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High ACTNI Is Associated with Poor Prognosis,
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Purpose: Oral squamous cell carcinoma (OSCC) is a common malignancy of the oral
cavity. As the survival rate of OSCC patients is low, it is crucial to explore new markers
and therapeutic targets for early diagnosis of the disease. A high level of actinin alpha 1
(ACTNI1) in patients could serve as an independent prognostic factor of acute myeloid
leukemia. However, the role of ACTN1 in OSCC remains unclear. In the present study, we
aimed to investigate the role of ACTNI in OSCC.

Methods: ACTNI protein levels in tissues were determined by immunohistochemical (IHC)
staining. The correlation of ACTNI expression with clinicopathological features and prognosis
was analyzed. Univariate and multivariate analyses were performed. The effect of ACTNI1
knockdown on cell proliferation, migration, invasion, apoptosis, epithelial-mesenchymal transi-
tion (EMT), and the cell cycle was evaluated using Western blotting, Cell Counting Kit-8
(CCKSB) assays, flow cytometry analysis, transwell assays, wound-healing assays, and nude
mouse models of subcutaneous xenograft and pulmonary metastasis.

Results: Based on the total score of ACTN1 IHC staining analysis, ACTN1 expression was
found to be low in 10 normal mucosal tissues, 48 normal mucosal tissues adjacent to OSCC,
and 19 OSCC tissues, but high in 29 OSCC tissues. ACTNI1 protein levels were significantly
associated with the clinical stage and node metastasis, and a high ACTNI protein level
indicated poor prognosis. Moreover, ACTNI1 expression was an independent predictor of
poor prognosis of OSCC. Using in vitro assays, we found that ACTN1 knockdown could
induce cell cycle arrest, promote apoptosis, and inhibit EMT and cell proliferation, migration,
and invasion in the OSCC cell lines, SCC-15 and HSC-3. Moreover, ACTNI1 knockdown
inhibited subcutaneous tumor growth and pulmonary metastasis in vivo.

Conclusion: ACTNI1 levels were significantly associated with the clinical stage and node
metastasis, and a high ACTNI1 protein level indicated poor prognosis. Moreover, ACTN1
knockdown could suppress cell proliferation and metastasis of OSCC. Our results suggested
that ACTN1 may serve as a diagnostic and prognostic marker of OSCC.

Keywords: actinin alpha 1, poor prognosis, oral squamous cell carcinoma, knockdown,
proliferation, metastasis

Introduction

Oral cancer is a malignant neoplasm of the oral cavity.' Oral cancer is one of the 10 most
common cancers, and a significant public health threat worldwide.' More than 90% of
oral cancers are estimated to be oral squamous cell carcinoma (OSCC).>* Although
local OSCC can be effectively controlled by surgical excision and radiotherapy, metas-
tasis to the lymph nodes and other distant organs significantly decreases the survival
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rate.* The cause of the low survival rate may be attributed to
a delay in early diagnosis or lack of specific markers to predict
tumor development and patient prognosis. Therefore, it is
necessary to explore the key factors and elucidate the mechan-
isms involved in the occurrence and development of OSCC to
identify new markers and therapeutic targets of OSCC diag-
nosis and provide a theoretical basis for the early diagnosis,
prognostic judgment, and development of personalized ther-
apeutic targets of OSCC.

Alpha actinins (ACTNs) are major cytoskeletal proteins
and perform important non-muscle functions, such as reg-
ulation of cytokinesis, cell adhesion, and migration, besides
mediating sarcomere function.”® Four isoforms of ACTNs
are known in mammals: ACTNI1, ACTN2, ACTN3, and
ACTN4. ACTN4 plays a key role in promoting tumorigen-
esis, metastasis, and epithelial-mesenchymal transition
(EMT).” Gene amplification of ACTN4 is a potential prog-
nostic biomarker of the overall survival (OS) of oral tongue
cancer patients,® and promotes metastasis in gastric cancer.’
However, few studies have reported the roles of ACTNI,
ACTN2, and ACTN3 in cancer cells. High ACTN1 and
ACTN3 expression levels are associated with shorter event-
free survival (EFS) and OS of patients with acute myeloid
leukemia (AML). In these patients, ACTNs serve as inde-
pendent poor prognostic factors.'® These results indicate that
ACTNs may be important factors in the occurrence and
developmental progression of malignant tumors. However,
their role in OSCC remains elusive.

In the present study, we aimed to investigate the role of
ACTNI in OSCC. Firstly, we analyzed ACTN1 expression
in OSCC tissues and the correlation of ACTNI expression
with the clinicopathological features and prognosis.
Finally, the effects of ACTNI1 knockdown on OSCC
cells were evaluated using in vitro and in vivo models.

Patients and Methods

Collection of OSCC Tissues and

Follow-Up Information

Forty-eight OSCC patients, who were diagnosed at the
Third Affiliated Hospital of Sun Yat-sen University from
2014 to 2018, were enrolled in this study according to the
inclusion and exclusion criteria. The inclusion criteria
were: 1) clinically and pathologically diagnosed as
OSCC; 2) age 18-90 years; 3) no immune system disease
or HIV infection; and 4) not received any anticancer treat-
ments for at least 3 months before the study. Exclusion

criteria were: 1) age below 18 or above 90 years; 2)

pregnant or nursing women; 3) having severe heart, lung,
liver, kidney, or other systemic diseases; 4) other tumors or
mental disorder; 5) having diseases of the immune system
or HIV infection; and 6) have received anticancer treat-
ment 3 months before the study. OSCC tissues (n = 48)
and clinically normal mucosal tissues adjacent to the
OSCC (at a distance of about 2 cm, n = 48) were obtained
during surgeries. The detailed clinical information of all
enrolled OSCC patients is provided in Table 1. Survival
time was recorded by conducting regular follow-up. Ten
normal mucosal samples were obtained from patients who
received surgical treatment for trauma. All patients under-
stood the purpose of our study and signed the informed
consent. Our study was approved by the ethics committee
of the Third Affiliated Hospital of Sun Yat-sen University
(No.[2020]02-017-01).

Immunohistochemical (IHC) Staining and
Analysis

All collected tissues were embedded in paraffin and cut
into sections (4 um). The ACTN1 expression level in all
sections was examined by IHC analysis. Briefly, dewaxed
sections were blocked with goat serum at 22-25°C for 30

Table | Correlation Between the ACTNI Protein Levels and
Clinicopathological Features of Patients with OSCC

Features N (48) | ACTNI Protein Levels P value
Low High
Expression Expression
19 29
Age (years) 0.725
=60 14 5 9
>60 34 14 20
Gender 0317
Male 34 15 19
Female 14 4 10
Clinical stage 0.011*
1+l 22 13 9
n+1v 26 6 20
Pathologic 0.499
differentiation
Poor 15 7 8
Well/moderate | 33 12 21
Node metastasis 0.012*
No 30 16 14
Yes 18 3 15

Note: *P <0.05.
Abbreviations: OSSC, oral squamous cell carcinoma; ACTNI, actinin alpha I.
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min, after antigen repair in sodium citrate buffer (pH 6.0,
>92~95°C) in a microwave oven for 15 min. Following
this, sections were incubated with anti-ACTN1 antibodies
(dilution, 1:100; ab68194, Abcam, Cambridge, MA, USA)
at 4°C overnight. The next day, these sections were incu-
bated with secondary antibodies at 37°C for 30 min.
Finally, the sections were incubated in 2% 3,3'-
diaminobenzidine (DAB) chromogenic solution at
22-25°C for 15 min. After mounting, the ACTNI expres-
sion levels in all sections were judged independently by
two senior pathologists, according to the following
method. The total score of ACTNI1 staining = staining
intensity score (0: negative; 1: light yellow; 2: brown; 3:
tan) X percentage of positive cells (0: <5%; 1: 5%-25%; 2:
25%-50%; 3: 51%—75%: 4: >75%). The total scores of the
results of ACTNI staining were grouped into three cate-
gories- a score of 1-4 was regarded as low expression, 5—8
as moderate expression, and 9—12 as high expression.

Bioinformatics Analysis

The ACTNI expression in head and neck squamous cell
carcinoma (HNSC) tissues and the relationship between
OS of HNSC patients and ACTN1 expression levels were
analyzed using gene expression profiling interactive ana-
lysis (GEPIA). This is a web-based tool used to deliver
fast and customizable functionalities based on The Cancer
Genome Atlas (TCGA) and Genotype-Tissue Expression
(GTEx) data."’

Cell Culture

Human keratinocytes of the HaCaT and human OSCC cell
lines (SCC-15, HSC-3, OSC-19, and HSC-4) were pur-
chased from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). All the culture media were
prepared according to the instructions from the supplier.
Cells were cultured at 37°C in a 5% CO, incubator.

Construction of ACTNI Stable

Knockdown Cells

The short hairpin RNA (shRNA, 5'gatccCCTCAGG
AGATCAATGGCAAACTCGAGTTTGCCATTGATCTC-
CTGAGGTTTTTg) that targets ACTN1 (shACTNI1) was
designed and cloned into an L.202 plasmid (and named L202-
shACTN1). L202-shACTN1, PMD2.G, and pSPAX2 were
transfected into 293T cells using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) to package lentiviruses
that express shACTNI (Iv-shACTN1). Following this,

lv-shACTN1 were produced. Empty plasmids L1202,
PMD2.G, and pSPAX2 were transfected into 293T cells to
package negative control lentiviruses (Iv-NC). SCC-15 and
HSC-3 cells were transfected with 1Iv-shACTN1 or 1v-NC
(multiplicity of infection = 50) and screened by puromycin.
Screened ACTNI stable knockdown cells were named SCC-
15-shACTN1 and HSC-3-shACTNI1. 1v-NC transfected
cells were named SCC-15-NC and HSC-3-NC.

Western Blotting

SCC-15-NC, SCC-15-shACTNI1, HSC-3-NC, and HSC-
3-shACTNI1 cells were harvested, and the total protein was
isolated with RIPA buffer. After protein quantification
using a BCA Protein Assay kit (Thermo Scientific
Pierce, Rockford, IL, USA), total protein (30 pg) was
loaded for SDS-PAGE electrophoresis and transferred
onto a PVDF membrane. After being blocked with 5%
(w/v) nonfat dried milk in tris buffered saline (TBS),
membranes were incubated with diluted primary antibo-
dies (anti-caspase 3, 1:5000; anti-caspase 9, 1:3000; anti-
bax, 1:3000; anti-Bcl2, 1:2000; anti-E-cadherin, 1:500;
anti-vimentin, 1:2000; anti-ACTN1, 1:1000; all purchases
were made from Abcam, Cambridge, MA, USA). After
washing with TBS containing 1%o0 Tween (TBST) thrice
for 5 min, membranes were incubated with secondary
antibodies (Goat Anti-Rabbit IgG(H+L)-HRP, 1:20,000;
Rabbit Anti-Mouse IgG(H+L)-HRP, 1:10,000; all pur-
chased were made from Southern Biotech, Birmingham,
AL, USA). After washing with TBST thrice for 5 min,
membranes were incubated with Immobilon Western
Chemilum HRP Substrate (Millipore
Billerica, MA, USA).

Corporation,

Cell Counting Kit-8 (CCK8) Assay

SCC-15-NC, SCC-15-shACTNI1, HSC-3-NC, and HSC-
3-shACTNI cells (1x10*) were seeded into 96-well plates.
After 24,48, and 72 h of cell seeding, CCKS solution (10 pL)
(Beyotime Institute of Biotechnology, Shanghai, China) was
added into each well. After incubating for 4 h, the optical
density was detected at 450 nm using a measured Multiskan
MK3 microplate reader (Thermo Fisher Scientific).

Flow Cytometry Analysis for Apoptosis
and the Cell Cycle

SCC-15-NC, SCC-15-shACTN1, HSC-3-NC, and HSC-
3-shACTNI cells (1x10°) were harvested for apoptosis
and cell cycle assays. Apoptosis detection was performed
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using the Annexin V-FITC/PI apoptosis detection kit
(KeyGen Biotech, Co, Ltd, Nanjing, China). Cell cycle
analysis was performed using a Cell Cycle Analysis Kit
(KeyGen Biotech, Co, Ltd).

Transwell Assay

For transwell migration assay, SCC-15-NC, SCC-15-
shACTN1, HSC-3-NC, and HSC-3-shACTN1 cells (1 x
10%) were suspended in serum-free medium (200 pL) and
seeded into the upper chamber of a 12-well transwell plate
(Becton Dickinson, Franklin Lakes, NJ, USA). Culture med-
ium (600 pL), with 20% fetal bovine serum, was added into
the lower chamber. After 24 h of incubation, cells in the
upper chamber were removed with a cotton swab, and cells
on the underside were fixed with 4% paraformaldehyde for
15 min. After being washed with PBS, cells were stained
with 0.1% crystal violet for 10 min. After being washed again
with PBS, stained cells were randomly photographed under
a phase contrast microscope. The cell number was counted
using Image Pro-Plus 6.0 software (Media Cybernetics,
Rockville, MD, USA), and the average number of cells per
field was calculated from five fields. For invasion, the upper
(Becton
Dickinson), while the other procedures were conducted in

chambers were pre-coated with Matrigel

a manner similar to that of the transwell migration assay.

Wound-Healing Assay

Straight lines were drawn at the bottom of 6-well plates,
and SCC-15-NC, SCC-15-shACTNI, HSC-3-NC, and
HSC-3-shACTNI cells (5 x 10°) were seeded into the
wells. On the 2nd day, a wound was generated along the
straight line, using a sterile pipette (200 pL) tip. After
removing the fallen cells by washing the plates with PBS,
cells were cultured in a serum-free medium. The wound
was photographed at 6, 24, and 48 h. The wound area was
analyzed using Image Pro-Plus 6.0 software (Media
Cybernetics). The percentage of wound closure was calcu-
lated using the formula: 1-wound area 6 h, 24 h, or 48 h +
wound area 0 h x 100%.

Construction of Nude Mouse Models of
Subcutaneous Xenograft and Pulmonary

Metastasis

Six-week-old athymic nude mice (n = 24) were purchased
from Beijing Vital River Laboratory Animal Technology Co.
Ltd. (Beijing, China). After adaptive feeding for 3 days, all
mice were randomly divided into eight groups (n = 3). All

animal experiments in this study were approved by the ethics
committee of the Third Affiliated Hospital of Sun Yat-sen
University (No.00207797), in accordance with the Guide for
the Care and Use of Laboratory Animals published by the
National Institute of Health (NIH Publication No 85-23,
revised 1996).

To construct subcutaneous xenograft models, SCC-15-
NC, SCC-15-shACTN1, HSC-3-NC, and HSC-
3-shACTNI1 cells (4x10° cells in 0.2 mL of PBS) were
subcutaneously injected in the right armpit region of dif-
ferent nude mice. After injection for 7, 10, 13, 16, 19, 22,
25, 28, 31, 34, and 37 days, tumor length and width were
measured using calipers, and tumor volume was calculated
using the formula: 1/2xLxW? (L is the length of the
tumor; W is the width of the tumor).

To construct pulmonary metastasis models, SCC-15-NC,
SCC-15-shACTN1, HSC-3-NC, and HSC-3-shACTNI1 cells
(5 x 10%) were re-suspended in Hank’s Balanced Salt
Solution (100 pL) and injected intravenously into the tails
of nude mice (n = 4). Six weeks later, all mice were eutha-
nized by administration of an intraperitoneal injection of
sodium pentobarbital (130 mg/kg). Lung tissues were iso-
lated for H&E staining to evaluate the status of lung
metastasis.

Statistical Analysis

The results are presented as mean =+ standard deviation.
Statistical analysis was performed using SPSS 19.0 soft-
ware (IBM, Chicago, IL, USA). Statistical comparison
between the two groups was analyzed using #-tests.
Statistical analysis for more than two groups was per-
formed using one-way ANOVA, followed by post-hoc
LSD test. The significance of the correlation of ACTN1
expression with clinicopathological features was deter-
mined by a Pearson > test. OS was analyzed using the
Kaplan—Meier method. Receiver operating characteristic
(ROC) analysis was conducted using GraphPad Prism
version 7.0 (GraphPad Software, San Diego, CA, USA).
A value of P <0.05 was considered statistically significant.

Results
ACTNI Expression Level in OSCC and

Normal Tissues

First, the expression profiles of ACTN/ mRNA in GEPIA
were analyzed. As shown in Figure 1A, ACTNI mRNA
expression was significantly higher in HNSC tissues than
in normal tissues. Following this, we evaluated the
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Figure | The expression level and prognostic significance of actinin alpha | (ACTNI) in patients with oral squamous cell carcinoma (OSCC). (A) ACTNI mRNA levels were higher in
head and neck squamous cell carcinoma (HNSC) tissues than in normal tissues. GEPIA, a web-based tool to deliver fast and customizable functionalities based on The Cancer Genome
Atlas (TCGA) and Genotype-Tissue Expression (GTEx) data, was performed. T: tumor, red bar; N: normal, grey bar. *P <0.05. (B) Representative pictures of ACTNI expression in
normal mucosal tissues, OSCC tissues, and normal mucosal tissues adjacent to OSCC. (C) Statistical result of the total score of ACTN | immunohistochemical (IHC) staining analyzed by
two senior pathologists. (D) Correlation between the ACTN | mRNA levels and overall survival time of patients with OSCC, as analyzed by GEPIA. (E) Correlation between the ACTNI
protein levels and overall survival time of patients with OSCC, based on our IHC results and follow-up information. (F) Receiver operating characteristic (ROC) analysis curve analyzed
by GraphPad Prism.
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ACTNI protein levels in 48 OSCC tissues and 48 normal
mucosal tissues adjacent to OSCC using IHC analysis.
Representative pictures of ACTN1 expression in normal
mucosal tissues, OSCC tissues, and normal mucosal tis-
sues adjacent to OSCC are shown in Figure 1B. Based on
the total score of ACTNI staining analyzed by two senior
pathologists, we found that ACTN1 was expressed at low
levels in 10 normal mucosal tissues from healthy volun-
teers, 48 normal mucosal tissues adjacent to OSCC, and 19
OSCC tissues, whereas it was highly expressed in 29
OSCC tissues. As shown in Figure 1C, the total score of
ACTNI staining was significantly higher in OSCC tissues
than in normal mucosal tissues or normal mucosal tissues
adjacent to OSCC (P <0.0001).

Clinicopathological and Prognostic

Significance of ACTNI in OSCC Patients
We analyzed the correlation between ACTNI mRNA
expression and OS on the basis of GEPIA. As shown in
Figure 1B, ACTNI mRNA levels were significantly asso-
ciated with OS time, and a high ACTN/ mRNA level
indicated poor prognosis (Figure 1D). Furthermore, we
analyzed the relationship between the ACTNI protein
levels and OS time on the basis of IHC results and
follow-up information. The median survival time in the
low and high expression groups was 46 months and 32
months, respectively (Figure 1E). These results revealed
that the ACTNI1 protein level was significantly associated
with the OS time, and a high ACTNI1 protein level indi-
cated poor prognosis (Figure 1E). Furthermore, we ana-
lyzed the performance of ACTNI1 in diagnosing OSCC
using ROC curve analysis. Area under the ROC curve
was 0.8362. At the optimal expression cutoff value of 4.5,
the sensitivity was 60.42% and specificity was 100%
(Figure 1F). Next, we analyzed the correlation between
the ACTNI1 protein levels and clinicopathological fea-
tures of OSCC patients. The results showed that the
ACTNI protein levels were not significantly associated
with age, gender, and pathologic differentiation, but with
clinical stage and node metastasis (Table 1). Moreover,
univariate and multivariate analyses were performed to
determine whether ACTN1 expression and the clinico-
pathological parameters (Table 1) were independent prog-
nostic parameters of OSCC patient outcomes. The results
indicated that ACTNI1 expression was an independent
predictor of poor prognosis of OSCC (Table 2).

ACTNI Knockdown Inhibited Cell
Proliferation, Induced Cell Cycle Arrest,

and Promoted Apoptosis in vitro

As shown in Figure 2A, ACTNI1 expression was higher
in the OSCC cell lines SCC-15, HSC-3, OSC-19, and
HSC-4, than in HaCaT, and the highest expression was
found in SCC-15 and HSC-3. Following this, ACTNI1 in
SCC-15 and HSC-3 cells was stably knocked down by
transfecting these cells with lv-shACTN1. As shown in
Figure 2B, ACTNI levels in the shACTN1 group cells
decreased compared to those in the NC group cells,
indicating that the ACTN1 knockdown cells were suc-
cessfully constructed. Following this, we evaluated the
effect of ACTN1 knockdown on cell proliferation, apop-
tosis, and the cell cycle. As shown in Figure 2C, the
proliferation rate of the shACTNI1 group cells was
lower than that of the NC group cells, after culturing
for 2, 3, and 4 days. As shown in Figure 2D, the total
cellular apoptotic rate of the shACTNI1 group cells was
higher than that of the NC group cells. In addition,
cleaved caspase 3, cleaved caspase 9, and Bax levels
were lower and Bcl-2 level was higher in the shACTN1
group cells than in the NC group cells (Figure 2E).
Moreover, the percentage of cells in the G1 stage was
higher whereas in the S and G2 stages was lower in the
shACTN!1 group than in the NC group (Figure 2F).
Therefore, ACTNI1 knockdown could inhibit cell prolif-
eration, induce cell cycle arrest, and promote apoptosis in
OSCC cell lines, SCC-15 and HSC-3.

ACTNI Knockdown Inhibited Cell

Migration, Invasion, and EMT in vitro

To evaluate the effect of ACTN1 knockdown on cell
migration, invasion, and EMT in vitro, transwell and
wound-healing assays were performed. The results of the
transwell assays showed that number of migrated or inva-
sive cells that passed through the membrane onto the
lower chamber, per field, was lesser in the shACTNI
group than in the NC group (Figure 3A and B). The results
of the wound-healing assays showed that the percentage of
wound closure in the sShACTN1 group was lower than that
in the NC group at 6 h, 24 h, and 48 h after wound
generation (Figure 3C and D). In addition, epithelial mar-
ker E-cadherin levels were higher and mesenchymal mar-
ker, vimentin, levels were lower in the sShACTNI1 group
cells than in the NC group cells (Figure 3E).
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Table 2 Univariate and Multivariate Cox Proportional Hazard Models for Overall Survival of OSCC Patients
Clinicopathological Characteristics Univariate Analysis Multivariate Analysis
Risk ratio 95% CI P-value Risk Ratio 95% CI P value
Age 0.8I1 0.310-2.118 0.669
Gender 1.929 0.821-4.528 0.131
Clinical stage 3.255 1.349-7.854 0.009 1.416 0.398-5.039 0.592
Pathologic differentiation 0.689 0.276-1.719 0.425
Node metastasis 2619 1.100-6.235 0.030 1.120 0.338-3.704 0.853
ACTNI 1.902 1.496-2.418 <0.001 1.863 1.445-2.385 <0.001

Abbreviations: OSSC, oral squamous cell carcinoma; Cl, confidence interval; ACTNI, actinin alpha I.

ACTNI| Knockdown Inhibited
Subcutaneous Tumor Growth and

Pulmonary Metastasis in vivo

To verify our in vitro results, nude mouse models of
subcutaneous xenograft and pulmonary metastasis were
constructed to evaluate the effect of ACTNI knockdown
on subcutaneous tumor growth and pulmonary metastasis
in vivo. As shown in Figure 4A and B, subcutaneous
tumor volume generated by the shACTNI1 group cells
was lower than that generated by the NC group cells.
Moreover, HE staining showed that the nude mouse lung
tissues injected with shACTNI1 group cells had lesser
metastatic foci than those injected with NC group cells
(Figure 4C). These results indicated that ACTN1 knock-
down inhibited subcutaneous tumor growth and pulmonary
metastasis in vivo.

Discussion
ACTNs may serve as new potential diagnostic and prog-
nostic markers of many types of cancers.” '® Therefore, it
is important to further investigate their role in other can-
cers. Based on GEPIA, a web-based tool to deliver fast
and customizable functionalities based on TCGA and
GTEx data, we found that among the four isoforms of
ACTNs, only ACTN1 demonstrated an mRNA level that
was significantly higher in HNSC tissues than in normal
tissues. A high ACTNI mRNA level indicated poor prog-
nosis. Therefore, we aimed to investigate the role of
ACTNI1 in OSCC, the commonest head and neck cancer.
Firstly, we analyzed the ACTNI protein levels in 10
normal mucosal tissues, 48 OSCC tissues, and 48 normal
mucosal tissues adjacent to OSCC by IHC analysis. The
statistical result of the total score of IHC staining showed
that the ACTNI protein level in the OSCC tissues was
significantly higher than that in the normal tissues,

indicating that the ACTNI1 proteins were highly expressed
in OSCC. This was consistent with the result that ACTN!
mRNA was highly expressed in HNSC tissues, which were
analyzed by GEPIA. Following this, we found that
ACTNI protein levels were significantly associated with
the clinical stage and node metastasis, and a high ACTN1
protein level indicated poor prognosis. Moreover, ACTN1
expression was an independent predictor of poor prognosis
of OSCC. Therefore, our results suggested that ACTN1
may be a diagnostic and prognostic marker of OSCC. This
conclusion is consistent with that of the study on ACTN1
in AML, suggesting ACTN1 as an independent poor prog-
nostic factor.'® Our results could also be supported by Xu
et al, who reported that ACTNI1 level was higher in OSCC
tissues than in normal tissues.'” In our future study, we
will verify our hypothesis by enrolling more patients with
OSCC and other types of HNSC.

Our results from clinical specimens suggested that
ACTNI1 might play a vital role in the tumorigenesis
and development of OSCC. As ACTNI level was high-
est in OSCC cell lines, SCC-15 and HSC-3, ACTNI1 in
SCC-15 and HSC-3 cells was stably knocked down by
transfecting the cells with Iv-shACTNI1. Following this,
we found that the proliferation rate was lower and the
subcutaneous tumor volume was lesser in the shACTN1
group cells than in the NC group cells. These results
suggested that ACTN1 knockdown inhibited cell prolif-
eration in the OSCC cells. To further illuminate the
mechanisms underlying the involvement of ACTNI in
cell proliferation, we analyzed the effect of ACTNI1
knockdown on the cell cycle. We found that the number
of cells in the G1 stage was higher and in the S and G2
stages was lower in the ShAACTNI1 group than in the NC
group. This indicated that ACTNI knockdown induced

Gl arrest. The cell cycle is the complex sequence of
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Figure 2 Effects of actinin alpha | (ACTNI) knockdown on cell proliferation, apoptosis, and the cell cycle. (A) ACTNI expression in the oral squamous cell carcinoma
(OSCC) cell lines, SCC-15, HSC-3, OSC-19, and HSC-4, and immortalized human keratinocytes, HaCaT. (B) ACTNI in SCC-15 and HSC-3 cells was stably knocked down
by transfecting the cells with lentivirus-expressing short hairpin ACTNI and verified by Western blotting. The cells with stably knocked down ACTNI were named
shACTNI, and the negative control cells were named NC. The effects of ACTNI knockdown on cell proliferation (C), apoptosis (D, E), and the cell cycle (F) were
evaluated by Cell Counting Kit-8 assays, flow cytometry analysis, and Western blotting to detect apoptosis related proteins, cleaved caspase 3, cleaved caspase 9, Bax, and
Bcl-2. For panels D and E, the left side shows representative images, and the right side shows statistical results. *P <0.05.
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Figure 3 Effects of actinin alpha | (ACTNI) knockdown on cell migration, invasion, and epithelial-mesenchymal transition (EMT) in vitro. ACTNI cells that were stably
knocked down were named shACTNI, and negative control cells were named NC. The migration and invasion capabilities of the shACTNI and NC group cells were
evaluated by transwell (A, B) and wound-healing (C,D) assays. E-cadherin and vimentin protein levels in the shACTNI and NC group cells were detected by Western
blotting (E). For panel A and C, the left side shows representative images, and the right side shows statistical results. *P <0.05.

events by which eukaryotic cells grow and divide."
Therefore, we hypothesized that ACTN1 was involved
in regulating OSCC cell proliferation by affecting the
cell cycle.

We also found that the total apoptotic cell rate of the
shACTNI group cells was higher than that of the NC group
cells. These results indicated that ACTN1 knockdown could
promote apoptosis in the OSCC cells. This conclusion was

further supported by the expression profiles of cleaved caspase
3, cleaved caspase 9, Bax, and Bcl-2. Our results showed that
ACTNI1 knockdown could increase the levels of cleaved
caspase 3, cleaved caspase 9, and Bax and decrease the Bcl-
2 level in OSCC cells. Bax is a pro-apoptotic protein, while
Bcl-2 is an anti-apoptotic protein.'*'® The increase in the
levels of cleaved caspase 3 and caspase 9 showed that pro-
apoptotic proteins were activated.'*”'® Therefore, all of our
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Figure 4 Effects of actinin alpha | (ACTNI) knockdown on subcutaneous tumor
growth and pulmonary metastasis in vivo. Nude mouse models of subcutaneous
xenograft and pulmonary metastasis were constructed using the shACTN| and NC
group SCC-15 and HSC-3 cells. (A-B) Photograph (A) and tumor volume curve
(B) of subcutaneous tumors. *P <0.05. (C) Hematoxylin and eosin staining results
of lung tissues obtained from nude mouse models of pulmonary metastasis.

results suggested that ACTN1 was involved in apoptosis of
the OSCC cells, and a decrease in ACTN1 might promote the
apoptosis of OSCC cells.

Finally, we evaluated the role of ACTNI1 in regulating
metastasis of OSCC. The results of the transwell assay

showed that ACTN1 knockdown could decrease the num-
ber of migrated and invasive cells that passed through the
membrane onto the lower chamber. The results of the
wound-healing assay showed that ACTN1 knockdown
could decrease the percentage of wound closure. All
these in vitro results suggested that ACTN1 knockdown
inhibited cell migration and invasion in OSCC, and this
suggestion was supported by the in vivo results that
showed that ACTN1 knockdown inhibited pulmonary
metastasis of OSCC in nude mice. To further investigate
the mechanism of ACTNI1 in regulating metastasis, we
examined the effect of ACTNI1 knockdown on the EMT-
related proteins. Our results showed that ACTN1 knock-
down increased the level of the epithelial marker,'’
E-cadherin, but decreased the level of the mesenchymal
marker,'” vimentin, indicating that ACTNI1 knockdown
inhibited EMT. The contribution of EMT to tumor inva-
sion, migration, and metastatic outgrowth has been
reported by many researchers.'®2° Therefore, we hypothe-
sized that ACTNI1 knockdown might suppress OSCC
metastasis by inhibiting EMT.

However, our present study had one limitation. The
underlying mechanism of regulation of cell proliferation
and metastasis of OSCC by ACTNI1 remains unclear, and
hence, in our future studies, we will focus on the regula-
tory mechanisms by measuring the mRNA, non-coding
RNA, and protein levels.

Conclusion

In conclusion, ACTN1 level was higher in the OSCC
tissues than in the normal tissues. ACTNI1 levels were
significantly associated with the clinical stage and node
metastasis, and a high ACTNI1 protein level indicated poor
prognosis. Moreover, ACTN1 knockdown could suppress
cell proliferation and metastasis of OSCC in in vitro and
in vivo models. Therefore, our results suggested that
ACTNI may be a diagnostic and prognostic marker of
OSCC. Our study provides a potential target for novel
therapeutic strategies involving ACTNI inhibition and
control of OSCC proliferation and metastasis.
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