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The anticancer effect of miR-1179 has been extensively 
studied in many tumors. The mechanism of miR-1179 
action in cervical cancer, however, remains largely un-
known. In the present study, miR-1179 was downregu-
lated in both cervical cancer cell lines and cancer tissues. 
In addition, miR-1179 mimic suppressed cancer cells 
invasion and epithelial-mesenchymal transition (EMT) 
in cervical cancer SiHa and Caski cells. We found that 
chromatin assembly factor 1 subunit A (CHAF1A) might 
be a direct target of miR-1179 and could be regulated 
by miR-1179. Furthermore, CHAF1A shRNA suppressed 
the cervical cancer cells invasion and the expression 
of EMT-promoted proteins. Reversely, CHAF1A overex-
pression not only promoted cervical cancer cells inva-
sion but also upregulated the level of Zinc finger E‐box 
binding  protein  1 (ZEB1), an EMT-related protein. The 
induction of ZEB1 could be counteracted by miR-1179 
overexpression. It was observed that in cervical cancer 
patients’ tissues, miR-1179 was downregulated while the 
pathway of CHAF1A/ZEB1 was upregulated. In summary, 
our research indicated that the miR-1179 might regulate 
CHAF1A/ZEB1 axis and inhibit the invasion of cervical 
cancer cells.
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INTRODUCTION

Cervical cancer is one of the most common gyneco-
logical malignancies caused by human papillomavirus 
(HPV) infection. Clinical trials has validated that HPV 
vaccines reduce the risk of cervical cancer with HPV 
type 16 and 18 by 70% and by and 86–95% for other 
HPV-associated cancers (Markham et al., 2020). How-
ever, new cases of cervical cancer still account for 10% 
of all gynecological cancers and approximately 5% of 
all tumors (Hovland et al., 2010), second only to breast 
cancer (Ferlay et al., 2010; De Martel et al., 2012), with 
more than 85% of cervical cancers prevalent in devel-
oping countries and more than 80% of all cases (Arbyn 
et al., 2011). Epithelial-mesenchymal transition (EMT) 
and cancer cells invasion might be the main reasons for 
cervical cancer malignancy. Therefore, in addition to 

the prevention of cervical cancer with HPV vaccines, 
biological biomarkers and therapeutic targets have 
gained increasing interest as there is still the demand 
for the treatment of cervical cancer. 

MicroRNAs (miRNAs) are small non-coding RNAs 
that regulate gene expression by inhibiting post-transcrip-
tional translation of mRNA. The relationship between 
miRNA and tumors has been extensively studied, and 
many studies found that various miRNAs play an impor-
tant regulatory role in the occurrence and development 
of cervical cancer (Wilting et al., 2010; Wang et al., 2011; 
Liu et al., 2012; Xie et al., 2012; Zhu et al., 2013). The 
anticancer effect of miR-1179 has been extensively stud-
ied in many tumors (Lin et al., 2018; Song et al., 2018; 
Gao et al., 2019; Li & Qin 2019), but its pro-oncogenic 
effect was also reported (Jiang et al., 2015; Zhihong et 
al., 2019). However, the effect as well as the underlying 
mechanism of miR-1179 action in cervical cancer remain 
unknown. Therefore, we aimed to investigate the expres-
sion level and the effect of miR-1179 in cervical cancer.

Chromatin assembly factor 1 subunit A (CHAF1A) 
is a pro-oncogene that plays a role in a variety of 
tumors, such as colon cancer (Wu et al., 2014), glio-
blastoma (Peng et al., 2016), ovarian cancer (Xia et al., 
2017) and gastric cancer (Zheng et al., 2018). In addi-
tion, studies showed that the expression of CHAF1A 
was increased in cervical cancer and was positively 
correlated with tumor malignancy (Luo et al., 2017). 
However, the specific mechanism of its action in 
cervical cancer needs to be further studied. Interest-
ingly, in the present study, we found that miR-1179 
could bind to the 3’UTR of CHAF1A. Furthermore, 
CHAF1A overexpression promoted EMT and inva-
sion. Thus, we speculated that CHAF1A might be 
a regulatory target of miR-1179 in cervical cancer. 
Zinc finger E-box binding protein 1 (ZEB1) was re-
ported as EMT-activator in cancer biology (Zhang et 
al., 2015). In previous studies, CHAF1A was demon-
strated to interact with TCF4, which promotes gastric 
carcinogenesis (Zheng et al., 2018), while β-catenin/
TCF4 complex can induce the EMT-activator ZEB1 
to regulate tumor invasion (Sánchez-Tilló et al., 2011). 
Moreover, TCF4 can regulate ZEB1/ZEB2 expres-
sion in drug resistance and stemness of colorectal 
cancer (Sun et al., 2020). These studies indicated that 
a regulatory mechanism might exist for CHAF1A and 
ZEB1. In summary, we aimed to clarify the action of 
miR-1179/CHAF1A/ZEB1 axis in cervical cancer and 
this study might provide a new target for cervical can-
cer therapy. 
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MATERIALS AND METHODS

Cell lines and culture

The cervical cancer cell lines SiHa and Caski were 
purchased from the American type culture collection 
(ATCC; Rockville, MD, USA). SiHa cells were cultured 
in Eagle’s Minimum Essential Medium (EMEM, Gibco, 
Grand Island, NY, USA) and Caski cells were cultured 
in RPMI-1640 Medium (Gibco), respectively, supple-
mented with 10% FBS (Gibco) in an incubator at 37°C 
with 5% CO2. 

Cell transfection

MiR-1179 mimic (miR-1179 overexpression), nega-
tive control (NC mimic), pGL3-CHAF1A-wild type 
(WT), pGL3-CHAF1A-mutant (MUT), negative con-
trol (shNC), shCHAF1A (CHAF1A knockdown) and 
pcDNA3.1-CHAF1A (CHAF1A overexpression) were 
obtained from GenePharma Co., Ltd. (Shanghai, China). 
The vectors were separately transfected into cells using 
Lipofectamine 3000 (Invitrogen, Carlsbad, USA) strictly 
according to the manufacturer’s instruction. After trans-
fection, cells were cultured for 48 h and quantitative 
polymerase chain reaction (qPCR) was conducted to as-
sess the transfection efficiency, and cells with satisfactory 
transfection efficiency were used for the subsequent ex-
periments.

qPCR

Total RNA of SiHa and Caski cells and cervical can-
cer tissues was extracted with TRIzol reagent accord-
ing to the manufacturer’s protocols (Invitrogen). Brief-
ly, 2 µg of RNA was reversely transcribed into cDNA 
with SuperScriptII Reverse Transcriptase kit (Invitrogen). 
Then the expression levels of miR-1179 and CHAF1A 
were quantified using SYBR Green supermix (Bio-Rad 
Corp.,USA) in the PCR 7300 System (Applied Biosys-
tems, Foster City, USA). Primers for miR-1179, snRNA 
U6, β-actin, ZEB1 and CHAF1A were synthesized by 
Sangon Biotech (Shanghai, China). Primers were as fol-
lows: ZEB1 (Peña et al., 2006): forward primer: 5’-GC-
CAATAAGCAAACGATTCTG-3’ and reverse primer: 
5’-TTTGGCTGGATCACTTTCAAG-3’; miR-1179: 
forward primer: 5’-GGCTGGAAAGGAAGAAG-3’; re-
verse primer: 5′-GTTAACCCGGCGGTGA-3′; CHAF1A 
(Liu et al., 2017): forward primer: 5’-AGGGAAGGT-
GCCTATGGTG-3’ and reverse primer: 5’-CAGG-
GACGAATGGCTGAGTA-3’; U6: forward primer: 
5’-CTCGCTTCGGCA GCACA-3’ and reverse primer: 
5’-AACGCTTCACGAATTTGCGT-3’; β-actin (Li et al., 
2016): forward primer: 5’-GAGCTACGAGCTGCCT-
GACG-3’ and reverse primer: 5’- GTAGTTTCGTG-
GATGCCACAG-3’. The qPCR data were analyzed by 
comparative Ct method and 2−ΔΔCT method. For con-
trol, miR-1179 expression was normalized to U6 while 
CHAF1A and ZEB1 expression was normalized to 
β-actin. 

Transwell assay

SiHa and Caski cells were inoculated into the upper 
Transwell chambers filled with serum-free EMEM and 
RPMI-1640, respectively, at a density of 5×104/200 µL. 
At the same time, 500 µL EMEM and RPMI-1640, re-
spectively,  containing 10% FBS were placed in the low-
er Transwell chambers (Chen et al., 2019) . After 24 h of 
culture, the cells in lower chambers were fixed with 95% 

ethanol and stained with crystal violet. Finally, the inva-
sive cells were counted under a light microscope. The 
experiments were repeated 3 times. 

Western blot assay

48 Hours after transfection, the protein expression 
of EMT markers (E-cadherin, N-cadherin), CHAF1A, 
ZEB1 and β-actin (Abcam, Cambridge, UK) was detect-
ed via Western blot. The expression level of target pro-
teins was normalized to the expression of β-actin. The 
Western blot protocol was performed according to the 
literature (Lee & Hwang 2017). Target blots were visual-
ized using the Chemiluminescent ECL Reagent Kit (Mil-
lipore, Bedford, MA, USA).

Luciferase reporter assay

The CHAF1A 3’UTR wild-type (WT) sequence or 
mutant binding sites (MUT)  complementary to miR-
1179 were amplified by PCR and cloned to pGL3-Basic 
vector. For luciferase reporter assays, pRL-TK and WT 
or MUT versions reporter plasmid vectors or miR-1179 
mimics were co-transfected into Caski cells using Lipo-
fectamine 3000 reagent. Cells were cultured for 48 h, 
and then the relative luciferase intensity was detected 
by the dual-luciferase reporter assay system (Promega, 
WI, USA) using a standard protocol. The relative lu-
ciferase intensity was normalized to Renilla luciferase 
intensity.

Immunohistochemical staining (IHC)

The study protocol was approved by the Ethics Com-
mittee of The No.2 People’s Hospital of Hefei and 
performed in accordance with the revised version of 
the Declaration of Helsinki principles. All cervical can-
cer patients agreed to the use of their tumor tissues for 
IHC, and written consent was obtained from all the pa-
tients. 3-µm thick tissue sections from cervical cancer 
patients (including cervical cancer and normal cervical 
tissue) were prepared. After fixation with formalin and 
embedding in paraffin, tissue sections were submitted 
to standard immunohistochemistry processing with anti-
CHAF1A and anti-ZEB1 antibodies (Abcam). The sam-
ples were observed and (×400) photographed under an 
optical microscope (Olympus).

Statistical analysis

Statistical analysis was performed using the statisti-
cal software (SPSS; version 17.0; Inc., Chicago, IL). The 
data were presented as means ± SD. Statistical differenc-
es were analyzed using paired t-test or one-way ANOVA 
followed by Tukey’s posthoc test. P values < 0.05 were 
considered statistically significant.

RESULTS

Overexpression of miR-1179 inhibited EMT-upregulated 
proteins and invasion of cervical cancer cells

In both Caski and SiHa cells, miR-1179 mimic up-
regulated the expression of miR-1179 compared to NC 
mimic (Fig. 1A). Overexpression of miR-1179 via miR-
1179 mimic significantly reduced the number of cells 
that passed through the Transwell basement membrane 
(Fig. 1B). Additionally, the N-cadherin protein expres-
sion was reduced, whereas the E-cadherin protein ex-
pression was increased after miR-1179 mimic transfec-
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tion (Fig. 1C). These results indicated that overexpres-
sion of miR-1179 inhibited the invasion ability and 
EMT-upregulated proteins of Caski and SiHa cells.

Targeted binding of miR-1179 to CHAF1A

During the investigation of the potential targets of 
miR-1179 using TargetScan, miR-1179 was predicted 
to bind to the CHAF1A 3’UTR (Fig. 2A). MiR-1179 
targeting CHAF1A was then verified by double-lu-
ciferase reporting assay (Fig. 2B). The expression of 
miR-1179 was vastly inhibited by miR-1179 inhibitor 
(Fig. 2C). In addition, the mRNA level of CHAF1A 
was decreased upon the treatment with miR-1179 
mimic but was increased by miR-1179 inhibitor (Fig. 
2D). The same trends were found at the protein level 
(Fig. 2E). These results suggested that CHAF1A was a 
target gene of miR-1179 and it could be regulated by 
miR-1179. 

CHAF1A knockdown inhibited ZEB1 expression

To reveal the regulatory mechanism of CHAF1A 
and ZEB1, we performed CHAF1A knockdown us-
ing shCHAF1A to detect the level of ZEB1 in Caski 
and SiHa cells. In both Caski and SiHa cells, CHAF1A 
knockdown inhibited ZEB1 expression both at the 
mRNA and protein level (Fig. 3A–B).

CHAF1A overexpression reversed the effect of miR-1179 
mimic on cell invasion

To further explore the mechanism of miR-1179/ 
CHAF1A axis in cervical cancer, both Caski and SiHa 
cells were transfected with miR-1179 mimic, CHAF1A 

-pcDNA-3.1 vector, or miR-1179 mimic+CHAF1A 
-pcDNA-3.1 vector. Consequently, miR-1179 mim-
ic decreased the levels of CHAF1A, ZEB1 and N-
cadherin, but upregulated E-cadherin expression. On 
the contrary, CHAF1A overexpression significantly 
upregulated CHAF1A, ZEB1 and N-cadherin, but 
downregulated E-cadherin (Fig. 4A). As expected, the 
CHAF1A overexpressing cells treated with miR-1179 
mimic showed no such effects (Fig. 4A), suggesting 
that miR-1179 might inhibit EMT-upregulated pro-
teins by suppressing CHAF1A and ZEB1 expression. 
Additionally, the inhibitory effect of miR-1179 on the 
invasion of both Caski and SiHa cells was reversed 
by CHAF1A overexpression (Fig. 4B), which further 
confirmed that miR-1179 might inhibit cell invasion 
by downregulating the expression of CHAF1A and 
ZEB1.

MiR-1179 was downregulated in tumor tissues and 
negatively correlated with the expression of CHAF1A 
and ZEB1

As shown in Fig. 5 A&C, the relative mRNA level of 
miR-1179 was decreased in cervical cancer tissues com-
pared to the normal tissues of patients. Conversely, the 
relative expression of CHAF1A and ZEB1 was elevated 
in cervical cancer tissues compared to the normal tis-
sues of patients. In addition, the Pearson analysis re-
vealed a negative correlation between the expression of 
CHAF1A1 and miR-1179 (Fig. 5B, r=0.7108, P<0.001), 
and a negative correlation between the expression of 
ZEB1 and miR-1179 (Fig. 5B, r=0.5196, P<0.001) 
in cervical cancer tissues. On the other hand, a posi-
tive correlation between the expression of ZEB1 and 

Figure 1. Overexpression of miR-1179 inhibited the invasion of cervical cancer cells. 
Caski and SiHa cells were transfected with NC mimic or miR-1179 mimic. (A) qPCR was used to detect the expression of miR-1179 in Cas-
ki and SiHa cells. (B) Transwell assay was performed to assess the invasion of Caski and SiHa cells. (C) Western blot assay was performed 
to detect the protein expression of EMT-related proteins. The experiments were repeated three times. **p<0.01, ***p<0.001 compared to 
the NC mimic group. 
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CHAF1A1 (Fig. 5B, r=0.7378, P<0.001) was observed 
in cervical cancer tissues. All these results indicated that 
CHAF1A might be a target of miR-1179 and the expres-
sion of ZEB1 and CHAF1A1 in cervical cancer could be 
regulated by the miR-1179 level.

DISCUSSION

The acquisition of EMT features has been demon-
strated to be an important contributor to the metastasis 
of cancer cells (Li et al., 2016). In cervical cancer, EMT 

was identified to play a major role in promoting invasion 
(Xiao et al., 2018), which is also an essential prerequisite 
for cancer cell invasion and migration (Li et al., 2016). 
In this study, we explored the influence of miR-1179 in 
cervical cancer and the regulatory mechanism behind the 
invasion of cervical cancer cells.

MiRNAs, small non-coding RNAs, have been exten-
sively studied in terms of its association with cancer bi-
ology (Wilting et al., 2010; Wang et al., 2011; Liu et al., 
2012; Xie et al., 2012; Zhu et al., 2013). In the present 
study, we found that miR-1179 was downregulated in 
cervical cancer cells as well as cervical cancer patient tis-

Figure 2. Targeted binding of miR-1179 to CHAF1A.
(A) Target prediction was conducted using the TargetScan website. (B) Caski  cells were divided into NC mimic + pGL3-CHAF1A-WT, miR-
1179 mimic + pGL3-CHAF1A-WT-NC mimic + pGL3-CHAF1A-MUT and miR-1179 mimic + pGL3-CHAF1A-MUT groups. Luciferase reporter 
assay was performed to confirm the target relationship between miR-1179 and CHAF1A. (C–D) qPCR was used to detect the expression 
of miR-1179 and CHAF1A in Caski cells. (E) Western blot assay was performed to detect the expression of CHAF1A protein in Caski cells. 
The experiments were repeated three times. **p<0.01, ***p<0.001 compared to the NC mimic group; ##p<0.01, ###p<0.001, compared to 
the NC inhibitor group. 

Figure 3. CHAF1A knockdown inhibited ZEB1 expression.
Caski and SiHa cells were transfected with shRNA NC (shNC) or shRNA CHAF1A (shCHAF1A). (A) qPCR was used to detect the expression 
of ZEB1 in Caski and SiHa cells. (B) Western blot assay was performed to detect the protein expression of ZEB1 and CHAF1A. The experi-
ments were repeated three times. **p<0.01, ***p<0.001 compared to the NC mimic group.
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Figure 4. CHAF1A overexpression reversed the effect of miR-1179 mimic on the cells invasion.
Caski and SiHa cells were divided into NC mimic, miR-1179 mimic, NC inhibitor, miR-1179 inhibitor groups. (A) Western blot assay was 
performed to detect the protein expression. (B) Transwell assay was performed to assess the invasion of Caski and SiHa cells. The experi-
ments were repeated three times. **p<0.01 compared to the NC mimic + vector group; ##p<0.01 compared to the NC mimic + CHAF1A 
group.

Figure 5. MiR-1179 was downregulated in tumor tissues and negatively correlated with the expression of CHAF1A and ZEB1.
(A) The expression levels of miR-1179, CHAF1A and ZEB1 were detected by qPCR in cervical cancer and normal cervical tissue. 
***p<0.001 compared to the normal tissues. (B) Correlation of miR-1179 and CHAF1A was assessed using Pearson analysis. (C) CHAF1A 
and ZEB1 distribution detected using IHC. The experiments were repeated three times.
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sues. However, contradictory results regarding the effects 
in cancers were previously obtained for miR-1179. Some 
researchers indicated that miR-1179 promoted cell inva-
sion in esophageal squamous cell carcinoma (Jiang et al., 
2015). MiR-1179 has been also identified as a suppres-
sor in several cancers such as human non-small cell lung 
cancer (Heller et al., 2018), gastric cancer (Song et al., 
2018), papillary thyroid carcinoma (Ye et al., 2020) and 
cervical cancer (Qu et al., 2020). Interestingly, consist-
ently with the effect of miR-1179 in other cancers, our 
study also supports the inhibitory role of miR-1179 in 
cervical cancer, as miR-1179 suppressed the cervical can-
cer cells invasion. Thus, this result further verified the 
anti-cancer role of miR-1179 in cervical cancer and sug-
gested that the loss of miR-1179 might induce the malig-
nancy of cervical cancer including cells invasion. 

In addition, CHAF1A was predicted as a putative 
target gene of miR-1179 using TargetScan website, and 
miR-1179 mimic significantly reduced the mRNA and 
protein level of CHAF1A. CHAF1A is the main func-
tional subunit of CHAF1 protein (Liu et al., 2017), which 
is involved in deoxyribonucleic acid (DNA) replication, 
gene expression regulation and DNA mismatch repair 
(Cai et al., 2018). It was found that CHAF1A plays an 
essential role in the occurrence and development of vari-
ous malignant tumors, and is related to a poor prognosis 
of cancers. Most importantly, CHAF1A overexpression 
promotes the migration and invasion of cancer cells (Liu 
et al., 2017; Zheng et al., 2018). Therefore, CHAF1A, act-
ing as an oncogene, may be a target for the diagnosis 
and therapy in malignant cancers. CHAF1A overexpres-
sion was proved to be positively correlated with the ma-
lignancy of cervical squamous cell carcinoma (Luo et al., 
2017). We also found that CHAF1A could directly bind 
miR-1179 in cervical cancer cells.CHAF1A was also sig-
nificantly upregulated in cervical cancer cells and patient 
tissues. Consistently with the previous studies, a negative 
correlation was found between CHAF1A expression and 
miR-1179 expression. Expectedly, CHAF1A overexpres-
sion effectively reversed the inhibitory effect of miR-
1179 on the invasion of cervical cancer cells. All these 
results indicated that the inhibitory effect of miR-1179 
on cervical cancer invasion was achieved by inhibiting 
the expression of CHAF1A. ZEB1 was found to play a 
key role in tumorigenesis and tumor progression. In ad-
dition, previous studies demonstrated that ZEB1 contrib-
uted to the promotion of EMT (Yu et al., 2018). In this 
study, similarly to CHAF1A, ZEB1 was overexpressed in 
cervical cancer cells and tumor tissues. Along with this, 
a negative correlation was found between ZEB1 expres-
sion and miR-1179 expression, while we revealed a posi-
tive correlation between the expression of ZEB1 and 
CHAF1A. However, the mechanism of ZEB1 regulation 
by CHAF1A is uncertain and needs to be further inves-
tigated. 

In summary, the current research revealed that miR-
1179 was downregulated in cervical cancer and its 
overexpression suppressed cancer cells invasion, while 
CHAF1A overexpression reversed this inhibitory ef-
fect. Moreover, CHAF1A was identified as a direct tar-
get of miR-1179 and miR-1179 might regulate cervical 
cancer through CHAF1A/ZEB1 axis. The present study 
revealed for the first time the critical role of the miR-
1179/CHAF1A/ZEB1 axis in cervical cancer and might 
provide new targets and theoretical basis for cervical 
cancer therapy. 
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