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Abstract: MEX3A, one member of the human MEX3 gene family, exerts different effects on a variety of human 
cancer cells. However, the biological functions and regulatory mechanism have not been explored in cervical can-
cer. In our study, we used multiple approaches to determine the functions and underlying molecular mechanism 
of MEX3A in cervical tumorigenesis, including CCK-8 assay, BrdU assay, FACS for cell cycle and apoptosis, wound 
healing assay, Transwell migration and invasion assays, immunohistochemistry (IHC) assay, Transfection, real-time 
RT-PCR and Western blotting analysis. IHC results showed that the expression levels of MEX3A were decreased 
in cervical cancer patients with advanced clinical stages and lymph node involvement. Moreover, upregulation of 
MEX3A attenuated cell proliferation, migration and invasion and induced cell cycle arrest at G0/G1 phase in human 
cervical cancer cells, whereas knockdown of MEX3A exhibited the opposite effects. Mechanistically, MEX3A exerted 
its tumor suppressive functions via inactivation of Akt signaling pathway and inhibiting epithelial to mesenchymal 
transition (EMT). Importantly, Akt activation by its activator SC79 reversed the biological functions of MEX3A over-
expression. Furthermore, MEX3A inhibited tumor growth in xenograft models. Overall, our investigation suggested 
that MEX3A participated in antitumor activity in cervical cancer by inhibition of the Akt signaling pathway and EMT. 
Hence, targeting MEX3A might have a therapeutic potential to treat cervical cancer.
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Introduction

Cervical cancer ranked as the fourth place in 
both cancer incidence and mortality rates in 
2018 [1]. In the year of 2020, it is estimated 
that there will be approximately 4,290 deaths 
cases, and 13,800 new cases of cervical can-
cer in the United States [2]. Due to the exten-
sive use of cytology screening and the availabil-
ity of HPV vaccines, the incidence rate has 
remarkably decreased in patients with cervical 
cancer [3]. However, it is concerned that HPV-
associated cervical cancers still lack an effec-
tive, specific treatment strategy. The standard 
treatments are surgery or a combination of  
chemotherapy and radiation therapy for the 
majority of cervical cancer cases, which con-
tribute to improving the prognosis of patients 
[4, 5]. Unfortunately, in patients with the 
advanced stage, chemoresistance remains a 
severe challenge for the better outcomes of 

cervical cancer patients [6, 7]. Hence, we need 
to develop a valid therapeutic agent for the  
prevention and treatment of patients with cer-
vical cancer.

MEX3A belongs to a family of human MEX3 
genes, which comprises four members: MEX3A, 
MEX3B, MEX3C and MEX3D. MEX3 genes con-
tain two heterogeneous nuclear ribonucleopro-
tein K homology (KH) domains (named as KH1 
and KH2), and the conserved regions of these 
two amino acids bind RNA via the KH domains 
[8]. Existing evidence indicates that MEX-3  
protein is involved in regulation of core biologi-
cal processes, including embryonic develop-
ment, epithelial homeostasis, immune func-
tion, metabolism and tumorigenesis [9]. By 
bioinformatics analysis of Oncomine database, 
it has been unveiled that MEX3 is altered in 
many types of human cancers at transcription-
al level [9]. A recent study demonstrated that 
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MEX3A interacts with miR126-5p through KH1 
and KH2 domains and this complex prevents 
the dimerization of caspase 3 and the forma-
tion of its active sites, and then inhibits the  
proteolytic activity of caspase 3 expression, 
leading to hindering cell apoptosis [10]. In vivo 
studies have shown that calcitriol triggers 
stemness-related genes such as MEX3A in 
mice, which is a marker of slow-dividing sub-
sets of LGR5-positive stem cells in normal 
organoids [11]. Currently, numerous investiga-
tions have indicated that MEX3A plays com- 
plex and diverse roles in the development of 
various cancers. MEX3A plays a pivotal role in 
the post-transcriptional procession of mRNA 
and gene expression [8]. MEX3A gene expres-
sion may be closely connected with malignant 
tumor development and progression. One 
group unveiled that MEX3A knockdown sup-
presses the growth and migration of human 
gastric cancer cell; however, the specific bio-
logical mechanisms are still unclear [12]. 
Similarly, another study uncovered that MEX3A 
plays vital roles in intestinal differentiation, 
polarity, and stemness features, which may 
cause carcinogenesis by inhibition of CDX2 
[13]. Moreover, it has been revealed that the 
expression of the cyclin-dependent kinase 
inhibitors p21 (CDKN1A) and p57 (CDKN1C) is 
increased in intestinal stem cells with high 
MEX3A expression [11]. These studies suggest 
that MEX3A may exert bidirectional modulatory 
functions in different types of cancer cells. 
However, the biological effects and underlying 
mechanisms of MEX3A in cervical carcinogen-
esis remain ambiguous until now. 

Due to no available literatures regarding the 
effects of MEX3A on cervical cancer, we 
explored the functions and molecular mecha-
nisms of MEX3A in the process of cervical 
tumorigenesis. The present study demonstrat-
ed the expression levels of MEX3A gene in cer-
vical cancer cells and tissues. Moreover, the 
biological functions of MEX3A in cervical can-
cer, including cell viability, cell cycle, apoptosis, 
migration and invasion, were investigated by in 
vitro and in vivo experiments. Furthermore, we 
verified whether Akt signaling pathway partici-
pated into MEX3A-mediated cervical tumori-
genesis. Our study might provide a novel mech-
anism by which MEX3A regulates the cervical 
tumorigenesis, suggesting that MEX3A might 
be a target for cervical cancer therapy. 

Materials and methods

Cell culture and reagents

The human cervical cancer cells C33A, SiHa, 
Caski and MS751 cells, as well as nor- 
mal cervical cancer cells H8 were obtained 
from American Type Culture Collection (ATCC, 
USA). Caski cells were cultured with Roswell 
Park Memorial Institute (RPMI, Gibco, USA) 
1640 and five other types of cells were culti-
vated with Dulbecco’s Modified Eagle’s Med- 
ium (DMEM, Gibco, USA), contained with 10% 
fetal bovine serum (FBS, Gibco, USA) and 1% 
penicillin-streptomycin (Thermo Scientific, USA) 
at 37°C with 5% CO2 in a humidified incubator. 
The Akt phosphorylation activator SC79 (HY-
18749, MCE, New Jersey, USA) was dissolved in 
dimethyl sulfoxide (DMSO) and diluted to 10 µM 
with complete medium before use.

Tissue samples

A tissue microarray was purchased from 
Shanghai Outdo Biotech with 44 cases of cervi-
cal cancer samples. The tumor xenografts were 
resected and fixed with 4% formalin, paraffin-
embedded and cut into 4 μm thick sections. 
The slices were deparaffinized with xylene and 
rehydrated with graded ethanol. In addition, we 
collected five paired fresh cervical cancer tis-
sues and their corresponfding adjacent normal 
tissues which were obtained from the patients 
who underwent tumor resection surgery in the 
Second Affiliated Hospital of Wenzhou Medical 
University between February 2017 and January 
2019. None of the patients had received che-
motherapy or radiotherapy preoperatively. The 
tissues samples were frozen in liquid nitrogen 
and stored at -80°C for protein detection. This 
study was approved by the ethics committee of 
the Second Affiliated Hospital of Wenzhou 
Medical University. 

Immunohistochemistry (IHC) analysis

The tissue microarray sections were incubated 
with anti-MEX3A rabbit antibody (1:400, Ab- 
cam, ab79046), anti-E-cadherin mouse anti-
body (1:100, CST, #14472S), and anti-β-cat- 
enin rabbit antibody (1:100, CST, #8480S) at 
4°C overnight. After that, slides were probed 
with HRP-labeled universal anti-mouse or anti-
rabbit IgG for 20 min and then stained with 
3,3-diaminobenzidine tetrahydrochloride. Ulti- 



MEX3A targets Akt in cervical cancer

1448	 Am J Cancer Res 2021;11(4):1446-1462

mately, the slides were counterstained with 
hematoxylin. Intensity score was in accordance 
with the following criteria: 0, no appreciable 
staining; 1, weak staining; 2, moderate stain-
ing; and 3, strong staining. And the percentage 
score was based on the percentage of cervical 
cancer positive cells (0-100%). The IHC staining 
was scored by two independent pathologists 
and the final score was calculated by multiply-
ing the staining intensity score and positive 
staining percentage score. 

Real-time polymerase chain reaction (qRT-
PCR) analysis 

Total RNA was extracted from cervical cancer 
cells by use of TRIzol reagent (Invitrogen, CA). 
After that, the cDNA was produced by reverse 
transcription (RT) and oligo (dT) primers follow-
ing the instructions. By qPCR using SYBR 
Premix ExTaq (Takara), the mRNA expressions 
of MEX3A were assessed. The PCR reaction 
was carried out at 95°C for 5 min, then repeat-
ed 40 times of 95°C for 15 s and 65°C for  
40 s. The data was analyzed using the Rotor-
Gene 6000 software following the ΔΔCt meth-
od [14]. The sequences of primers are listed as 
follows: MEX3A, forward primer (TGG AGA ACT 
AGG ATG TTT CGG G) and reverse primer (GAG 
GCA GAG TTG ATC GAG AGC); GAPDH, forward 
primer (TGT GGG CAT CAA TGG ATT TGG) and 
reverse primer (ACA CCA TGT ATT CCG GGT CAA 
T).

Western blotting analysis

Cells were lysed in lysis buffer with protease 
inhibitors. After that, an equal amount of pro-
tein (40 μg) was loaded on each lane for analy-
sis and then resolved by SDS/PAGE, subse-
quently transferred onto the PVDF membranes. 
The membranes were blocked in 5% milk and 
incubated with the primary antibodies at 4°C 
overnight. Primary antibodies contain: anti-
MEX3A polyclonal rabbit antibody (1:1000, 
Abcam, ab79046), anti-bactin monoclonal 
mouse antibody (1:5000, Abcam, ab6276), 
anti-Akt monoclonal rabbit antibody (1:1000, 
CST, #4691S), anti-p-Akt monoclonal rabbit 
antibody (1:1000, CST, #4060S), anti-E-cad-
herin monoclonal mouse antibody (1:1000, 
CST, #14472S), anti-Vimentin monoclonal rab-
bit antibody (1:1000, CST, #5741S), anti-β-
catenin monoclonal rabbit antibody (1:1000, 
CST, #8480S) and anti-Snail monoclonal rabbit 

antibody (1:1000, CST, #3879S). Then, the 
membranes were washed with TBST, and were 
incubated with secondary antibodies at 37°C 
for one and a half hours. Finally, bands were 
visualized by using enzyme-linked chemilumi-
nescence detection kit (ECL) assay and imag-
ing by using the BioSpectrum Imaging System. 

Cell viability assay

The C33A (1 × 104 cells/well) and SiHa cells (2 
× 103 cells/well) were seeded in 96-well flat-
bottomed plates and 100 ml supplement medi-
um was provided for growth. Cell Counting Kit-8 
(CCK-8, Sigma, USA) assay was performed to 
determine cell viability. The absorbance of 450 
nm wavelength was determined by a Microplate 
Reader (Bio Tek Instruments, Winooski, VT, 
USA). 

Wound healing assay

In order to define migration ability of the human 
cervical cancer cells, cells were seeded onto 
6-well plates and allowed to grow until to more 
than 90% confluence. The artificial gap was 
scratched by a 200 ml yellow pipette tip to cre-
ate. The wound area was photographed by a 
phase-contrast microscope (Olympus CK30, 
Tokyo, Japan) at 0 h and 24 h after scratching, 
respectively. Then, the images were analyzed 
by ImageJ software 1.35 (NIH, Bethesda, MD, 
USA). The migratory rate was calculated by use 
of the following formula: (scratch width at 0 
h-scratch width at 24 h)/scratch width at 0 h. 

Cell migration and invasion assays

For migration and invasion assays, cells were 
seeded in 24-well plates (3-10 × 104 cells) coat-
ed with Matrigel (BD Biosciences, CA) (invasion) 
or without Matrigel (migration) in the upper 
compartemnt with 8 µm pore polycarbonate 
membranes containing 100 µl FBS-free DMEM, 
and the lower compartment was supplemented 
medium with 20% FBS. After 24 h of incuba-
tion, non-migrated or non-invaded cells across 
the membranes were carefully removed with 
cotton swabs, while cells across the membrane 
were fixed with 4% paraformaldehyde and then 
stained by using the crystal violet dye. After 
that, cells were calculated under a microscope. 
It is noted that more than five randomly non-
overlapping fields of view were selected. 
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BrdU proliferation assay

Briefly, 7 × 105 cells were cultured into 6-well 
plates. When the cells were attached to the 
wall, BrdU was added and maintained in a 
humidified atmosphere of 37°C and 5% CO2  
for 8 h. Then the cells were fixed by using 4% 
paraformaldehyde for half an hour at room tem-
perature and treated with 0.2% TritonX-100 for 
10 min. The cells were blocked with 3% BSA for 
1 h at room temperature. After that, cervical 
cancer cells were incubated with the anti-BrdU 
antibody (CST, 1:200, 5292S) at 4°C overnight. 
The second day, cells were cultured with the 
second antibody for 90 min at room tempera-
ture. After that, the cells were stained with DAB 
for 5 min and hematoxylin to counterstain for 
2-4 min. Positive cervical cancer cells were 
observed under the microscope, and the brown 
nuclei in the cells indicated that the cells were 
in the proliferation phase. The proportion of 
positive cells was calculated (total number of 
positive cells per field/total number of living 
cells).

Flow cytometry assay

Cell apoptosis and cell cycle distribution were 
measured by flow cytometry analysis. For the 
apoptosis detection, cells were collected and 
resuspended in binding buffer and stained with 
Annexin V-PE/7-Amino actinomycin D (AAD) for 
15 minutes at room temperature in dark. Then 
the percentage of apoptotic cell was analyzed 
by flow cytometry assay according to manufac-
turer’s instructions. For the analysis of cell 
cycle distribution, the cells were stained with 
propidium iodide (PI) and RNase in the dark at 
room temperature for 30 min. Then, samples 
were inspected by BD FACS flow cytometer.

Lentivirus and transfection

C33A cells were infected with lentivirus carry-
ing MEX3A shRNA and SiHa cells were infected 
with lentivirus carrying MEX3A cDNA. Lentivi- 
ruses were transfected into cells in the pres-
ence of 8 μg/ml polybrene. After 48 h, the cells 
were added puromycin dihydrochloride (Sigma, 
2 μg/ml) into the medium for 7 days in order to 
select cells by drug screening. After that, over-
expression or knockdown efficiency of MEX3A 
was assessed by real-time PCR and western 
blotting, respectively. The C33A and SiHa cells 
were transfected with shRNA-MEX3A or MEX3A 

cDNA and their respective controls by Lipo- 
2000 (Thermo Fisher Scientific) accordance 
with the manufacturer’s instructions. The RNAi 
target sites were designed and then synthe-
sized by Sigma-Aldrich (Shanghai, China) and 
were cloned into a lentiviral pLKO.1 vector. The 
sequences of shRNAs were listed as below. 
MEX3A-shRNA-1: 5’-CCG GCA CGC AAG CCA 
TCC GAA TAT TCT CGA GAA TAT TCG GAT GGC 
TTG CGT GTT TTT G-3’; MEX3A-shRNA-2: 5’-CCG 
GAG GCA AGG CTG CAA GAT TAA GCT CGA GCT 
TAA TCT TGC AGC CTT GCC TTT TTT G-3’. 
Additionally, plasmid MEX3A (NM_001093- 
725)-pCDH-GFP+Puro-3xFlag and its control 
were purchased from Changsha Youbio Bio- 
sciences Inc. In order to get virus particles, the 
plasmid was transfected into 293T cells using 
the Polyethylenimine (PEI) method together 
with two infectious viral particles psPAX2 and 
pMD2G to generate lentivirus. To produce cells 
with MEX3A downregulation, the C33A cells 
were infected with recombinant lentiviral parti-
cle containing MEX3A-pGFP-C-shLenti and its 
control vector. SiHa cells were infected with len-
tiviral particle containing MEX3A-pCDH or 
empty vector, and the stable MEX3A-over- 
expressing cell lines and its control were 
obtained. The primers used as below: MEX3A-
F-(EcoRI): CCG GAA TTC ATG CCT AGT CTA GTG 
GTA TC; MEX3A-R-(BamHI): CGC GGA TCC TTA 
GGA GAA TAT TCG GAT GG.

Animal studies

Four to six weeks old female athymic BALB/c 
nude mice were purchased from the Depart- 
ment of Experimental Animal Centre of Wen- 
zhou Medical University. After one week to 
acclimatize, 20 mice were randomly divided 
into four groups (each group had 5 mice): mo- 
del C33A group (injection of C33A cells with 
blankvector transfection, and MEX3A shRNA-
transfected C33A cells) and model SiHa group 
(injection of control cDNA-transfected SiHa 
cells and MEX3A cDNA-transfected SiHa cells). 
C33A (3 × 106) and SiHa cells (2 × 106) were 
dispersed in 100 µL PBS and the mouse model 
was generated by subcutaneous implanted of 
tumor cells into the right flank. The growth of 
tumor size (width and length) was measured 
with caliper and monitored every two days. The 
tumor volume (mm3) was counted using the for-
mula of (length × width2)/2. Thirty days after 
injection, the nude mice were sacrificed and 
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the tumors were excised and fixed in 4% formal-
dehyde overnight, and embedded for further 
investigation. The xenograft tumors of mice 
were examined by hematoxylin-eosin (H&E) 
staining. And slides were stained with MEX3A 
(1:100 dilution), E-cadherin (1:100 dilution) and 
β-catenin (1:100 dilution) antibodies at 4°C 
overnight. And then incubated with the second-
ary antibody for half an hour at room tempera-
ture, the slides were stained with DAB for 1 
min. The experimental methods and proce-
dures were showed in the IHC analysis section 
of the method. The animal studies were per-
formed in accordance with the guidelines for 
animal experiments, which was approved by 
Institutional Animal Care and Use Committee of 
Wenzhou Medical University.

Statistical analysis

All experiments were performed at least three 
times, and the results are displayed as the 
mean ± standard deviation (SD). All the statisti-
cal data were analyzed by utilizing Statistical 
Product and Service Solutions (SPSS, Version 
15.0.1; SPSS Inc., Chicago, IL, USA). The two-
sided Student’s t-test was applied to compare 
between two groups. Comparison of mean in 
multiple groups was conducted using ANOVA. 
Further pairwise comparison among groups 
was detected by Fisher’s Least Significant 
Difference (LSD) test (with equal variance) and 
Mann-Whitney U-test (with unequal variance). P 
< 0.05 (*), P < 0.01 (**) and P < 0.001 (***) 
were considered to be statistically significant.

Results

MEX3A expression is associated with better 
clinicopathological feature in cervical cancer

In order to figure out the role of MEX3A in cervi-
cal cancer development and progression, we 
explored MEX3A expression in 44 cervical can-
cer specimens by IHC. The MEX3A protein was 
differentially expressed in cervical cancer tis-
sues (Figure 1A). Moreover, high MEX3A pro-
tein expression was negatively correlated with 
advanced clinical stage (Figure 1B). Notably, 
the expression of MEX3A was negatively corre-
lated with lymph node involvement (Figure 1B). 
These results indicated that MEX3A may be a 
biomarker for prediction of a better prognosis 
in cervical cancer patients. 

The expression of MEX3A is decreased in cer-
vical cancer cell lines 

Next, we measured the expression of MEX3A in 
normal cervical H8 cells and several cervical 
cancer cell lines including C33A, SiHa, MS751 
and CaSki cells by real-time RT-PCR and 
Western blotting. We found that the expres-
sions of MEX3A at the transcriptional and 
translational levels were lower compared with 
normal cervical H8 cells (Figure 1C). Among 
these cancer cell lines, MEX3A expression is 
highest in C33A cells (Figure 1C).

MEX3A overexpression inhibits cell viability 
and proliferation 

The efficacy of MEX3A knockdown by shRNA 
transfection was determined by Western blot-
ting analysis in C33A cells because this cell line 
had the highest expression of MEX3A among 
four cervical cancer cell lines (Figure 1C). We 
found that both shRNA1 and shRNA2 transfec-
tions downregulated the expression of MEX3A 
in C33A cells (Figure 1D). In order to investigate 
the effects of MEX3A expression on cell viabili-
ty and proliferation, the CCK-8 and BrdU assay 
were performed in C33A cells after MEX3A 
knockdown. We discovered that downregula-
tion of MEX3A promoted viability and prolifera-
tion of C33A cells (Figure 2A and 2B). More- 
over, MEX3A expression was increased in SiHa 
cells after MEX3A cDNA transfection (Figure 
1D). Overexpression of MEX3A suppressed via-
bility and proliferation of SiHa cells (Figure 2A 
and 2B). These results uncovered that MEX3A 
plays a suppressive role in viability and prolif-
eration of cervical cancer cells.

MEX3A overexpression induces cell cycle ar-
rest at G0/G1 phase 

We studied the effect of MEX3A modulation on 
cell cycle in C33A and SiHa cells. Cell cycle 
analysis data showed that MEX3A knockdown 
decreased the percentage of G0/G1 phase but 
increased cell number at S phase in C33A cells 
(Figure 2C). Additionally, MEX3A overexpres-
sion induced cell cycle arrest at G0/G1 phase 
and decreased the percentage of S phase in 
SiHa cells (Figure 2C). However, flow cytometry 
result demonstrated that MEX3A knockdown or 
overexpression did not affect apoptosis of 
C33A and SiHa cells (Supplementary Figure 1).
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MEX3A overexpression inhibits cell migration 
and invasion

We explored whether MEX3A modulation 
affected the capabilities of cell migration and 
invasion in cervical cancer cells. The cell migra-
tion abilities were explored by wound healing 
assays and transwell assays in C33A and SiHa 
cells after MEX3A knockdown or overexpres-

sion. MEX3A downregulation led to greater 
migratory ability to close the wound in C33A 
cells at 24 h (Figure 3A). Consistently, cells with 
overexpression of MEX3A showed a decrease 
in wound closure in SiHa cells at 24 h (Figure 
3A). In line with this finding, our data from tran-
swell migration analysis demonstrated that 
downregulation of MEX3A promoted cell migra-
tion in C33A cells, whereas upregulation of 

Figure 1. The expression level of MEX3A protein in tissues and its functions on viability. A. Representative MEX3A 
staining figure (high or low expression) in tissue microarray. Scale bars: 50 μm. B. The correlation between MEX3A 
expression with clinical stage and lymph node involvement. C. MEX3A expression levels in cervical cancer cells and 
normal cervical epithelial cells at transcriptional and translational level. D. The efficacy of MEX3A knockdown in 
C33A and MEX3A overexpression in SiHa were measured by Western blotting. 
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Figure 2. MEX3A inhibits the viability and induced cell cycle arrest. A. MEX3A knockdown promoted viability of C33A cells, while MEX3A overexpression suppressed 
viability of SiHa cells by CCK-8 assay. *P < 0.05, **P < 0.01, ***P < 0.001. B. Left panel: MEX3A knockdown promoted proliferation of C33A cells, and MEX3A 
overexpression suppressed proliferation of SiHa cells by BrdU assay. Scale bar: 50 μm. Right panel: Quantitative results were also performed. C. MEX3A knockdown 
decreased the percentage of G0/G1 phase but increased cells at S phase in C33A cells, while MEX3A overexpression showed the opposite results in SiHa cells by 
detection of flow cytometry. 
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MEX3A repressed migration of SiHa cells 
(Figure 3B). Furthermore, we observed that 
MEX3A overexpression suppressed cell inva-

sive ability in SiHa cells (Figure 3B). Our results 
indicated that MEX3A regulates cell migration 
and invasion in cervical cancer. 

Figure 3. MEX3A inhibits the migration and invasion of cervical cancer cells. A. Left panel: Cell migration ability was 
detected by wound healing assay in C33A and SiHa cells after transfection with MEX3A shRNA or MEX3A cDNA. 
Right panel: Quantitative data was shown for left panel. B. Transwell assays were performed in cells with MEX3A 
downregulation or upregulation. Right panel: Quantitative analysis for left panel. **P < 0.01, ***P < 0.001.
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MEX3A overexpression inhibits EMT via regula-
tion of Akt

One study showed that MEX3A could influence 
EMT in pancreatic cancer cells [15]. Therefore, 
we determined whether MEX3A plays a role in 
regulation of EMT in cervical cancer cells. We 
observed that C33A cells displayed epithelioid 
features, while C33A cells with downregulation 
of MEX3A exhibited a spindle-like shape (Fi- 
gure 4A). SiHa cells displayed mesenchymal 
phenotype, whereas overexpression of MEX3A 
led to round shape of SiHa cells (Figure 4A). 
Moreover, we measured the expression of  
EMT markers, including E-cadherin, Vimentin, 
β-catenin and Snail, in cells with MEX3A knock-
down or overexpression. Western blotting anal-
ysis data uncovered that MEX3A knockdown 
elevated the expression of Vimentin, β-catenin 
and Snail, but reduced E-cadherin expression 
in C33A cells (Figure 4B-D). Consistently, the 
expression of E-cadherin was elevated in SiHa 
cells after MEX3A overexpression, while 
Vimentin, β-catenin and Snail expressions were 
decreased in MEX3A-overexpressing SiHa cells 
(Figure 4B-D). Several studies have revealed 
that MEX3A participated in tumorigenesis via 
regulating Akt signaling pathway [15-17]. Next, 
we measured whether Akt signaling pathway is 
changed in cervical cancer cells after MEX3A 
modulation. We found that downregulation of 
MEX3A activated p-Akt in C33A cells, while 
upregulation of MEX3A inhibits p-Akt expres-
sion level in SiHa cells (Figure 4B-D). To further 
validate the association between MEX3A and 
p-Akt in cervical cancer, we measured the 
expression of MEX3A and p-Akt in cervical can-
cer tissues. The expression of MEX3A protein 
was downregulated in cervical cancer tissues 
compared with their paired normal tissues 
(Supplementary Figure 2). Moreover, MEX3A 
expression was negatively associated with 
p-Akt expression in cervical cancer tissues 
(Supplementary Figure 2). Therefore, MEX3A 
regulated Akt signaling pathway in cervical 
cancer. 

Activation of Akt signaling pathway reverses 
MEX3A-mediated inhibition of motility 

In order to further validate role of Akt pathway 
in MEX3A-mediated suppression of motility, we 
performed a reversal experiment via upregula-
tion of Akt pathway by its activator SC79 in  

SiHa cells. The results from wound healing and 
Transwell assays demonstrated that SC79 
treatments increased migration and invasion of 
SiHa cells (Figure 5A and 5B). Importantly,  
activation of Akt pathway by SC79 exposures 
abolished MEX3A-induced suppression of 
migration and invasion in SiHa cells (Figure 5A 
and 5B). Therefore, Akt signaling pathway par-
ticipated in MEX3A-triggered repression of 
motility in cervical cancer cells. 

Activation of Akt signaling pathway abolishes 
MEX3A-mediated inhibition of viability and 
proliferation 

We also detected whether activation of Akt sig-
naling pathway is associated with MEX3A-
mediated inhibition of viability in SiHa cells. Our 
CCK-8 assay data showed that 10 µM SC79 
treatments enhanced viability of SiHa cells 
(Figure 5C). Moreover, activation of Akt path-
way by SC79 exposures rescued the suppres-
sion of viability in MEX3A-overexpressing SiHa 
cells (Figure 5C). In keeping with this finding, 
our data from BrdU assays revealed that SC79 
treatments increased proliferation of SiHa cells 
and abrogated MEX3A-involved suppression of 
proliferation (Figure 5D). These results sug-
gested that MEX3A inhibits cell viability and 
proliferation via inactivation of Akt pathway in 
cervical cancer cells. 

MEX3A overexpression suppresses tumor 
growth in nude mice

To test the anticancer activity of MEX3A in vivo, 
the nude mouse model was established by  
subcutaneous injection with tumor cells. The 
tumor xenograft models were obtained via 
injection of C33A cells with MEX3A knockdown 
and MEX3A-overexpressing SiHa cells. The 
tumor xenografts from nude mice were collect-
ed at 35 day after injection, and the weight and 
volume of tumors were measured as displayed 
in Figure 6. As shown in Figure 6A-C, tumor 
weights and volumes were increased in MEX3A-
shRNA transfection group. Conversely, a dra-
matically decrease of tumor weights and vol-
umes in MEX3A-overexpressing group was 
observed in comparison with its matching 
group (Figure 6A-C). In addition, our IHC data 
showed that β-catenin expression was obvi-
ously upregulated whereas E-cadherin expres-
sion was downregulated after MEX3A knock-
down in C33A cells (Figure 6D). Consistent with 
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Figure 4. MEX3A modulates EMT and pAkt in cervical cancer cells. (A) Bright-field microscopy images showing phenotypical changes in cervical cancer cells after 
MEX3A knockdown or overexpression. (B) Western blotting analysis of Akt pathway and EMT-related marker expressions after MEX3A modulation. (C, D) Quantitative 
results for (B). *P < 0.05, **P < 0.01, ***P < 0.001. 
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this result, the expression of β-catenin was 
decreased while E-cadherin was increased as  
a result of MEX3A overexpression in SiHa  

cells (Figure 6E). These results indicated that 
MEX3A expression inhibited tumor growth and 
EMT in vivo.

Figure 5. MEX3A modulates EMT by activating Akt signaling pathway in SiHa cells. A. Left panel: Wound heal-
ing assay showed that SC79 treatment rescued MEX3A-indcued suppression of migration SiHa cells. Right panel: 
Quantitative analysis for left panel. B. Left panel: Transwell assay indicated the suppression of motility ability by 
MEX3A overexpression was rescued after SC79 treatment. Right panel: Quantitative analysis for left panel. C. CCK8 
assay data showed that SC79 treatment rescued the inhibition of viability by MEX3A overexpression. D. BrdU assay 
indicated that SC79 treatment rescued the suppression of proliferation by MEX3A overexpression. *P < 0.05, **P 
< 0.01, ***P < 0.001*.
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Discussion

Evidence has unveiled that MEX3A has a cru-
cial role in tumorigenesis and malignant pro-

gression. For example, MEX3A expression was 
highly upregulated in Wilms renal cancer, blad-
der cancer, gastric cancer, pancreatic cancer, 
glioblastoma, breast cancer, and liver cancer 

Figure 6. MEX3A suppresses tumor growth in vivo. (A) The picture of xenografts was obtained at 35 day after in-
jection of transfected C33A and SiHa cells in nude mice. (B) Tumors were collected and each tumor weight was 
measured. (C) The tumor volume was assessed and calculated according to the formula (L × W2)/2. The data were 
dispalyed as mean ± SD. (D, E) The representative pictures for H&E staining (top) and immunohistochemical stain-
ing of E-cadherin, β-catenin of C33A (D) and SiHa (E) subcutaneous tumor samples from the different groups. Scale 
bar: 50 μm. ***P < 0.001.



MEX3A targets Akt in cervical cancer

1460	 Am J Cancer Res 2021;11(4):1446-1462

tissues [12, 15, 16, 18-22]. In liver cancer 
patients, survival analysis revealed that MEX3A 
expression was obviously correlated with poor 
OS and PFS, suggesting that MEX3A might be 
an independent prognosis biomarker in liver 
cancer [20]. In addition, the higher expression 
of MEX3A was observed in pancreatic cancer 
patients and associated with tumor grade [15, 
23]. Similarly, overexpression of MEX3A was 
associated with malignancy and poor prognosis 
in triple negative breast cancer (TNBC) pa- 
tients [16]. The high expression of MEX3A was 
associated with the mortality of breast cancer 
patients [22]. Consistently, increased expres-
sion of MEX3A was correlated with poor prog-
nosis in lung adenocarcinoma [17]. In bladder 
urothelial carcinoma patients, the expression 
of MEX3A was not correlated with overall sur-
vival rate [24]. In the current work, we displayed 
that MEX3A was downregulated in cervical can-
cer tissues and was negatively correlated with 
advanced clinical stage. Our findings indicated 
that the role of MEX3A may be different in vari-
ous types of human cancers.

One study reported that MEX3A knockdown 
inhibited cell viability and colony formation abil-
ity and modulated cell cycle in gastric cancer 
cells [12]. In bladder cancer cells, knockdown 
of MEX3A remarkably inhibited cell prolifera-
tion and promoted apoptosis [19]. MEX3A 
upregulation enhanced cell growth in glioblas-
toma cells [21]. Downregulation of MEX3A 
inhibited cell growth and induced apoptosis 
and cell cycle arrest in pancreatic cancer cells 
[15, 23]. MEX3A knockdown repressed cell 
growth, while overexpression of MEX3A elevat-
ed growth of TNBC cells [16]. These studies 
suggested that MEX3A exerted promotion of 
cell proliferation in several types of human can-
cers. Our data demonstrated that MEX3A over-
expression suppressed viability and prolifera-
tion of cervical cancer cells and caused G0/G1 
phase arrest, while MEX3A downregulation 
exhibited the opposite effects, demonstrating 
that MEX3A has an anti-proliferation function  
in cervical cancer. MEX3A has been character-
ized to regulate the cell motility in multiple 
types of human cancers, including TNBC, gas-
tric cancer, and lung cancer [12, 16, 17].  
MEX3A downregulaton inhibited migration of 
pancreatic cancer cells via influencing EMT 
[15]. MEX3A knockdown suppressed metasta-
sis in lung cancer cells and in nude mice [17]. 

Here, we reported that MEX3A overexpression 
suppressed migration and invasion of cervical 
cancer cells. Notably, MEX3A overexpression 
inhibited EMT and modulated the expression of 
EMT molecular biomarkers in cervical cancer 
cells. 

Mechanistically, MEX3A knockdown exerted its 
anticancer activity via suppression of p-Akt, 
PIK3CA, CDK6 and MAPK9 in pancreatic can-
cer [15]. MEX3A promoted migratory and inva-
sive ability and metastasis in TNBC cells via 
downregulation of laminin subunit alpha 2 
(LAMA2) expression [17]. MEX3A overexpres-
sion promoted ubiquitylation and degradation 
of RIG-1 in glioblastoma cells, resulting in cell 
growth promotion [21]. Elevated expression of 
p21 and p57 was identified in cells with high 
MEX3A expression [11]. The Akt pathway is one 
of the key signaling pathways involved in tumor 
growth and metastasis [25]. In cervical cancer, 
Akt pathway is dysregulated and has been iden-
tified to be a prospective target for cervical can-
cer therapy [26]. In breast cancer cells, MEX3A 
has been discovered to modulate PI3K/Akt sig-
naling pathway [16, 17]. We also found that Akt 
signaling pathway was activated by MEX3A 
knockdown in cervical cancer cells. Numerous 
investigations have revealed that SC79, an acti-
vator of Akt pathway, could trigger Akt phos-
phorylation, cell proliferation and motility ability 
[27, 28]. Consistently, we observed that SC79 
treatment restored cells proliferation and motil-
ity in MEX3A-overexpressing cells. These find-
ings indicated that Akt pathway might be a key 
driver in MEX3A-mediated tumorigenesis. 

Our results demonstrated the tumor suppres-
sive role of MEX3A in cervical cancer cells via 
targeting Akt signaling pathway (Figure 7). 
However, there are multiple limitations in our 
current study. It is necessary to enlarge the 
numbers of cervical cancer patients to detect 
the expression of MEX3A in tissues and define 
its association with clinicopathological feature. 
The detailed mechanisms how MEX3A modu-
lates Akt activation in cervical cancer need to 
be clarified. MEX3A depletion enhanced gem-
citabine sensitivity in pancreatic cancer cells, 
indicating that MEX3A is involved in drug resis-
tance in human cancer [23]. It is required to 
determine whether MEX3A modulates drug 
sensitivity in cervical cancer cells. Moreover, 
conditional MEX3A transgenic or knockout 
mouse models are ideal tools for exploration of 
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MEX3A functions in cervical cancer in the 
future.
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Supplementary Figure 1. Flow cytometry result showed that MEX3A knockdown (A) or overexpression (B) did not affect apoptosis of c33A and SiHa cells.



MEX3A targets Akt in cervical cancer

2	

Supplementary Figure 2. The expression of MEX3A protein was downregulated in cervical cancer tissues compared 
with their paired normal issues. MEX3A expression was negatively associated with p-Akt expression in cervical can-
cer tissues. N: normal issues. T: cervical cancer tissues.


