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ABSTRACT

There is still a high prevalence of cervical cancer (CC) in females. The treatment effect of advanced-stage CC patients is 
poor and once the tumour transfer to other body organs, the final survival rate decreases dramatically. The epithelial-
mesenchymal transition (EMT) process is a critical factor in the progression and metastasis of CC. EMT allows epithelial cells 
to acquire mesenchymal characteristics, and enables them to invade surrounding tissues and migrate to distant sites. This 
transition enhances the aggressiveness and metastatic potential of CC cells, and contributes significantly to disease 
advancement and spread. Understanding and targeting the mechanisms regulating EMT are crucial for developing effective 
therapeutic interventions to prevent or inhibit the metastasis of CC. This process was firstly recognized as a special cell 
differentiation process during organogenesis, in more recent years it has been re-known as a significant component in the 
progression and metastasis. Multiple microRNAs (miRNAs) have been shown to act as controllers of different EMT 
transcription factors like twist, snail, and ZEB1/2 proteins. All these special miRNAs were discussed in detail in this review. In 
addition, long noncoding RNAs (lncRNAs) and circRNAs can regulate the miRNA/EMT axis as upstream mediators, and 
some anti-tumor agents can target the miRNA/EMT axis to affect the metastasis of CC. In summary, this study highlighted a 
broad range of miRNAs that may play critical roles in the EMT process of CC. Understanding the relationship between 
miRNAs and EMT could provide valuable insights into developing new and more effective therapeutic strategies to combat 
CC progression and metastasis. By targeting these miRNAs and their associated pathways involved in the EMT process, it 
may be possible to develop more targeted and personalized treatments to ameliorate the negative effects of cervical 
pathogenesis through EMT.
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INTRODUCTION

Cervical cancer (CC) remains as a common gyneco-
logical malignancy worldwide, with significantly higher 
incidence and mortality rates in low- and middle-income 
countries and currently affects approximately one 
million global women. Based on a global systematic 
literature review, 37.0% of all CCs are diagnosed at the 
locally advanced stage.[1] The majority of CC cases are 
related to persistent the human papillomavirus (HPV) 

infection; however, HPV alone is not sufficient. Other 
molecular components, including the epithelial-
mesenchymal transition (EMT) process, are also 
associated with the development of CC.

EMT is a biological phenomenon where epithelial cells 
undergo a loss of cell-cell adhesion and gain 
mesenchymal traits.[2] The process is characterized by a 
reduction in epithelial markers like E-cadherin, 

cytokeratin, and β-catenin, and an elevation in 
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mesenchymal markers such as N-cadherin, vimentin, and 
fibronectin.[3] The hallmark of EMT is the degradation 
of the basement membrane and appearance of 
mesenchymal cells that can migrate from their epithelial 
origin.[4] Initially described as a fundamental feature of 
embryonic development, EMT has been discovered to 
be essential in processes such as neural crest migration,[5] 
palate fusion,[6] and heart valve formation.[7]

Numerous studies indicate that the EMT process 
correlates with advanced CC in patients. Despite striking 
improvements have been made in surgery combined 
with radiotherapy, subjects with advanced-stage disease 
still have a poor prognosis and suffer from poor 
therapeutic outcomes.[8] Currently, there is a lack of 
concrete findings that could help halt the progress of 
CC.

MicroRNAs (miRNAs) have the ability to interact with 
the 3'untranslated region (UTR) of messenger RNA 
(mRNA), thereby regulating the expression of mRNA.[9] 
Based on their specific regulatory roles, MiRNAs can be 
classified into oncogenic miRNAs and tumor-
suppressive miRNAs, both of which are important in 
diverse biological activities. So far, over 2300 miRNAs 
have been identified and documented, and researchers 
are continuously exploring and identifying unknown 
miRNAs.[10] miRNAs have a role in epigenetically 
silencing or activating genes, including tumor suppressor 
genes along with oncogenes, and their regulation brings 
up new avenues for the design of novel cancer 
therapeutics.[11]

Research has shown that the metastasis of CC is 
associated with some classical signaling pathways, the 
interactions between the molecules of which have been 
widely studied. Some studies have demonstrated that 
miRNAs can regulate metastasis by modulating EMT 
transcription factors and certain signaling cascades. This 
article provides a review of the interaction between 
miRNAs and the EMT process in CC, aiming to 
elucidate the mechanisms by which miRNAs regulate 
the EMT process of CC cells and to identify potential 
targets for the treatment of advanced CC cells.

EMT

During the EMT process, epithelial cells undergo a loss 
of apico-basal polarity and cell-cell adhesion as they 
acquire mesenchymal characteristics. The EMT process 
can facilitate the invasion of cancer cells into adjacent 
tissues and their subsequent metastasis to distant sites. 
Additionally, the concurrent downregulation of the 
adhesion protein E-cadherin during the EMT process 
facilitates the acquisition of migratory capabilities in 
cancer cells, thereby contributing to the progression of 

carcinoma.[12] In a typical EMT process, there is a 
transition in the usage of intermediate filaments from 
cytokeratins to vimentin. Additionally, there are 
significant rearrangements in cortical actin filaments in 
epithelial cells during the EMT. EMT biomarkers 
encompass a range of proteins, including E-cadherin, N-

cadherin, β-catenin and vimentin, which indicate the 
transition from an epithelial to a mesenchymal 
phenotype. The loss of E-cadherin expression plays a 
crucial role in tumor initiation, progression, invasion, 
and metastatic dissemination, emphasizing the 
significance of the EMT process.[13,14] E-cadherin 
functional loss may be caused by germline or somatic 
mutation of the gene, promoter hypermethylation, and 
transcriptional suppression.[15] Transcription factors such 
as Snail1/2, ZEB1/2, and TWIST1/2 can initiate the 
EMT process by binding to the E-box region of the E-
cadherin promoter, resulting in the suppression of E-
cadherin expression (Figure 1).[16]  CC with an EMT 
phenotype displays augmented tumour cell motility, 
invasion along with metastasis in epithelial integrity.

Chronic infection with HPV, particularly strains 16 and 
18, is the primary cause of CC. This persistent viral 
infection can lead to the development of cancerous 
changes in the cervix.[17] The presence of HPV16 E6 
induces the expression of genes typically associated with 
mesenchymal lineages in epithelial cells. On the other 
hand, cells that express HPV16 E7 show decreased 
amounts of E-cadherin and higher amounts of 
fibronectin and vimentin. These changes suggest a 
potential role of HPV in promoting characteristics 
associated with mesenchymal cells, particularly in CC.[18] 
In simian virus 4 (SV40)-immortalized human 
keratinocytes, the expression of HPV18 E6 has been 
associated with the acquisition of a fibroblastoid 
morphology. This suggests that HPV18 E6 may 
contribute to the observed mesenchymal-like character-
istics in these cells.[19] Overall, based on these data, it can 
be inferred that there is a correlation between EMT in 
epithelial malignancies and the presence of aggressive 
tumors in individuals diagnosed with CC. According to 
recent research, the majority of cervical malignancies 
(52%) are E-cadherin positive, with the antigen 
completely absent in only 10% of tumors.[20] In patients 
with advanced cervical squamous cell carcinoma who are 
HPV-positive, there is a decrease in E-cadherin 
expression and an increase in N-cadherin expression.[21] 
These results indicate that E-cadherin could be utilized 
as a standalone prognostic indicator for CC.[22]

Researchers have discovered a further important role of 
the EMT process. EMT causes differentiated cells to 
return to a stem cell-like form. The molecular profile of 
cancer EMT stem cells has been documented to be 
comparable to that of cancer stem cells (CSCs).[23–26] This 
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Figure 1. During the epithelial-mesenchymal transition (EMT), epithelial cells undergo molecular changes, including remodeling of the cytoskeleton, loss 
of apical-basal cell polarity, and weakening of cell-cell adhesion, enabling tumor cells to acquire cell motility and invade the basement membrane.

discovery transformed the idea of CSC biology and 
offers a new approach for targeting CSCs that focuses 
on the EMT process.[27] CC cells derived from spheroids 
exhibit EMT features and CSC traits, and display high 
expression levels of the CSC biomarker the aldehyde 
dehydrogenase 1 (ALDH1).[28] These findings imply that 
targeting the EMT mechanism in CC might result in 
novel treatment options.

MICRORNAS (MIRNAS)

The human genome contains numerous miRNAs, which 
have the ability to affect the production of thousands of 
mRNAs, and play a significant role in regulating protein 
synthesis within cells.[29] Many miRNAs have significant 
tissue selectivity and target gene variety across tissues.[30] 
miRNAs exert significant influence on diverse biological 
processes encompassing cell proliferation, apoptosis, 
migration, invasion, angiogenesis, and carcinogenesis. 
Abnormal and disrupted miRNAs in CC are crucial in 
initiating and advancing the disease.[31,32] miRNAs Have 
emerged as epigenetic regulators to affect pathogenesis 
in many diseases.[33] Furthermore, miRNAs have been 
found to modulate gynaecological cancer angiogenesis 
by affecting pro-angiogenic factors and signaling 
cascades associated with EMT progression.[34] While 
many miRNAs have been identified as regulators of the 
EMT process in CC, their specific roles and mechanisms 
are still not well understood. Some miRNAs function as 
oncogenes that could promote EMT, while others act as 

tumor suppressors and inhibit the process. Further 
research is needed to comprehensively unravel the 
intricate relationship between miRNAs and the EMT 
process in CC. Various transcription factors and 
signaling cascades have been proven to be related to this 
process. In addition, many methods are used to detect 
miRNAs, including nanotechnology-based approaches, 
northern blotting, quantitative reverse transcriptase PCR 
(qRT-PCR) assessment, microarray technology, as well 
as molecular biology tools,  including miRNA 
biosensors.[35] These methods make it more convenient 
for researchers in exploring the association between 
miRNAs and the EMT process. Exosomal miRNAs 
have garnered increasing attention in recent years and 
have been shown to play crucial roles in the 
pathogenes i s  of  var ious  d i seases ,  inc lud ing  
neuroblastoma,[36] prostate cancer,[37] non-small-cell lung 
cancer,[38] and sepsis.[39] Exosomal miRNAs have been 
documented to be useful as theranostic biomarkers in 
treating CC, and could also be related to the EMT 
process in CC.[40]

MIRNAS CAN TARGET EMT TRANS-
CRIPTION FACTORS

Emerging reports suggest that EMT transcription 
factors including Twist Snail and Zeb can direct 
modulate the EMT process.[41–44] These two EMT 
transcription factors could affect each other then act 
together to activate EMT. miRNAs possess the capacity 
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to suppress the EMT process by modulating the 
transcription factors associated with EMT either directly 
or indirectly. (Figure 2).

MiRNAs regulate twist
Twist, consisting of Twist1 and Twist2, belongs to the 
basic helix-loop-helix (bHLH) family.[45] In recent invest-
igations, researchers have discovered proteins of the 
Twist family as essential regulators of EMT during 
embryogenesis and carcinogenesis. Immunohisto-
chemical analysis of CC samples has demonstrated 
elevated expression levels of Twist. These increased 
expression levels of Twist have been found to be 
correlated with poor tumor differentiation and lymph 
node metastasis.[46] In Caski CC cells, high expression of 
the Twist gene is observed and inhibiting its expression 
suppresses cell proliferation and induces apoptosis.[47] 
The overexpression of Twist in CC is linked to 
unfavorable clinical outcomes.[48] Moreover, studies have 
shown that suppressing the Twist gene can enhance the 
sensitivity of CC cells to paclitaxel chemotherapy.[49] 
Therefore, this discovery of a potential therapeutic 
approach for CC holds promise for improved outcomes, 
offering a promising strategy for treatment. It may also 
pave the way for the development of more effective 
therapies in the future.

Multiple research studies have shown how microRNAs 

regulate Twist and influence the EMT process. miR-

214–3p has been shown to inhibit EMT transition and 

metastasis in endometrial cancer by targeting Twist1.[50] 

Similarly, miR-186 can reduce Twist1 expression and 

suppress the EMT process in ovarian cancer cell lines.[51] 

Furthermore, in CC, microRNA-33a targets Twist1 to 

suppress EMT and function as a tumor suppressor 

gene.[52] However, some miRNAs can act as oncogenes, 

such as microRNA-221–3p, which is targeted by 

TWIST2. miR-221–3p is highly expressed in CC tissues, 

especially those with lymphatic metastasis, promoting 

the EMT process. Additionally, both miR-221–3p and 

TWIST2 levels are increased in these tissues.[53]

MiRNAs regulate snail
Through immunohistochemical analysis of CC tissues 
and adjacent tissues, it was found that the expression of 
Snail was elevated in CC.[54] Further experimental studies 
revealed that HPV18 could enhance the expression of 
Snail, thereby leading to enhanced EMT and promoting 
metastasis of CC.[55] Slug, also known as Snail2, has been 
observed to exhibit nonlinear dynamic changes. Its 
upregulation in the initial stages of EMT may promote 
the transformation of mesenchymal cells, thereby 
inducing the formation of new tumor blood vessels.[56] 
These dynamics are potentially specific to CC. 
Therefore, collectively, findings from these studies 

suggest that researchs on snail including snail1 and slug 
hold great importance for the management of CC.

MicroRNAs can regulate the expression of Snail in 
different types of cancers, with both positive and 
negative regulation. In non-small cell lung cancer, miR-
30a targets Snai1, resulting in the suppression of 
invasion and metastasis.[57] The activation of p53 induces 
miR-34a/b/c, which down-regulates Snail.[58] Similarly, 
in ovarian cancer, miR-137 and miR-34a directly target 
Snail, resulting in the inhibition of EMT.[59] On the other 
hand, in glioblastoma, miR-203 targets Snail2 and 
promotes EMT.[60] microRNAs can target both Snail and 
Snail2 to affect the EMT process. The relationship 
between microRNAs and Snail, as confirmed by a series 
of studies, can help us identify novel targeted therapies 
for CC.

MiRNAs regulate Zeb
The zinc-finger E-box-binding (ZEB) family, consisting 
of Zeb1 and Zeb2, plays a vital role as nuclear 
transcription factors in EMT.[61] The elevated expression 
of ZEB1 plays a crucial role in promoting the metastasis 
and progression of diverse cancers, including CC.[62] 
Clinical evidence has demonstrated a positive 
relationship between hypoxia-induced Zeb1 and the 
distribution of tumor-associated macrophages (TAM) in 
CC progression.[63] Furthermore, the levels of Zeb1 
nuclear protein expression play a role in the 
advancement and spread to lymph nodes of CC via the 
EMT pathway.[64] The results suggest that focusing on 
Zeb1 could be an advantageous approach for addressing 
CC.

The effect of microRNAs on the Zeb gene could be 
bidirectional. In cancerous situations, many microRNAs 
inhibit Zeb1 expression, blocking EMT.[65] Previous 
studies identified that miR-484,[62] miR-205,[66] miR-
429,[67] m iR - 139–5p,[68] and  m iR - 525–5p[69] we r e  
negatively correlated with serum Zeb1 and can inhibit 
EMT in CC. Loss or repression of microRNAs targeting 
Zeb1 in cancer can lead to the upregulation of Zeb1, 
thereby promoting the process of EMT.[41]

MIRNAS CAN REGULATE EMT-RELATED 
SIGNALLING PATHWAYS IN CERVICAL 
CANCER

MiRNAs can inhibit EMT in cervical cancer 
cells
In the preceding section, we emphasized the ability of 
microRNAs to target EMT transcription factors. In the 
next two sections, we would introduce the pathways 
involved in regulating miRNAs in the EMT process 
(Figure 3). In this section, we will discuss the role of 
onco-suppressor microRNAs in inhibiting the EMT 
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Figure 2. MiRNAs can directly bind transcription factors to affect the EMT process. In this figure, yellow indicates onco-suppressor miRNAs, and grey 
indicates oncogene miRNAs.

Figure 3. Different miRNAs can affect signaling pathways by targeting different molecules, resulting in a reduction or induction of the EMT process.

process in CC cells. Expression of these microRNAs in 
tumor tissues is decreased, compared to normal tissues. 
This decrease in onco-suppressor microRNAs is 
associated with an unfavorable prognosis for patients.

MiRNAs and the AKT/mTOR/EMT axis
MicroRNAs have been found to regulate the AKT/Mtor 
pathway,[70–74] which significantly contributes to tumor 
development and tumorigenesis.[75–77] MicroRNA-23b 
can act as tumor suppressor by modulating the AKT/
mTOR signaling pathway in CC and its inhibition could 
lead to changes in EMT-related markers and promotes 
mesenchymal transition in CC.[78] Six1 has been 
identified as a direct target of MicroRNA-23b. 
MicroRNA-100[79] and MicroRNA-199a[80] have also 
been found to regulate the Akt/Mtor/EMT Axis.

MiRNAs and the Wnt/EMT axis
The upregulation of positive modulators of the Wnt/β-

catenin signaling pathway, has been shown to increase 

the activity of genes associated with EMT.[81] Among 

these, WNT1 is an activator. Li et al.[82] found WNT1 

and miR-34a exhibit an inverse correlation in primary 

cervical squamous cell carcinoma tissues. They further 

demonstrated that miR-34a can regulate the transition 

from E-cadherin to P-cadherin by inactivating the 

WNT1/β-catenin pathway. This regulatory mechanism 

leads to the inhibition of cell proliferation and tumor 

formation, as demonstrated in both in vitro and in vivo 

experiments. Upregulation of miR-142–3p has been 

shown to downregulate the Frizzled-7 receptor and 

inhibit EMT in HeLa and SiHa cells through the Wnt 

signaling pathway.[83] MiR-212 and miR-328 were 
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discovered to block CC cell EMT by targeting 

Transcription factor 7 like 2 (TCF7L2), a key element of 

the Wnt signaling pathway.[84–86] Additionally, Li et al.[87] 

confirmed that upregulation of miR-145 targets WNT2B 

expression, leading to repression of the Wnt signaling 

pathway in CC cells.

MiRNAs and the TGFβ/EMT axis
The involvement of the transforming growth factor β 

(TGFβ) in the development of tumors is multifaceted 
that initially serves as a tumor suppressor and transforms 

into an oncogene in later. Additionally, TGFβ plays a 
crucial role in initiating EMT. EMT activation and the 

TGF-β/smad pathway were detected in CC tissues and 
cells, accompanied by decreased miR-137 expression. 
MiR-137 functions as a suppressor of tumors in CC cells 
by blocking invasion, movement, and EMT through its 
interaction with Gremlin 1 (GREM1) and inhibition of 

the TGF-β/smad pathway.[88] In a separate study, MiR-

362 was found to inhibit the TGFβ/Smad pathway, 
resulting in increased apoptosis and decreased prolif-
eration in CC cells.[89] These findings indicate that the 

TGFβ/Smad pathway has varying effects on CC at 
different stages of tumor development and progression.

MiRNAs and the YAP/EMT axis
By targeting Yes-associated protein 1 (YAP1), the 

excessive expression of miR-195–5p can impede the 

EMT progression in CC cells.[90] The potential of the 

miR-195–5p/YAP1/EMT axis as a molecular target for 

targeted therapy in CC is evident.

Other miRNAs
In addition, clinical studies have shown that many other 
miRNAs have been associated with the EMT process in 
CC. Table 1 lists the miRNAs that can inhibit the EMT 
process in CC cells.

MiRNAs can induce the EMT in cervical 
cancer cells
MiRNAs and the Wnt/EMT axis
In this part we will introduce the way how microRNA 

induce EMT process in CC cells. The Wnt signaling 

pathway is widely known to be crucial in various cancers, 
including CC, and represents a conservative EMT-related 

signaling pathway. He abnormal activation of the Wnt 

signaling pathway leads to deregulated growth and cancer. 
Zhen et al.[107]

 identified a novel microRNA in CC cells, 
named MIR-G-1, which directly targets and upregulates 

lamin  B1  (LMNB1)  and  TMED5.  The  increasing  

expression of TMED5 promotes the EMT process, and 

the interaction between TMED5 and WNT7B activates 

the Wnt signaling pathway. Wu et al.[108]
 has verified that 

miR-361–5p is inversely correlated with E-cadherin and 

facilitates CC procession, the process of which dependent 

on Wnt signaling pathway. MiR-31 and miR-375 can 

target on E-cadherin and downregulate its expression to 

induce EMT process in CC.

MiRNAs and the TGF-β/EMT axis
As mentioned above, TGFβ is a main initiator of EMT, 

and the activation of the TGF-β/smad pathway has 
been detected in CC. Additionally, studies have shown 

that TGF-β can induce EMT in an advanced cervical 
tumor model through 3D printing.[109] MiR-519 d 

promotes CC metastasis through TGF-β/Smads 
signaling pathway by downregulating Smad7.[110] miR-
375 has been found to depend on cluster of differen-
tiation 36 (CD36) in breast cancer cells and CD36 has 

been demonstrated to interact with TGF-β and promote 
the EMT process in CC.[111] However, the relationship 
between CD36 and miRNA has not been explored in 
CC and further investigation will be required.

Other miRNAs
In CC, the upregulation of miR-20a targeting F-box and 
leucine-rich repeat protein 5 (FBXL5) and B cell 
transposition gene 3 (BTG3) induces the EMT 
process[112] and is correlated with lymph node metastasis 
(LNM), histological grade, and tumor diameter in clinical 
studies.[113] microRNA-21 acts as an oncogene in CC by 
inducing the upregulation of Vimentin and N-cadherin, 
downregulation of E-cadherin at the protein level to 
modulate EMT in HeLa and SiHa cells.[114] MiR-150–5p 
promotes proliferation and EMT in cervical carcinoma 
cells by targeting Src kinase signaling inhibitor 1 
(SRCIN1).[115] MiR-27b induces the EMT process in CC 
cells by regulating the expression of E-cadherin, 
vimentin, and N-cadherin through its direct target, 
cadherin-11 (CDH11).[116] Moreover, Jin et al. found that 
miR-106b overexpression and disabled-2 (DAB2) 
knockdown induced EMT in CC cells.[117] To effectively 
inhibit metastasis of CC cells, it is important to identify 
and target the signaling pathways that induce EMT. 
Table 2 presents a list of miRNAs that have been shown 
to induce EMT in CC cells. Table 2. MicroRNAs induce 
EMT in CC cells.

M I R N A S A R E R E L A T E D T O T H E  
CHEMORESISTANCE AND CHEMO-
SENSITIVITY OF CERVICAL CANCER 
CELLS BY REGULATING THE EMT 
PROCESS

Although the precise mechanism by which CC cells 
acquire chemoresistance is unclear, the EMT and 
miRNAs have been proposed to play important roles in 
these progresses in several studies.

The association of miR-375 with chemotherapy 
resistance in CC cells has been validated through both in 
vivo and in vitro experiments.[118] Subsequent investig-
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Table 1: MiRNAs that inhibit the epithelial-mesenchymal transition (EMT) in cervical cancer cells

MiRNA Target Cell line Change in expression level References

miRNA-504 PAICS C33A and HeLa Down [91] 

miR-377–3p SGK3 HeLa Down [92] 

miR-31–3p Sema4C CaSki Down [93] 

miR-526b PBX3 CaSki and C33A Down [94] 

miRNA-218 SFMBT1 
DCUN1D1

SiHa and HeLa Down [95] 

miRNA-145 SIP1 C33A and SiHa Down [96] 

miRNA-200b RhoE HeLa Down [97] 

miRNA-4264 Kaiso 
(ZBTB33) 

HeLa and CaSki Down [98] 

miRNA-361 HSP90 HeLa and SiHa Down [99] 

miRNA-124 AEG-1 HeLa and SiHa Down [100] 

miRNA-506 FOXQ1 CaSki and SiHa Down [101] 

miRNA-211 MUC4 HeLa and SiHa Down [102] 

miRNA-504 PAICS C33A and HeLa Down [91] 

miR-204–5p TFAP2A CaSki and SiHa Down [103] 

miRNA-374c-5p Foxc1 SiHa and HeLa Down [104] 

miRNA-1297 AEG-1 C33A and CaSki Down [105] 

miRNA-873 GLI1 HeLa and SiHa Down [106] 

Table 2: MiRNAs that induce the epithelial-mesenchymal transition (EMT) in cervical cancer cells

MiRNA Target Cell line Change of expression level reference

miRNA-221–3P TWIST2 SiHa and HeLa Up [15] 

miRNA-21 unclear HeLa and SiHa Up [16] 

miR-125a-3p FUT6 HeLa Up [17] 

miR-205 ASPP2 HeLa and SiHa Up [18] 

miR-141–3p FOXA2 HeLa and SiHa Up [19] 

miR-720 RAB35 HeLa Up [20] 

miR-G-10 TIMP3 HeLa and C33A Up [21] 

ations have revealed that its mechanism of mediating 
drug resistance primarily involves the inhibition of E-
cadherin expression, thereby fostering the EMT 
process.[119] In a study conducted by Song et al.[120] it was 
further discovered that miR-375 correlates with 
radiotherapy resistance in HPV-associated CC, predom-
inantly by impeding the degradation of p53. Future 
research that focus on the potential correlation between 
miR-375-induced radiotherapy resistance and the 
process of EMT in CC will be needed and shed light on 
the underlying mechanisms and provide valuable insights 
into the interplay between miRNA regulation, 
radiotherapy resistance, and EMT in CC cells.

In numerous cancer types, miR-21 has been implicated 
in chemotherapy resistance. In the case of CC, 
microRNA-21 demonstrates elevated expression levels 
and exerts its influence on EMT regulation by directly 
target ing Smad7 and consequent ly  promotes 
chemotherapy resistance in advanced stages of CC.[121]

Besides causing chemoresistance, miRNAs have also 
been found to increase chemosensitivity in CC cells by 
modulating EMT. MiR-155 has been found to negatively 

regulate the epidermal growth factor (EGF)-induced 
EMT and increase the chemosensitivity to Cisplatin 
(DDP) in human Caski CC cells.[122] Multiple research 
studies have provided evidence that the reversal of the 
EMT phenotype can sensitize cisplatin-resistant CC 
cells. Notably, the targeting of Semaphorin 4C (Sema4C) 
by miR-25–3p[123] and Quaking (QKI) by miR-574–5p[124] 
can both impact the EMT process and enhance 
chemotherapy sensitivity. Based on these findings, it is 
hypothesized that the exogenous introduction of 
miRNA mimics could potentially reverse EMT and 
achieve chemotherapy sensitization in CC.

REGULATION OF MIRNA/EMT IN CER-
VICAL CANCER CELLS

lncRNAs as main regulators
As previously discussed, miRNAs play a crucial role in 
regulating the EMT process in CC cells through various 
molecular pathways. In CC, lncRNAs act as regulators 
of miRNAs and effectively modulate the expression of 
key miRNA targets. Notably, lncRNAs can function as 
competitive endogenous RNAs (ceRNAs) that inhibit 
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the targets of miRNAs.[125] It is important to note that 
lncRNAs can exhibit both tumor suppressor gene and 
oncogene properties in CC.[126]

Acting as tumor suppressor genes, lncRNAs play a 
crucial role in inhibiting the EMT process in CC cells by 
targeting various microRNAs. For example, PVT1 is 
known to directly interact with the miR-195 
promoter.[127] LINC00861 functions by up-regulating the 
expression of phosphatase and tensin homolog (PTEN) 
through sponging miR-513b-5p.[128] Similarly, lncRNA 
PTENP1 promotes PTEN expression and induces 
apoptosis in CC cells through competitive binding with 
miR-106b.[129] Additionally, overexpression of lncRNA 
PTCSC3 leads to interactions with the sponge matrix 
miR-574–5p.[130]

As oncogenes, lncRNAs can promote the EMT process 
in CC by regulating miRNAs. For example, the LncRNA 
SPRY4-IT1 regulates the miR-101–3p/ZEB1 axis.[131] 
LncRNA UCA1 promotes the occurrence of EMT in 
CC cells by targeting miR-155.[132] LncRNA NEAT1 
directly inhibits the expression of miR-361, thereby 
promoting EMT.[99] Furthermore, lncRNAs can function 
as competitive ceRNAs and exert their role through 
miRNA sponge activity. LncRNA-CTS acts as a 
competitive endogenous RNA for miR-505.[133] LncRNA 
DANCR acts as a sponge for miR-335–5p, and a miR-
335–5p mimic can reverse the upregulation of DANCR 
and its impact on EMT in CC cells.[134] LncRNA-CTS 

enhances TGF-β1-induced EMT through miR-505 
sponge activity in both in vitro and in vivo settings.[133] 
LncRNA LOC105374902 may serve as a ceRNA for 
miR-1285–3p, promoting the expression of ribosomal 
protein L14 (RPL14) and facilitating EMT in CC 
cells.[135] LncRNA TDRG1 promotes the EMT process 
in CC cells by sponge binding to miR-214–5p and 
targeting SRY-related high-mobility-group box 4 
(SOX4).[136] These studies collectively highlight the 
influence of lncRNAs on the miRNA/EMT axis in CC 
cells. LncRNAs have the potential to serve as 
biomarkers for CC diagnosis or as potential targets for 
CC treatment. However, the relationship between 
lncRNAs, miRNAs, and the regulation of EMT in CC is 
dynamic and complex. Further research is needed to 
validate the association between lncRNAs and the 
miRNA/EMT axis ,  unravel ing this intr iguing 
connection.

CircRnas as main regulators
Both circRNAs and lncRNAs belong to non-coding 
RNAs and exhibit similar regulatory effects on miRNAs. 
As oncogenes, circRNAs promote the EMT process. 
For example, circ-0033550, renamed as that circular 
RNAs-serine/threonine kinase 1 (circ-AKT1), targets 
miR-942–5p.[137] CircRNA_PVT1 targets miR-1286.[138] 

Circular RNA homeodomain interacting protein kinase 3 
(Circ-HIPK3) acts as a competitive endogenous RNA 
for miR-338–3p.[139] circRNA MOTL1 (CircAMOTL1) 
regulates salt-inducible kinase 2 (SIK2) expression 
through sponge binding to miR-526b.[140] circRNA 
GSE1 (CircGSE1) interacts with miR-138–5p.[141] As 
tumor suppressor genes inhibiting the EMT process, 
circRNA UBAP2 (CircUBAP2) loss regulates SOX4 by 
disrupting the ceRNA function of miR361–3p.[142] Circ-
MYBL2 directly inhibits the target miR-361–3p.[143] Due 
to the excellent stability of circRNAs, they can be 
detected in various body fluids. This unique advantage 
makes circRNAs potential biomarkers and important 
targets for CC diagnosis, treatment, and monitoring.

CONCLUSIONS AND FUTURE DIREC-
TIONS

Recent years, miRNAs have gained significant attention 
as therapeutic targets and biomarkers in tumor 
malignant. An increasing number of studies have shown 
that disturblanced miRNAs in cancer act as onco- 
suppressor genes or oncogenes in CC. On the other 
hand, studies have shown that EMT can act as a target 
of miRNAs in CC. Incraseing evidences have proved 
that miRNAs could influence the malignant activity of 
CC through modulating EMT which could promote 
metastasis and migration of CC cells. In present review, 
we provided a comprehensive review on role of 
miRNAs in regulation of EMT in CC cells and discussed 
the EMT process and its transcription factors, how 
miRNA inhibite and induce the EMT process, miRNA 
influence the chemecosesitive by influence the EMT 
process and the regulations of miRNA and EMT. 
Several signaling pathways were listed to show that 
miRNAs could function as critical players in regulating 
EMT process in CC. These miRNAs and their regulaters 
could be considered as promising candidates in the 
diagnosis and treatment of CC.
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