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Purpose: The purpose of this study is to investigate the expression and functional role of
Annexin (ANXA1) in lymph node (LN) metastasis of hypopharyngeal carcinoma (HSCC).
Methods: Differentially expressed genes in tissue from HSCC with or without LN metas-
tasis were obtained from a previous RNA sequencing experiment. The presence of LN
metastasis is determined by pathological diagnosis after neck dissection. ANXA1 expression
was detected by qRT-PCR and Western blotting. Immunohistochemistry was used to detect
the expression of ANXA1 in 74 cases of HSCC and normal control tissues. We also
evaluated the clinical significance of ANXA1 in HSCC. Differentially expressed genes
related to ANXA1 were analyzed using bioinformatic tools, and potential mechanisms of
action of ANXA1 were assessed using in vitro experiments. In these in vitro experiments,
cell proliferation was detected by CCKS8 staining, and colony formation, migration and
invasion were assessed using Transwell assays, and apoptosis as well as cell cycle status
were quantified by flow cytometry.

Results: ANXA1 was significantly downregulated in HSCC with LN metastasis. The
survival rate of patients with low ANXAT1 expression was significantly worse than that of
patients with high ANXAT1 expression (p<0.05). Silencing ANXA1 in cell culture experi-
ments promoted the proliferation, migration and invasion of FaDu cells, inhibited apoptosis,
and increased the proportion of cells in S phase. We furthermore found that the mRNA
expression of ANXA1 was positively correlated with Yapl expression (p<0.0001). Our
in vitro experiments showed that ANXA1 regulates the expression of Yapl, and over-
expression of Yapl could reverse the effect of ANXAT silencing on cancer cell progression.
Conclusion: Our findings suggest that ANXAL is a putative LN metastasis suppressor gene in
tumor, which may suppress the LN metastasis of HSCC by regulating the expression of Yapl.
Keywords: HSCC, ANXAI, Yapl, LN metastasis

Introduction

Hypopharyngeal squamous cell carcinoma (HSCC) is a head and neck tumor with
a high degree of malignancy and poses a serious threat to human life and health.
Most patients with HSCC are diagnosed at advanced stages and 60-80% of HSCC
patients have lymph node (LN) metastases at initial treatment.' > With advances in
diagnosis and treatment, the primary tumor control of HSCC has reached
a satisfactory level, yet the 5-year survival rate ranges only between 13-50%.*°
Numerous studies have confirmed that HSCC with LN metastasis often results in

treatment failure and represents an independent risk factor for survival.”’
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Therefore, it is important to study the potential molecular
mechanisms affecting the malignant biological behavior of
HSCC with LN metastasis in order to find more effective
early diagnostic tools and reliable biomarkers.

Annexin (ANXAL1) is the first characteristic member of
the membrane-linked protein superfamily which was dis-
covered to have anti-inflammatory properties. Numerous
studies have since shown that ANXAL is not only
involved in many physiological processes, but also that
aberrant expression of ANXAT1 is closely related to tumor-
igenesis and tumor metastasis.'”!' ANXA1 has been
shown to be up-regulated in breast,'? liver'® and colorectal
cancer,'* while it is down-regulated in esophageal squa-
mous cell carcinoma,'” prostate cancer'® and tumors of the
oral cavity.'” Down-regulation of ANXAI is strongly
associated with a poor prognosis and distant metastasis
of nasopharyngeal cancer.'® However, while many studies
have reported an important role of ANXAI in the devel-
opment of tumors, its expression and potential roles in LN
metastases of HSCC have not yet been investigated.

In this study, we found for the first time that ANXAI
plays a key role in LN metastasis of HSCC, and there is
a significant correlation between low ANXA1 expression
and poor prognosis of hypopharyngeal cancer patients. In
addition, we preliminarily explored the mechanism of
ANXA1 in HSCC and found that ANXA1 may suppress
LN metastasis of HSCC by regulating Yapl.

Materials and Methods

Patients and Tissue Samples

The study was carried out in accordance with the
Declaration of Helsinki and permission to carry out this
study was obtained from the institutional review Ethics
Committee of the first affiliated hospital of Chongqing
Medical University. We screened patients diagnosed with
HSCC in Otolaryngology of the First Affiliated Hospital of
Chongqing Medical University between 2012 and 2019.
The inclusion standards were as follows: (1) The patholo-
gical diagnosis was hypopharyngeal squamous cell carci-
noma (HSCC). (2) Patients were treated in strict
accordance with NCCN guidelines. (3) TNM was staged
according to the AJCC 8th Edition. (3) All patients were
examined by electronic nasopharyngoscope, CT or MRI
every six months after the initial operation, and the follow-
up records were complete. Exclusion criteria were as fol-
lows: (1) Patients with hypopharyngeal cancer who
received preoperative radiotherapy or chemotherapy. (2)

Patients with other tumors. Two experienced pathologists
identified clinicopathological features of the specimens.
Finally, 74 HSCC patients who met the inclusion criteria
were selected. Each patient signed the relevant informed
consent to protect their safety and privacy.

Cell Culture and Transfection

The FaDu cell line was purchased from cell bank of
Chinese Academy of Sciences (Shanghai, China). Cells
were grown in DMEM/high glucose medium (Hyclone,
Logan, USA) supplemented with 10% fetal bovine serum
(FBS; Gibco, Waltham, USA) and incubated in 5% CO, at
37°C. si-NC and si-ANXA1 constructs were acquired from
GenePharma (Shanghai, China). According to the manu-
facturer’s instructions, FaDu cells were inoculated into
a 6-well plate at a density of 1 x 10° cells/well. When
FaDu cells were in the logarithmic phase, the siRNA was
transfected with liposomal RNA IMAX (Invitrogen,
Carlsbad, CA, USA), and cells subsequently underwent
incubation at 37°C. After 48 and 72 h, the mRNA and
protein levels were detected by qRT-PCR and Western
blotting.

Construction of Cell Line

In order to establish a stable ANXA1-silenced FaDu cell
line, we purchased a lentivirus (sh-NC and sh-ANXA1)
from GenePharma (Shanghai, China) according to the
above sequence of the ANXAI silenced group. As per
the manufacturer’s instructions, the cells were seeded
into six well plates at a density of 1 x 10> cells per well
and cultured in a 37°C incubator for 16—24 h until the cells
grew to 20-40% confluence. The multiplicity of infection
(MOI) of the cells was 10. After 48-72 h of lentivirus
infection (70-80% confluence), the cells were cultured in
medium containing 2 pg/mL puromycin (Beyotime,
China) until the control cells were killed by puromycin.
Some cells were further screened and amplified, and then
cells were collected for PCR and Western blotting identi-
fication. Similarly, we purchased viruses for Yapl over-
expression (0e-NC and oe-Yapl) from GENE (Shanghai,
China) and transfected cells according to the same proce-
dure as above.

Immunohistochemistry (IHC)

IHC was performed on 4 pm sections of paraffin-
embedded tissues previously prepared. The prepared par-
affin sections were dewaxed in fresh xylene and hydrated
in gradient alcohol. Antigen repair was carried out with
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citrate buffer at 100°C for 30 min. Anti-ANXA1 (Cell
Signaling Technology, Beverly, MA) was diluted 1:200
and the sections were incubated with the antibody at 4°C
overnight. The next day, sections were washed three times
on a shaker in PBS, Diaminobenzidine (DAB) reagents
(ZSGB-BIO, China) were applied to detect the signal from
the antigen-antibody reaction for 5 min. All sections were
stained with hematoxylin for 60 s and washed with tap
water for 10 min. Finally, the slides were dehydrated in
gradient xylene and gradient alcohol, respectively, and
were covered with a coverslip. Normal mucous tissue
was selected as positive control. Phosphate buffer (PBS)
was used to replace the primary antibody and incubated
with sections as negative control. All sections were scored
by two independent pathologists who were blinded to the
clinicopathological information. Depending on the area
and intensity of staining, the expression of ANXA1 was
scored as either negative (no staining or only weak stain-
ing, <50% of tumor cells) or positive (moderate staining or
strong staining, >50% of tumor cells).

Western Blotting (WB)

The total protein extraction kit (China KeyGen biotechnol-
ogy company) was used to lyse hypopharyngeal cancer
specimens and treated cells. The same amount of total
protein was separated on a 10% SDS-PAGE, transferred
to a PVDF membrane and blocked with 5% skim milk at
room temperature for 1 h. Membranes were probed with
the following primary antibodies overnight at 4°C: rabbit
anti-human ANXA1 monoclonal antibody (1:1000, CST,
Boston, Massachusetts USA); rabbit anti-human Yapl
polyclonal antibody (1:2000, Proteintech, Chicago,
Illinois, USA); rabbit anti-human GAPDH monoclonal
antibody (1:3000, Proteintech, Chicago, Illinois, USA)
were used as internal reference antibodies. The secondary
antibody goat anti-rabbit IgG (Beyotime, 1:5000, China)
was added into the membrane and washed three times in
PBST on a shaker for 10 min each time. The ECL system
Thermo, USA) utilized to detect

(Pierce, was

immunoactivity.

RNA Isolation and qRT-PCR Analysis

Total RNA was isolated from human tissues and cells
using the Total RAN Kit I (Omega, USA) according to
the manufacturer’s instructions. The primescript RT Kit
(Takara, Dalian, China) was used for reverse transcription
(RT) and SYBR primescript RT-PCR Kit (Takara, Dalian,
China) was used for qRT-PCR. GAPDH served as an

Table | Primer Sequences

Name Primer Sequence (5'-3')
ANXAI F: AGCTATCCACAACTTCGCAGAGTG
R: TGCCTTATGGCGAGTTCCAACAC
YAP| F: CCTGAACAGTGTGGATGAGATG
R: GGAATGGCTTCAAGGTAGTCTG
GAPDH F: GGAGTCAACGGATTTGGT
R: GTGATGGGATTTCCATTGAT

Abbreviations: F, forward; R, reverse.

internal reference gene. The relative expression levels

~AACt
2

were calculated using the method. Primer

sequences are listed in Table 1.

Bioinformatics

In a previous study, we obtained the mRNA expression
results of HSCC patients with LN metastasis and no LN
metastasis by RNA sequencing. The edge software pack-
age was used to analyze the differentially expressed genes
(DEmRNA) (|log2FC]>2, p<0.05) between the group of
HSCC patients with or without LN metastasis group. The
functional enrichment of ANXAIl-correlated genes was
analyzed by NetworkAnalyst (https://www.networkana
lzst.ca/).19 Gene Ontology (GO)
Encyclopedia of Genes and Genomes (KEGG) pathways

terms and Kyoto

were identified with a strict cutoff (false discovery rate
(FDR)<0.05). The protein—protein interaction (PPI) for
ANXALI and correlated genes was analyzed by STRING
(http://www.string-db.org/).>° The visual network of pivo-

tal genes was constructed using the Cytoscape software.?!

Cell Proliferation Assay
The cell CCK-8 (Monmouth
Junction, NJ, USA) was used to assess the proliferation

proliferation reagent
of FaDu cells. In short, cells transfected as described
above and incubated for 48 h were added to 96 well plates
(1x10° cells/well) containing 10% FBS medium. Ten
microliters (10 uL) of CCK-8 were added to cells and
cells were incubated at 37°C for 1 h. Finally, the optical
density at 450 nm was measured using a microplate reader
(iMark  Microplate  Absorbance Reader; Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Colony Formation Analysis
The colony-forming assay was used to detect cell prolif-
eration. Forty-eight hours (48 h) after transfection, 1000

OncoTargets and Therapy 2021:14

submit your manuscript

1389

Dove


https://www.networkanalyst.ca/
https://www.networkanalyst.ca/
http://www.string-db.org/
http://www.dovepress.com
http://www.dovepress.com

Li et al

Dove

cells per space were inoculated into six empty plates and
incubated in medium containing 10% FBS for about 2
weeks. The medium was changed every three days.
Finally, cells were fixed with 100% formaldehyde and
stained with 0.5% crystal violet. The number of colonies
was counted under an inverted microscope.

Transwell Migration and Invasion Assay
Cell
a Transwell assay using 8 um pore-chambers (Corning,

invasiveness and migration were measured
USA). Briefly, a 2.5 x 10’ cells/mL suspension was gen-
erated from treated cells using serum-free DMEM med-
ium. Two hundred microliters (200 pL) cell suspension
and 600 pL DMEM medium containing 10% FBS were
added into the upper and lower chamber, respectively.
After 24 h of incubation, the cells in the chamber were
fixed and stained with 100% paraformaldehyde and 0.5%
crystal violet. The cells in the upper chamber were
removed and evaluated under a microscope. In order to
further evaluate cell invasiveness, the assay was repeated
in a Transwell assay with Matrigel (BD Biosciences,

Bedford, MA, USA).

Assessment of Apoptosis

Apoptotic cells were labeled with the annexin V FITC/PI
detection kit (SunGENE BioTEch, Tianjin, China). After
72 h of transfection, cells were trypsinized and washed
with PBS. According to the manufacturer’s instructions,
cells were labeled in a binding buffer containing annexin
V-FITC/PI. The samples were analyzed by flow cytometry
(FCM, BD Biosciences, USA).

Cell Cycle Analysis

After 48 h of transfection, the cells were digested with
trypsin, washed twice with cold PBS, fixed with 70% ice
ethanol, and overnight in a refrigerator at —4 °C. The cells
were washed with cold PBS and treated with RNase A and
propidium iodide according to the instructions. The cell
cycle was measured by FCM.

Statistical Analysis

SPSS 22.0 and GraphPad Prism 6.0 were employed for
statistical analysis. Group differences were assessed using
the Student’s #-test for parametric test and the Mann—
Whitney U-test for nonparametric test. The immunohisto-
chemical expression difference of ANXAT in patients with
or without LN metastasis and the association of ANXA1
expression with HSCC clinicopathological features were

evaluated using a Chi-square test. The Pearson test was
used to analyze the correlation between ANXAT1 and Yapl
expression. Kaplan—Meier and log-rank analysis were used
to evaluate prognostic factors. All data are presented as
mean + standard deviation (SD), and a p-value<0.05 was
considered statistically significant.

Results
ANXAI Expression Correlates with LN

Metastasis of HSCC
A total of 698 DEmRNAs were identified in the HSCC
samples between patients with and without LN metastasis,
including 278 upregulated genes and 420 downregulated
genes (Figure 1A). ANXAI was one of these DEmRNAs.
To further confirm the expression of ANXAI in this study,
we increased the number of samples and also assessed
ANXALI protein levels. We found that mRNA levels of
ANXAL1 (Figure 1B) were significantly lower in the LN
metastasis group than in the normal group (p<0.0001) and
the HSCC patient group without LN metastasis (p<0.001).
Protein expression levels of ANXA1 (Figure 1C) were
significantly lower in the LN metastasis group than in
the normal group (p<0.001) and the HSCC patient group
without LN metastasis (p<0.01), suggesting that a lack of
ANXAT1 might be a key component of metastatic cells.
According to the scoring results of pathologists, the
immunohistochemical staining results of patients were
divided into a negative group and positive group. As
shown in Figure 1D, the normal mucosal epithelium was
strongly positive for ANXAT1 expression, while both posi-
tive expression levels and a lack of ANXAI expression
were found in tumor tissues. To determine the role of
ANXAL expression in LN metastasis of HSCC, we eval-
uated the expression of ANXATI in patients with and with-
out LN metastasis by immunohistochemistry. About
37.5% (9/24) of patients without LN metastasis showed
negative staining for ANXA1. However, ANXAI staining
was negative in 82% (41/50) of patients with LN metas-
tasis. The results showed that the expression of ANXALI
was significantly lower in patients with LN metastasis than
in those without LN metastasis (Table 2, p<0.05). Next,
we analyzed the correlation between ANXA1 expression
and clinicopathological features in 74 patients with HSCC.
As shown in Table 3, the expression of ANXAIl was
related to lymph node stage (p<0.05) and pathological
differentiation (p<0.05). However, the expression of
ANXAT1 was not related to gender, age and tumor stage.
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Figure | The expression of ANXAI in HSCC patients with LN metastasis, and its associated prognosis. (A) gglot2 was used to map volcano plots of different genes. Blue
indicates up-regulation of gene expression, red indicates down-regulation of gene expression, and gray indicates no change of gene expression; (B) mRNA expression levels
of ANXAI were detected by qRT-PCR in HSCC tissues (10 samples from LN metastasis patients and another |10 from patients without LN metastasis) and corresponding
adjacent normal tissues (10 samples from LN metastasis patients and another 10 from patients without LN metastasis); (C) ANXAI protein expression was detected by WB
in HSCC tissues (6 samples from LN metastasis patients, 6 samples from patients without LN metastasis) and corresponding adjacent normal tissues (3 samples from LN
metastasis patients, 3 samples from patients without LN metastasis); (D) The immunohistochemical results of ANXAI staining were as follows (200% magnification).
a. Strong positive immunohistochemistry in normal mucous tissues was selected as positive control. b. Positive immunohistochemistry in tumor tissues from patients
without LN metastasis. c. Negative immunohistochemistry in tumor tissues from patients with LN metastasis. d. Phosphate buffer saline (PBS) instead of primary antibody
incubation was selected as negative control; (E) Correlation between ANXAI expression and overall survival in patients with HSCC. The blue lines represent the survival
rate of patients in the positive expression group, the green line represents the survival rate of patients in the negative expression group.

Notes: ¥*P<0.01, **P<0.00| and ***P<0.0001.

Abbreviations: N, normal tissues; NL, tumor tissue without LN metastasis; L, tumor tissue with LN metastasis.

Furthermore, our overall survival time analysis showed confidence interval [CI], 1.410-9.176, p<0.05)
that patients with low expression of ANXA1 had a poor (Figure 1E). These data suggested that ANXAI1 plays
overall survival (hazard ratio [HR] =3.597; 95% a vital role in LN metastasis of HSCC.
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Table 2 The Immunohistochemical Expression of ANXAI in
HSCC

Tissue Number of Expression of P value
Patients ANXAI
Negative | Positive
No-LN 24 9 15 0.004*
metastasis
LN 50 41 9
metastasis

Note: *p<0.05.

Table 3 Relationship Between ANXAI
Clinicopathological Features of HSCC

Expression and

Clinicopathologic Number of Expression of P value
Factors Patients ANXAI
Negative | Positive
Gender
Male 73 50 23 0.324
Female | 0 |
Age (Years)
<60 32 22 10 0.999
>60 42 28 14
Differentiation
Poor 21 20 | 0.005*
Moderate 36 21 15
Good 17 9 8
T stage
1+ 15 I 4 0.760
+1v 59 39 20
N stage
0+l 34 17 17 0.005*
2+3 40 33 7

Note: *p<0.05.
Abbreviations: T stage, tumor stage; N stage, lymph node stage.

Down-Regulation of ANXAI Enhances
Proliferation, Migration, and Invasive
Behavior of FaDu Cells

We then went on to investigate the biological function of
ANXALI in FaDu cells via ANXALI silencing. First, we
used qRT-PCR and Western blotting to analyze the
ANXA1 mRNA and protein expression in FaDu cells
transfected with si-NC or si-ANXA1. As expected, the
levels of ANXA1 mRNA were significantly decreased in
FaDu cells transduced with si-ANXA1 (p<0.0001) com-
pared with the si-NC group (Figure 2A). Additionally,
Western blotting showed that ANXAT1 protein expression

was significantly decreased in the si-ANXA1 group com-
pared with the si-NC group (Figure 2B). These results
confirmed that our siRNA approach successfully inhibited
the expression of ANXAT1 in FaDu cells.

We then studied the effects of ANXA1 on the prolif-
eration, invasion and migration of FaDu cells by CCK-8
staining, colony formation and Transwell assays. As
shown in Figure 2C-E, the si-NC group did not affect
the growth, invasion or migration of FaDu cells.
Conversely, compared with the si-NC group, the prolifera-
tive, invasive and migratory abilities of FaDu cells were
significantly enhanced upon ANXAI1 silencing. In addi-
tion, we assessed apoptosis levels and cell cycle status by
FCM. As presented in Figure 2F, there was no difference
in the apoptosis rate between the blank group and the si-
NC group, while ANXAT1 silencing significantly reduced
the apoptosis rate compared with the si-NC group
(p<0.01). Moreover, compared with the si-NC group, the
proportion cells in the GO/G1 phase cells were signifi-
cantly decreased in the si-ANXA1 group (p<0.05), while
the proportion of cells in the S phase cells was signifi-
cantly increased (p<0.05; Figure 2G). The results sug-
gested that ANXALI silencing may promote proliferative
and invasive behaviors of cancer cells.

ANXA| Expression is Closely Related to

Yap| and Plays an Important Role in
HSCC LN Metastasis

In order to understand the molecular mechanisms underlying
the role of ANXA1 in HSCC LN metastasis, we carried out
an in-depth exploration of the RNA sequencing results. GO
terms of biological processes (BP) related to ANXA1 were
identified (Figure 3A) and demonstrated that ANXA1 was
mainly involved in epithelial cell differentiation, regulation
of cell proliferation and negative regulation of the apoptotic
process (biological processes associated with cancer). The
KEGG pathway enrichment results of all differentially
expressed mRNA are shown in Figure 3B. The Hippo path-
way was highly enriched, indicating that this pathway may
play a key role in LN metastasis of HSCC. Hippo is one of
eight major signal transduction pathways in human cancer,
and Yapl is a key factor in this pathway.?? Further analysis
showed that Yapl was involved in most of the same biolo-
gical processes as ANXAI1 (Figure 3C). Protein—protein
interaction (PPI) networks of genes involved in the cancer
biological processes with ANXA1 were constructed using
the STRING database. This revealed that both ANXAT1 and
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(B) KEGG pathway enrichment analysis. (C) Some of the BP GO of Yap|; (D) PPl network of genes involved in the cancer biological processes with both ANXAI and Yapl.
Abbreviations: GO, Gene Ontology; BP, biological process; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein-protein interaction.

Yap1l were central genes in these pathways and were closely
related to each other (Figure 3D).

Down-Regulation of ANXAI Decreases

Yap| Protein Levels

Hannah et al demonstrated that Yapl was the most down-
regulated protein in ANXA1™" cells compared with
ANXA1"" cells.'" In order to explore the relationship
between ANXAI1 and Yapl, we assessed the mRNA and
protein expression levels of Yapl in FaDu cells (control
group, si-NC group and si-ANXA1 group) and found that
both Yapl mRNA levels and protein levels were signifi-
cantly reduced after ANXAI1 silencing (p<0.01 and

p<0.05, respectively; Figure 4A and B). We furthermore

assessed Yapl mRNA and protein levels in tissues of
HSCC with or without LN metastasis and found that
Yapl mRNA was significantly lower in the LN metastasis
group (p<0.01; Figure 4C), which was consistent with the
RNA sequencing results. Moreover, the Yapl protein
expression levels were also significantly decreased in
HSCC with LN metastasis (p<0.05; Figure 4D). Pearson
correlation analysis showed that ANXA1 was positively
in HSCC tissue (p<0.0001;
Figure 4E). Based on bioinformatic methods and tissue

correlated with Yapl

expression analysis, we therefore suggested that there
was a correlation between ANXA1l and Yapl, and
ANXAT1 may regulate Yapl expression in LN metastasis
tissues of patients with HSCC.
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Figure 4 Down-regulation of ANXAI decreases Yap| protein levels. (A and B) The effects of ANXAI silencing on Yapl mRNA and protein levels were quantified by qRT-
PCR and Western blotting; (C) mRNA expression levels of ANXAI in HSCC tissues (10 samples from patients with LN metastasis, |0 samples from patients without LN
metastasis); (D) Yapl protein expression was detected by Western blotting in HSCC patients (left) and quantitated relative to GAPDH (6 samples from patients with LN
metastasis patients, 6 samples from patients without LN metastasis); (E) Pearson correlation analysis of ANXAI and Yapl expression levels. The expression of ANXAI
mRNA is used as the X-axis after logarithmic transformation. Similarly, Yap| is represented on the Y-axis.

Notes: *p<0.05, **p<0.001.

Abbreviations: NL, tumor tissue without LN metastasis; L, tumor tissue with LN metastasis; si-NC, negative control siRNA; si-ANXAI, ANXAI-specific siRNA.

Over-Expression of Yapl Reverses the

Effect of ANXAI Silencing

Based on the regulatory effect of ANXAL on Yapl, we
further verified the effect of Yapl over-expression on the
function of FaDu cells after ANXAI silencing. First, we
used lentivirus to construct sh-NC+oe-NC (negative con-
trol (NC) group), sh-ANXAl+oe-NC (ANXA-silenced
group) and sh-ANXAl+oe-Yapl(ANXAIl-silenced/Yapl-
overexpressed group) FaDu cell lines. In order to verify
the efficiency of lentivirus transfection in FaDu cells, GFP
and Cherry expression were examined using fluorescence
microscopy in the three experimental groups (Figure 5A),
and our results showed that the transfection efficiency was
higher than 90%. We further used qRT-PCR and Western
blotting to quantify the mRNA and protein expression of
ANXAL and Yapl in the three groups (Figure 5B and C).
The mRNA levels of ANXAI in ANXA1-silenced group
and ANXA 1-silenced/Yapl-overexpressed group were sig-
nificantly decreased (both p<0.0001), and the mRNA
levels of Yapl in ANXAIl-silenced group were also sig-
nificantly decreased (p<0.01) compared with their respec-
tive NC groups. Meanwhile, the mRNA levels of Yapl in

ANXA1-silenced/Yap1l-overexpressed group were signifi-
cantly higher than ANXA1l-silenced group (p<0.01). In
addition, Western blotting showed that the expression of
ANXA1 was significantly decreased in the ANXAI-
silenced group and ANXA1-silenced/Yapl-overexpressed
group compared with their respective NC group. Likewise,
the expression of Yapl in the ANXAT1-silenced group was
significantly decreased compared with the NC group, but
Yapl expression was significantly increased in the
ANXAT-silenced/Yapl-overexpressed group compared
with the ANXA-silenced group. These results indicated
that sh-ANXAT1 effectively inhibited the expression of
ANXAL1 in FaDu cells, and oe-Yapl successfully over-
expressed the expression of Yapl. At the same time,
these experiments further showed that silencing ANXAT1
reduced Yapl expression.

As shown in Figure 5D-F, the results of CCKS staining,
colony formation and Transwell assays showed that
ANXAL1 silencing significantly enhanced cell activity, pro-
liferation, migration or invasion compared with the NC
group, while over-expression of Yapl reversed the effect
of ANXAL silencing in FaDu cells. As shown in Figure 5G,
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Figure 5 Yap| over-expression reverses the effects of ANXAI silencing on FaDu cells. (A) The transfection efficiency of lentivirus was observed by fluorescence microscope. GFP and
cherry represent the fluorescence intensity of sh-ANXAI and oe-Yap |, respectively. Fluorescence micrograph (100 x); (B) gRT-PCR was used to detect the mRNA expression levels of
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the apoptosis of the ANXATl-silenced group was signifi-
cantly reduced (P<0.05) compared with the NC group, but
the apoptosis of FaDu cells was significantly increased after
over-expression of Yapl (P<0.05) compared with the
ANXA1-silenced group. The proportion of cells in G0/G1
phase was significantly decreased (P<0.05) and the propor-
tion of cells in S phase was significantly increased (P<0.05)
in the ANXAl-silenced group compared with the NC
group, while the proportion of cells in GO/G1 phase was
significantly increased (P<0.05) and the proportion of cells
in S phase was significantly decreased (P<0.05) compared
with the ANXAI-silenced group after over-expression of
Yapl (Figure SH). These results suggested that over-
expression of Yapl can rescue the effect of ANXAI
silencing.

Discussion
Due to its concealed location, most HSCC patients have
cervical LN metastasis already at initial treatment.' > LN
metastases considerably affect the prognosis of patients
and are main cause of treatment failure.**** Previously,
our team has applied RNA sequencing to assess differen-
tially expressed genes in HSCC patients with or without
LN metastasis and identified ANXA1 as one of the differ-
entially expressed genes. Here, we show that ANXA1 may
play a potentially important role in HSCC LN metastasis.

Several studies have shown that down-regulation of
ANXA1 is involved in the occurrence, invasion, metastasis
and progression of a variety of cancers.'®***> Our present
analysis shows that the significant down-regulation of
ANXAT in HSCC patients with LN metastasis was closely
associated with several clinicopathological features, such as
poor cell differentiation and late stages of LN metastasis. In
addition, patients with lower ANXAT1 expression levels had
poor survival. ANXA1 may therefore not only be useful for
the future development of early diagnosis markers of LN
metastasis in patients with HSCC, but may also represent as
a prognostic factor for survival of HSCC patients. We used
siRNA and sh-ANXA1 to silence the expression of ANXA1
in FaDu cells to explore the effect of ANXA1 on cell
function. Down-regulation of ANXA1 in FaDu cells pro-
moted their proliferation, metastasis and invasion and
furthermore increased the proportion of cells in the
S phase and decreased apoptosis levels.

Yap!l is the primary downstream effector of Hippo
signaling pathway.”® Yapl transfers from the cytoplasm
to the nucleus, interconnects with promoters of various

specific transcription factors, and plays a role in

transcriptional activity, thus not only regulating growth
of normal organs, but is also associated with tumorigen-
esis, tumor development, tumor metastasis and chemore-
sistance. Although there have been many recent reports on
Yapl in the area of tumor research, findings relating to its
impact on the occurrence and development of tumors are
inconsistent. A previous study has suggested that Yapl
expression has no significant correlation with the volume
of schwannomas.?” Yap1 has also been confirmed as onco-
gene in many epithelial cells.”® While several studies have
conversely revealed that Yapl may represent a tumor sup-
types
apoptosis.”®** A plausible explanation for this differential

pressor in some tumor and can promote
function of Yapl is the environment in which the cells are
located.?® Cells of large organisms are constantly damaged
by various internal and external sources, which activates
the DNA damage response (DDR).*! Yap1/Hippo is a key
protector of genomic integrity in response to DNA damage
which can respond to DNA damage by interacting with
tumor suppressor genes p53 and p73 and subsequently
regulates cell proliferation and apoptosis.*> However, if
the DDR does not work properly, the DNA damage is
not resolved and this can trigger genomic instability,
enhancing the malignant growth of tumor cells. Using
bioinformatic tools, we found that ANXAIl and Yapl
may be closely related and play an important role in
HSCC with LN metastasis. Our in vitro experiments con-
firmed that ANXA1 regulates the expression of Yapl in
FaDu cells. Moreover, correlation analysis of mRNA
expression levels of ANXAI1 and Yapl in HSCC tissues
revealed that they are positively correlated. Over-
expression of Yapl could rescue the effect of ANXAL
silencing. Therefore, we can reasonably speculate that
a decrease of Yapl expression may lead to an imbalance
of the DNA damage response in FaDu cells, and even-
tually result in LN metastasis of HSCC. However, further
studies are needed to confirm our hypothesis.

The main strengths of this study were: (1) mRNA
sequencing was performed for HSCC with and without
LN metastasis; (2) we verified the expression of ANXAI
based on mRNA, protein and immunohistochemistry; (3)
taking the low incidence of HSCC into consideration, the
sample size of our immunohistochemistry analyses was
relatively large; (4) we clarified the relationship between
ANXAI1 and Yapl through a combination of bioinfor-
matics analysis, functional in vitro experiments and quan-
tification in tissue samples; (5) our judgments of surgical
treatment, surgical procedures, and patient follow-up were
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conducted by a team of researchers rather than only one
individual. The main weaknesses of the present study are
that the overall number of specimens is limited and we
also need to further explore the underlying molecular
mechanism in more depth, which will be a focus of our
next work.

Taken together, our study demonstrates that the expres-
sion of ANXA1 is decreased in HSCC tissues from patients
with LN metastasis. Moreover, the survival rate of patients
with low ANXA1 expression is reduced compared with
patients with high ANXAT1 expression. Therefore, in the
future clinical work, we hope to use ANXAI as a tumor
marker to predict the LN metastasis and prognosis of HSCC
patients. In our preliminary study investigating the mechan-
isms of ANXAT inhibition of HSCC with LN metastasis, we
found that ANXA1 may affect the LN metastasis by regula-
tion of Yapl expression. This provides a potential target for
treatment of HSCC with LN metastasis.

Conclusion

In conclusion, this study investigated the expression and func-
tional role of ANXA1 in LN metastasis of HSCC. The
ANXA1/Yapl axis may represent a potential target and
a new theoretical basis for the treatment of HSCC with LN
metastasis.
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