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Abstract 

Cervical cancer is known as one of the most important cancers in women worldwide. 

Chemotherapy is a standard treatment for advanced/recurrent cervical cancer in which the 

prognosis of the disease is really poor and the 1-year survival chance in these patients is 

maximally 20%. However, resistance to anticancer drugs is a major problem in treating 

cancer. Cervical cancer stem cells are considered as a fundamental cause of chemo and radio-

resistance and also relapse after primary successful treatment. Signaling pathways include a 

wide range of molecular mechanisms contribute to drug resistance. Recently, microRNAs 

(miRNAs) are announced as a group of molecular biomarkers involving in response to 

chemotherapy in cancer patients. As the miRNAs, there are some long non-coding RNAs 

(LncRNAs) which their aberrant expression is considered as a biomarker for monitoring 

chemoresistance. In this review, we summarized current reports about the involvement of 

signaling pathways during chemoresistance in cervical cancer. Then, genes that have been 

demonstrated their involvement during drug resistance in cervical cancer were tabulated. 

Further, miRNAs that have been reported as biomarkers during treatment are listed. By 

bioinformatic analysis, we predictedmiR-335-5p and miR-16-5p as the most potential 

biomarkers for monitoring resistance to chemotherapy. Finally, long non-coding RNAs that 

have been introduced in recent studies as novel biomarkers during the response to 

chemotherapy were mentioned. 

 

Keywords: signaling pathway, microRNA, long-noncoding RNA, chemoresistance, cervical 

cancer 
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Introduction  

Cervical cancer (CC) is known as one of the most important cancers in females. Yearly, 

several new cases of this cancer are reported to the World Health Organization (WHO), 

which makes this cancer a global issue[1]. There are several risk factors, which could trigger 

or deteriorate the incidence of CC including gene polymorphisms, multiple sexual partners, 

lamin A/C deficiency, and smoking [2-6]. Actually, it has been demonstrated that the main 

cause of this cancer is Human papillomavirus (HPV) infection[7]. The importance of this 

infection is highlighted as its ability to be the initiator of approximately 5% of all human 

cancers[8]. Among the encoded proteins of HPV, its oncoproteins (E5, E6, and E7) are the 

principle actors in the pathogenesis and carcinogenesis of this virus[9, 10]. As the HPV 

infection leads to CC, the initial action in the way of its treatment is chemotherapy[11]. 

Chemotherapy is a standard treatment for advanced/recurrent cervical cancer in which the 

prognosis of the disease is really poor and the 1-year survival chance in these patients is 

maximally 20%[12].Some chemo drugs kill the cancerous cells by targeting and damaging 

their DNA. Currently, many drugs are developed to block the growth and proliferation of 

cancer cells. However, despite these achievements in chemotherapy, resistance to anticancer 

drugs is a remarkable problem in treating cancer. Various cellular and molecular mechanisms 

including genetics and epigenetics alternation, excessive drug efflux, and decreased 

accumulation of drug have been reported to contribute to the chemoresistance of cancers. 

Overall, based on the progression time, drug resistance can be divided into inherent and 

acquired groups. In the inherent form, drug resistance is present before the exposure of cancer 

cells to anti-cancer drugs. This type of resistance could be the result of some mutations in 
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genes involved in cancer cell proliferation and apoptosis. Acquired resistance develops after 

the first treatment with anticancer drugs which can be due to the altered expression level of 

drug targets. Therefore, understanding the exact molecular mechanisms underlying 

chemoresistance in CC patients can help to investigate better therapeutic approaches based on 

the patient's susceptibility[12, 13].  Recently, microRNAs (miRNAs) are considered as a 

novel group of molecular biomarkers for monitoring the response to chemotherapy in cancer 

patients. miRNAs are a group of non-coding RNAs with the 21-23 nucleotides length, which 

post-transcriptionally regulate the expression of their targets [14]. As the involvement of 

miRNAs in the vital biological processes including cell cycle, they can play important roles 

in the development of malignancies and drug resistance by targeting some important 

signaling pathways [15]. Long noncoding RNAs (LncRNAs) are a group of RNAs longer 

than 200 nucleotides in length lacking significant open reading frames [16].  Like miRNAs, 

lncRNAs have vital roles in cellular processes such as transcriptional and post-transcriptional 

modifications and disruption in their functions may result in disease conditions particularly 

cancer. Recently, it has been reported lncRNAs could play both oncogenic or tumor 

suppressing activity during cancer development and also mediate drug resistance/sensitivity 

in cancer cells [17, 18]. 

Some in vitro and in vivo studies have reported the dysregulation of various miRNAs and 

lncRNAs during chemoresistance in the CC cells and patients. In this study, we reviewed the, 

signaling pathways, miRNAs, and lncRNAs  that are involved in drug resistance in CC. 

 

Role of signaling pathways in chemoresistance 
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Signaling pathways include a wide range of molecular mechanisms that contribute to drug 

resistance. In the following parts, a list of some reported signaling pathways underlying drug 

resistance in CC has been provided (Figure 1).  

 

 

 

Figure 1: Signaling pathways involved in the chemoresistance of CC 

 

Wnt/β-catenin signaling pathway 

The Wnt signaling is a highly conserved pathway involved in vital processes including 

differentiation and proliferation. It is known that ectopic activation of this pathway or genetic 

abnormality in Wnt signaling components could lead tovarious cancers, including CC. 

Among these components, Wnt ligands have the most contribution to developing cancer.To 

prove this claim, the deregulation of Wnt7A and Wnt14 has been reported in CCcells and 

biopsies derived from CC patients. cPLA2α is one of the isoforms of Phospholipases A2s 
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(PLA2s) that convert phospholipids to arachidonic acid in order to produce lipid mediators 

including prostaglandins. Hai Xu, et al. showed the overexpression of cPLA2α in patients 

with CC in comparison with low to moderate expression in normal cervical tissues. Moreover, 

it has been illustrated that cPLA2α affects the response to chemotherapy in cancer cells. In 

other words, blockage of cPLA2α makes cancer cells sensitive to chemotherapy and get a 

better response to therapy. β-catenin, which is a key mediator in the Wnt signaling pathway, 

is determined as a downstream target of cPLA2α. The role of Wnt/β-catenin in the 

progression of tumor invasion also has been reported. It has been depicted that inhibition of 

cPLA2α results in β-catenin suppression in cancer stem cells. Therefore, the suppression of 

Wnt/β-catenin through cPLA2α inhibition could lead to chemosensitivity[19-21]. 

 

Sonic Hedgehog signaling pathway 

Newly, the involvement of the Hedgehog (Hh) signaling pathway in the tumorigenicity in 

bladder cancer has been determined[22].The mRNA expression level of some Hh signaling 

pathway members including, PTCH1, SMO,GLI1, and GLI2wasupregulated in epithelial to 

mesenchymal transition (EMT)‐induced CC cells compared with control cells. Thus, it was 

hypothesized that the inhibition of the Hh pathway could improve the response to therapy in 

CC patients. During EMT, the expression level of E cadherins expressively decreased. 

Gli‐antagonist GANT58 is one of the Hh signaling pathway inhibitors. The combination of 

GANT58 upregulation with cisplatin decreases viability and invasiveness in E‐cadherin low 

CC cell lines and leads to a better response to treatment[23]. 

 

NF-kB signaling pathway 
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The NF-kB family includes transcription factors that are involved in the initiation and 

progression of various cancers. It has been shown that activation of the NF-kB signaling was 

significantly induced in cancerous cell lines exposed to cytotoxic agents. Moreover, the high 

expression level of NF-kB may contribute to poor response to treatment with cisplatin in 

cancer cell lines [24]. In CC, the association of NF-kB signaling with chemoresistance has 

been investigated. Moreover, up-regulated levels of Metastasis-Associated Protein 1 (MTA1) 

and APOBEC3B have been reported in in vitro experiments evaluating CDDP resistance in 

cancer cells from cervical tumors. MTA1 inversely regulates APOBEC3B throughout the 

NF-kB signaling in HPV infected cells. Furthermore, NF-kB inhibition decreased expression 

of APOBEC3B and knockdown of MTA1 re-sensibilized metastatic cancer cells of cervical 

tumor to platinum salt therapy [25]. 

Phosphatidylinositol 3-kinase and protein kinase B signaling pathway 

The Phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) is very important pathway 

implicated in biological processes such as cell proliferation and anti-apoptosis. Several 

physiological stimuli such as hormones and/or growth factor improve extracellular signaling 

and lead to the activation of PI3K signaling. It has been known that PI3K/Akt contributes to 

the development of CC [26]. Zhang et al. showed that the PI3K levels were significantly 

induced in cancer tissues compared with the adjacent normal tissue of cervical tumor [27]. 

In recent studies, it has been shown that PI3K/Akt signaling directly or indirectly is involved 

in chemoresistance. p21-activated kinases (PAKs) are a group of serine/threonine protein 

kinases that contribute to tumorigenesis by regulating cell cycle progression. The 

overexpression of PAK4 in tumor cervical tissues in comparison to pretumor tissues has been 

reported. It has been shown that the upregulation of the PAK4 alleviates the response rate to 

cisplatin therapy in a PI3K/Akt dependent way. Moreover, the knockout of PAK4 leads to 
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better response to cisplatin through the reduction of the cell viability in Hela and Caski cells. 

The phosphorylated form of Akt was significantly increased after cisplatin treatment. But the 

promotion of phosphorylated Akt was inhibited after the suppression of PAK4.Furthermore, 

it was determined that LY294002, a PI3K/Akt inhibitor sensitizes the Hela and Caski cells to 

cisplatin therapy[28]. 

 

 

Notch signaling pathway 

The Notch signaling pathway is also propounded to contribute to carcinogenesis. Notch1, as a 

component of the Notch signaling pathway, plays an important role in the initiation and 

progression of various tumors. In different cancers including, colon cancer and brain cancer, 

the oncogenic role of Notch signaling has been reported[29]. Previous studies have 

demonstrated that Notch signaling can act as either oncogene or tumor suppressor in CC. Li 

Sun1 et al. showed that the expression level of Notch1 was extensively decreased during the 

development of normal cervical epithelium in comparison with cervical intraepithelial 

neoplasia (CIN). The reduced activity of Notch1 leads to the enhanced expression of HPV E6 

and E7 genes in the HPV-infected cervical epithelium cells [30]. On the other hand, tumor 

metastasis and invasiveness were identified in CC patients with the high expression level of 

Notch1/JAG1[31]. Wang, L., et al. determined that the expression level of notch2 was 

significantly increased in CC cells compared with the normal manipulated cervical cells. 

Further, the inhibition of the Notch signaling pathway via γ-secretase inhibitor (GSI) 

RO4929097reduces the chemoresistance and metastasis in CC cells [31]. 

 

Forkhead box O (FOXO) signaling pathway 
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 FOXO term is appointed to a group of transcription factors involved in various cellular 

processes such as apoptosis, proliferation and DNA repair. The contribution of the FOXO 

pathway in carcinogenesis has been proposed as well. Due to the anti-proliferative and pro-

apoptosis feature of FOXO, itis suggested that FOXO could play an important role as a tumor 

suppressor in various cancers [32]. There are several studies that have focused on the altered 

expression level of FOXO proteins in CC. B. Zhang et al.  showed that the expression level 

of FOXO1 protein was significantly decreased in the HPV-positive cell lines (HeLa, Caski, 

SiHa) compared with HPV-negative cell line (C-33A). Furthermore, it has been reported that 

the overexpression of FOXO1 leads to the upregulation of caspase-3 and caspase-9 in SiHa 

cells and therefore promotes apoptosis [33]. S100 calcium-binding protein A9 (S100A9) has 

been determined to be upregulated in diverse cancers and plays an important role in 

resistance to chemotherapy. The overexpression of S100A9 boosts the phosphorylation and 

inhibition of FOXO1 through PI3K/AKT and MEK/ERK signaling pathways and leads to 

poor response to cisplatin-treatment in SiHa cells [34]. FOXO1 directly regulates the 

apoptotic genes including OCT4, SOX2, and NANOG. Thus, the resistance to cisplatin-

therapy could be the result of decreased apoptosis rate due to the FOXO1 phosphorylation 

[34]. 

 

EGFR and TF-PAR2 signaling pathways 

Protease-activated receptors (PARs) are a group of transmembrane G-coupled receptors 

which are activated by cleavage in the extracellular domain. A link between proteolytic 

activity and the development of CC has been reported [34]. Sánchez-Hernández, et al. proved 

that the expression level PAR2 is significantly increased in CC cell lines and 16 patients 

specimens[35]. de Almeida et al. showed that PAR2 can transactivate the epidermal growth 
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factor receptor (EGFR) [36]. EGFR is a transmembrane glycoprotein receptor that belongs to 

HER tyrosine- kinase receptor family. It has been shown that EGFR is upregulated in various 

solid tumors including CC. The HPV-E5 protein increases the EGFR expression and also 

inhibits its degradation[37, 38]. Moreover, EGFR stimulates tissue factor (TF) which could 

transactivate the PAR2 in a positive feedback loop. EGFR and PAR2 are involved in the 

response to cisplatin treatment. It has been reported that the activation of the PAR2-EGFR-

TF signaling pathway decreases the induction of caspase3-cleavage by cisplatin and therefore 

leads to chemoresistance[36]. 

JAK-STAT signaling pathway  

Janus kinase-signal transducer and activator of transcription (JAK-STAT) pathway is 

considered as a pivotal modulator of cellular processes including cell proliferation, migration, 

and apoptosis[39]. It has been determined that the JAK-STAT is involved in the initiation and 

development of several cancer types and plays an important role during the response to 

chemotherapy. L. HUANG1 et al. found that the expression level of STAT3 is significantly 

upregulated in CC cells compared with the normal cervical mucosa. Moreover, it was shown 

that in a patient with no noticeable response to chemotherapy, the expression of STAT3 is 

higher in comparison with the patient's group who responded to chemotherapy obviously, 

which may prove the involvement of STAT3 in chemoresistance [40]. 

 

RAS signaling 

Ras is a proto-oncogene which belongs to the GTP-binding proteins and contributed to 

various biological processes [41]. The mutated or overexpressed form of RAS has been 

demonstrated to be involved in many cancers. There are some studies that have discussed the 

role of Ras signaling in HPV-induced carcinogenesis such as CC. It has been reported that the 

activation of Ras can lead to overexpression of HPV-E6 and E7 proteins [42].  N. Mammas et 
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al. revealed that the expression level of the two 2 Ras oncogenes (H-Ras, N-Ras) was 

upregulated in CC cases in comparison with the normal cervical tissues [43]. The 

involvement of Ras signaling during the response to chemotherapy has been suggested. The 

two crucial pathways, PI3K/Akt/mTOR and Raf/MEK/ERK which are pivotal for the growth 

and survival of cancer cells are stimulated by Ras activation[44]. By using cell culture and 

mouse model, Xu J et al. showed that the activation of Ras was inhibited by zoledronic acid 

(ZA) in CC. Furthermore, the PI3K/Akt/mTOR and Raf/MEK/ERK were deactivated in CC 

cells exposed to ZA and therefore sanitize cancerous cells to chemotherapy [45]. 

Hippo/YAP signaling pathway 

Hippo pathway is an important cell signaling involved in the control of organ size. Consistent 

with the result of several studies, the Hippo pathway is involved in the progression of CC. 

YAP protein is the main effector of the Hippo signaling pathway that its overexpression has 

been reported in CC tissues. The upregulation of YAP could promote the proliferation and 

migration through EGFR signaling in the CC cell lines. Moreover, HPV-E6 protein protects 

YAP protein from degradation and may lead to a consistent proliferation in CC[46].A JUBA, 

which is known as an oncogene, has been reported to be involved in the tumorigenesis by 

affecting cell proliferation and migration. Lihong Bi et al. found that the expression level of 

AJUBA was significantly increased in CC tissues in comparison with the adjacent tissues and 

leads to chemoresistance in CC[47]. 

 

SH3BP1/Rac/Wave2 signaling 

Rac belongs to the GTPases family and regulates various cellular functions which result in 

the medullation of cell mortality and invasion. Ras also can effect on apoptosis and cell 

proliferation and thereby contribute to the tumorigenesis[48]. SH3domain-binding protein-1 

(SH3BP1) can induce CC by stimulation of Rac and its target Wave2. The overexpression of 
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SH3BP1 in CC tissues in comparison with normal tissues has been reported. The SH3BP1 

knockdown leads to the decreased invasion and migration in the Hela and Caski cells. 

Moreover, the SH3BP1 overexpression increases the activation of the Rac and Wave2 in Hela 

and Caski cells, suggesting that SH3BP1 may lead to CC through Rac/Wave2 signaling. 

Furthermore, the SH3BP1 overexpression exacerbates the response to cisplatin-based 

chemotherapy. However, SH3BP1 knockdown leads to a better response during cisplatin-

based treatment [49]. 

 

Association of miRNAs to chemoresistance 

Recently, miRNAs have been considered as diagnostic and prognostic biomarker for cancer treatment 

and researchers have focused on them as potentially therapeutic molecules [50]. 

Interestingly, various studies have discussed the role of miRNAs during the resistance to 

chemotherapy. The different expression level of some miRNAs in cancerous drug resistance 

cells compared with drug-sensitive cancerous cell has been reported[51]. However, the exact 

mechanism of action about dysregulated miRNAs in chemoresistance remains unknown, it is 

supposed that miRNAs can alter the expression level of some proteins which are involved in 

the response to various chemo drugs. This disturbance could be exemplified that 

overexpression of miRNAs might down-regulate the expression of the genes which are 

responsible for drug efficiency. In contrast, decreased expression of miRNAs can lead to the 

up-regulation of the multidrug resistance gens such as ABC transporters which disrupt drug 

function, or the genes which promote proliferation, prevent apoptosis, etc. Consistent with the 

tissue specificity regulation of miRNAs, the same miRNA can play different roles in the 

different cancerous cells [51-53]. In CC, some miRNAs have been reported which their 

dysregulation could contribute to the chemoresistance.   
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miR-217: 

The role of miR-217 in the tumorigenicity of various cancers has been demonstrated.  

Zhaojun Yin et al. found that the expression level of miR-217 was significantly reduced in 

CC cells. Moreover, in order to investigate the impact of miR-217 on the proliferation in CC, 

the miR-217 mimic was transfected to the SiHa and Caski cells. It was determined that the 

upregulation of miR-217 considerably suppresses the growth of CC cells. Furthermore, the 

upregulation of miR-217 could reduce the resistance to cisplatin-based therapy in CC patients. 

Finally, KRAS was identified as the target of miR-217 in CC. It has been shown that the 

protein level of KRAS was significantly decreased in the SiHa and CaSki cells which were 

transfected by miR-217 mimics compared with prenatal cells[54]. 

miR-101: 

miR-101 is involved in CC through regulating its target genes including Fos.miR-

101represses the Fos expression and inhibits the cell cycle in G1 to S transition phase. In 

HeLa cells, the downregulation of miR-101 leads to overexpression of the Fos gene and 

therefore enhances the proliferation and increases the resistance to the chemo-

radiotherapy[55]. 

 

miR-21 

The upregulation of miR-21 in the CC tissues and cell lines has been demonstrated. GAS5, as 

a direct target of miR-21 acts as a tumor suppressor which promotes apoptosis and represses 

migration. In CC tissue, an increased in the expression of miR-21 could downregulate the 

GAS5. Additionally, it has been reported that high expression of GAS5 enhances sensitivity to 

cisplatin and therefore could be used as a potential biomarker for in chemoresistance[56, 

57].Further, polymorphism in the miR-21 gene (rs1292037 (A > G)  ) might enhance the 

chemoresistance to cisplatin in the CC [58]. 
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miR-134-5p 

The association among lncRNA NCK1‐AS1, miR‐134‐5p, and MSH2 has been examined. It 

was proved that the expression level of miR-134-5p was significantly reduced in CC HeLa 

cells. By using siRNA against the NCK1‐AS1, it was clarified that the knockdown of 

NCK1‐AS1 may lead to the upregulation of miR-134-5p and downregulation of 

MSH2whichwherebydecreases the resistance to cisplatin-based chemotherapy [59].  

 

miR-130a  

It has been reported that the expression level of miR-130a is significantly increased in 

cisplatin -resistance CC tissues in comparison to DDP-sensitive tissues. Copper transporter 

protein 1 (CTR1), is a protein involved in the regulation of cisplatin uptake into the cells. 

Chenzhe Fenga, et al. found that the knockdown of CTR1aggravates the resistance to the 

cisplatin in the HeLa and Caski cells. Moreover, miR-130a inhibits the CTR1 expression and 

thereby enhances the resistance to the cisplatin in the CC cells[60]. However, in the other 

study, it was reported that miR-130a has been downregulated in the cisplatin- CC cells [61]. 

 

miR-214 

The tumor suppressor role of miR-214 in CC has been investigated. miR-214 can sensitize 

the CC cells to cisplatin by targeting the Bcl2l2. The overexpression of Bcl2l2 which belongs 

to the Bcl2 family is involved in cell survival and chemoresistance. It has been shown that 

miR-214 represses the mRNA and protein expression level of Bcl2 and thus contributes to 

chemosensitivity in CC cells [62]. Further, Mitochondrial transcription factor A (TFAM) is a 

protein which its overexpression in malignancy of CC has been proved. It can promote 
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migration and proliferation in the HeLa and Caski cells. miR-214 targets TFAM and therefore 

makes susceptible the HeLa and Caski cells to the cisplatin-based chemotherapy[63].  

 

miR-27a and miR-451 

miR-27a and miR-451 are involved in the regulation of the MDR gene [64]. Multidrug 

resistance (MDR) is defined as the ability of cancerous cells to survive after exposure to 

chemotherapeutic drugs and which is the main cause for failure in cancer treatment. P-

glycoprotein is the product of the MDR gene which able the cancerous cells to gain resistance 

to chemotherapeutic drugs [65]. It has been reported that the expression level of miR-27a and 

miR-451 is overexpressed in the MDR CC KBV1 cell line. By using antagomirs against these 

two miRNAs, the mRNA expression level of P-glycoprotein and MDR was significantly 

reduced. This reduction leads to a better response to chemotherapy in MDR cervical cells 

[64]. 

 

miR-20a 

The upregulation of miR-20a promotes cell proliferation and invasion in CC. Ying Xiong1 et 

al. proved in the SiHa cells which were transfected by iASPP (Inhibitor of apoptosis-

stimulating protein of p53), the expression of miR-20a was significantly increased. It was 

clarified that iASPP upregulates the miR-20a by releasing the p53 from the promoter of miR-

20a. The high expression of miR-20a induces resistance to the cisplatin in CC cells[66]. 

 

miR-629 

miR-629 directly targets the Ras suppressor-1 (RSU1). RSU1 induces apoptosis in response 

to 1′S-1′-acetoxychavicol acetate (ACA) in the Caski and HeLa cells. The overexpression of 
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miR-629 decreases the expression of RSU1. NH Phuah et al. reported that suppression of 

miR-629  in both Caski and HeLa cells enhances better response to ACA[67]. 

 

miR-25-3p 

miR-25-3p is involved in the regulation of the epithelial-mesenchymal transition (EMT)in 

cisplatin-resistance CC cells. This regulation is mediated by targeting the Sema4C gene. The 

upregulation of miR-25-3p or decreased expression of Sema4C could promote sensitivity to 

the cisplatin-based treatment and reversed the EMT phenotype in the CR HeLa and Caski 

cells[68]. 

 

miR-182, miR-30a 

miR-182 directly targets the Programmed Cell Death Protein 4 (PDCD4) which is a pro-

apoptotic protein and involved in cell proliferation. It was noticed that thigh expression of 

miR-182 downregulates PDCD4 in the CR HeLa cells. PDCD4 downregulation could reduce 

the apoptosis rate and contributes to the cisplatin-resistance. The expression level of miR-30a 

was decreased in the CR CC cell line, which is supposed that effects on the autophagy 

genes[69].  

 

miR-125a 

It has been reported that the downregulation of miR-125a leads to resistance to paclitaxel and 

cisplatin. One target of miR-125a is STAT3. The inhibition of apoptosis, as a function of 

STAT3, has been proposed [70]. Z Fan et al. showed that in the paclitaxel-resistant HeLa and 

Caski cells, the expression of STAT3 was significantly induced. Thereby, it was supposed that 

miR-125a may induce apoptosis by downregulating the STAT3 and therefore promotes 

paclitaxel and cisplatin sensitivity in CC[71]. 
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miR-181a 

Yiran Chen et al. showed the expression of miR-181a increases the chemoresistance to 

cisplatin. One of the miR-181a targets is PRKCD, which induces apoptosis. It has been 

proved that miR-181a negatively regulates PRKCD and leads to impair apoptosis in SiHa and 

Me180 cell lines[72]. However, in the other study, it was shown the downregulation of miR-

181a leads to resistance the oxaliplatin-based chemotherapy. GRP78 is a direct target of miR-

181a which promotes cell proliferation and oxaliplatin resistance in the CC subcutaneous 

model. Consequently, it has been supposed that miR-181a could sensitize CC cells to the 

oxaliplatin by downregulating the GRP78[73]. 

 

In-silico analysis 

By using the miRTarBase online database, all validated targets of the mentioned miRNAs 

were collected. It was elucidated PTEN can be the most significant target based on the 

number of interactions with the intended miRNAs. Eight miRNAs can interact with the PTEN 

gene as a direct target (Fig.2). The interaction of these miRNAs with PTEN in various cancer 

has been determined. PTEN is a tumor suppressor that regulates vital biological processes 

such as cell proliferation and migration. It reduces the proliferation by inhibiting the Akt 

signaling pathway. Lack of PTEN expression contributes to various cancers including CC[74]. 

Further, dysregulation of PTEN as the target of miRNAs during chemoresistance in CC has 

been reported. For instance, miR-130a promotes proliferation by targeting PTEN and 

increases resistance to chemotherapy[60]. However, further studies are needed to clarify the 

exact molecular mechanism of PTEN in chemoresistance.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 April 2020                   doi:10.20944/preprints202004.0294.v1

https://www.sciencedirect.com/science/article/pii/S0014482713004540#!
https://doi.org/10.20944/preprints202004.0294.v1


18 
 

 

Figure 2: Interaction of PTEN as the most effective gene during chemoresistance in CC 

based on in silico predictions. 

 

 

In Table 1,the genes which have been reported to be involved during the resistance to 

chemotherapy were listed[12, 75-96].All genes were inputted into miRWalk 2.0[97, 98] to 

find their validated interactions with miRNAs. Then, miRNA-gene interaction file which was 

obtained from miRWalk 2.0 inputted into galaxy project online tool[99]in order to 

prioritizemiRNA-gene association considering the number of interactions. Finally, two 

miRNAs, miR-335-5p, and miR-16-5p, with twenty-one and twenty target genes respectively, 
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are predicted as the potential biomarkers during the resistance to chemotherapy, based on the 

number of the miRNA-gene interactions (Figure3). 

 

Figure 3. miR-16-5p and miR-335-5p are predicted as the two most potential biomarkers 

based on the number of miRNA-gene interactions for monitoring poor response to 

chemotherapy in CC. RICTOR, PTPRJ, IGF1R, CDKN1A, are common targets between the 

two mentioned miRNAs. 

 

In the ovarian cancer cells, which are resistant to the cisplatin, miR-335-5p was 

downregulated. R Liu et al. found that the upregulation of miR-335-5p promotes cell 

apoptosis and induces cisplatin sensitivity by downregulating the BCL2L2 gene in the ovarian 
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cancer cells [100]. In another study, it was understood that miR-335 is downregulated in the 

CC tissues in comparison with control samples. Moreover, by transfecting the miR-33p 

mimic to the HeLa cells, it was proved the upregulation of miR-335 inhibits cell proliferation 

and invasion in the HeLa CC cells [101]. 

The downregulation of miR-16-5p in breast cancer has been reported. Y Qu1etal. showed 

that overexpression of miR-16-5p suppresses the proliferation and colony formation and also 

induces apoptosis in the breast cancer cells[13]. In CC, the expression level of miR-16 shows 

different expression level from low in the cervical intraepithelial neoplasia(CIN) I to high 

expression in CIN II-III[102].However, it has not been reported any studies about the 

involvement ofmiR-335-5p andmiR-16-5p in the chemoresistance in CC. Therefore, more 

studies are needed to find the role of miR-16-5p and miR-335-5p in the chemoresistance in 

CC. 

 

CC stem cells (CSCs) and drug resistance 

Based on the apparent similarities between stem cells and cancer stem cells, many researchers 

believe that CSCs are derived from stem cells that have mutated. CSCs are considered as a 

major cause of chemo and radio-resistance and also relapse after primary successful treatment. 

The drug resistance property of CSCs can be the result of multidrug resistance, anti-apoptotic 

mechanism, and increased DNA repairability, etc.[103]. Some biomarkers for CSCs drug 

resistance have been reported. For example, overexpression of dehydrogenase (ALDH), 

which considered as a biomarker for CSCs has been determined to enhance cisplatin 

resistance in CC cells. Moreover, W Wang et al. showed that the upregulation of miR- 23b 

can suppress the ALDH and promotes sensitivity of Hela and Caski cells to cisplatin[12, 104].  

 

Long non-coding RNAs 
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As the miRNAs, long non-coding RNAs (LncRNAs) play crucial roles in regulating 

biological processes such as cell cycle, growth, gene expression, and effecting the cellular 

cascades. In CC, there are some LncRNAs which their dysregulated expression is considered 

as a biomarker for chemoresistance. M BD et al. showed the overexpression of LINC00511 

increases resistance to paclitaxel in Hela cells. Furthermore, the silencing of LINC00511 

decreased the expression of MRP1, P-GP, Bcl-2, MMP-2, and MMP-9, while the expression 

level of cleaved-caspase-3 and Bax was increased. Altogether, it was determined that 

knockdown of LINC00511 could decrease cell proliferation, migration, and resistance to 

paclitaxel in Hela cells[105].It has been demonstrated that mutation in MutS protein homolog 

2 (MSH2) could suspect women to CC. Wei‐Yi Zhang et al. found that long noncoding RNA 

NCK1‐AS1 bound to miR‐134‐5p and indirectly regulated MSH2. It was shown that 

knockdown of  NCK1‐AS1 decreased the MSH2 activity and therefore induced apoptosis in 

Hela cells[59].Wenjie Hou et al. have reported the upregulation of HOXD-AS1 in cisplatin-

resistant CC cells. The knockdown of  HOXD-AS1 significantly suppresses invasion and 

migration of cisplatin-resistant CC cells [61]. Reported that a combination of Paclitaxel with 

lncRNARP11-381N20.2 increases apoptosis and inhibits proliferation in CC cells.Further, the 

expression level of lncRNARP11-381N20.2 was significantly lower in chemo- resistant CC 

patients in comparison with sensitive ones[106].Cancer Susceptibility Candidate 2 (CASC2), 

as a long non-coding RNA has been determined to be down-regulated in cisplatin-resistant 

CC cells. It was found that Cancer CASC2 binds to miR-21 and inhibits it and upregulates 

PTEN to induce chemosensitivity of CC cells to cisplatin. In cisplatin-resistant CC cells, the 

expression level of CASC2 was significantly decreased [107]. Finally, LncRNA PVT1 has 

been introduced as an oncogenic lncRNA involved in chemoresistance. Ching-Ju Shen et al. 

proved PVT1 directly binds to miR-195, a tumor suppressor miRNA and decreases its 

expression. Knockdown of PVT1 restored the miR-195 expression and increased the 
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Paclitaxel-induced apoptosis by induction of caspase-3 and therefore sensitized the CC Caski 

cells to paclitaxel [108]. 

 

Conclusion 

Regarding the first-line defense of chemo drugs in order to deal with the progression of 

several types of cancers, the incidence of chemoresistance is the main concern in cancer 

treatment protocols [109]. Besides the inherent chemoresistance form, the acquired types are 

demonstrated to result from the overactivation of some cellular signaling pathways or 

dysregulation of miRNAs or lncRNAs. As mentioned before, the most important role of 

signaling pathways, miRNAs, and lncRNAs is the overexpression of transcription factors. By 

using bioinformatics tools, it is also predicted that PTEN is the most potentiate proteins 

targeted by CC-involved miRNAs and has the major roles in CC chemoresistance. 

Additionally, miR-335-5p and miR-16-5p are shown to have more interactions with genes 

involved in CC chemoresistance. The exact functions of these miRNAs, as well as cellular 

signaling pathways, are needed to be investigated by further studies. 
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Table 1: The genes involved in chemoresistance of Cervical Cancer 
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