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A b s t r a c t

Introduction: Anillin actin binding protein (ANLN) is involved in various hu-
man cancers. It is often upregulated in various cancers, including cervical 
cancer (CC). However, the exact role of ANLN in the modulation of CC and 
the underlying molecular mechanism remain unknown. In this study, we 
aimed to investigate the effects of ANLN on the proliferation, migration, 
and invasion of CC cells, as well as to determine the molecular mechanisms 
underlying these effects.
Material and methods: ANLN expression levels were analyzed in normal 
cervical and CC specimens using public databases and tissue samples. The 
prognosis was determined using the TCGA database. Cell proliferation, mi-
gration and invasion were measured by Edu assay, wound-healing assay and 
transwell assay, respectively. Immunofluorescence was used to examine the 
influence of ANLN inhibition on actin stress fiber integrity. Western blots 
were used to measure the protein expression.
Results: ANLN expression levels in CC were higher than those in normal tis-
sues, and ANLN overexpression was highly correlated with poor prognosis. 
ANLN knockdown inhibited CC cell proliferation, migration, and invasion in 
vitro, while ANLN overexpression led to an inverse biological phenotype. Im-
munofluorescence showed that ANLN inhibition could influence actin stress 
fiber integrity. ANLN expression was positively correlated with ROCK1 and 
ROCK2 expression in CC. Overexpression of ANLN activated RhoA and upreg-
ulated ROCK1 and ROCK2. Furthermore, ROCK1 and ROCK2 expression levels 
were also impeded by Y27632, which is a  specific inhibitor of RhoA. They 
also weakened the migration and invasion ability in ANLN-overexpression 
HeLa cells.
Conclusions: ANLN promotes cell migration and invasion through RhoA-
ROCK signaling in CC.

Key words: cervical cancer,  anillin actin binding protein, RhoA.

Introduction

Cervical cancer (CC) is one of the most common gynecological malig-
nancies in the world. Despite the implementation of modified cervical 
cancer screening programs [1], approximately 570 000 cases of CC and 
311 000 CC-related deaths still occurred in 2018 [2]. About 85% of new 
cases occur in developing countries and account for the second highest 
incidence of female malignancies [3]. The current major therapies for CC, 
including surgery, chemotherapy, radiotherapy, and biological targeted 
therapy, which have improved the survival rate of patients with CC, still 
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have a  limited curative effect for some patients 
[4]. Local tumor recurrence and distant metastasis 
are still the main causes of death among patients. 

One of the first steps in the spread of metastatic 
cancers is the movement of cancer cells into the 
vasculature and tissues surrounding the tumor. 
Cytoskeleton plays an essential role in the mi-
gration and spread of tumor cells [5]. Novel ther-
apeutic strategies can be provided from a  deep 
understanding of the mechanisms of cytoskeletal 
regulation to block the metastatic progression and 
improve the survival rates of patients. Anillin ac-
tin-binding protein (ANLN), an actin binding protein 
[6], plays a vital role in cellular processes such as 
cell proliferation, movement, and cytokinesis [7]. It 
frequently contributes to the development of can-
cer. For example, ANLN can regulate the prolifera-
tion of gastric cancer cells, and it is identified to be 
a  Wnt/-catenin responsive gene in gastric cancer 
[8]. In bladder urothelial carcinoma, ANLN down-
regulation impairs cell proliferation and metastasis 
[9]. ANLN knockdown represses cell growth, and 
overexpression promotes cell motility in non-small 
cell lung cancer cells [10]. Additionally, ANLN over-
expression promotes metastasis and progression in 
breast cancer [11], colorectal cancer [12] and pan-
creatic cancer [13]. Moreover, ANLN has been iden-
tified as a key candidate gene in CC as determined 
by integrated bioinformatic analysis [14]. However, 
the exact role of ANLN in the modulation of CC and 
the underlying molecular mechanism remain un-
known. In this study, we aimed to investigate the 
effects of ANLN on the proliferation, migration, and 
invasion of CC cells, as well as to determine the mo-
lecular mechanisms underlying these effects.

Material and methods

Public databases

The series matrix files of GSE7410, GSE63514, 
and GSE67522 were downloaded from the public 
Gene Expression Omnibus (http://www.ncbi.nlm.
nih.gov/geo/) database. The platforms that these 
series matrix files were based on were GPL1708 
(Agilent-012391 Whole Human Genome Oligo Mi-
croarray G4112A), GPL570 (Affymetrix Human Ge-
nome U133 Plus 2.0 Array), and GPL10558 (Illumina 
Human HT-12 V4.0 expression beadchip). R soft-
ware (version 3.4.0, https://www.r-project.org/) 
was used to process all GEO data, and differential-
ly expressed genes between CC and noncancerous 
samples were identified by the limma package 
(http://www.bioconductor.org/packages/release/
bioc/html/limma.html). An adjusted p < 0.05  
and the absolute log

2 fold change |log2FC| > 1 were 
considered statistically significant. 

RNA-sequencing data for tumor tissue were 
downloaded from the University of California, 

Santa Cruz Xena browser (https://xenabrowser.
net). The “Survival” package was loaded in RStu-
dio, and Kaplan-Meier curves were employed on 
the follow-up data from The Cancer Genome Atlas 
(TCGA). The statistical significance of the differ-
ence in survival was assessed by the log-rank test 
between two groups. P < 0.05 indicated a statisti-
cally significant difference.

Collection of samples from patients with CC

This study was approved by the medical ethics 
practices and the Human Ethics Review Board of 
the Second Hospital of Shandong University, Chi-
na. All specimens were obtained between January 
2018 and June 2019 from patients with patholog-
ically confirmed CC after surgery at the Second 
Hospital of Shandong University. Informed con-
sent was obtained from all study subjects before 
sample collection, and these samples were used 
according to ethical standards.

Cell culture

HeLa, Caski, SiHa, and normal cervical cells 
(CRL-2614) were obtained from the Cell Bank of 
the Chinese Academy of Sciences (Shanghai, Chi-
na). These cells were grown at 37°C in 5% CO

2 
using RPMI-1640 medium supplemented with 
10% fetal bovine serum (FBS). Transfection was 
performed with Lipofectamine 2000 reagent (In-
vitrogen; Thermo Fisher Scientific, Waltham, MA, 
USA) following the protocols of the manufacturer.

Reverse transcription quantitative 
polymerase chain reaction (qRT-PCR) 
analysis

Total RNA was isolated from tissue and cells 
using TRIzol reagent (Invitrogen), and 1 µg of RNA 
was reverse transcribed into cDNA using a Prime- 
Script RT reagent kit (Takara Biotechnology Co., Ltd., 
Dalian, China). qPCR was conducted using SYBR-
Green dye mix (Invitrogen) in accordance with the 
instructions of the manufacturer. The ANLN sense 
and antisense primers, that is, 5′-GCTGCGTAGCTTA-
CAGACTTAGC-3′ and 5′-AAGGCGTTTAAAGGTGATA 
GGTG-3′ [12], respectively, were used. The GAPDH 
sense and antisense primers were 5′-CTCAAGAT-
CATCAGCAAT-3′ and 5′-CGATACCAAAGTTGTCAT-3′, 
respectively. The relative expression level of ANLN 
was calculated using the 2–ΔΔCt method and normal-
ized to the internal reference gene GAPDH. 

Wound-healing assays

Cells were seeded in six-well plates and grown 
until 90% confluence was reached. The cell mono-
layers were wounded by scraping them with 
a 200 μl pipette tip. The results were observed by 
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a  phase-contrast microscope either immediately 
or 72 h after wounding. All experiments were re-
peated three times.

Invasion assay

A  Transwell chamber coated with 50 µl of 
Matrigel was placed into a 24-well plate and in-
cubated for 30 min at 37°C. Subsequently, 1 × 105  
cells were trypsinized, added to chambers, and 
cultured in serum-free medium. The bottom was 
filled with medium containing 10% FBS. The cells 
on the upper surface of the membrane were re-
moved, and the migrated cells were fixed with 
100% methanol for 30 min after 24 h. The bottom 
cells were stained with hematoxylin for 20 min. 
The cell images were captured under a phase-con-
trast microscope. 

Immunofluorescence assay

CC cell slides transfected with siRNA-control 
and siRNA-ANLN were fixed with 4% paraformal-
dehyde for 30 min. They were permeated with 
0.1% Triton-X100 for 10 min. The slides were 
sealed with phalloidin at room temperature for  
1 h. The CC cell slides were then sealed with a drop 
sealant. Lastly, they were photographed under 
a confocal laser microscope. The experiment was 
repeated three times.

Western blot

Total protein of the cells was isolated with RIPA 
tissue lysis Buffer (Solarbio, Beijing, China) in ac-
cordance with the operating manual. The concen-
tration of the obtained protein was measured with 
BCA. Equal amounts (50 mg) of protein were sepa-
rated on a 10% sodium dodecyl sulfate polyacryl-
amide gel and transferred to polyvinylidene fluoride 
membranes (Thermo Scientific). Membranes were 
incubated with primary rabbit antibodies against 
ANLN antibody (1 : 3000, 66643-1; Proteintech), 
RhoA (1 : 1000, 2117; Cell Signaling Technology, 
Danvers, MA, USA), and β-actin (1 : 5000, AC026; 
ABclonal) at 37°C overnight. The membranes 
were incubated with horseradish peroxidase-con-
jugated goat anti-rabbit secondary antibodies  
(1 : 10000; ABclonal) for 1 h at room temperature. 
The signals were detected with an enhanced che-
miluminescence detection reagent (Thermo Scien-
tific). The bands were quantified via densitometry 
and analyzed with Quantity One software (Bio-Rad 
Laboratories, Hercules, CA, USA). Relative protein 
levels were normalized to β-actin.

RhoA activation assay

A RhoA Activation Assay Biochem Kit (Cytoskel-
eton, Inc., Denver, Co., USA) was used to detect 

RhoA activity following the protocol provided by 
the reagent manufacturer. 

Statistical analysis

Statistical analyses were calculated using 
SPSS version 20.0 (IBM SPSS Statistics). All mea-
surement data were presented as the mean ± 
SD of three individual experiments. Statistical 
analyses were performed using Student’s t-test 
between the two groups; when appropriate, the 
Mann-Whitney t-test was used. P < 0.05 was con-
sidered to indicate a statistically significant result. 
The Kaplan-Meier method was used to evaluate 
prognostic results, and statistical analysis was 
performed through the log-rank test. R version 
3.5.1 was used for statistical analyses.

Results

ANLN was upregulated in CC tissues  
and correlated with poor prognosis

ANLN was significantly upregulated in CC com-
pared with the corresponding normal tissue by ana-
lyzing three datasets, namely, GSE7410 (Figure 1 A),  
GSE63514 (Figure 1 B), and GSE67522 (Figure 1 C).  
Consistently, qRT-PCR analysis demonstrated 
that ANLN was significantly overexpressed in the 
CC tissue (Figure 1 D) obtained from our hospi-
tal and cell lines (Figure 1 E) compared with the 
normal cervical tissue and cell line. Furthermore, 
TCGA database analysis of ANLN transcription 
by GEPIA (http://gepia.cancer-pku.cn/detail.php) 
also supported these results, and no statistically 
significant differences were found in different his-
tological subtypes of CC (Figure 2). These results 
suggested that ANLN might be an oncogene in CC 
progression. We used the Kaplan-Meier and log-
rank tests to investigate the relationship between 
ANLN expression level and the overall survival 
(OS) of patients (Figure 1 F). The TCGA datasets 
showed that patients with low ANLN had long OS.

ANLN regulated CC cell proliferation, 
migration, and invasion

To analyze the effects of ANLN on the malignant 
phenotypes of the CC cells, we performed loss 
function assays. Western blot analysis showed 
that si-ANLN transfection significantly suppressed 
ANLN expression in HeLa and Caski cells (Figures 
3 A, B). The effects of low ANLN expression on the 
proliferation of the CC cell lines (e.g., CaSki and 
HeLa) were investigated. The results of an Edu 
assay revealed that transfection with si-ANLN re-
duced the proliferation of the CC cells (Figures 3 C, 
D). Thus, ANLN promoted CC proliferation. 

Migration and invasion assays were carried 
out to investigate the effects of ANLN on CC 
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Figure 1. ANLN expression in CC tissue and cell lines. A–C – Box plots exhibited increased ANLN expression levels 
in CC compared with normal samples obtained from three microarray datasets (A – p = 1.6 × 10–7 for GSE7410, 
B – p = 1.4× 10–6 for GSE63514, C – p = 2.7 × 10–6 for GSE67522). D – qRT-PCR analysis of ANLN expression in CC 
and normal tissues. Data were reported as means ± SE (N [normal] = 26, N [cancer] = 29), p = 3.6 × 10–5. E – ANLN 
expression in cervical cancer cell lines HeLa, Caski, SiHa, and CRL-2614. *p < 0.05; **p < 0.01. F – Kaplan-Meier 
survival curves for OS time difference in patients with CC from the TCGA datasets (p = 0.005)
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cells. CC cells in the si-ANLN group exhibited de-
creased migratory (Figures 3 E, F) and invasive 
abilities (Figures 3 G, H) compared with control 
cells. These effects were statistically significant 
in each cell type.

To further verify these effects, we also con-
structed an ANLN-overexpression lentivirus and 
infected Hela cells. Consistent with the results 
from the siRNA experiments, ANLN overexpres-
sion had stronger proliferation, migration and 
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Figure 2. A – Expression of ANLN in CC and normal cervical tissues was analyzed using the GEPIA online database 
(*p < 0.05). B – The level of ANLN expression in different histological types of cervical cancer from the TCGA data-
base was analyzed (p > 0.05)

CESC (num(T) = 306; num(N) = 13)
	 Cervical 	 Cervical squamous
	 adenocarcinoma	 carcinoma

*

invasion capabilities in HeLa cells than in control 
HeLa cells (Figures 3 I–K).

Actin stress fiber integrity is disrupted by 
ANLN knockdown

F-actin is extremely important to maintain the 
normal morphology of cells. It is also closely cor-
related with tumor invasion and metastasis. We 
investigated whether ANLN can regulate actin 
cytoskeleton by examining F-actin staining in CC 
cells with ANLN knockdown (Figure 4). Immuno-
fluorescence results showed that a partial loss of 
stress fiber integrity was evident in si-ANLN cells 
compared with control cells. These results indi-
cated that the decreased ANLN expression levels 
influenced the stress fiber formation, which could 
affect cell invasion and migration.

ANLN regulated CC migration and invasion 
potential via the RhoA-ROCK pathway

To further reveal the molecular mechanisms by 
which ANLN regulates cell invasion and migration, 
we applied bioinformatics analysis. RhoA-ROCK 
is one of the most essential mechanisms for mi-
gration and invasion. The relationship between 
ANLN and RhoA effectors ROCK1 and ROCK2 in pa-
tients with CC were analyzed by using the online 
web tool GEPIA [15] based on the TCGA database. 
A strong correlation was found between the mRNA 
levels of ROCK1 (Figure 5 A) and ANLN (R = 0.25, 
p < 0.0001), as well as between ROCK2 (Figure 5 
B) and ANLN (R = 0.21, p < 0.0001). To further ver-
ify these findings, we examined activated RhoA 

in ANLN-overexpression Hela cells, and a  signifi-
cant increase in active RhoA level was observed. 
Furthermore, the protein levels of RhoA effectors 
ROCK1 and ROCK2 were found to be upregulated 
in ANLN-overexpressed HeLa cells (Figures 5 C, D).

To determine whether RhoA activation is in-
volved in ANLN-induced promotion of migration 
and invasion in CC cells, we used Y-27632 as an 
inhibitor to impair the activation of RhoA in ANLN- 
overexpression HeLa cells. After the treatment of 
ANLN-overexpression cells with Y-27632 at 15 μmol 
for 72 h (Figure 5 E), activated RhoA, ROCK1 and 
ROCK2 expression levels were significantly down-
regulated compared with the control groups (Figure 
5 F, p ≤ 0.05). The migration and invasion of HeLa 
cells significantly decreased compared with those of 
the control groups (Figures 5 G–I, p ≤ 0.001). 

Discussion

A large number of mRNAs and non-coding RNAs 
have been reported to play important roles in the 
development and progression of CC [16]. However, 
the molecular mechanisms underlying regulation 
of CC progression require further exploration and 
evaluation. In this study, we found that ANLN acts 
as a tumor promotor in CC. ANLN expression was 
higher in CC than in normal tissues, and high ANLN 
expression promoted cell proliferation, migration, 
and invasion in CC (Figure 2). Knockdown of ANLN 
disrupted the integrity of stress fibers and the 
RhoA/ROCK signaling pathway (Figures 3 and 4). 
Our results indicate that ANLN may promote the 
migration and invasion of CC via the RhoA/ROCK 
signaling pathway.
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Figure 3. ANLN regulated the proliferation, migration and invasion of human cervical cells. A, B – Western blot anal-
yses of knockdown efficiency in CC cells. β-Actin was used as the loading control. C, D – Effect of ANLN silencing 
on the growth of CC cells in vitro. Bar: 100 μm. E, F – Wound closure was delayed in siRNA-transduced cells after 
72 h. Bar: 200 μm
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Figure 3. Cont. G, H – Invasion in CC cell lines decreased after transfection in a  transwell assay (magnifica-
tion, 200×). The number of invading cells was calculated and is depicted in the bar chart. *P < 0.05, **p < 0.01,  
and ***p < 0.001. I – Effect of ANLN overexpression on the growth of CC cells in vitro. Bar: 100 μm. J – Wound 
closure was delayed in ANLN-overexpressed cells after 72 h. Bar: 200 μm. K – Invasion in CC cell lines increased 
after transfection in a Transwell assay (magnification, 200×). The number of invading cells was calculated and is 
depicted in the bar chart. *P < 0.05, **p < 0.01, and ***p < 0.001
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Figure 3. Cont. K – Invasion in CC cell lines increased after transfection in a Transwell assay (magnification, 200×). 
The number of invading cells was calculated and is depicted in the bar chart. *P < 0.05, **p < 0.01, and ***p < 0.001

Figure 4. ANLN knockdown disrupts actin stress 
fiber integrity. Confocal laser scanning was used 
to detect the cytoskeleton morphology of CC cells 
transfected with siRNA or NC. Bar = 20 μm
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A  previous study involving the bioinformatic 
analysis of 49 CC tissues and 20 normal cervical 
tissues suggested that high levels of ANLN ex-
pression may represent a potential CC biomark-
er [14]. However, a larger number of samples is 
required to determine the role of ANLN in CC. In 
the present work, substantial samples, including 
394 CC tissues and 64 normal cervical tissues, 
from several public databases, such as GSE7410 
(Figure 1 A), GSE63514 (Figure 1 B), GSE67522 
(Figure 1 C), TCGA, and GTEx (Genotype-Tissue 
Expression), were used for ANLN expression 
analysis. The results consistently showed that 
ANLN expression levels in CC are higher than 
those in normal tissues. 29 CC tissues and 26 
normal tissues were collected from our hospi-
tal, and real-time PCR of these samples similarly 
showed that ANLN transcripts are more abun-
dant in CC tissues than in normal tissues (Fig-
ure 1 D). Our findings demonstrate that ANLN 
could be used as a CC biomarker. We also found 

that ANLN exerts tumorigenicity by promoting 
cell proliferation, migration, and invasion in CC. 
Thus, therapeutic interventions targeting ANLN 
may be an effective means to repress CC pro-
gression.

Research has gradually revealed a  number of 
signaling pathways involved in the occurrence and 
development of CC [17–21]. The Wnt/β-catenin 
signaling pathway, which is associated with cell 
proliferation and metastasis, is involved in cervical 
carcinogenesis [18, 22]. Many studies have sug-
gested that the PI3K/Akt signaling pathway is im-
plicated in CC progression [21, 23]. Understanding 
these pathways will provide new therapeutic tar-
gets to prevent CC metastasis and growth. Hence, 
exploration of the signaling pathways involved in 
CC is necessary to discover promising targets for 
the diagnosis and treatment of patients with this 
disease. In the current study, ANLN was found to 
maintain the integrity of stress fibers and act as 
an upstream regulator of the RhoA/ROCK signal-
ing pathway in CC. The findings showed a  new 
function of the ANLN-induced RhoA-dependent 
signaling pathway in CC and provide new thera-
peutic targets and predictive biomarkers for the 
disease.

In conclusion, our work identified the role and 
mechanisms of ANLN in CC. At the cell level, the 
study showed that ANLN promoted cell invasion 
and migration via maintaining stress fiber for-
mation in CC cells. Furthermore, at the molecular 
level, our results showed that ANLN promoted cell 
invasion and migration through the RhoA-ROCK 
signaling pathway in CC. Therefore, ANLN might 
be a novel gene for human CC therapy. This work 
includes some limitations requiring further inves-
tigation. For example, in vivo experiments should 
be performed to validate the function of ANLN in 
CC. Multi-center studies with a large sample size 
are also needed to determine the potential of 
ANLN as a therapeutic target or biological marker 
in CC progression.
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Figure 5. A, B – Scatter plots showed the association between ANLN expression and ROCK1 or ROCK2 expression 
using the online web portal GEPIA based on the TCGA data repository. C, D – Expression levels of active RhoA, 
ROCK1, and ROCK2 were detected by Western blot in ANLN‑overexpression HeLa cells. E, F – Expression levels of 
active RhoA, ROCK1, and ROCK2 were detected by Western blot in ANLN-overexpression HeLa cells treated with 
Y27632
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Figure 5. Cont. G–I – Y27632 could partially restore 
the increasing ability in migration and invasion 
caused by ANLN overexpression
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