme, PH20
hyaluronidase, shows potential anti-tumor effects. Replication
of the injected adenovirus in tumor cells results in cell death
and the infection of adjacent tumor cells. Hyaluronidase also
degrades hyaluronic acid (HA), which is abundant in the
ECM and inhibits tumor cell growth and metastasis (119).
Lenvatinib (NCT02501096), a multikinase inhibitor of VEGFR

1-3, fibroblast growth factor receptors (FGFR) 1-4, platelet-
derived growth factor a receptors, RET, and KIT, reduces the
number of TAMs and increases the ratio of memory T cells (120).

The regulation of inhibitory and costimulatory receptors
synergically enhances the immunological anti-tumor effect.
Inhibitory receptors, including B7-H3, LAG-3, killer cell
immunoglobulin-like receptors (KIRs), phosphoinositide 3-
kinases (PI3Ks), and CTLA-4, are applied in combination
therapies. Enoblituzumab (NCT02475213), an Fc optimized,
humanized IgGl monoclonal antibody, promotes binding
to activating FcyR and recognizes B7-H3, which is highly
expressed in HNSCC. Combination therapy may contribute to
synergistic antitumor activity (121). Relatlimab (NCT01968109),
an anti-LAG-3 monoclonal antibody, shows an additive
antitumor effect when administered with ICIs. LAG3 negatively
regulates Teff function and is a marker of T cell exhaustion
(122). IPI-549 (NCT02637531), a selective PI3K-y inhibitor,
transforms macrophages from an immune-suppressive to an
immune-activating phenotype, which may help overcome
resistance to ICIs (123). The well-known dual blockade
therapy consisting of anti-CTLA-4 and anti-PD-1 antibodies
(NCT02919683, NCT02823574), stimulates distinct immune
cells and results in an inflammatory TME to overcome
cancer cells (124). Similarly, cooperation with stimulatory
receptors increases clinical benefits and treatment efficacy.
Utomilumab (NCT01307267, NCT02315066), a 4-1BB/CD137
agonist, stimulates the activity and number of NK cells and
T cells (125). PF-04518600 (NCT01307267, NCT02315066),
a selective anti-OX40 antibody, activates OX40 and increases
the proliferation of memory and effector T-lymphocytes (126).
CMP-001 (NCT01307267), a Toll-like receptor 9 (TLR9)
agonist, comprises a CpG-A oligodeoxynucleotide packaged
in particles. It activates tumor-associated plasmacytoid DCs,
which construct an interferon-rich TME and results in anti-
tumor CD8T T cell responses (127). IDO1, a major enzyme in
tryptophan catabolism, is a target in clinical development, in
combination with PD-1 ICIs (NCT03854032, NCT03386838,
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NCT02327078, NCT03358472). IDO1 converts tryptophan to
kynurenine, which then activates aryl hydrocarbon receptor
(AhR), a ligand-activated transcription factor, in Tregs, DCs,
and NK cells. Activation of AhR induces subsequent cascades
in three different cell types. In Tregs, AhR results in the nuclear
translocation and enhancement of FoxP3 transcripts and
IL10, eventually increasing Treg populations. In DCs, AhR
promotes the production of IL-10 and inhibits IFNp signaling.
In NK cells, AhR induces the production of both IL-10 and
IFNy. The IDO1-kynurenine-AhR axis demonstrates a positive
feedback loop. These effects on immune cells help establish
an immunosuppressive TME. The inhibition of IDO reverses
immunosuppression and enhances the response to ICIs (128).

Cancer Vaccines

Cancer vaccines targeting HPV antigens and tumor-associated
antigens enhance the immune response in HNSCC. Therapeutic
vaccines include peptide vaccines, live-vector-based vaccines,
and DNA- or RNA-based vaccines. Peptide vaccines derived from
HPV antigens are taken up by DCs and displayed by either MHC
class I, class II, or both molecules, after which they induce a T-
cell mediated immune response. Several trials have investigated
such drugs, including DPX-E7 (NCT02865135), GL-0817/GL-
0810 (NCT00257738), P16_37-63 peptide (NCT01462838,
NCT02526316), and ISA 101(NCT02426892). However, the
response rates have been variable in relatively small populations
of patients (129, 130). Live-vector-based vaccines are more
immunogenic and induce strong pathogen-derived CD8
epitopes (131). Recent cancer vaccine modalities include
DNA and RNA vaccines encoding selected tumor antigens or
synthetic long peptide (SLP) vaccines co-delivering CD4 and
CD8 epitopes (132). DNA or peptide vaccines targeting HPV
E6 and E7 oncoproteins have demonstrated specific clinical
efficacy in precancerous lesions and have shown promise in the
treatment of HPV-related HNSCC. However, the development
of vaccines against HPV-independent HNSCC has been less
successful due to the difficulty in identifying available targets
(133). Additional vaccine modalities are required to overcome
the immunosuppressive TME in HNSCC.

Cell-Based Therapy

T cells, including TILs, T cells with genetically modified T cell
receptors (TCRs), and T cells transfected with chimeric antigen
receptors (CAR), are the main types of cell-based therapy (134).
Sufficient numbers of TILs overcome the immunosuppressive
TME by removing other exhausted immune cells and inhibitory
factors, such as cytokines. Adoptive immunotherapy using CAR
T cells has displayed promising outcomes in hematological
malignancies, such as leukemia and multiple myeloma. The
process of CAR T cell therapy includes retrieving T cells from
the patient’s blood or tumor, training and stimulating their
expansion in an in vitro system, and injecting the expanded
cells back into the patient to promote cancer elimination.
The development of tumor antigen-specific TCRs, for example
HPV-targeted TCRs in genetically modify T cells, is another
approach for adoptive immunotherapy. These modified T cells
possess high levels of immune-signaling initiators and show

rapid recognition of intracellular antigens, which can initiate
an immune response against cancer cells. A phase I/II trial
targeting the HLA-A*02:01-restricted epitope of E6 (E6 TCR T
cells) enrolled patients with HPV-positive and HLA-A*02:01-
positive metastatic epithelial cancers and showed that a dose
up to 2 x 10" cells was safe for patients. Partial responses in
2 of 12 patients (both with anal cancer) were reported (135).
A phase I trial of T4 CAR T cell immunotherapy in HNSCC
demonstrated safe intratumoral administration of T4 T-cells
that co-express: (i) T1E28¢, a CAR containing an ErbB ligand
coupled to a CD287CD3¢ endodomain and (ii) 40f, an IL-4-
responsive chimeric cytokine receptor. Although a lymphopenia
rate of 62% was observed, T4 manufacture was successful in 13/13
cases, yielding 2.5-7.5 Bn T cells (69 £ 13% transduced) (136).
However, the development of adoptive cell therapy for HNSCC
is still immature. There are still numerous difficulties and
challenges including the identification of more specific peptide
and genetic profiles of HNSCC cells. More precise knowledge of
intracellular and extracellular neoantigens would help to identify
potentially novel targets for cell therapy in HNSCC.

POTENTIAL BIOMARKERS IN HNSCC
IMMUNOTHERAPY

Potential biomarkers in HNSCC have been discussed for
many years, but there is still no consensus. Recent studies
have tended to focus on specific biomarkers, including PD-L1
expression, HPV status, tumor immune infiltration, immune-
associated signatures, gene expression profiles (GEPs), tumor
mutational burden (TMB), the status of DNA mismatch repair,
and smoking-related signatures. PD-L1 immunohistochemistry
is the most frequently used marker in clinical practice. However,
there are several challenges in the clinical application of these
biomarkers. For example, PD-L1 is a heterogeneous marker
with different intratumoral/temporal and primary/metastatic
variations in expression (137). Different immunohistochemistry
assays have been used, with different thresholds for positivity
and different scoring criteria, including a tumor proportional
score (TPS) and a combined proportional score (CPS) (138).
HPV status also influences immunity within the TME and
affects responses to immunotherapy (6). TILs, defined as CD8"
T cells and Tregs, have demonstrated a possible role in
distinguishing ICI responders from ICI non-responders (139).
GEP and TMB, analyzed by microarray or next-generation
sequencing platforms, have been investigated as predictive
biomarkers for biological phenotypes and clinical outcomes
in HNSCC. Some analyses have shown that TMB, CPS, and
GEP can serve as independent predictive biomarkers for
responsiveness to anti-PD-1/PD-L1 antibodies (140). Tumors
with more mutations influencing the DNA damage response,
for example those with mismatch repair deficiency (AMMR),
have a higher TMB and are more sensitive to ICIs. This
contributed to the FDA approval of pembrolizumab for patients
with dMMR or MSI-H tumors, regardless of histology (141-
143). Overall, while the interactions between the tumor, the
immune system, and the microenvironment are complex, more
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reliable predictive biomarkers are required to assess tumor
responsiveness to immunotherapy.

PERSPECTIVES AND CONCLUSIONS

As ICI monotherapy shows a durable response in only a small
subset of patients, combination therapy with anti-PD-1/PD-
L1 antibodies has emerged as an alternative and has shown
encouraging results in the treatment of HNSCC. In addition, the
anti-tumor effects of ICIs can be reinforced by increasing antigen
presentation via radiation or chemotherapy/target therapy,
modulating TME, or collaborating with costimulatory and
inhibitory receptors on tumor cells or immune cells. The niches
around cancer cells are crucial for interference with the efficacy
of checkpoint inhibitors and they determine whether a tumor is
“immunoactive” or “immunosuppressive.” Methods to overcome
the immunotherapy resistance of the TME will become more
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The extract of the seeds of Psoralea corylifolia Linn. (P corylifolia) have been shown
to display anti-tumor activity. However, the prospects of the active compounds from
this plant in the treatment of oral squamous cell carcinoma (OSCC) remains unclear.
In the present study, the antitumor effects of psorachromene, a flavonoid extracted
from the seeds of R corylifolia, were investigated using cells and animal models of
OSCC; the downstream regulatory mechanisms were also elucidated. The results
showed that psorachromene significantly repressed cell proliferation, migration, and
invasiveness and increased the toxic effects of chemotherapeutic agents against OSCC
cells. The repressive effects of psorachromene were attributable to the inhibition of
EGFR-Slug signaling, and the induction of G2/M arrest and apoptosis in the OSCC cells.
Additionally, we found that psorachromene induced the expression of tumor suppressor
long non-coding ribonucleic acid (RNA) growth arrest-specific transcript 5 (GAS5) and
the activation of its downstream anticancer mechanisms. Animal experiments also
showed noticeable inhibition of tumor growth, without significant physiological toxicity.
The findings indicate that psorachromene displays anti-tumor activity in OSCC, and
warrants further investigation as a potential agent for clinical application.

Keywords: psorachromene, oral squamous cell carcinoma (OSCC), long non-coding RNA, growth arrest-specific
transcript 5 (GAS5), epidermal growth factor receptor (EGFR)

INTRODUCTION

Oral cancer is the eleventh most common malignancy worldwide (1). In Taiwan, more than 4,700
people are diagnosed with oral cancer each year, and ~2,200 people die from it. Among all types of
oral cancer, oral squamous cell carcinoma (OSCC) is the most common, with an incidence of ~90%
(2). Smoking, drinking alcohol, and chewing tobacco or betel seeds are risk factors for OSCC (3-5).
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Currently, the mainstay treatment for OSCC is surgical resection,
with adjuvant chemotherapy or radiotherapy (6, 7). In addition,
epidermal growth factor receptor (EGFR) and cyclooxygenase-2
(COX-2) inhibitors are also used in the treatment of OSCC (8, 9).
However, the benefits of these therapies remain sub-optimal, and
their side effects have a considerable impact on patients’ quality
of life. Therefore, oral cancer research continues to focus on the
development of effective new treatment methods with minimal
side effects.

Cancer-causing gene mutations are one of the major causes
of OSCC (10-12). Previous studies have shown that over 75%
of OSCC shows epidermal growth factor receptor (EGFR; also
known as ErbB1 or HERI1) overexpression; EGFR expression
has shown a significantly positive association with the degree
of malignancy (13-15). Therefore, inhibiting the growth of
cancer cells by EGFR signaling inhibition is one of the current
treatment strategies for OSCC (16, 17). Various EGFR inhibitors
including anti-EGFR monoclonal antibodies (cetuximab and
panitumumab) and small-molecule EGFR tyrosine kinase
inhibitors (gefitinib, afatinib, and erlotinib) have been developed,
and have demonstrated efficacy in OSCC (16, 18-20). However,
only the monoclonal antibody cetuximab is currently approved
for the treatment of OSCC; it has demonstrated significant
inhibition of the progress of OSCC, with extension of survival
(21, 22). Unfortunately, for reasons that are not fully clear, only
~50% of patients respond to cetuximab (23, 24).

Traditional Chinese medicine (TCM) has long been used
for the treatment of diseases in Asian countries (25, 26).
Unlike Western medicine, TCM provides effective treatment
options with relatively milder adverse effects (27-29). However,
differences in the quality of TCM therapeutics and the levels of
active ingredients usually result in variable therapeutic effects
(30). In order to achieve more stable therapeutic effects, the active
ingredients of many traditional Chinese medicinal materials have
been purified and identified (31-33). The identified compounds
can be used at lower doses with more specific therapeutic efficacy.
Currently, many compounds extracted from TCM therapeutics,
e.g., artemisinin, curcumin, resveratrol, and paclitaxel, which are
used in the treatment of cancer have shown good efficacy (34-38).
Among them, paclitaxel, camptothecin, and vinblastine, have also
been approved for the treatment of various cancers, including
lung cancer, liver cancer, and oral cancer (39).

Psoralea corylifolia L. is a TCM herb that is commonly
used in Asian countries for the treatment of bacterial
infections, inflammation, and cancer (40-44). P. corylifolia
L. contains flavonoids such as bavachin, isobavachalcone, and
neobavaisoflavone; polyphenols such as psoralidin, psoralen, and
isopsoralen; and benzene ring compounds such as backuchiol; in
addition, the herb has been found to have biological activity and
various therapeutic effects (42). Psorachromene is an isoflavone
component isolated from the fruit kernels of P. corylifolia L.
(45). A few studies have investigated the mechanism of action
of psorachromene. Recent reports indicate that psorachromene
has anti-inflammatory effects that may inhibit inflammatory
reactions caused by inducible NO synthase (iNOS) and cyclo-
oxygenase (COX) expression induced by bacterial infection
(46). However, there have been no studies on its anticancer

effects. In this study, we investigated the anticancer activity
of psorachromene in oral cancer, and studied its downstream
regulatory mechanisms.

MATERIALS AND METHODS

Cell Lines and Culture Media

SAS is a human tongue squamous cell carcinoma cell line
from the Japanese Collection of Research Bioresources (Tokyo,
Japan) (47). OECM1 is a Taiwanese human gingival squamous
carcinoma cell line; its derivation has been described in a previous
study (47). Both cell lines were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% fetal bovine serum
(FBS), 1.2 g/L sodium bicarbonate, 0.5mM sodium pyruvate,
and 2.5 mM L-glutamine. The culture media, FBS, and chemical
compounds were purchased from Life Technologies (Grand
Island, NY, USA). The cells were cultured at 37°C in a humidified
5% CO, incubator.

Reagents and Antibodies

The crude materials of the P. corylifolia seed were purchased
from Chuang Song Zong Pharmaceutical Co., Ltd (Kaohsiung,
Taiwan). The dried seeds of P. corylifolia were infused in
ethanol and were filtered to obtain the crude extract. The crude
extract was partitioned in n-hexane/water (1:1). The n-hexane
soluble extract was then fractionated by column chromatography
on silica gel, eluting with n-hexane: ethylacetate to isolate
psorachromene. The purity of psorachromene was determined
by nuclear magnetic resonance analysis. Antibodies against
vimentin, E-cadherin, slug, cleaved-PARP (cl-PARP, Asp214),
and caspase 9 were obtained from Cell Signaling (Temecula, CA,
USA). Antibodies against EGFR and $-actin were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Prestained
protein marker and TOOLSmart RNA extractor were purchased
from BIOTOOLS (New Taipei City, Taiwan). The cisplatin and
doxorubicin were purchased from Sigma-Aldrich (St. Louis, MO,
USA), and the reagents for gel electrophoresis were purchased
from Bio-Rad (Berkeley, CA, USA).

Cell Viability Assays

Cell viability was determined using the sulforhodamine B
(SRB) assay by staining with trypan blue, as described
previously (48, 49).

Terminal Deoxynucleotidyl Transferase
dUTP Nick End Labeling (TUNEL) Assay

The apoptotic status of the treated cells was determined
using a DeadEnd™ Fluorometric TUNEL Assay Kit (Promega,
Madison, WI) according to the manufacturers’ protocol. In
summary, the SAS cells were treated with psorachromene
(50 M) for 24h and were then subjected to a terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
assay. The apoptotic cells (DAPI and TUNEL double stained
cells) were enumerated using a fluorescence microscope
(magnification, x100). Cells in five different microscopic
fields/dish were analyzed for each experiment.
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Western Blotting

Cells were washed twice with phosphate-buftered saline (PBS),
lysed in 200 pL of RIPA lysis buffer (Biotools Co. Ltd., Taiwan)
containing protease inhibitors, and incubated on ice for 10 min.
The samples were then centrifuged at 12,000 rpm for 30 min
at 4°C, and the protein-containing supernatants were collected.
The protein concentrations were determined using the Bio-Rad
protein assay, and western blotting was performed as described
previously (49).

Phenotypic Analysis for Clonogenic,
Migration, and Invasion Ability

The clonogenic, migration, and invasion assays were performed
as described previously (47).

Cell-Cycle Analysis

Cells were trypsinized, washed twice, and incubated in PBS
containing 0.12% Triton X-100, 0.12 mmol/L EDTA, and 100
mg/mL ribonuclease A. Propidium iodide (50 pg/mL) was then
added to each sample, and they were kept at 4°C for 20 min.
Cell cycle distribution was then analyzed using flow cytometry
(Beckman Coulter Epics Elite, Beckman, Inc.).

Whole-Transcriptome Sequencing
RNA extraction and whole-transcriptome sequencing was
performed as described in a previous study (25).

Detection of IncRNA GAS5

RNA from the cells were isolated using a RNeasy mini
kit (QIAGEN, Gaithersburg, MD, USA), according to the

manufacturer’s instructions. Two micrograms of RNA sample
were subjected to reverse transcription (RT) using the reverse
transcription kit (Applied Biosystems, Foster City, CA,
USA). The expression of IncRNA GAS5 was detected by
quantitative polymerase chain reaction (PCR) using the
TaqMan gene expression assay (Applied Biosystems, Foster City,
CA, USA), as described previously (50). Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used as an
internal control.

RNA Interference (RNAI)

Human IncRNA GAS5 were downregulated using a mixture
of four small interfering RNAs (siRNAs) (ON-TARGETplus
SMARTpool; Dharmacon, Lafayette, CO) as previously described
(50). In summary, the four siRNAs targeting IncRNA GAS5
(GenBank accession no. NR_002578.2) covered the following:
nucleotides 385-403 from the start codon (IncRNA GAS5-1:
AGGCAGACCUGUUAUCCUA), nucleotides 248-266 (IncRNA
GAS5-2: UGGAUGACUUGCUUGGGUA), nucleotides 567-
585 (IncRNA GAS5-3: GAUGGAGUCUCAUGGCACA),
and nucleotides 301-319 (IncRNA GAS5-4:
AGGUAUGGAGAGUCGGCUU). Transfection was performed
using the Dharmafect 1 transfection reagent (Dharmacon)
according to the manufacturer’s instructions.

In vivo Tumor Xenograft Study

The in vivo antitumor activity of psorachromene against SAS cells
was studied using 6-week-old nude BALB/c nu/nu male mice.
SAS cells (5 x 10°) were subcutaneously implanted in the right
flank of the mice on day 0. The mice were then randomized
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FIGURE 1 | Inhibition of the proliferation of OSCC cells by psorachromene. (A) Chemical structure of psorachromene. SAS and OECM1 cells were treated with
different concentrations of psorachromene or vehicle (DMSO), and the cell proliferation status was analyzed using the SRB assay (B), trypan blue staining assay (C),
and colony formation assay (D,E). The results are the mean of three independent experiments. Significant differences vs. the control groups, *p < 0.05, ***p < 0.001.
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on day 7 into vehicle control and treatment groups of six Statistics
animals each. Psorachromene and cisplatin were administered ~ All data have been presented as means + standard deviations
intraperitoneally thrice weekly, with 100 WL of psorachromene  (SD). The Students t-test was employed for comparison, and
(25 mg/kg of body weight), cisplatin (2 mg/kg), or an equal  all analyses were performed using the Statistical Package for the
volume of dimethyl sulfoxide (DMSO), which served as a  Social Sciences version 12.0 (SPSS, Inc.). Differences between the
control. The tumor volume was evaluated every 2 days using  variables were considered significant for p-values of > 0.05.
calipers, based on the following formula: tumor volume =
length x width?/2. Their body weights and food consumption
were also determined to evaluate apparent signs of toxicity. ~RESULTS
The tumor-bearing mice were weighed and sacrificed on da o
22 for assaying t%e tumor biologgy. All animal experimentz Psorachromene Inhibited the G_rOWth of .
were performed in accordance with the guidelines for the OSCC Cells and Promoted Their Apoptosis
Animal Care Ethics Commission of the Chang Gung Memorial ~ Psorachromene is a flavonoid extracted from the seeds of P.
Hospital, under an approved animal protocol (IACUC approval  corylifolia L. (Figure 1A). In this study, we treated OSCC cells
no. 2018031301). and human fibroblast cell lines with different concentrations
of psorachromene and analyzed the cell proliferation status
using Sulforhodamine B (SRB) assay to determine whether
Immunohistochemistry psorachromene has inhibitory activity on OSCC. The results
The tumors were fixed in formalin and embedded in paraffin.  showed that psorachromene could significantly inhibit the
Consecutive 2-pm-thick sections were obtained from the  growth of SAS and OECM1 cells starting from concentrations
paraffin-embedded tissue blocks, and were floated onto glass  of 25uM; the inhibitory effect became more significant with
slides. The slide-mounted tissue sections were subjected to  increasing psorachromene concentrations (Figure 1B). Similar
immunohistochemical staining as described previously (51). results were obtained on the trypan blue staining assay.
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FIGURE 2 | Inhibition of cell cycle progression and promotion of apoptosis in OSCC cells by psorachromene. (A,B) Effect of psorachromene on cell cycle progression
in SAS and OECM1 cells. The cells were treated with vehicles or different concentrations of psorachromene for 24 h. Cell cycle distribution was analyzed by flow
cytometry. (C) SAS cells were treated with or without psorachromene, and cell apoptosis was determined using a terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) assay. Green punctate staining (white arrows) represents TUNEL-positive cells. Apoptotic cells were identified as DAPI and TUNEL
double-stained cells. Magnification: 100x . Quantitative results seen in (D). (E) Western blot analysis showing the effect on caspase 9 and PARP activity in OSCC cells
after 48 h of psorachromene treatment. *p < 0.05, **p < 0.01, **p < 0.001.
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Psorachromene significantly inhibited the growth of SAS and  (PARPs) by psorachromene, indicating that it promotes cell
OECMI1 cells in a dose dependent manner. However, no  apoptosis by activating apoptosis-related proteins (Figure 2E).
inhibitory effect was observed on the growth of human fibroblast

cell line HFB (Figure 1C). This indicated that psorachromene =~ PSorachromene Inhibits the Migration and
selectively inhibits the growth in OSCC cells without significant  Jnvasiveness of OSCC

toxicity to normal cells. We also evaluated the impact of Invasion and metastasis are the major contributors to the
psorachromene on the colony forming ability of OSCC. The  refractory nature of cancer. We conducted a wound-healing
results showed significant inhibitory activity in a dose-dependent  assay to evaluate whether psorachromene may affect cell
manner. At a concentration of 50 LM, psorachromene inhibited  migration; this was performed to further evaluate the potential
the colony forming ability of OSCC cells by more than 90%  of psorachromene in inhibiting metastasis and invasiveness in
(Figures 1D,E), confirming its inhibitory activity on the growth  OSCC cells. The results showed that at a concentration of
of OSCC cells. 25uM, psorachromene significantly inhibited cell migration
To determine the mechanism of inhibition of OSCC, we  ability, and the inhibitory effects increased with the concentration
further compared the cell cycle progression between cells  of psorachromene. Ata concentration of 75 WM, psorachromene
treated and not treated with psorachromene. Those treated with  inhibited the migration ability of SAS and OECM cells by
psorachromene were found to have been arrested in the G2 phase, ~ 51.3 and 19.1%, respectively (Figures 3A,B). Furthermore, the
their numbers in the sub-G1 phase were significantly higher  invasion assay demonstrated that psorachromene may inhibit
compared to the control group (Figures 2A,B). These findings  cell invasion by up to 83.7% at a concentration of 75puM
suggested that psorachromene inhibits cell cycle progression  (Figures 3C,D).
and promotes cell apoptosis. The results of the TUNEL assay
also demonstrated that the number of apoptotic cells in PSorachromene Inhibits
the psorachromene treatment group were significantly higher ~ Epithelial-Mesenchymal Transition (EMT)
compared with the control group (Figures 2C,D). Furthermore,  Epithelial-mesenchymal transition (EMT) is an important
the results of western blotting analysis confirmed the activation ~ process in cancer cell metastasis, that weakens intercellular
of caspase-9 and the cleavage of poly (ADP-ribose) polymerases  adhesions and facilitates metastasis. To determine whether
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FIGURE 3 | Inhibition of cell metastasis ability in OSCC by psorachromene by inhibition of the progression of epithelial-mesenchymal transition. (A) The effect of
psorachromene on the wound-healing ability of SAS and OECM1 cells. Quantitative results are seen in (B). (C,D) The effect of psorachromene on the invasiveness of
SAS and OECMT1 cells. (E) Western blotting was used to examine the levels of EMT regulatory proteins in OSCC cells treated with psorachromene for 48 h. The
quantified results are shown in (F). o < 0.05, *p < 0.01, **p < 0.001.
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psorachromene regulates EMT when inhibiting OSCC migration
and invasion abilities, we performed western blotting to analyze
the effects of psorachromene on EMT associated proteins.
The results indicated that the expression of EMT-promoting
proteins such as vimentin and slug was significantly lower
in psorachromene-treated cells compared with the control
group. However, the expression of E-cadherin did not change
significantly (Figures 3E,F), suggesting that psorachromene may
inhibit OSCC migration and invasion by inhibiting EMT.

Slug is a downstream gene regulated by the EGFR signaling
pathway. We also evaluated whether psorachromene affects
EGEFR expression, and found its expression in psorachromene-
treated cells to be significantly lower compared to the control
group (Figures 3E,F). The results indicated that psorachromene
may inhibit the expression of slug, and the progression of EMT
by downregulating EGFR expression.

Psorachromene May Enhance the
Therapeutic Effects of Cisplatin and
Doxorubicin on OSCC

Cisplatin and doxorubicin are the commonly used
chemotherapeutic drugs in the treatment of OSCC (52—
54). In order to determine whether combining psorachromene

with these drugs may improve their therapeutic effects on OSCC,
we administered psorachromene, cisplatin, and doxorubicin
alone, or in combination to the OSCC cells; we also evaluated
its inhibitory effects on the growth of these cells. Cisplatin and
doxorubicin alone had an inhibitory effect on OSCC; however,
combination with psorachromene significantly enhanced the
inhibition of OSCC. Compared to cisplatin or doxorubicin alone,
the combination with psorachromene enhanced the toxicity on
OSCC cells by up to 3.3-fold (Figures 4A,B). The combination
index also demonstrated the additive effect of psorachromene in
combination with cisplatin and doxorubicin (Table 1).

Psorachromene Inhibits Tumor Growth in
Mice

The anticancer effects of psorachromene in vivo were verified
using a mouse xenograft model; the effects of psorachromene
on tumor growth in mice were similar to those of the
cell experiments. The tumor growth rate was significantly
reduced in mice treated with psorachromene. After 2 weeks of
administering the drug, the tumor volume in the psorachromene-
treated group was reduced by ~75.5% compared with the
control group (Figures 5A,B), and the tumor inhibitory effect
was equivalent to that of the cisplatin-treated group (84.6%).
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In addition, there were no significant differences in body
weight between the psorachromene-treated and control groups
(Figure 5C), indicating that psorachromene may not have
significant physiological toxicity.

In addition, we analyzed the expression of EGFR and EMT-
related proteins including slug, vimentin, and E-cadherin in
murine tumor tissues using immunohistochemical staining,
and found that psorachromene may significantly inhibit the
expression of EGFR and EMT-promoting proteins (Figure 5D).
The results of this experiment were identical to those of cellular
experiments, suggesting that psorachromene may inhibit EMT.

Psorachromene May Inhibit the Activation
of Signaling Pathways Associated With
Cell Growth and Extracellular Structure

Organization

To understand its anticancer mechanisms of action, we treated
SAS and OECML1 cell lines with psorachromene, and performed
whole-transcriptome sequencing to identify the genes and
signaling pathways that may be regulated by psorachromene.
Heatmap analysis showed that after psorachromene treatment,
gene expression was significantly altered compared with the
control group (Figure 6A). We further performed ingenuity
pathway analysis, and found that psorachromene mainly
regulates the LKB1 and ErbB/EGFR signaling pathways
(Figure 6B), affects the energy metabolism of cells, and the
composition and generation of the extracellular matrix, thereby
inhibiting their growth and metastasis.

Psorachromene Exerts Anticancer Effects
by Inducing the Expression of Long
Non-coding RNA GAS5

Previous studies have confirmed that long non-coding RNAs
(IncRNAs) play an important role in cell physiological regulation,
and drug responses. To understand the role of IncRNAs in
the anti-OSCC mechanisms of action of psorachromene, we
analyzed the previously-mentioned transcriptome sequencing
data, and found that 12 IncRNAs demonstrated a higher than
2-fold change in expression after psorachromene treatment,
compared to the control group (Figure6C). Among these
IncRNAs, growth arrest-specific transcript 5 (GAS5) has recently
been discovered to suppress cancer. It has been shown to
inhibit the growth and metastasis of OSCC by regulating
the miR-21/PTEN axis. To confirm the regulatory relation
between psorachromene and GAS5, we performed real-time
reverse transcriptase-PCR to determine the expression of GAS5
in OSCC cells. The results indicated that the expression of
GAS5 in SAS and OECM1 cells treated with psorachromene
was significantly higher than that of the control group
(Figure 6D); this indicates that psorachromene may inhibit the
growth and metastasis of OSCC by inducing GAS5 mediated
anticancer mechanisms.

We performed a rescue assay to further verify the mentioned
conditions. The results showed that psorachromene significantly
inhibited the growth and migration of OSCC cells. After
silencing GAS5 expression, we found that the inhibitory

TABLE 1 | The combination index.

PC (1M) DOX (M) cl
SAS 25 0.05 0.68011
25 0.1 0.50582
50 0.05 1.04119
50 0.1 0.84218
OECM1 25 0.05 0.79836
25 0.1 1.18195
50 0.05 1.51916
50 0.1 1.84227
PC (LM) CIS (uM) cl
SAS 25 25 0.99174
25 50 0.63005
50 25 0.96329
50 50 0.75840
OECM1 25 5 1.93719
25 25 0.84726
50 5 0.84689
50 25 0.76593

effects of psorachromene on OSCC cells were attenuated
(Figures 7A-D); this indicated that the anti-OSCC action of
psorachromene is partly achieved by regulating the IncRNA-
GASS5 anticancer pathway.

DISCUSSION

Psorachromene is a flavonoid component of P. corylifolia
L., accounting for 0.0016% of the total extract from the
seeds of P. corylifolia L (55). Current understanding on the
biological functions of psorachromene is limited. Only a
few studies have reported on its anti-inflammatory activity,
which may inhibit inducible nitric oxide synthase (iNOS)
and COX expression induced by lipopolysaccharide (LPS),
thereby inhibiting inflammatory reaction (46). However, no
studies have evaluated its anticancer effects. In this study, we
investigated the inhibitory activity of psorachromene on OSCC,
and found that it significantly inhibited the growth, migration,
and invasiveness of OSCC cells, and suppressed EMT by inducing
the expression of IncRNA-GAS5. The results of our animal
experiments also showed that it may significantly inhibit the
growth of tumor cells and the expression of EMT-associated
proteins. To the best our knowledge, this is the first study to
demonstrate that psorachromene regulates IncRNAs to exert its
antitumor effects.

Previous studies have shown that ~80% of OSCC over-
express EGFR; this leads to uncontrolled cell growth and
enhances the metastatic ability of the cells (13, 56). It also
enhances the resistance of OSCC to chemotherapeutic drugs
including, cisplatin, 5-fluorouracil (5FU), and doxorubicin
(57-59). Previous studies have also confirmed that the
use of the EGFR inhibitor gefitinib in combination with
cisplatin enhanced the therapeutic effects of the latter on
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OSCC (20). This study demonstrated similar results. In
addition to the inhibition of EGFR expression, psorachromene
has synergistic activity with cisplatin and doxorubicin in
the treatment of OSCC, with no significant physiological
toxicities. Therefore, psorachromene has considerable
potential for use as a therapeutic adjuvant in the treatment
of OSCC.

To identify the genes and anticancer signaling pathways
that may be regulated by psorachromene, we performed whole-
transcriptome sequencing that examined the gene expression
profiling of psorachromene in treated and untreated cells.
The results showed that psorachromene mainly regulates the
expression of genes associated with cell growth, extracellular
matrix composition, and inflammation, among others, thereby
inhibiting the growth and metastasis of OSCC cells; this was
consistent with the results observed on cell functional assay.
The inhibitory effect of psorachromene on the Erb-1 pathway
indicates that it has considerable potential in the treatment of
cancers that overexpress EGFR (including cancers of the breast
and liver); it may also synergize with other anticancer drugs to
enhance their therapeutic efficacy.

This study revealed that psorachromene induces IncRNA-
GAS5 expression, which is a known anticancer IncRNA, and
participates in the regulation of many important physiological
processes, including cell growth, apoptosis, cell cycle progression,
and EMT (60, 61). The low expression of GAS5 is closely
related to the poor prognosis and chemoresistance of many
cancers (62-65). Overexpression of GAS5 could enhance
the inhibitory effect of Gefitinib on EGFR phosphorylation
and its downstream signaling activation, while enhancing
the sensitivity of lung cancer cells to EGFR-TKI (66). In
addition, the chemotherapeutic drug, Lapatinib, can also
enhance the response of breast cancer cells to trastuzumab
by inducing GAS5 expression (67). Some studies have also
suggested that GAS5 is significantly downregulated in OSCC
cells, and that GAS5 expression may inhibit the growth
and metastasis of OSCC by regulating the miR-21/PTEN
axis (68). In this study, we found that psorachromene may
induce GAS5 expression. It is speculated that the inhibitory
effects of psorachromene on OSCC are partly attributable
to GAS5-mediated anticancer mechanisms. Moreover, this
result also shows the potential of psorachromene as a
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FIGURE 6 | Psorachromene-induced regulation of gene expression related to cell growth and extracellular structure organization. (A) Heatmap comparing significantly
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higher than a 2-fold change in expression after psorachromene treatment in both cell lines. (D) SAS and OECM1 cells were treated with psorachromene for 48 h, and
GASS expression was analyzed using quantitative real-time RT-PCR. *p < 0.05, ***p < 0.001.

SAS

therapeutic adjuvant that enhances the sensitivity of cancer
cells to chemotherapeutic drugs by inducing the expression
of GAS5.

Previous studies have demonstrated that long non-coding
RNAs are involved in the regulation of a wide range of
gene expression or protein stability. However, recent studies
have shown that GAS5 does not regulate EGFR expression
(66). We speculate that psorachromene regulates GAS5 and
EGFR expression through two independent mechanisms;
however, the detailed regulatory mechanism is yet to be
delineated. In addition, the results of whole-transcriptome
sequencing analysis showed that numerous IncRNAs are
also regulated by psorachromene; the role of these IncRNAs
in the anticancer mechanisms of psorachromene warrant
further research.

In cell cycle analysis related to psorachromene treatment,
the distribution of cell cycle between SAS and OECMI1 cells
is quite different. The inhibitory effect of psorachromene on
SAS cells is better than that of OECM1. We speculated that
the anti-OSCC effect of psorachromene may be induced by
specific receptors. The genetic background difference between

cells leads to the differences in receptor expression, which affect
the anti-OSCC effect of psorachromene. However, the receptor
that is targeted by psorachromene to achieve its anticancer
mechanism and its detailed downstream regulation mechanism
still need to be clarified to improve the clinical applicability
of psorachromene.

The concentrations of psorachromene in P. corylifolia
L. are not high; in addition, it has a simple structure.
Therefore, psorachromene is mainly synthesized chemically
for commercial formulations. Structural modifications may
be introduced in the future to increase its anticancer activity
and intracellular availability. In this study, we demonstrated
the potential anticancer activity of psorachromene using
cell and animal experiments; we also found that it affects
certain relevant regulatory pathways. The small-molecule
compounds that are commonly used in clinical practice
only block specific carcinogenic pathways; in contrast,
psorachromene has a wide range of targets. In addition,
the animal experiments did not demonstrate significant
differences in physiological toxicity compared to these
molecules. In view of these findings, psorachromene holds
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FIGURE 7 | The anticancer effect of psorachromene is exerted by inducing expression of INcRNA-GASS5. (A) Real-time PCR analysis shows the effect of siRNA
treatments on the expression of GAS5 in OECM1 cells. GAPDH served as an internal control. (B,C) The inhibitory effects of psorachromene on cell proliferation and
migration were significantly reversed by treatment with GAS5 siRNA (50 nM) in the OECM1 cells. The quantitative cell migration result was shown in (D). *o < 0.05,
**p < 0.01, *p < 0.001.

promise as a new therapeutic agent for OSCC. Further
studies with larger sample sizes are needed to validate
our findings.
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Enabling Precision Medicine for Rare
Head and Neck Tumors: The Example
of BRAF/MEK Targeting in Patients
With Metastatic Ameloblastoma
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Background: Ameloblastoma is a rare head and neck tumor characterized by a high
incidence of BRAF mutation providing a rationale for the use of BRAF inhibitors in patients
with advanced disease.

Methods: We report the case of a 26-year old female presenting with metastatic
ameloblastoma. A molecular screening of the tumor revealed a BRAF V600E mutation.

Results: The patient started treatment with dabrafenib and trametinib and experienced
complete response which is still ongoing 30 weeks after treatment onset.

Conclusions: The complete response observed here illustrate the role of molecular
profiling in complicate clinical situation of rare head and neck cancer and the potential
benefit of BRAF-targeted therapy in ameloblastoma carrying BRAF V60OE mutation.

Keywords: ameloblastoma, BRAF, targeted therapeutic drugs, rare tumor, precision oncology

INTRODUCTION

Precision oncology aims to tailor the therapeutic strategy based on tumor’s molecular alterations.
Previous studies have suggested the validity of such approach in rare and ultra-rare tumor subtypes,
including rare head and neck cancers; with the identification of targetable alterations in up to
93% of cases (1). Ameloblastomas are rare tumors, which often have a benign course. Metastatic
evolution is extremely rare and there is no standard of care for patients in this setting.

CASE REPORT

In November 2018, a 26-year old female was referred for hemoptysis and cough of several weeks’
duration. Her past medical history was significant for the diagnosis, at the age of 13 years, of an
ameloblastoma of the right mandible (tooth 48) treated by surgery with clear margins and no
evidence of locoregional relapse since then. A CT scan was performed which showed numerous
bilateral nodules. The patient underwent a CT-guided percutaneous lung biopsy of one of these
nodules. Histological examination was in favor of lung metastasis of ameloblastoma.

The patient was enrolled in our molecular screening program after signature of informed
consent (Bergonié Institut Profiling study, NCT02534649) and gave also written informed consent
for the publication of this case report. Next-generation sequencing of the metastatic tumor sample
was performed as previously described and revealed the presence of a BRAF gene V600E mutation
[Figure 1; (2)]. Given the lack of validated standard treatment for advanced ameloblastoma, the
molecular tumor board recommended initiation of a BRAF-targeted therapy. The patient started
treatment with dabrafenib (150 mg BID) combined with trametinib (2 mg QD). The first TEP-CT
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FIGURE 1 | Histological features of ameloblastoma (A: low magnification, B: high magnification) and BRAF V600E gene mutation assessed by next-generation

sequencing (C).
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FIGURE 2 | Sustained complete response to dabrafenib + trametinib in a patient with ameloblastoma metastatic to the lungs.

Week 12

scan performed 12 weeks after treatment onset showed competed
response according to RECIST and PERCIST criteria (Figure 2).
The patient is still doing well and in complete remission 30 weeks
after treatment initiation.

DISCUSSION

The ameloblastoma is a histologically almost always benign
odontogenic tumor of the jaw bones with a potential
of locoregional recurrence (3). Distant metastases are
extremely rare.

Anecdotal response has been reported with platinum salts
agents but there is no standard of care in this setting (4).

A seminal study investigating the molecular landscape of
ameloblastomas revealed that ameloblastomas are characterized
by the a frequent incidence of BRAF V600E mutations
particularly in tumors located in the mandibular region while
mutations of the SMO gene (39%) were predominant in
macxillary tumors (82%) (5). This study and others provided
a rationale to investigate BRAF targeting in patients with
advance ameloblastoma. Previous case reports have suggested
the clinical activity of BRAF inhibitor such as vemurafenib
in patients with advanced ameloblastoma (Table 1). We opted
here for the combination of a BRAF and MEK inhibitors.
Indeed, several studies performed in melanomas, and other
BRAF-driven malignancy, showed that acquired resistance to
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TABLE 1 | Clinical reports of BRAF-targeting in advanced ameloblastoma.

References Clinical setting Tumor stage

Treatment

Outcome

Fernandes et al. (6) 29 years old female Locally advanced

Tan et al. (7)
Faden and Algazi (8)

85 years old male Locally advanced

83 years old male Locally advanced

Kaye et al. (9) 40 years old male Metastatic

Vemurafenib

Dabrafenib
Dabrafenib

Dabrafenib + trametinib

Partial response
PFS not reached at 11 months after treatment onset

Partial response

Partial response

PFS not reached at 12 months

Partial response

Not reached at 5 months after treatment onset

BRAF inhibitors frequently develops through reactivation of the
mitogen-activated protein kinase (MAPK) pathway, resulting in
limited progression-free survival (10) In addition, the use of
BRAF inhibitors as single agent may induce the development
of secondary skin tumors, originating from a paradoxical
activation of the MAPK pathway in cells without a BRAF
mutation (10). In melanomas, combining a BRAF inhibitor
with a MEK inhibitor addresses the limitations of single-
agent BRAF inhibitors and results in a significant delay in the
emergence of resistance, with a longer overall than with BRAF
inhibitor alone, as well as a decreased incidence of BRAF-
inhibitor-induced skin tumors (10). The toxicity of such a
combination profile is generally good with the most common
adverse events being rash, pyrexia, asthenia, headache, nausea,
and arthralgia (11). The complete response observed here
illustrate the role of molecular profiling in complicate clinical
situation of rare head and neck cancer and the potential benefit
of BRAF-targeted therapy in ameloblastoma carrying BRAF
V600E mutation.
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Multiple primary cancers (MPCs) are major obstacles to long-term survival in head
and neck cancer (HNSCC), however, the molecular mechanism underlying multiple
carcinogenesis remains unclear. “Field cancerization” is a classical theory to elaborate
the malignant progression of MPCs. Apart from environmental and immune factors,
genetic factors may have great potential as molecular markers for MPCs risk
prediction. This review focuses on inherited and acquired gene mutations in MPCs,
including germ-line mutation, single-nucleotide polymorphism, chromosomal instability,
microsatellite instability and DNA methylation. And definition and prognosis of MPCs have
also been discussed. These may pave the way for the early detection, prevention and
effective treatment of MPCs in HNSCC.

Keywords: head and neck cancer, multiple primary cancer, field cancerization, cancer-associated fibroblasts,
genetic factor, biomarker

INTRODUCTION

Head and neck squamous cancer (HNSCC) ranks sixth among the most prevalent malignancies in
the world (1). It is estimated that HNSCC accounts for 64,690 new cases and 13,740 deaths in the
United states in 2018 (2). Although significant improvements have been made in the therapeutic
modalities, the prognosis of HNSCC remains stagnant in the past decades, with a 5-year survival
of only 50% (3). The dismal prognosis has always been attributed to local recurrences, distant
metastasis, and development of multiple primary cancers (MPCs).

MPCs are defined as two or more primary cancers occurring in an individual synchronously
or metachronously, neither extensions, recurrences nor metastases of each other (International
Agency for Research on Cancer), which accounts for approximately one-third of deaths in HNSCC
(4, 5). MPCs are also named as second primary malignancies (SPMs), secondary primary tumors
(SPTs), second primary cancers (SPCs), and multiple primary tumors (MPTs) (6). Several risk
factors, including smoking exposure, alcohol consumption, human papilloma virus (HPV), and
hepatitis C virus (HCV), have been suggested to be associated with the development of MPCs (7-
10). However, researches revealed that a major proportion of MPCs could not be fully explained by
these environmental factors, and genetic factors, such as single-nucleotide polymorphism (SNP),
chromosomal instability (CIN), microsatellite instability (MSI), and epigenetic alterations, may
contribute to the susceptibility of MPCs in HNSCC (11).
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MPCs have been considered to be a clinical quandary both
in diagnosis and treatment. It is challenging for the oncologists
to distinguish MPCs from a metastasis or local recurrence
merely on the basis of clinical and pathological information.
Furthermore, this classification leaves a profound effect on the
choice of treatment as well as patients’ prognosis. Recently, there
are a number of novel screening strategies for MPCs prediction,
such as genetic markers, and the role of genetic alterations in
the development of MPCs after index HNSCC were not fully
elucidated (12). Here, we conducted this review to summarize
the mechanisms and relevant genetic alterations of MPCs, which
might provide benefit in the detection, prevention, and treatment
of MPCs in HNSCC.

DEFINITION AND PROGNOSIS OF MPCs

In 1932, Warren and Gates published the classical clinical criteria
of SPT, being (1) each of the malignancies must have been
verified by histologic examination, (2) the malignancies must
be anatomical separate by normal mucosa, and (3) exclude the
possibility that the second malignancy represents a metastasis
of the index tumor (13). However, this clinical definition carries
the risk of misclassification and inability to differentiate between
an SPT, a recurrence and a metastasis (14). For example, what
distance should lie between the malignancies? How to define
the normal mucosa, by naked eye or histologic examination?
How to distinguish the SPT from a metastasis or a recurrence?
To solve this dilemma, Braakhuis et al. proposed a new
classification on the basis of molecular profiles of the tumors
and the genetically altered mucosal field between the tumors
(14). Tumors displaying distinct molecular profiles or sharing a
common pattern attributed to chance are defined as SPTs, while
those possessing similar molecular aberration are defined as local
recurrences (14).

It is widely accepted that MPCs are the leading obstacle to
long-term survival among HNSCC patients (15). According to
a retrospective study conducted by Shiga et al., patients with
synchronous SPMs displayed a poorer 5-year overall survival
rate than those with metachromous SPMs in Japan (16). In line
with this result, Bugter et al. claimed that the 5-yearsurvival rate
for synchronous and metachronous primary cancer patients was
25 and 85%, respectively (17). The higher proportion of high-
stage tumor in the synchronous primary cancer patients and
unadjusted treatment protocol may account for this discrepancy.

However, accumulating evidence has demonstrated that HPV-
positive HNSCC patients were accompanied by a decreased
risk for SPT than HPV-negative HNSCC patients (18-20).
HPV has been established as an emerging carcinogen in a
subset of HNSCCs, particularly in the oropharynx (21). HPV-
positive HNSCCs differ from HPV-negative HNSCCs induced by
tobacco and alcohol epidemiologically, clinically, and biologically
(22-24). The putative reasons for this phenomenon are as
follows: (1) HPV-positive HNSCCs exhibited higher sensitivity to
radiotherapy and chemotherapy (25); (2) HPV-positive HNSCCs
often arise in an environment with lower exposure to tobacco and
displayed fewer smoking-related genetic abnormalities, which

is less associated with smoking-related SPTs (26-28); (3) Saito
et al. suggested that field cancerization effect would not be
observed in HPV-positive HNSCCs, since HPV viral DNA
integration was limited to the cancerous tissue (29). However, the
concrete mechanisms between HPV-positive HNSCCs and SPTs
are remained to be elucidated in the future.

The dismal clinical outcome of MPCs in HNSCC emphasizes
on the importance of early diagnosis and prevention. These
genetic alterations could serve as molecular makers to guide the
early diagnosis, prevention and treatment of HNSCC patients
in several aspects. Firstly, these molecular markers could be
readily obtained by the primary tumor samples without bringing
additional invasion to patients (30). Secondly, genetic markers
could select the high-risk individuals for MPCs, which should
be under strict cancer surveillance and proper preventive
procedures. Given the discrepancies between HPV-positive and
HPV-negative HNSCC, Jain et al. proposed that future screening
procedures for MPCs may be adjusted by HPV and smoking
status (31). Thirdly, in-depth understanding of the role of these
molecular markers in MPCs may pave the way for targeted
gene therapies. In addition, genetic markers could be utilized
to distinguish MPCs from a local recurrence or a metastasis.
For example, Mercer et al. showed that microsatellite PCR
facilitated the discrimination between second primary cancer
and metastatic HNSCC (32). Daher et al. employed combined
HPYV typing and TP53 mutational profiling successfully identified
the accurate origin of lung tumors in 32 HNSCC patients,
in which only 13 cases were diagnosed correctly on the
basis of clinical and morphological data alone (33). Apart
from physical and pathological information, genetic profiles
analysis could be an effective tool to distinguish MPCs from
a recurrence. Gasparotto et al. suggested that 3 clinically
diagnosed recurrences and 2 lung lesions were actually MPTs
by comparing the p53 mutation status of primary tumors and
corresponding recurrences/metastases in HNSCC patients (34).
Microsatellite analysis indicated that 6 tumors showing clonally-
related patterns with primary tumors were recurrences, while 17
tumors with clonally-unrelated patterns were SPTs in 23 HNSCC
patients with genetic changes (35).

MECHANISM OF MPCs

The concrete molecular mechanism underlying multiple
carcinogenesis remains unclear. “Field cancerization” theory has
often been applied to explain the occurrence of MPCs (Figure 1).
The stem cell receives one (or more) genetic hit (Figure 1A),
probably a mutation of p53 gene, and gives rise to a patch
with genetically altered daughter cells [(36); Figure 1B]. Then
a subsequent genetic alteration induces the patch to spread in
a lateral direction and substitutes the normal epithelial cells to
form a field [(36); Figure 1C]. As the field expands at the expense
of normal epithelial cells, additional genetic alterations take place
and promote the progression from field to an overt carcinoma
(Figure 1D). The second tumor of monoclonal origin develops
by implantation, intraepithelial migration or sub-mucosal
spread of primary cancer cells (Figure 1E), while the polyclonal
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FIGURE 1 | “Field cancerization” theory in the MPCs of HNSCC. The stem cell receives first genetic hit (A), and gives rise to a patch with genetically altered daughter
cells (B). Then a patch develops into a field by expanding in a lateral direction under the indduction of a second genetic hit (C). Additional genetic alterations take
place and convert the field to an overt carcinoma (D). The implantation, intraepithelial migration or sub-mucosal spread of primary cancer cells lead to the
development of a SPT with monoclonal origin (E), while the final genetic hit induces the occurrence of a SPT with polyclonal origin (F).

second tumor forms under the induction of final genetic hit
[(14, 37); Figure 1F].

Failure of immune surveillance also contributed to the
occurrence of SPTs in HNSCC (Figure2). Patients with
decreased T-cell numbers in the circulation were predisposed to
infections, disease recurrence, or a second malignancy (38). Kuss
et al. reported that CD4+ and CD8+ T cells were significantly
reduced in the SPT group relative to normal control group in
HNSCCs (38). And patients with recurrences or SPTs showed
a 25% lower number of CD4+ T cells than those with primary
disease (38). The TCR associated CD3 zeta chain plays a critical
role in the signal transduction of T-cell activation, the absence
of which impairs T-cell signaling and consequently leads to
immune dysfunction (39). Kuss et al. concluded that individuals
with SPTs or recurrences exhibited lowest zeta-chain expression,
which might exert long-lasting negative effects on the anti-
tumor immune response (40). Decreased expression of HLA
class I molecules is considered to be an effective strategy for
malignant cells to evade host immunosurveillance (41). Grandis
et al. suggested that the number of HLA allelic loss increased
the risk of developing a new primary tumor (41). Collectively,
decreased T-cell numbers, CD3 zeta chain and HLA class I
molecules may be associated with the development of SPT, which
may provide new opportunities for cancer immunotherapy
in HNSCC.

In addition, cancer-associated fibroblasts (CAFs) may
play an unneglectable role in the development of field
cancerization [(42); Figure 2]. Ge et al. proposed that migratory

cancer-associated fibroblasts (CAFs), also named myofibroblast,
may appear beneath the cluster of genetic altered epithelial cells,
and ultimately lead to the malignant transformation of these cells
(42). Angadi et al. demonstrated that myofibroblasts were present
in the stroma around the oral squamous cell carcinoma (OSCC)
cell as well as the connective tissue below the histologically
normal mucosa adjacent to OSCC by immunochemistry, which
validates Ge’s hypothesis further (43). Chan et al. indicated that
cancer-associated fibroblasts promoted field cancerization by
elevating the expression of reactive oxygen species (ROS) in the
microenvironment (44). CAFs from squamous cell carcinoma
reduced the expression of Smad3 and cJUN to suppress the
activity of glutathione peroxidase 1 (GPX1), one key enzyme
affecting hydrogen peroxide detoxification. Suppression of GPX1
leads to elevation of extracellular hydrogen peroxide, which
facilitates the conversion of normal fibroblast to CAF phenotype,
and promotes the tumor-forming capacity and invasiveness.
Till now, there is no more available evidences on the role of
tumor microenvironment in MPCs, including macrophages,
myeloid-derived suppressor cells (MDSCs) and etc., which
warrants further investigation in the future.

MPCs AND INHERITED MUTATIONS

MPCs and Germ-Line Mutations

Germ-line mutation of tumor suppressor genes has been
considered to be a potential driver of MPCs. p53 gene, known
as the “the guardian of the genome,” is an well-known tumor
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FIGURE 2 | Immune factors and CAFs contribute to the development of MPCs. Decreased T-cell numbers, CD3 zeta chain and HLA class | molecules may promote
the development of MPCs by inducing immunosuppression. In the CAFs, reduced expression of Smad3 and cJUN suppress the activity of GPX1, leading to the
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promotes the occurrence of MPCs.

suppressor gene which has been involved in the cell cycle control
and DNA repair (45). It is estimated that p53 gene was mutated
in approximately 50% of HNSCC patients (46). In 1999, Gallo
and his colleagues employed polymerase chain reaction single-
strand conformation polymorphism (PCR-SSCP) analysis and
DNA sequencing to examine the p53 germ-line mutations in
24 HNSCC patients who developed MPCs and their first-degree
relatives. As a consequence, only one missense mutation in exon
6 as well as two same-sense mutations in exon 6 and 8 have been
detected (47). So the authors proposed that p53 gene might not
be the only target responsible for the multiple genetic alterations
of field cancerization (47).

CDKN2A, a tumor suppressor gene exerting an important role
in the regulation of cell cycle, is associated with the occurrence
of HNSCC. Cabanillas et al. proposed that germ-line mutations
of CDKN2A gene may serve as a common feature of HNSCC
(30). However, Jefferies et al. screened full coding sequence of
CDKN2A gene and failed to detect any germ-line mutations in
40 HNSCC patients with a SPC, which suggested that germ-line
mutations of CDKN2A contributed less to the susceptibility of
MPCs (48).

Mismatch genes, such as hMLHI, contribute greatly to the
MPCs of gastrointestinal cancers. Nevertheless, its germ-lime
mutations don’t seem to be an major event in the carcinogenesis
of HNSCC or MPTs (49). Piccinin et al. analyzed the mutations

of hMLHI gene by PCR-SSCP and sequencing in 67 HNSCC
patients, 22 MPTs and 45 controls, and no somatic or germ-lime
mutations of hMLHI have been identified (49).

Based on the above, it seems that germ-line mutations of
certain tumor suppressor genes and DNA repair genes, including
p53, CDKN2A, and hMLHI, exert a minor influence on the
genetic predisposition of MPCs after index HNSCC.

MPCs and SNPs

It is estimated that SNP accounts for up to 90% of genetic
variability (50). Researchers have demonstrated that genetic
polymorphisms of various genes were correlated with the risk
of MPCs in HNSCC. Based on their functions, these genes
could be classified into four categories: tumor suppressor genes,
oncogenes, DNA repair genes and carcinogen metabolism-
related genes, which were listed in detail as follows.

SNPs of Tumor Suppressor Genes

p53 makes a substantial contribution to the regulation of cell
cycle, cellular apoptosis and anti-cancer properties (45). p53
mutations have been shown to be correlated with the occurrence
of primary HNSCC as well as SPMs (51). The polymorphism of
p53 commonly occurred at the codon 72, with a substitution of
proline for arginine, which might promote the carcinogenesis
by disturbing the apoptosis process and cell cycle (52). Several
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studies indicated that p53 codon 72 polymorphism may play a
minor role in the development of HNSCC (53, 54). However, Li
et al. showed that patients with p53 72Arg/Pro and the combined
p53 72Arg/Pro + Pro/Pro genotypes exhibited a significantly
greater risk of SPMs in a cohort of 1271 HNSCC patients,
compared with p53 72Arg/Arg genotype (51). The authors
speculated that p53 codon 72 polymorphism may influence
the SPM risk by modifying the response to DNA-damaging
treatments (51). Despite the inherited limitations of patient
selection and clinical outcome collection, these results indicated
that p53 codon 72 polymorphism could serve as a genetic marker
to evaluate the risk of SPMs in HNSCC.

Functionally, tumor suppressor gene pI4 and p73 belong
to the p53-related gene family. pI144RF gene maps to 9p21
and encodes proteins of pI6™VK4@ and p144RF, thus playing
an important role in maintaining genomic stability via p53
and Rb pathways (6). Direct interaction between p144RF and
MDM?2 impedes the protesomal degradation of p53, resulting
in an abnormal cell cycle regulation and cellular apoptosis
(55). Genetic Alterations of pI 44RF have been considered to be
rare in the development of HNSCC. Gruttgen et al. evaluated
the p14 expression with immunochemistry, and concluded that
loss of p14RF merely occurred in 15 of 100 HNSCC patients
(56). Zhang et al. stated that p14ARF-rs3088440 and rs3731217
polymorphisms were correlated with a moderately increased risk
of SPMs in HNSCC (6). Compared with those without p14ARF
variant genotypes, HNSCC patients with both variant genotypes
had a 3-fold increased risk for developing SPMs (6). Therefore,
p14*RF polymorphisms could serve as a risk marker for SPMs in
HNSCC patients (6).

p73 displays a similar function as p53 in the regulation of
cell cycle, apoptosis and DNA repair by inducing apoptosis
or Gl cell cycle arrest (57). It has been assumed that p73
compensated for the absence of p53 induced by mutations (58).
Previous studies have revealed that genetic abnormalities of p73,
such as its G4Cl4-to-A4T14 polymorphism, were associated
the risk of HNSCC (59, 60). Li et al. investigated the role of
p73 G4C14-to-A4T14 polymorphism in SPMs in a cohort of
1384 HNSCC patients, and advocated that patients carrying
p73 GC/AT heterozygotes or the combined p73 GC/AT+AT/AT
genotypes had a significantly lower SPM susceptibility, compared
to those with p73 GC/GC genotype. The p73 GC/AT+AT/AT
genotypes conferred a pronounced protection over SPMs in
several subgroups, for example, older patients, men, minorities,
ever smoker, and ever drinkers, further supporting the role of
p73 polymorphism as a genetic marker of MPCs in HNSCC
patients (61).

FAS belongs to the death receptor family and interacts with
its ligand, FASLG, to modulate the extrinsic apoptosis pathway,
cellular homeostasis and immune escape of tumor cells (62,
63). Genetic alterations of the FAS/FASLG signaling pathway
may lead to immune evasion, thus facilitating tumorigenesis
including SPM (64). FAS-1377G>A, FAS—670A>G, FASLG-
844C>T, and FASLG-124 A>G are four well-known SNPs in
the FAS/FASLG signaling pathway. Zhang et al. reported that
subjects with both the FAS-1377 AA and FAS-670 (GG + AG)
genotypes were associated with an increased risk of HNSCC,

but not for those with FASLG variant genotypes (65). But things
are really different when it comes to the incidence of MPCs. It
has been demonstrated that patients carrying FAS-670 AG+GG
genotypes or FASLG-844 CT+TT genotypes were significantly
associated with mounting risk of SPMs compared with the
wild-type homozygous genotypes, which makes FAS and FASLG
polymorphisms a potential marker for HNSCC patients at high
SPM risk (64). Additionally, the risk of SPM was augmented in a
dose-response manner for those with increasing number of risk
genotypes (64).

p21 and p27 are two CDK inhibitors which participate in the
regulation of DNA repair, cell cycle, and apoptosis (66). It has
been demonstrated that SNPs in p2I and p27 were associated
with risk of HNSCC (67, 68). HNSCC patients carrying p27 109
TG/GG, p21 98 CA/AA, and p21 70 CT/TT variant genotypes
had a worse survival and an increased SPM risk than those with
p27109 TT, p21 98 CC, and p21 70 CC genotypes, respectively
(69). Moreover, patients with p27 (T109G) and p2I (C98A
and C70T) polymorphisms were 2.4 times more susceptible to
develop MPCs than those without variant genotypes (69). These
results indicated that p27 T109G and p2I (C98A and C70T)
polymorphisms seem to modulate the susceptibility of SPMs
in HNSCC.

Accumulating evidences have established that SNPs of tumor
suppressor genes made a considerable contribution to the
formation of MPCs in HNSCC, which makes SNPs of tumor
suppressor genes a potential molecular marker to predict the risk
of MPCs in HNSCC.

SNPs of Oncogenes
Murine double minute 2 (MDM?2), also known as an E3 ubiquitin
ligase, is the central antagonist of the tumor suppressor p53 (70).
MDM?2 negatively regulates the activity of p53 by suppressing
its transcriptional activity and promoting its degradation, thus
contributing to the carcinogenic process (71). The overexpression
and genetic alterations of MDM?2 have been commonly reported
in HNSCC (72). Two SNPs in its promoter region, MDM2-
rs2279744 and MDM2-rs937283, may alter MDM2 expression
at transcriptional level and subsequently modulate the risk
of HNSCC (71). With respect to SPM, Jin et al. reported
that MDM2-rs2279744 and MDM?2-rs937283 increased the
susceptibility of SPM in HNSCC by 90 and 20%, respectively (73).
Analogous to MDM?2 in structure, murine double minute
4 (MDM4) is also a negative regulator of p53. Several studies
suggested that high MDM4 expression may substitute for p53
mutations, and MDM4 overexpression was a common event in
the HNSCC patients (74). Three MDM4 SNPs, rs11801299G>A,
rs1380576C>G, and rs10900598G>T, have been identified
in HNSCC patients. Yu et al. proposed that individuals
with combined 1-3 risk genotypes of MDM4 SNPs exhibited
significantly increased risk of oropharyngeal cancer (75). In
a cohort of 1283 HNSCC patients, Jin et al. concluded that
MDM4-rs11801299, MDM4-rs1380576, and MDM4-rs10900598
enhanced the incidence of SPMs in index HNSCC cases by
10, 10, and 40%, respectively (73). Collectively, MDM2 and
MDM4 polymorphisms may increase the susceptibility of SPMs
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in HNSCC to some extent, which may improve the precision of
risk estimates of SPMs.

SNPs of DNA Repair Genes

The MRN complex, composed of MREII, RAD50, and Nbsl,
plays a critical role in the double-strand break repair and
telomere maintenance (76). To evaluate the role of MRE1I and
RADS50 genes in HNSCC, Zidtkowska-Suchanek et al. conducted
a case and control study of 358 HNSCC patients. Their results
suggested that common variants of MREI1 and RAD50 genes
contributed little to the occurrence of HNSCC and SPTs located
in the head and neck region (77). XRCC3, short for X-ray
repair cross-complementing group 3, is another important gene
which participates in the double-strand break repair (78). Several
studies revealed that XRCC3 C18067T polymorphism may play a
minor role in the etiology of primary HNSCC as well as MPTs.
(78, 79).

The X-ray repair cross-complementing group 1 (XRCCI)
exerts on a vital role in the DNA single-strand break repair
pathway (80). XRCCI Argl94Trp, XRCC1 Arg280His, and
XRCCI Arg399GIn are the three most common examined SNPs
in the XRCCI gene (81, 82). Lou et al. suggested that XRCCI
Argl194Trp, XRCC1 Arg280His, and XRCCI Arg399GIn posed
limited effect on the HNSCC risk in a meta-analysis with 29
studies (83). Similarly, no significant associations have been
presented between XRCCI gene SNPs and the incidence of MPT
in the HNSCC patients (79).

Apart from double-strand and single-strand repair pathway,
the host can protect the genome from damage induced by various
environmental carcinogens by means of nucleotide excision
repair (NER) pathway (84). Seven SNPs of the NER genes
involved in the HNSCC are listed as follows: XPC Ala499Val, XPC
Lys939GIn, XPD Asp312Asn, XPD Lys751Gln, XPG His1104Asp,
ERCCI C8092A, and XPA G23A. Zafereo et al. declared that no
significant association between aforementioned seven SNPs and
the SPM susceptibility, independently or collectively, has been
found in a recessive model (84).

All in all, no significant associations between SNPs of DNA
repair genes and MPC risk have been found so far. On the basis
of above evidences, it is plausible that SNPs of DNA repair genes
might not play a major role in the development of MPCs in the
HNSCC subjects.

SNPs of Carcinogen Metabolism-Related Genes

Glutathione peroxidase I (GPX1), a selenium-dependent enzyme,
participates in the detoxification of activated oxygen species (85).
Genetic alterations or polymorphism in the coding region of
GPXI gene might be involved in the development of cancer.
A significant correlation has been observed between GPXI
expression and T-stage as well as index tumor sites in HNSCC
patients (86). The GPXI polymorphism represents three possible
alleles, namely ALA5, ALA6, and ALA?7. Jefferies et al. evaluated
the association between GPXI genetic polymorphisms and
HNSCC patients who developed SPTs in a case-control study. A
significant difference in allele frequencies of GPX1 ALA*6 and
ALA*7 was observed between the SPT cases and controls, which

indicated that polymorphisms of GPXI gene may be a molecular
marker for the development of SPTs in HNSCC (85).

CYPIAI and CYP2E] are two main genes associated with
the carcinogen metabolic activation. Rydzanicz et al. reported
that HNSCC patients with CYPIAI genotype *1/*4 and allele
*4 represented a 4.1- and 2.6-fold risk of developing MPT,
respectively (79). However, no significant correlations has been
established between SNPs of CYP2EI gene and the incidence
of MPT, which suggested a limited role of CYP2EI in the
susceptibility of MPTs in HNSCC (79).

Glutathione S transferase (GST) plays a critical role in
the detoxication and elimination of various carcinogens (87).
GSTM1, GSTTI, and GSTM3 gene are three members of the
GST family in human (87). Studies reported that the GSTTI
null genotype and polymorphism in GSTM3 gene were not
correlated with a statistically significant increased risk for SPTs or
tobacco-related SPTs (79, 88). Inversely, a significant association
was observed between the polymorphism in GSTMI gene and
development of SPTs or tobacco-related SPTs (88).

N-acetyltransferase 2 (NAT2) gene participates in the
metabolism of aromatic, heterocyclic amines and hydrazines
(89). Evidence from 23 case and control studies indicated that
NAT2 polymorphisms could increase the incidence of HNSCC
by 23% and serve as a risk factor of HNSCC in Asians (90). With
respect to MPCs, NAT2*7B was significantly correlated with an
increased risk for SPTs in patients after index HNSCC (79).

According to the available evidences, a significant association
has been observed between MPCs and SNPs of carcinogen
metabolism-related genes, such as CYPIA1, GSTM1, and NAT2.
However, well-designed, large-scale, multi-center studies are still
warranted to verify these conclusions in the future.

MPCs AND ACQUIRED MUTATIONS
MPCs and CIN

CIN comprises altered DNA copy number and loss or
rearrangement of the chromosomes, resulting in the loss or gain
of function of certain genes (91). Piccinin et al. evaluated the
LOH status at 1p, 3p, 9p, 13q, and 19p. However, no significant
differences have been observed between the MPCs group
and single cancer group, which suggested that chromosomal
instability may not account for the propensity to develop SPMs
in the upper aerodigestive tract (49).

MPCs and MSI

MSI, a major hallmark of genetic instability, originates from
deficient DNA mismatch repair (92). It is mostly observed
and studied in the hereditary non-polyposis colorectal cancer,
which is characterized by MPCs of different organs, such as
gastrointestinal, endometrial and urinary tract (93). So, MSI is
considered to be a major determinant in the development of
MPCs. Piccinin et al. analyzed the MSI on five chromosomes
in 67 HNSCC patients, 22 MPCs and 45 controls, and revealed
that no significant differences existed between MSI and MPCs
cases (49). This implied that except for MSI, other systems
concerning the genome integrity might be responsible for the
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TABLE 1 | Genetic factors, genes, and potential biomarkers of multiple primary
cancer of HNSCC.

Factors Genes Potential biomarkers

Germline mutation p53, CDKN2A, hMLHI Unidentified

SNP Tumor suppressor genes: p53, p1p14, p73,
p53, p1p14, p73, FAS/FASLG, p21, p27
FAS/FASLG, p21, p27 MDM2, MDM4
Oncogenes: MDM2, MDM4 Unidentified
DNA repair genes: MRET1,
RAD50, NBN,
XRCC3, XRCC1, XPC, XPD,
XPG, ERCC1, XPA
Carcinogen GPX1, CYP1AT,
Metabolism-related genes: GSTM1, NAT2
GPX1, CYP1A1, CYP2ET,
GSTT1, GSTM1,
GSTM3, NAT2
CIN Unidentified Unidentified
MSI Unidentified Unidentified
Epigenetic alterations  CCNAT, DCC, TIMP3 CCNAT, TIMP3

carcinogenesis of HNSCC and tumor multiplicity of the head and
neck region (49).

MPCs and DNA Methylation

DNA methylation is a well-categorized change of epigenetic
alterations in tumors, which is capable of silencing the
classic tumor suppressor genes (94). DNA methylation could
disrupt the tumor suppressor gene function by obstructing
its promoter region and impeding the transcriptional
process (95). Longo et al. have detected CCNAI, DCC, and
TIMP3 hypermethylation in the exfoliated cell samples of
HNSCC patients (96). To investigate the relationship between
hypermethylation and MPCs in HNSCC, Rettori et al. examined
the methylation patterns of 19 genes in 70 HNSCC cases (97),
revealing that CCNAI and TIMP3 hypermethylation were
significantly connected with formation of SPT in HNSCC.
Hypermethylation of CCNAI and TIMP3 might be a promising
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Background: Nasopharyngeal carcinoma (NPC) is one of the most common head
and neck cancers in East and Southeast Asia. During the past decades, advances
in radiotherapy and chemotherapy had shown the improvement in tumor control with
fewer side effects. Nevertheless, metastasis of NPC causes treatment failure and is often
associated with poor clinical outcome and cancer mortality.

Hypothesis/Purpose: Pinostilbene hydrate (PSH) was recently demonstrated to have
anti-metastatic properties on human oral cancers. However, the effects of PSH on NPC
cells remain unknown.

Methods and Results: This study aims to investigate the anti-cancer ability of PSH on
human NPC by wound healing, transwell assays, zymography assay, and Western blot
assay to explore the possible underlying mechanisms. PSH significantly reduced the
migrated distance of NPC cells in a dose-dependent manner and the abilities of cancer
cell migration and invasion were markedly inhibited. The activity and the expression
of MMP-2 were also significantly decreased after treatment with PSH. Furthermore,
combined treatment of PSH with ERK1/2 inhibitor (UO126) caused significant elevation of
the activity and the expression of MMP-2. Additionally, PSH upregulated the expression
levels of E-cadherin and Claudin-1 while downregulating that of N-cadherin and vimentin
on both NPC cell lines.

Conclusion: Our research illustrates that PSH inhibits the migration and invasion
of human NPC cells. After exposure to PSH on NPC, the expression of MMP-2 is
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downregulated and EMT is suppressed through MAPK signaling pathways. These
observations suggest that PSH could be a potential anti-metastatic agent for patients

with NPC.

Keywords: pinostilbene hydrate, MMP-2, epithelial-mesenchymal transition, MAPK, nasopharyngeal carcinoma

INTRODUCTION

Nasopharyngeal carcinoma (NPC), a malignant epithelial tumor
arising from the lining of the nasopharynx, is commonly found
at the fossa of Rosenmiiller. It has a distinct geographical and
ethnic distribution. Many of new cases were reported in east
and southeast parts of Asia (1). Worldwide, an estimated 87,000
incident cases and 51,000 deaths occur annually, accounting
for about 0.6% of the global cancer burden (1). In Taiwan, the
age-adjusted incidence rate of NPC per 100,000 person-years
is 8.18 for men and 2.35 for women (2), in contrast to <1 in
North America and Europe for both sexes (1). Many risk factors
are associated with NPC, including Epstein-Barr virus (EBV)
infection (3), host genetic susceptibility in endemic regions (4-
6), dietary exposure to salted fish and environment factors (7, 8).
Depending on the histological appearance, the World Health
Organization (WHO) subtypes NPC as keratinizing squamous
cell carcinoma (SCC), non-keratinizing carcinoma and basaloid
SCC. Non-keratinizing carcinoma is further sub-categorized into
differentiated or undifferentiated tumors (9). In regions with
endemic NPC, undifferentiated carcinoma comprises over 95%
of cases and the vast majority are associated with EBV infection
(10, 11).

During the past decades, advances in population screening,
diagnostic imaging, intensity-modulated radiotherapy (IMRT)
and systemic agents have driven the improvement in disease
control and survival (12, 13). The primary treatment for early
stage patients is definitive radiotherapy and the addition of
chemotherapy for locally advanced cases has shown a benefit in
overall survival (12, 14). However, the metastatic potentiality of
NPC remains the major reason of treatment failure for patients;
the 5- and 8-years distant metastatic rates were reported as 14.5
and 16.4% in the era of IMRT (15). Furthermore, around 15%
of cases were found to have distant metastases at initial staging in
endemic NPC (16). Therefore, an effort must be made to optimize
the management of tumor invasion and migration in order to
achieve a better clinical outcome.

Cancer metastasis is a complex process; it involves the
translocation of a cancer cell to a distant organ and the
colonization of tumor cells at distant site (17). The metastatic
dissemination consists of a series of sequential, interrelated steps:
cancer cells invade the host stroma and surrounding tissue,
enter the lymphatic channels and blood systems (intravasation),
survive in the circulation and translocate to distant organs
through the bloodstream, exit from the bloodstream
(extravasation), survive the foreign microenvironment of distant

Abbreviations: NPC, Nasopharyngeal carcinoma; PSH, Pinostilbene hydrate;
ERKs, Extracellular signal-regulated kinases; JNKs, c-Jun N-terminal kinases;
MAPK, Mitogen-activated protein kinases.

tissues, and finally proliferate within the organ parenchyma into
a macroscopic metastatic tumor (colonization) (17, 18).

Invasion of ECM is another critical process in cancer
metastasis; both chemokine signaling and interactions between
cancer cells and physical components of the metastatic niche
are involved (17, 19). The matrix metalloproteinases (MMPs),
a family of zinc-dependent endopeptidases that consist of more
than 20 human MMPs, are the most prominent proteinases
associated with cancer progression. Numerous studies had found
the upregulated activity of MMPs in head and neck SCC and a
negative association between the MMP level and the prognosis
(20-24). Therefore, to understand how MMPs work in metastasis
of NPC may help us to find more ways of tumor control.

People are increasing their interests in studying naturally
extracted compounds or their analogs as one of anti-cancer
agents. Resveratrol (frans-3,5,4’-trihydroxystilbene), existing in
grapes, berries and red wine, is one of the well-studied
agents with potential roles in both cancer prevention and
treatment (25, 26). Resveratrol also showed synergistic effects
with 5-fluoruracyl and cisplatin in the adjuvant therapy which
increased the chemosensitization of cancers (27, 28). While
resveratrol is unstable in the environment, it is very sensitive
to air and light. For years, many derivatives of resveratrol
were investigated and studies demonstrated that methylated
resveratrol derivatives were more effective in the treatment
of cancer with better bioavailability and bioactivity (29-
31). Pinostilbene (3,4’-dihydroxy-5-methoxystilbene) is one of
the naturally occurring methylated derivatives of resveratrol;
it was reported to exert a potent neuroprotective effect
against parkinsonism mimetic 6-hydroxydopamine-induced
neurotoxicity in SH-SY5Y cells (31) and inhibitory effects
on human colon cancer cells (32). More recently, study
also found the antimetastatic effects of pinostilbene hydrate
(PSH) on human oral SCC by downregulation of MMP-2
through mitogen-activated protein kinase (MAPK) signaling
pathway (33). However, anti-cancer ability of PSH on NPC
cells remains unknown. Here we try to evaluate the effects of
PSH on NPC-039 and NPC-BM cells and discuss the possible
involved mechanisms.

MATERIALS AND METHODS

Reagents

Pinostilbene hydrate (3, 4’-Dihydroxy-5-methoxy-trans-stilbene
hydrate, PSH) (>95% purity) was purchased from Sigma-Aldrich
(St. Louis, MO, USA) and dissolved in pure grade dimethyl
sulfoxide (DMSO). Antibodies against MMP-2, protein kinase
B (PKB, also known as AKT), phospho-AKT (p-AKT), p38,
phospho-p38 (p-p38), extracellular signal-regulated kinase 1/2
(ERK 1/2), phospho-ERK 1/2 (p-ERK1/2), c-Jun N-terminal
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kinase 1/2 (JNK 1/2), phospho-JNK1/2 (p-JNK1/2), E-cadherin,
Claudin-1, Vimentin, and N-cadherin were purchased from cell
Signaling Technology (Danvers, MA, USA) and stored at —20°C.
p-actin was bought from Novus Biologicals (Littleton, CO, USA).
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) were obtained from Sigma-Aldrich (St Louis, MO, USA)
and stored at 4°C. Specific ERK1/2 inhibitor (U0126) and
JNK1/2 inhibitor (SP600125) were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA) and stored at —20°C.

Cell Culture

The human NPC cell lines NPC-BM and NPC-039 were provided
by doctor Jen-Tsun Lin, Hematology and Oncology, Changhua
Christian Hospital. The human nasopharyngeal normal primary
cell line was obtained from Celprogen (Torrance, CA). The cells
were cultured in RPMI 1640 Medium (Gibco BRL, Grand Island,
NY, USA) supplemented with 10% fetal bovine serum (FBS),
1% penicillin/streptomycin, 1.5 g/l sodium bicarbonate, 1 mM
glutamine, and 1 mM sodium pyruvate (Sigma, St. Louis, MO)
at 37°C in one atmosphere with 5% CO5.

Cell Viability (MTT Assay)

The cell viability was determined by MTT assay. NPC-039 and
NPC-BM (1 x 10* cells/well) were seeded in 24-well plates and
treated with various concentrations of PSH (0, 20, 40, and 80 uM)
for 24h. Then the medium was removed and the cells were
incubated with MTT reagent 500 w1 (0.5 mg/mL) at 37°C in 5%
CO; for 4 h. After removing the supernatant, DMSO was added
to dissolve the formed formazan crystals. At last, the absorbance
of the converted dye was measured using an enzyme-linked
immunosorbent assay (ELISA) plate reader at a wavelength of
595 nm to determine the cell viability.

Wound Healing Assay

NPC-039 and NPC-BM cells were seeded on 6-well plates at
5 x 10° cells/well and incubated for 24 h. Then the cells were
wounded by scratching with a 200-pl sterile pipette tip. After
being washed twice, the cells were treated with PSH (0, 20, 40,
and 80 wM) for 24 h. Then the cell migration was observed and
photographed at the appropriate fields by using a phase-contrast
microscope. The wound closure was monitored for 6 h. The cell-
free area in the dish was measured by an inverted microscope
(OlympusIX71, Tokyo, Japan) and the cell migrated distance was
calculated by Image]J software. Experiments were performed for
at least three times.

Cell Migration and Invasion Assays

Cell migration and invasion assays were performed as previously
described (33, 34). NPC-039 and NPC-BM cells were incubated
with different concentrations of PSH (0, 20, 40, and 80 uwM)
for 24h. For migration assay, the lower chamber was filled
with 600 pL of medium supplemented with 10% FBS in
advance. Then the treated cells were seeded to the upper
compartment of Transwell (Greiner Bio-One, North Carolina,
USA) and incubated at 37°C for 16h. For invasion assay,
the treated cells were seeded in a matrigel (25 mg/50 mL,
60 wl; BD Biosciences, MA) coated upper compartment of

chamber with growth medium placed in underneath chamber
and incubated for 24 h. The non-migratory cells were removed
after incubation for 24h. Finally, the membrane was fixed
with methanol and stained with 10% Giemsa for 2h. The
migratory cell number was quantified by randomly counting
at more than three independent visual fields under the
light microscope.

Assessment of MMP-2 Activity

NPC-039 and NPC-BM cells were plated in 24-well plates and
treated with different concentrations of PSH (0, 20, 40, and
80 wM) for 24h. Then the cultured medium was collected,
mixed with a loading buffer and subjected to 0.1% gelatin—8%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). After the proteins were electrophoretically separated,
the gels were washed for 30min twice in 2.5% Triton X-
100 and incubated in reaction buffer (40 mM Tris-HCL, pH
8.0, 0.02% NaN3z, 10mM CaCly) at 37°C for overnight.
Subsequently, the gel was stained with Coomassie Brilliant
Blue R-250 as described previously (33, 34) and the zones
corresponding to proteolytic activity of MMP-2 were analyzed by
Image] software.

Western Blot Analysis

The treated cells were harvested and lysed in ice-cold RIPA
buffer to extract all proteins. The protein concentrations were
detected using the bicinchoninic acid (BCA) assay. Equal
amounts of proteins were separated by 10% polyacrylamide
gel and transferred onto a polyvinylidene fluoride (PVDEF)
membrane (EMD Millipore). After blocking in 5% non-fat
milk with TBS-T buffer (20mM Tris, 137mM NaCl, pH 7.4)
at room temperature for 1 h, membranes were incubated with
diluted primary antibody (dilution of 1:1,000) and B-actin at
4°C with gentle shaking for overnight. Then washing with
TBS-T for three times, membranes were incubated with the
appropriate horseradish peroxidase-conjugated secondary
antibody at room temperature for 1h, rewashing with TBS-T
for three times, the blots were visualized using an enhanced
chemiluminescence (ECL) reagent (EMD Millipore) and
autoradiography. B-actin was used as a loading control. The
relative photographic density was quantified by ImageQuant LAS
4000 mini Biomolecular Imager (GE Healthcare Bio-Sciences
AB, Bjorkgatan 30 751 84 Uppsala, Sweden). The relative
density was quantitated with gel documentation and analysis
(Alphalmager 2000; Alpha Innotech Corporation, San Leandro,
CA, USA).

Statistical Analysis

Statistical analysis was performed using SigmaStat 2.0
(Jandel Scientific, San Rafael, CA). Data were presented
as the mean = standard deviation (SD) of at least three
independent experiments. Student’s f-test was used for
comparison among different groups. P < 0.05 was considered as
statistically significant.
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RESULTS

Effects of PSH on the Viability of Human

NPC Cells

To examine the cytotoxicity of PSH on NPC cell lines, the
cells were evaluated by MTT assay. The chemical structure
of PSH is shown in Figure 1A. NPC-039, NPC-BM, and
human nasopharyngeal normal primary cell lines were
treated with various concentrations of PSH (0, 20, 40,
and 80uM) for 24h. The growth-inhibitory effects were
observed (Figures 1B-D). Comparing with the control
group, PSH significantly inhibited the cell viability when
NPC-039 and NPC-BM were incubated with 80 wuM of PSH.
No significant cytotoxic effects were observed on both cell
lines when treated with other concentrations of PSH. A
concentration range of 0-80 WM of PSH was then chosen for
subsequent experiments.

Inhibitory Effects of PSH on Motility,

Migration, and Invasion of NPC Cell Lines

To determine the role of PSH on motility of NPC cells, the
wound healing assay was performed. The results showed
a significant reduction in migrated distance for both cell
lines after exposure to PSH (Figures 2A-D). PSH markedly
inhibited the wound gap closure in a dose-dependent

manner. To evaluate the effects of PSH in migration and
invasion of NPC-039 and NPC-BM cells, transwell assays
were used. As shown in Figure2, the abilities of cancer
cell migration (Figures2E,F) and invasion (Figures2G,H)
were significantly decreased by PSH on both cell lines in a
dose-dependent manner. These results indicated that PSH
played a negative role in migration and invasion of human
NPC cells.

PSH Downregulated MMP-2 Activity and

Expression on NPC Cells

Degradation of ECM by extracellular proteinases is crucial
to the invasion and migration of cancer cells (35, 36) and
MMPs are the most famous proteinases associated with
tumorigenesis. We investigated the activity of MMP-2 in PSH
treated human NPC cells through the gelatin zymography
assay. After exposure to PSH (0, 20, 40, and 80uM) for
24h, significantly reduced activity of MMP-2 in a dose-
dependent manner was noticed on NPC-039 and NPC-BM
cells (Figures 3A-D). Furthermore, the expression of MMP-
2 was examined by Western blot assay. With higher dose of
PSH administration on both cell lines, the expression level
of MMP-2 became lower (Figures 3E-H). PSH significantly
downregulated the activity and expression of MMP-2 in human
NPC cells.

A
OH
H3C—O0 O
OH
Pinostilbene hydrate (PSH)

G NPC-BM

§ 100 ——

H *
g 80

ST

é 40

G

T 204

3

Q {; T T T T

0 20 40 80

Pinostilbene hydrate (uM)

FIGURE 1 | Effects of PSH on the viability of human NPC cells. NPC-039 and NPC-BM cells were treated with various concentrations of PSH (0, 20, 40, and 80 uM)
for 24 h. The cell viability was determined by MTT assay. (A) Chemical structure of pinostiloene hydrate (PSH). The cytotoxicity was observed on (B) NPC-039, (C)
NPC-BM, and (D) human nasopharyngeal normal primary cell lines. PSH significantly inhibited the cell viability of NPC-039 and NPC-BM cells after treatment with
80 M of PSH. The values are the mean + SD of at least three independent experiments. “o < 0.05.

NPC-039

100+

80

60+

40

Cell viability (% of control)

n
0 T T T T

0 20 40 80

Pinostilbene hydrate (uM)

uman nasopharyngeal normal primary cell

—
I
S

100

N A N ®
Sl il el

>
T

Cell viability (% of control) =

0 20 40 80
Pinostilbene hydrate (uM)

Frontiers in Oncology | www.frontiersin.org

121

December 2019 | Volume 9 | Article 1364


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Tseng et al. PSH Inhibits NPC Invasion/Migration

Pinostilbene hydrate (uM)

Pinostilbene hydrate (pM)

0 20 40 80

6£0-DdN
Wd-DdN\

2z2zosssse:]

w
O

’—g‘ NPC-039 ;é NPC-BM
: E NPC-B!
£ 150 g 130
g “
N
i : B o
= 100 < 100 H iy
= s . O 80 um
z 5 -
£ 50 Z 50 % *
= 3 ] :
e @
Z oo E
2 &
= Time (hrs) =

Time (hrs)

m
o]

Pinostilbene hydrate (M) Pinostilbene hydrate (uM)

'n
7
=
I
I
=

=

S
—_
=
S

‘n

=]
n
>

NPC-039 NPC-BM NPC-039 NPC-BM

Migrated cell numbers (% of control)
Invaded cell numbers (% of control)

FIGURE 2 | Effects of PSH on motility, migration, and invasion of NPC cell lines. NPC cells were treated with various concentrations of PSH (0, 20, 40, and 80 wM) for
24 h. The migrated distance was determined by the wound healing assay on NPC-039 (A,B) and NPC-BM (C,D) cell lines. PSH significantly reduced the migrated
distance of NPC cells when pictured at 3 and 6 h in a dose-dependent manner. To evaluate the effects of PSH in migration (E,F) and invasion (G,H) transwell assays

were used. The abilities of cell migration and invasion were markedly inhibited by PSH on both cell lines in a dose-dependent manner. The values are the mean + SD
of at least three independent experiments. “o < 0.05.

PSH Reduced the Activity of MMP-2 via the

3 A cells (33, 37). To evaluate the associated mechanisms in NPC,
MAPK Signaling Pathways on NPC-039 we directly measured the expression and the phosphorylation
and NPC-BM Cell Lines of AKT, ERK1/2, JNK1/2, p38 on NPC cells in response to
Previous studies indicated that the MAPK pathways were = PSH by Western blot analysis. The findings revealed that

involved in the regulation of MMP-2 expression on oral cancer =~ PSH promoted the expression of p-ERK1/2 and p-JNK1/2,
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but not p-AKT and p-p38, on NPC-039 and NPC-BM
cell lines in a dose-dependent manner (Figures4A-C). To
further clarify whether PSH regulated the activity of MMP-
2 through MAPK signaling pathways, cells were pretreated
with or without specific ERK1/2 inhibitor (U0126) or JNK1/2
inhibitor (SP600125) for 1h followed by treatment with PSH
(0 and 80pM) for 24h. The activity of MMP-2 was then

determined by gelatin zymography as previously described in
methods. The results showed a significant elevation in activity
of MMP-2 on 80 uM PSH treated NPC cells with exposure to
U0126 or SP600125 when compared with PSH treatment only
(Figures 4D-G). In addition, a combined treatment of PSH
with U0126, but not SP600125, also significantly contributed
to the increased expression of MMP-2 level on both cell lines
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FIGURE 4 | protein of AKT, ERK1/2, JNK1/2, and p38 is also shown. (B,C) PSH significantly promoted the expression of p-ERK1/2 and p-JNK1/2 on NPC-039 and
NPC-BM cell lines in a dose-dependent manner. Values represent the mean = SD of at least three independent experiments. "P < 0.05, compared with the control
(OM). (D-G) The cells were pretreated with or without ERK1/2 inhibitor (U0126) or JNK1/2 inhibitor (SP600125) followed by treatment with PSH (0 and 80 M) for
24 h significantly upregulated activity of MMP-2 in combined treatment of PSH with U0126 or SP600125 was noted. P < 0.05, compared with 80 M PSH treated
only group. (H-K) A co-treatment of PSH with U0126, but not SP600125, significantly contributed to the elevated expression of MMP-2 level on both cell lines. ‘P <
0.05, compared with the control. #P < 0.05, compared with 80 wuM PSH treated only group.
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FIGURE 5 | PSH suppressed EMT on NPC cells via the MAPK signaling pathways. (A,B) Cells were treated with PSH (0-80 M) for 24 h. The expression levels of
epithelial marker proteins (E-cadherin, Claudin-1) and mesenchymal marker proteins (vimentin, N-cadherin) were analyzed by Western blot. PSH upregulated the
expression of E-cadherin and Claudin-1 while downregulating that of N-cadherin and vimentin on both NPC cell lines. ‘P < 0.05, compared with the control (0 wM).
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and Claudin-1 when compared with 80 wxM PSH treatment only group. ‘P < 0.05, compared with the control. #P < 0.05, compared with 80 wuM PSH treated only
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group. (E,F) Relative to the group treated with 80 uM PSH alone, a co-treatment of PSH with U0126 or SP600125 in NPC-BM cell lines elevated the expression levels
of mesenchymal markers and suppressed the expression of epithelial marker proteins. ‘P < 0.05, compared with the control. #P < 0.05, compared with 80 uM PSH

(Figures 4H-K). Therefore, the phosphorylation of ERK1/2
was involved in the regulation of MMP-2 in NPC cells with
PSH administration.

PSH Suppressed EMT in NPC Cells via the
MAPK Signaling Pathways

EMT is also one important process in cancer metastasis. We thus
examined the influence of PSH on EMT markers in NPC cell
lines. After incubation with various concentrations of PSH (0, 20,
40, and 80 wM) for 24 h, the expression levels of epithelial marker
proteins (E-cadherin, Claudin-1) and mesenchymal marker
proteins (vimentin, N-cadherin) were analyzed by Western
blot assay (Figures5A,B). The findings indicated that PSH
upregulated the expression levels of E-cadherin and Claudin-1

while downregulating that of N-cadherin and vimentin on both
NPC cell lines (*P < 0.05). To further clarify the association
between PSH-suppressed EMT and MAPK signaling pathways,
cells were pretreated with or without U0126 or SP600125 for 1h
followed by treatment with PSH (0 and 80 uM) for 24h. The
EMT markers were then determined again. In NPC-039 cells,
co-treatment with PSH and U0126 showed significant elevated
levels of vimentin and N-cadherin with decreased levels of E-
cadherin and Claudin-1 as compared with 80 .M PSH treatment
only (Figures 5C,D). Similar results were also noted in NPC-BM
cells; co-treatment of PSH with U0126 or SP600125 increased
the expression levels of mesenchymal marker proteins while
suppressing the levels of epithelial marker proteins relative to
the group treated with 80 wM PSH alone (Figures 5E,F). These
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data revealed that PSH could suppress EMT in human NPC cells
through the MAPK pathways.

DISCUSSION

NPC is a radiosensitive tumor and definitive radiotherapy
or chemoradiotherapy forms the main treatment for non-
metastatic NPC. The introduction of IMRT and the addition
of systemic agents to radiotherapy partly contribute to the
improvement in disease control and survival (12, 14). However,
the great potentiality of systemic dissemination in NPC patients
is troublesome and the outcomes for metastatic cases are
heterogeneous and can be very poor (12, 15). In previous
study, the anti-metastatic effect of PSH on human oral
SCC by downregulation of MMP-2 through MAPK pathways
was reported (33). Here, we further examined the effects
of PSH on two NPC cell lines and discussed the possible
mechanisms. Our results suggested that PSH inhibited the
migration and invasion of NPC cells by downregulating
MMP-2 expression and suppressing EMT through the MAPK
signaling pathways.

Cancer metastasis is a complicated process; both EMT and
the invasion of ECM play crucial roles during the metastatic
dissemination (17, 18). The MMPs are proteinases that involve
the ECM invasion, cancer migration and signaling pathways that
control cell growth and angiogenesis (35, 36). Among MMPs,
MMP-2 and MMP-9 are collagenase that can selectively degrade
type IV collagen, a major component of ECM; overexpression
of MMP-2 or MMP-9 is associated with more lymph node
metastases, distant metastases and poor survival in head and
neck SCC (21-24). Furthermore, Wong and colleague reported
that a high pro-MMP?2 level was correlated with poor survival in
patients with undifferentiated NPC (38). Liu et al. demonstrated
an increased MMP-9 level as an unfavorable prognostic factor
for NPC; patients with elevated MMP-9 level had a significantly
shorter overall survival (OS) time and higher MMP-9 level was
positively associated with the status of lymph node metastasis and
clinical stage (39). Therefore, MMPs inhibitor had become one of
molecular targeted therapy in development for treatment of NPC
(40). One study had shown zoledronic acid (MMP inhibitor)
combined with chemotherapy could improve progression-
free survival (PFS) and OS in NPC patients with bone
metastases (41).

In the present study, the cell viability of NPC-039 and
NPC-BM cells were significantly decreased after exposure to
80 wM of PSH for 24 h (Figures 1B,C). A significant reduction
in migrated distance was also observed through the wound
healing assay; PSH markedly suppressed the wound gap closure
in a dose-dependent manner (Figures 2A-D). In addition, the
ability of cancer cell migration and invasion were inhibited
by PSH on both NPC cell lines (Figures 2E-H). These results
indicated that PSH played a negative role in the migration and
invasion of human NPC cells and PSH could be a potential
anti-metastatic drug for NPC. Various studies had shown the
anti-metastatic effects of certain agent on NPC or oral cancers
through the downregulation of MMP-2 or MMP-9 via the

MAPK signaling pathways (33, 34, 37, 42). We thus used the
gelatin zymography assay and Western blot to analyze the
effects of PSH on MMPs in NPC cells. Our findings showed
PSH reduced the activity and the expression of MMP-2 in
a dose-dependent manner on NPC cells (Figure 3). We then
further evaluated the mechanisms that involved PSH mediated
MMP-2 expression in NPC. The levels of MAPK pathway
proteins were examined after treatment with PSH. Our data
revealed PSH promoted the expression of p-ERK1/2 and p-
JNK1/2, but not p-AKT and p-p38, in human NPC cells
(Figures 4A-C). Moreover, co-treatment with PSH and ERK1/2
inhibitor (U0126) or JNK1/2 inhibitor (SP600125) contributed
to the upregulated activity of MMP-2 in NPC when compared
with PSH treatment only group (Figures4D-G). Therefore,
MAPK signaling pathways were involved in PSH mediated
MMP-2 regulation in NPC and blocking the ERK or JNK
pathway might interfere the anti-metastatic ability of PSH to
NPC cells.

EMT is also recognized as an important step in the metastasis
of malignancies and the level of E-cadherin was negatively
correlated with the clinical prognosis in NPC (40, 43-45).
Nowadays demethylation of E-cadherin gene is considered to
be a potential therapeutic strategy for patients with NPC (46).
Some studies demonstrated the inhibitory effects on migration
and invasion of NPC cells by suppressing EMT (47, 48).
We then observed the influence of PSH on EMT markers
in NPC-039 and NPC-BM cells by Western blot assay. After
exposure to PSH, expression levels of the epithelial markers E-
cadherin and Claudin-1 increased, while that of the mesenchymal
markers N-cadherin and vimentin decreased (Figures5A,B).
Furthermore, combined treatment with PSH and U0126 or
SP600125 showed significantly elevated levels of mesenchymal
markers with decreased levels of epithelial markers relative to the
group treated with PSH alone (Figures 5C-F). Taken together,
PSH suppressed the EMT process in NPC cells; the addition
of ERK 1/2 inhibitor or JNK1/2 inhibitor reversed this ability
and induced NPC cells to regain EMT characteristics which
restored the invasiveness of NPC cells. These data suggested that
PSH might suppress EMT in human NPC cell lines through the
MAPK pathways.

Our results demonstrated that PSH downregulated the activity
and the expression of MMP-2 on both NPC-039 and NPC-
BM cell lines. A significant reduced migrated distance under
the wound healing assay and marked inhibitory effects on the
migration and invasion of NPC cells were also observed. After
exposure to PSH, the expression of epithelial markers increased,
while that of mesenchymal markers decreased, which suggested
the ability of PSH to reverse the EMT process in NPC. We also
found the associations of MAPK pathways with PSH mediated
MMP-2 downregulation and EMT suppression in NPC; ERK and
JNK pathways were involved in these molecular mechanisms. In
conclusion, PSH inhibited the migration and invasion of human
NPC cells in vitro by downregulating MMP-2 and suppressing
EMT through MAPK signaling pathways. Data obtained from
our study indicated that PSH could be a potential anti-metastatic
agent for patients with NPC, though more detailed studies may
be needed for further application.
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As the incidence and the mortality rate of head and neck squamous cell carcinoma
(HNSCC) is increasing worldwide, gaining knowledge about the genomic changes
which happen in the carcinogenesis of HNSCC is essential for the diagnosis and
therapy of the disease. SMAD4 (DPC4) is a tumor suppressor gene. It is located at
chromosome 189g21.1 and a member of the SMAD family. Which mediates the TGF-f
signaling pathway, thereby controlling the growth of epithelial cells. In the study presented
here, we analyzed tumor samples by multiplex PCR-based next-generation sequencing
(NGS) and found deleterious mutations of SMAD4 in 4.1% of the tumors. Knock-down
experiments of endogenous and exogenous SMAD4 expression demonstrated that
SMAD4 is involved in the migration and invasion of HNSCC cells. Functional analysis
of a missense mutation in the MH1 domain of SMAD4 may be responsible for the loss
of function in suppressing tumor progression. Missense SMAD4 mutations, therefore,
could be useful prognostic determinants for patients affected by HNSCCs. This report is
the first study where NGS analysis based on multiplex-PCR is used to demonstrate the
imminent occurrence of missense SMAD4 mutations in HNSCC cells. The gene analysis
that we performed may support the identification of SMAD4 mutations as a diagnostic
marker or even as a potential therapeutic target in head and neck cancer. Moreover, the
analytic strategy proposed for the detection of mutations in the SMAD4 gene may be
validated as a platform to assist mutation screening.

Keywords: head and neck cancer, loss of heterozygosity, SMAD4, somatic mutation, survival

INTRODUCTION

Head and neck squamous cell carcinomas (HNSCC), which include oral squamous cell carcinomas,
are the sixth most prevalent malignancy worldwide (1, 2). The pathogenesis of HNSCC is affected
by many molecular factors, among them e.g., mutations in TP53, and genes related to PIK3CA
and Notch family signaling (3-9). The role which these factors are playing in the progression of
the tumors remains unclear to a wide extent (3, 4, 6, 10, 11). Although the knowledge on head
and neck carcinogenesis has improved a lot in the past 40 years and many innovations in surgery
as well as chemo- and radiotherapy have been made, the survival rates for many HNSCC types
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have not improved considerably (2). Recent developments
in high-throughput, next-generation parallel sequencing
technologies are facilitating sensitive detection, and
quantification of genetic alterations. New insights in the
molecular basis of HNSCC progression have been provided
by whole-exome sequencing (WES) (8, 12, 13). The analysis
of WES data which was obtained from The Cancer Genome
Atlas (TCGA) (6, 14) pointed to novel genes with significant
mutations and underlined the complex molecular pathogenesis
of HNSCC, which includes a high degree of heterogeneity
between tumors (15).

SMAD4 is a transcription factor of the SMAD family which
takes part in TGF-p signaling. SMAD4 stands for SMA- and
MAD-related protein 4, other names are SMAD family member
4, Deleted in Pancreatic Cancer-4 (DPC4) and Mothers against
decapentaplegic homolog 4, SMADA4 is present in all metazoans
and is highly conserved between species (16). As the main effector
of TGF-B signaling, SMAD4 has been found to be non-functional
in more than half of adenocarcinomas of the pancreatic duct
(17-19), and to varying degrees, in several other types of cancers
(20-24). In many studies that have been conducted in the past
20 years it was found that the loss of SMAD4 function alone
does not initiate a tumor, but it may promote the progression
of tumors which have been initiated by other molecular defects,
like the activation of KRas activation in the case of pancreatic
duct adenocarcinoma and the inactivation of APC in colorectal
cancer (20, 24). The loss of SMAD4 is playing a crucial role in
the response to DNA damage with the consequence of increased
genomic instability. This is very prominent in skin cancer and
suggests a distinct role of SMAD4 in the progression of various
types of tumors (25).

Screening large genes with multiples exons for mutations by
traditional Sanger sequencing is slow, labor intensive and costly.
Next-generation sequencing (NGS) in contrast allows the direct
analysis of mutations in monogenic diseases at low cost without
pre-screening. Novel DNA variants that have been identified
by NGS still may be corroborated by Sanger sequencing before
reporting them.

In this study, we performed NGS analysis based on multiplex
PCR NGS for the investigation of SMAD4 mutations in HNSCC.

We found that mutations of SMAD4, as well as its expression
level, are linked to the progression of HNSCC and affect
patient survival. Moreover, we investigated the role of deleterious
SMAD4 mutations to elucidate their role in HNSCC neoplasms.

MATERIALS AND METHODS

Patients

This study was approved by the Institutional Review Board of
Mackay Memorial Hospital (approval number: 15MMHIS104).
All patients provided written informed consent. Tumor samples
were obtained from 122 patients undergoing HNSCC surgery
(Supplementary Table 1). Cells were isolated from tissue
sections by laser capture microdissection (LCM) following
established protocols (3, 4). Additionally, 10mL of whole
blood was collected in the morning after fasting in Vacutainer
tubes containing EDTA as the anticoagulant (Becton Dickson,

Franklin Lakes, NJ, USA) from each patient. None of the patients
included in this study had received radiotherapy or adjuvant
chemotherapy before surgery. DNA was extracted from blood
and cancerous tissue as reported previously (26).

SMAD4 Mutation Analysis by PCR-Based
NGS

Individual primer sets for 10 long PCR reactions were
designed with Primer3 (version 0.4.0) (ELIXIR, funded by the
European Commission) to amplify the entire coding sequence
(exons 2-12) for human SMAD4 (Supplementary Table 2 and
Supplementary Figure 1A). Amplicon concentrations were
determined with the Qubit dsDNA HS Assay kit on a Qubit
2.0 fluorometer (Life Technologies, Carlsbad, CA, USA). PCR
reactions were carried out using the KAPA LongRange HotStart
kit (Kapa Biosystems, Wilmington, MA, USA). For library
generation, long PCR products of each sample were pooled and
then purified using Agencourt Ampure XP beads (Beckman
Coulter, Pasadena, CA, USA). Indexed libraries of the pooled
PCR products were prepared using the Illumina Nextera XT
library preparation kit and then sequenced on the Illumina
MiSeq system, following the manufacturer’ instructions. Variant
call format files were generated using the MiSeq Reporter
software (version 2.3.32). The variants were further filtered on
the basis of the following criteria: (1) DP <30, (2) genotype
quality <30, (3) number of mismatches within a 40-bp window
<3, (4) mutant allele frequency of at least 10% in tumors and
<1% in normal cells, and (5) MAF in the 1000 Genomes Project
and dbSNP137 > 1%. The Integrative Genomics Viewer (IGV)
was used to determine the read counts of the target amplicons
and to confirm the detected variants. The mutation spectrum and
lollipop figures for SMAD4 were generated with the OncoPrinter
and MutationMapper tools available at cBioPortal (27, 28).

Mutation Point Validation

To validate the somatic mutations which were identified
in the multiplex PCR-based NGS results, conventional
Sanger sequencing was applied. Individual primer sets were
designed in Primer3 (version 0.4.0), they have been listed in
Supplementary Table 3. For Sanger sequencing, PCR reactions
were performed with a standard hot start kit. Amplicons were
sequenced with the ABI BigDye Terminator Cycle Sequencing
kit on an ABI 3730x] DNA analyzer (Applied Biosystems, Foster
City, CA, USA).

Immunohistochemistry

SMAD4 protein was visualized in tissue sections by
immunohistochemistry, following previously reported protocols
(29). In brief, 5-pm-thick tissue sections were dewaxed,
rehydrated, and then incubated with monoclonal mouse
anti-human SMAD4 antibody (sc-7966, 1:100 dilution;
Santa Cruz Biotechnology, Santa Cruz, CA, USA) in a
humidification chamber at 4°C overnight. After rinsing
with PBS, standard immunohistochemical staining was done
using streptavidin-biotin complex system (Dako Corp.) with
aminoethylcarbazole as the chromogen and subsequently
counterstained with hematoxylin and mounted with Clearmount
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(Zymed Laboratories, Inc.). The primary antibody used was a
Preimmune mouse IgG was used as a negative control. Normal
epithelium adjacent to the tumor served as the internal positive
control. Tumors containing >50% and <50% positive cancer
cells were classified to have high and low SMAD4 expression (30).

Cell Culture, Reagents, and Phenotypic

Assays

In this study, the HNSCC cell lines SAS, OECM-1, HSC3,
FaDu, SCC25, OC3, and OC4 were used. Normal human oral
keratinocytes (NOKs); served as controls. The cells were cultured
as described previously (31). Our cell lines were authenticated by
Mission Biotech (Nangang, Taipei, Taiwan) on August 8, 2017,
using the Promega StemElite ID System and analyzed on ABI
PRISM 3730 Genetic Analyzer with GeneMapper (version 3.7).
si-SMAD4 and scramble control (si-control) oligonucleotides
were purchased from Santa Cruz Biotech (Santa Cruz). For
transfection, TransFectin Lipid Reagent (BioRad Lab., Hercules,
CA, USA) was used. sh-SMAD4 vectors (TRCN0000010321)
and a sh-Luc control vector (TRCN0000072249), packaged
in lentiviruses, were purchased from National RNAi Core
(Academia Sinica, Taipei, Taiwan). The cells were infected
and selected using puromycin (Sigma-Aldrich) at 5.0 pg/mL
for 7 days to establish stable subclones. Phenotypic events,
including proliferation, migration, and invasion, were analyzed
as previously described (10, 32).

Analysis of SMAD4 Mutations in HNSCC

Cell Lines

All coding exons of SMAD4 in SAS, OECM-1, HSC3, FaDu,
SCC25, OC3, and OC4 cells were amplified by PCR and then
sequenced using the ABI BigDye Terminator Cycle Sequencing
kit on an ABI 3730x] DNA analyzer (Applied Biosystems). The

variants with MAF > 1% in the 1000 Genomes Project and
dbSNP137 were filtered.

Constructs

The SMAD4 cDNA sequence was amplified from the
cDNA of SAS cells with the primers SMAD4 Forward and
SMAD4_Reverse, introducing BamHI and EcoRI sites for
directional cloning. The PCR product then was subcloned into
the pBabe puro vector. The p.H132Y, p.P296T, and p.A488V
mutations were introduced into SMAD4 cDNA with the Q5
Site-Directed Mutagenesis kit (New England BioLabs, Ipswich,
MA, USA) with the primers H132Ymut, P296Tmut, and
A488Vmut. We named the resulting mutants p.H132Y, p.P296T,
and p.A488V, respectively. Supplementary Table 3 lists the
primers used in this section.

Loss of Heterozygosity Analysis at the

SMAD4 Locus

Three polymorphic markers close to the SMAD4 locus (D18S363,
D18S474, and D18S46) were used to analyze the loss of
heterozygosity status (LOH) of SMAD4. These markers are
described in Supplementary Table 3. As templates, samples of
genomic DNA (~100 ng) were extracted from HNSCCs and
matching normal tissues. The PCR reaction (20 pL) contained
5x Phusion HF buffer, 200 uM of each dNTP, 0.25uM of
each marker, and 0.3 pl (0.6 units) of Phusion High-Fidelity
DNA Polymerase (Thermo Fisher Scientific, Vilnius, Lithuania).
Amplification was performed under the following conditions:
98°C for 5min, followed by 35 cycles at 98°C for 20s, 60°C
for 15s, and 72°C for 30s. The final extension was at 72°C
for 7min. The PCR product (0.5 pL) was mixed with 0.5 pL
of GeneScan-600 LIZ dye Size Standard (Applied Biosystems)
in 10 uL of Hi-Di formamide (Applied Biosystems), denatured
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for 3min at 95°C, and then cooled on ice. The samples were ~Western Blotting
separated by capillary electrophoresis with an ABI PRISM
96-capillary 3730x] DNA Analyzer (Applied Biosystems) and
the results were analyzed using GeneMapper (version 3.7;
Applied Biosystems). LOH was evaluated using the following
formula: LOH = (height of tumor allele 2/height of tumor
allele 1)/(height of normal allele 2/height of normal allele 1).
As described previously (33). When the height of the tumor
alleles decreased by >40%, the calculated LOH became >1.49

or <0.5; thus, we considered this ratio to indicate LOH

Western Blot analysis was performed as previously described
(29). Equal amounts of protein (30 pg) were loaded per lane.
As primary antibodies anti-SMAD4 (diluted 1:500, Santa Cruz)
and anti-GAPDH (diluted 1:5,000, Santa Cruz) antibodies were
employed. For detection, an HRP-conjugated horse anti-mouse
IgG was used as the secondary antibody (diluted 1:5,000; Cell
signaling; Cell Signaling Technology, Danvers, MA, USA).

positivity (Supplementary Figure 1B). Homozygous cases were

considered non-informative for LOH.

Statistical Analysis
Data are presented as the mean £ SEM. Chi-square and ¢-tests
were used. Overall survival (OS) was defined as the time between
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the date of first diagnosis and the date of death or final follow-
up. Disease-free survival (DFS) was defined as the time from
the date of first diagnosis until the date of first recurrence
or death. Patients without evidence of disease recurrence were
censored at the final follow-up or death. Kaplan-Meier analysis
was used to compare OS and DFS between the two groups.
The multivariate Cox Proportional Hazards Model was used to
assess the association of both OS and DFS with SMAD4 LOH,
mutation status, and immunoexpression. Statistical significance
was assumed to be indicated by *P < 0.05, **P < 0.01,
and **P < 0.001 respectively. Cross-comparisons showing
no statistically significant differences were not considered in
further analysis.

RESULTS
Somatic Mutations and LOH in SMAD4

For the evaluation of the performance of SMAD4 in clinical
assessments, 122 HNSCC samples were analyzed by multiplex
PCR-based NGS and LOH analysis. We identified seven
somatic mutations in the samples by NGS; of these, two were
synonymous and five were missense mutations (Figures 1A,B,
Supplementary Table 4). No hotspot region was found for
SMAD4 mutations. The missense mutation p.Ala488Val,
previously has been reported by Lee et al. (chr18:48604641)
(34). Three polymorphic biomarkers (D185474, D185S46, and
D18S363) which are surrounding the SMAD4 locus were used
to analyze LOH status. Percent LOH was 15.57% (19/122),
13.93% (17/122), and 13.11% (16/122) in D18S363, D18S46,
and D18S474, respectively. In 28 (22.95%) patients, LOH was
detected in at least one of the three markers (Figure 1A),
whereas LOH was noted in two or all three markers in 17
(13.93%) patients.

Of the 122 patients, 32 (26.2%) had SMAD4 LOH, mutations,
or both, and the remaining 90 demonstrated no mutations or
LOH (Figure 1A). The frequency of SMAD4 LOH was higher
in patients with lymph node metastasis, mutations, or both
compared to those where no metastasis was observed (P = 0.011,
Figure 2C). No significant differences were observed in the
clinical stage, tumor size, perineural invasion, or lymphovascular
permeation (Figures 2A-E, Supplementary Table 5). The
Kaplan-Meier analysis indicated that patients with SMAD4
LOH, mutations, or both had a significantly poorer OS and
DES than those with wild-type SMAD4 (P = 0.031 and 0.004,
respectively; Figures 2F,G, respectively). Both univariate and
adjusted multivariate Cox regression analyses revealed poor
OS and DFS in patients with SMAD4 LOH, mutations, or both
(OS hazard ratio [HR]: 1.95, P = 0.034; OS adjusted HR: 2.08,
P =0.024; DFS HR: 2.08, P = 0.008, DFS adjusted HR: 1.97,
P =0.016; Table 1).

SMAD4 Expression in HNSCC Patients

SMAD4 was detected in the cytoplasm and in the nuclei of
basal and parabasal cells in normal oral epithelium which
was adjacent to tumors (Figure3A, top left). In tumor
tissues, SMAD4 immunoreactivity varied from weak (Figure 3A,
middle) to intense (Figure 3A, right). Low SMAD4 expression

significantly correlated with the clinical stage (P = 0.004),
tumor size (P = 0.020), and lymph node metastasis (P = 0.041;
Figures 3B-G and Supplementary Table 6). No differences were
observed in SMAD4 expression in association with the LOH
and mutation status, perineural invasion, and lymphovascular
permeation. The Kaplan-Meier analysis revealed significantly
poorer OS and DEFS in patients when SMAD4 expression was
low, compared to those with high SMAD4 expression (P = 0.033
and P = 0.026, respectively; Figures 3H,I, respectively). DFS
was shorter in patients with when SMAD4 expression was low,
as revealed by both univariate and adjusted multivariate Cox
regression analysis. (HR: 4.43, P = 0.043 and HR: 4.54, P = 0.046,
respectively; Table 1). Univariate Cox regression analysis showed
that OS was poorer in patients with low SMAD4 expression (HR:
4.30, P = 0.047). However, after the multivariate Cox regression
analysis, the correlation between SMAD4 expression and OS
became only slightly significant (HR: 4.09, P = 0.063).

Association Between SMAD4 Knockdown

and Increased HNSCC Invasiveness

The protein levels of SMAD4 in NOKs and HNSCC cells were
determined by Western Blotting. As shown in Figure 4A, four of
the seven (57.1%) tested HNSCC cell lines had decreased or no
protein expression of SMAD4, compared to NOKs. Interestingly,
in SAS and OC3 cells the endogenous SMAD4 expression
relative to the NOKs was elevated. No SMAD4 protein could
be detected in FaDu cells (Figure 4A). These findings are in
agreement with the already described homozygous deletion of
SMAD4 in FaDu cells (35). The remaining two HNSCC cell
lines (OC3 and HSC3 cells) were sequenced and two missense
mutations were found (Supplementary Table 7) No mutation or
LOH was found in OC4, OECM1, SAS, or SCC25 cells. OC3 and
HSC3 which have missense mutation were excluded from further
phenotype studies.

To further elucidate the oncogenic role of SMAD4 in
HNSCC, we established stable SMAD4-knockdown SAS and
SCC25 subclones. The knockdown effect was confirmed
through Western blotting (Figure 4B). Cell proliferation was
not affected by the knockdown of SMAD4 (Figures4C,F),
but HNSCC cell migration and invasion were significantly
increased (Figures 4D,E,G,H). To corroborate this result, we
transfected SAS and SCC25 cells with si-SMAD4 oligonucleotides
(Supplementary Figure 2).  Western  blotting  confirmed
the si-SMAD4 knockdown effect on SMAD4 expression
(Supplementary Figure 2A). Migration and invasion of
HNSCC cells were significantly increased during the transient
knockdown, but their proliferation behavior did not change
(Supplementary Figures 2B-D). These results indicate that the
mobility and invasiveness of HNSCC cells were enhanced by the
knockdown of SMAD4.

Association Between Mutations of SMAD4

With Increased Invasiveness in HNSCC

To characterize the effects of SMAD4 on the phenotype, the
full-length coding region of SMAD4 was amplified from SAS
cells and cloned to generate the SMAD4 construct. In the tumor
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TABLE 1 | Univariate and Multivariate analysis of disease-free survival rate in HNSCC patients.

Variables HR (95%Cl) P Adjusted HR (95%Cl) P
Overall survival
SMAD4 LOH and mutations

Wild type Reference Reference

LOH and/or mutations 1.95 (1.05-3.62) 0.034* 2.08 (1.10-3.92) 0.024*
SMAD4 expression

High Reference Reference

Low 4.30 (1.02-18.15) 0.047* 4.09 (0.93-18.00) 0.063
Disease-free survival
SMAD4 LOH and mutations

Wild type Reference Reference

LOH and/or mutations 2.08 (1.21-3.57) 0.008* 1.97 (1.14-3.42) 0.016*
SMAD4 expression

High Reference Reference

Low 4.43 (1.05-18.69) 0.043* 4.54 (1.08-20.12) 0.046*

Adjusted for age, gender, and clinical stage.
HR, hazard ratio; Cl, confidence interval.

samples, three missense mutations were found (p.His132Tyr,
p-Pro296Thr, and p.Ala488Val, Supplementary Table 4). These
mutations are localized in the MH1, Linker, and MH2 domains,
respectively (Figure 5A). By Sanger sequencing, we confirmed
them as somatic mutations (Supplementary Figure 1C). We
further made constructs for these mutations to be able to express
these mutant proteins for further study. FaDu and OECM1
cells (which have no or only lowSMAD4 expression) were
transfected with the SMAD4 vector and the mutant constructs.
Western blotting was used to detect SMAD4 expression levels
(Figures 5B,C). The exogenous SMAD4 expression reduced
the migration and invasion of FaDu and OECMI cells
(Figures 5E,FH,I). When the mutant p.H132Y was transfected,
the phenotypes repressed by SMAD4 overexpression was
abolished. The proliferation rates of the transfected cell lines were
not affected (Figures 5D,G). However, transfection with p.P296T
and p.A488V mutant constructs did not abolish the rescuing
effects of SMAD4 overexpression on invasion and migration in
HNSCC cells.

DISCUSSION

Varying rates of SMAD4 mutations have been detected in a wide
range of cancers by large-scale exome sequencing. Compared
with 35% of pancreatic cancer and 12% of colon cancer cases (20,
36-38), SMAD4 mutation in other types of cancers has occurred
at lower rates. In COSMIC cohort studies, point mutations of
SMAD4 were identified in 0.21, 2.24, 2.46, and 8.86% of kidney,
lung, esophagus, and biliary tract cancers, respectively (24, 38-
44). In general, 2.5 to 4% of the HNSCC tumors demonstrate
the somatic mutation of SMAD4, making SMAD4 the fourth
mutated gene in different types of cancers (8). In the study
presented here, somatic SMAD4 mutations were found in 4.1% of
HNSCC tumors we analyzed. This study is the first where somatic
SMAD4 mutations in HNSCC were detected by multiplex PCR-
based NGS. Besides, IGV was used to reconfirm all mutations.

Sanger sequencing confirmed three specific non-sense mutations.
Thus, despite SMAD4 is a large gene that is coding for a 552-
amino acid polypeptide with a molecular weight of 60.439 Da, the
current NGS-based strategy can be a reliable method for SMAD4
screening. No hotspot for mutations in the SMAD4 gene has been
reported previously and we have not detected any was it observed
in our study (8); therefore, allele-specific approaches that are
targeting only common mutations (45, 46) are not suitable for the
exploration of SMAD4 mutations in HNSCC. We have designed
the multiplex PCR assay to generate SMAD4 amplicon libraries
for sequencing. This includes protein-coding regions as well as
conserved splice sites. Because this approach is highly scalable,
it may provide advantages over Sanger sequencing regarding its
potential application in routine clinical diagnostics, also because
the labor required for analyzing individual samples for somatic
SMAD4 mutations is low.

SMAD proteins have two evolutionarily conserved regions
separated by a linker region, MAD homology 1 and 2 (MH1
and MH2, respectively). The MH1 domain at the N/terminus is
responsible f