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Background: Human papillomavirus (HPV) is a major cause of cervical cancer (CC) occurrence. This study aimed to explore 
whether abnormal microRNA (miR)-3653 is associated with HPV infection and to investigate the clinical value of miR-3653 in the 
diagnosis and prognosis of CC.
Methods: Tumor tissues and adjacent non-cancerous tissues were collected from 136 patients with CC. Cervical tissues from 101 
patients with uterine fibroids were collected as controls. The expression of miR-3653 was measured by quantitative real-time PCR. 
The ability of miR-3653 to discriminate between HPV positive (HPV+) and HPV negative (HPV-) CC patients, and to discriminate 
patients from controls was assessed by receiver operating characteristic analysis. Kaplan–Meier curves and Log rank tests were used to 
evaluate the relationship of miR-3653 with survival of CC patient. Whether miR-3653 could function as a prognostic indicator was 
evaluated by univariate and multivariate Cox analyses.
Results: miR-3653, highly expressed in CC tissues, was associated with HPV infection, tumor diameter, International Federation of 
Gynecology and Obstetrics (FIGO) stage and lymph node metastasis in CC patients. Additionally, miR-3653 was increased in HPV+ 
controls, CC patients and CC cells. Moreover, miR-3653 could screen HPV+ controls, screen HPV+ patients and screen CC patients. 
Furthermore, miR-3653 was associated with the survival of CC patients (log-rank P < 0.001) and could serve as an independent 
prognostic indicator for CC patients.
Conclusion: miR-3653, increased in CC, is related to HPV infection and may serve as a diagnostic and prognostic biomarker for CC 
patients.
Keywords: miR-3653, microRNA, HPV, cervical cancer, diagnosis, prognosis

Introduction
Cervical cancer (CC), as a prevalent gynecological malignancy, has the second highest mortality rate among other 
cancers in women worldwide.1,2 Standard primary therapies for CC include radical hysterectomy with pelvic lympha-
denectomy, radiotherapy (RT), or a combination of RT and platinum-based chemotherapy.3 Current medical diagnosis 
and treatment of CC are constantly evolving, but the prognosis of CC is still not optimistic. Human papillomavirus 
(HPV) infection is known to be a key cause of CC and is closely related to the occurrence and development of CC.4,5 

Therefore, exploring the key molecules associated with HPV infection may be expected to provide new potential 
biomarkers and therapeutic targets for CC.

microRNAs (miRs), a group of small non coding RNAs, are known to be involved in transcriptional and epigenetic 
regulation through binding to the 3’-untranslated regions (3’-UTRs) of target genes.6 Currently, some functional miRs 
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have been found to be associated with HPV infection in CC, such as miR-21 and miR-93-5p.7,8 In addition, an increasing 
number of studies have suggested the role of aberrant miRs as biomarkers in various cancers, including CC.9–12 Notably, 
an earlier study on miRNA expression profiles in HPV infected CC patients has found that the expression levels of miR- 
3653 in HPV infected CC tissues were significantly higher than that in normal cervical tissues without HPV infection.13 

However, the relationship between aberrant expression of miR-3653 and HPV infection is unclear. The differential 
expression of miR-3653 has been reported in several malignant tumors, including colon cancer, glioma and hepatocel-
lular carcinoma, and the clinical value and biological function of miR-3653 were investigated in these cancers.14–16 Thus, 
it is significant to explore the role of miR-3653 in CC.

The purpose of this study is to investigate the expression of miR-3653 in CC patients, to explore the correlation 
between aberrantly expressed miR-3653 and HPV infection, and further evaluate its clinical significance for screening 
CC patients, as well as its application value for predicting the clinical prognosis of patients with CC. This study will 
provide a novel biomarker for the diagnosis and treatment of CC patients.

Materials and Methods
Patients and Tissue Collection
The present study was approved by the Ethics Committee of The Fourth People Hospital of Zibo and each participant has 
provided informed consent. A total of 136 CC patients treated at The Fourth People Hospital of Zibo between 2014 and 
2016 were recruited. CC tissues and adjacent non-cancerous tissues were collected from the CC patients. The inclusion 
criteria of patients were: 1) not receiving chemotherapy, radiotherapy or other adjuvant therapy before the diagnosis of CC 
was confirmed in patients; 2) they were diagnosed as CC on the pathological basis; and 3) their information had been 
obtained. The exclusion criteria were as follows: 1) patients were combined with other malignancies, and 2) patients were 
pregnant or lactating. In addition, we included cervical tissues from 101 patients who underwent hysterectomy due to 
uterine fibroids and had no cervical lesions or history of malignancy during the same period as the controls. The obtained 
tissues were frozen and stored in liquid nitrogen for further use. The status of HPV infection was evaluated using HPV- 
DNA tests. Total DNA was isolated from the tissue samples, and HPV DNA was amplified by PCR using primers MY09/ 
MY11, GP5+/6+ and SPF1/2 (GenePharma, Shanghai, China). The HPV genotypes were further assessed with HPV-type 
specific PCR.17 Based on the test results, CC patients were divided into 96 HPV positive (HPV+) (64 cases with HPV16, 56 
cases with HPV18, and 31 cases with HPV16 & HPV18) and 40 HPV negative (HPV-) patients, and controls were divided 
into 59 HPV+ (43 cases with HPV16, 33 cases with HPV18, and 18 cases with HPV16 & HPV18) and 42 HPV- cases. All 
patients participated in 5-year survival follow-up, with death or loss to follow-up as the endpoint.

Cell Culture
HPV- normal immortalized epithelial cell line HaCaT, HPV- CC cell line C33A, HPV16+ CC cell line SiHa and HPV18+ 
CC cell line HeLa were purchased from the American Type Culture Collection (ATCC), cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM) containing 10% fetal bovine serum (FBS) and placed in humid environment with 5% CO2 

and 37°C.

RNA Extraction
Total RNA was extracted from the tissues and cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s protocols. Then, RNA purity and concentration were detected by NanoDrop 2000 Spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer’s protocols.

Quantitative Real-Time PCR (qRT-PCR)
Total RNAs were reverse transcribed into cDNA using a Reverse Transcription Kit (Thermo Fisher Scientific, Waltham, 
MA, USA). Subsequently, qPCR was performed to measure the expression of miR-3653 using a SYBR Green PCR Kit 
(Bio-Rad, Shanghai, China) and an Applied Biosystems 7900 Real-Time PCR system (CA, USA). Following were the 
reaction details: initial denaturation at 95°C for 5 min, followed by 40 cycles of 95°C for 15s, 60°C for 20s, and 72°C for 
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30s. The primers used for qPCR were all synthesized from GenePharma (Shanghai, China), and were as follows: miR- 
3653 forward, 5’-GCCGAGCTAAGAAGTTGACT-3’ and reverse, 5’-CTCAACTGGTGTCGTGGA-3’; U6 forward, 5’- 
CTCGCTTCGGCAGCACA-3’ and reverse, 5’-AACGCTTCACGAATTTGCGT-3’. The expression levels of miR-3653 
were quantified using the 2−ΔΔCt method,18 and normalized to U6.

Statistical Analysis
The analysis results of quantitative data were presented as mean ± SD. SPSS 22.0 (IBM Corp.) and GraphPad Prism 7.0 
software (GraphPad Software, Inc.) was used for statistical analyses, and all experiments were repeated three times. 
Differences in quantitative data between two groups were compared by Student’s t-test. One-way ANOVA followed by 
Tukey’s test was used to compare the differences of quantitative data among multiple groups. Chi-square test was used to 
compare the differences between categorical variables. Receiver operating characteristic (ROC) analysis was used for the 
diagnostic evaluation of miR-3653 (HPV+ controls vs HPV- controls, HPV+ patients vs HPV- patients, or controls vs CC 
patients). The relationship between miR-3653 and survival prognosis of CC patients was examined by Kaplan–Meier 
survival analysis and Log rank test. Univariate and multivariate Cox regression analyses were used to confirm the 
prognostic value of miR-3653 in CC patients. Differences between groups were considered statistically significant at 
P < 0.05.

Results
Baseline Features of the Participants
The baseline features of all participants are presented in Table 1. No significant differences were observed between 
controls and CC patients in age and HPV infection (all P > 0.05). Besides, the classification of CC patients according to 
tumor diameter, International Federation of Gynecology and Obstetrics (FIGO) stage, histological type, lymph node 
metastasis and vascular invasion has also been shown in Table 1.

Table 1 Baseline Features of the Participants

Features Controls (n=101) CC Patients (n=136) P value

Age (years) 50.1±2.9 50.5±3.3 0.347
HPV infection 0.051

Negative 42 40

Positive 59 96
Tumor diameter (cm) –

≤4 – 89

>4 – 47
FIGO stage –

I–II – 99

III–IV – 37
Histological type –

SCC – 111

ADC – 25
Lymph node metastasis –

Negative – 101

Positive – 35
Vascular invasion –

Negative – 103

Positive – 33

Abbreviations: CC, cervical cancer; HPV, human papillomavirus; FIGO, International Federation of Gynecology and Obstetrics; 
SCC, squamous cell carcinoma; ADC, Adenocarcinoma.
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Expression of miR-3653 in CC Patients and Adjacent Non-Cancerous Tissues
Figure 1 demonstrates that miR-3653 expression was significantly increased in CC patients compared with that in 
adjacent non-cancerous tissues (P < 0.05).

Relationship Between miR-3653 Expression and Clinicopathological Characteristics in 
CC Patients
The median expression value of miR-3653 (4.44) was used as the cutoff values to classify the patients into low and high 
miR-3653 expression groups. The results presented in Table 2 reveals that miR-3653 expression was associated with 
HPV infection (P=0.013), tumor diameter (P=0.036), FIGO stage (P=0.022) and lymph node metastasis (P=0.006) in 
patients with CC. Besides, there was no association of miR-3653 expression with age, histological type and vascular 
invasion (all P > 0.05).

Expression of miR-3653 in CC Patients and Cell Lines with Different HPV Infection 
Conditions
As shown in Figure 2A, after grouping according to HPV infection, miR-3653 expression in HPV+ controls was found to 
be significantly higher than that in HPV- controls (P < 0.05). In addition, HPV- CC patients had significantly upregulated 
levels of miR-3653 compared with HPV- control group (P < 0.05). Moreover, we found that HPV+ CC patients had the 
highest miR-3653 expression, and the difference in miR-3653 expression between HPV+ and HPV- CC patients also 
reached statistical levels (all P < 0.05). Results of miR-3653 expression levels in cells (Figure 2B) revealed a significant 
increase of miR-3653 in CC cells compared to that in normal cells; and miR-3653 was higher in both HPV+ CC cells 
than that in HPV- CC cells (all P < 0.05).

The Ability of Aberrant miR-3653 to Screen HPV+ Controls, HPV+ CC Patients and 
CC Patients
ROC analysis results demonstrated that miR-3653 was able to differentiate between HPV+ controls and HPV- controls 
with an area under the curve (AUC) of 0.860 (Figure 3A), and to discriminate between HPV+ and HPV- CC patients with 
an AUC of 0.902 (Figure 3B). Figure 3C demonstrates that miR-3653 had high diagnostic accuracy in screening CC 
patients from normal controls. At the cut-off value of 3.445, the AUC, sensitivity and specificity were 0.915, 80.9% and 
91.1%, respectively.

Figure 1 Expression of miR-3653 in CC patients and adjacent non-cancerous tissues. *P < 0.05 vs adjacent non-cancerous tissues. 
Abbreviation: CC, cervical cancer.
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Prognostic Value of miR-3653 in Patients with CC
The results of 5-year follow-up data analysis of the present study showed that CC patients with high levels of miR-3653 
had a poor prognosis for survival (Figure 4, log-rank P < 0.001). Then, the Cox regression analysis results are presented 
in Table 3. The results of univariate Cox analysis revealed that FIGO stage, lymph node metastasis, vascular invasion and 

Figure 2 Expression of miR-3653 in CC patients and cell lines with different HPV infection conditions. (A) Expression of miR-3653 in controls and CC patients with 
different HPV infection conditions. (B) Expression of miR-3653 in CC cell lines with different HPV infection conditions. *P < 0.05 vs HPV- Controls or HaCaT; #P < 0.05 vs 
HPV+ Controls; &P < 0.05 vs HPV- CC or C33A. 
Abbreviations: CC, cervical cancer; HPV, human papillomavirus.

Table 2 Relationship Between miR-3653 and Clinicopathological Characteristics of CC Patients

Features Total (n=136) miR-3653 Expression P value

Low (n=66) High (n=70)

Age (years) 0.630

<50 61 31 30
≥50 75 35 40

HPV infection 0.013

Negative 40 26 14
Positive 96 40 56

Tumor diameter (cm) 0.036

≤4 89 49 40
>4 47 17 30

FIGO stage 0.022

I–II 99 54 45
III–IV 37 12 25

Histological type 0.345

SCC 111 56 55
ADC 25 10 15

Lymph node metastasis 0.006

Negative 101 56 45
Positive 35 10 25

Vascular invasion 0.108

Negative 103 54 49
Positive 33 12 21

Abbreviations: CC, cervical cancer; HPV, human papillomavirus; FIGO, International Federation of Gynecology and Obstetrics; 
SCC, squamous cell carcinoma; ADC, Adenocarcinoma.
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miR-3653 were significant factors associated with overall survival of CC patients. Then, significant baseline variables 
from univariate Cox analysis were used for multivariate Cox analysis. We found that FIGO stage [hazard ratio (HR) 
=1.981, 95% confidence interval (CI)=1.109–3.538, P=0.021] and miR-3653 (HR = 2.447, 95% CI = 1.293–4.629, 
P=0.006) were independently associated with the overall survival of CC patients.

Figure 3 Diagnostic value of miR-3653. (A) A ROC curve based on miR-3653 expression in discriminating between HPV+ controls HPV- controls. (B) A ROC curve based 
on miR-3653 expression in discriminating between HPV+ and HPV- CC patients. (C) A ROC curve based on miR-3653 to screen CC patients from controls. 
Abbreviations: CC, cervical cancer; HPV, human papillomavirus; AUC, area under the ROC curve; ROC, receiver operating characteristic.

Figure 4 High miR-3653 was associated with poor prognosis in CC patients (log-rank P < 0.001). 
Abbreviation: CC, cervical cancer.

Table 3 Cox Regression Analysis for Patients with CC

Variables Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Age (years) 1.068 (0.962–3.644) 0.812 – –

HPV infection 1.873 (0.962–3.644) 0.065 – –
Tumor diameter (cm) 1.159 (0.649–2.068) 0.618 – –

FIGO stage 2.805 (1.617–4.867) <0.001 1.981 (1.109–3.538) 0.021

Histological type 1.378 (0.722–2.630) 0.331 – –
Lymph node metastasis 2.045 (1.159–3.609) 0.014 1.444 (0.790–2.638) 0.232

Vascular invasion 1.975 (1.114–3.501) 0.020 1.795 (0.995–3.238) 0.052

miR-3653 3.243 (1.777–5.920) <0.001 2.447 (1.293–4.629) 0.006

Abbreviations: CC, cervical cancer; HPV, human papillomavirus; FIGO, International Federation of Gynecology and Obstetrics; HR, hazard 
ratio; CI, confidence interval.
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Discussion
Accumulating evidence has suggested that abnormal expression of miRs is involved in the progression and development 
of CC. For instance, miR-218, decreased in CC tissues, may play a tumor inhibitory role in CC.1,19 The inhibitory effect 
of miR-181a on the development of CC has been demonstrated by Luo et al.20 Sun et al have reported that miR-93-5p, 
which is highly expressed in CC tissues and cells, promotes CC.21 In the present study, we found that miR-3653 was 
markedly higher in tumor tissues of CC patients than that in adjacent non-cancerous tissues of CC patients. Additionally, 
the results of association analysis of miR-3653 with clinicopathological characteristics of CC patients indicated that miR- 
3653 expression was related to HPV infection, tumor diameter, FIGO stage and lymph node metastasis in CC patients. 
Notably, miR-3653 expression has been reported to be involved in the progression of other types of cancers, such as 
glioma,15 colon cancer14 and hepatocellular carcinoma.16 Therefore, aberrant miR-3653 expression may be involved in 
the progression of CC.

High risk (HR)-HPV infection is found to be a main cause of CC. In addition, it is worth noting that some miRs have 
been shown to be associated with HPV infection. For instance, Liu et al have found the inverse correlation between HPV 
positivity and miR-218 expression in patients with CC.19 A study by Li et al has reported that miR-93-5p is positively 
associated with HR-HPV infection.8 miR-3156-3p has been demonstrated to be related to HR-HPV infection.22 In the 
present study, miR-3653 expression was found to be correlated with HPV infection in CC patients by the Chi-square test. 
Then, miR-3653 was upregulated in HPV+ controls, CC patients and CC cells compared with that in the corresponding 
HPV- controls, CC patients and CC cells. In addition, miR-3653 had the ability to discriminate between HPV- and HPV+ 
controls, and discriminate between HPV- and HPV+CC patients. Therefore, miR-3653 is associated with the HPV 
infection in CC patients.

It has been known that miRs can function as clinical biomarkers for various cancers. For example, miR-1236-3p 
expression may serve as a novel biomarker for the diagnosis and prognosis of gastric cancer.23 miR-4730 can serve as 
a diagnostic and prognostic biomarker for pancreatic cancer.24 Qiu et al demonstrate the role of miR-146a and miR-146b 
as diagnostic and prognostic biomarkers for papillary thyroid carcinoma.25 More importantly, many miRs have been 
demonstrated to be used as diagnostic and prognostic biomarkers for CC, such as miR-34a and miR-218,26 miR-314227 

and miR-152.28

In the present study, aberrant miR-3653 was suggested to have high diagnostic accuracy in distinguishing CC patients 
from normal controls. The results of Kaplan–Meier survival analysis demonstrated the significant correlation of miR- 
3653 with CC patient survival. Besides, Cox analysis results demonstrated that miR-3653 was independently associated 
with survival prognosis in CC patients. Notably, previous studies have indicated the clinical value of miR-3653 in other 
cancers. For instance, miR-3653 has been found to function as a prognostic indicator in glioma.15 A study by Lin et al 
has shown that miR-3653 is an independent marker for predicting the overall survival prognosis in lung 
adenocarcinoma.29 Low miR-3653 level is related to poor prognosis in HCC patients.16 Therefore, miR-3653 may be 
used as a diagnostic and prognostic biomarker for CC patients.

However, this study has some limitations. At first, the sample size was small; thus, a larger sample size is needed in 
future studies. Second, the mechanism was not investigated. However, miR-3653 has been shown to play an important 
role in colon cancer via targeting Zeb2,14 and to regulate the progression of hepatocellular carcinoma through repressing 
integrin-β1 (ITGB1).16 Therefore, we supposed that miR-3653 may be involved in CC progression by targeting Zeb2 or 
ITGB1, which needs to be validated in further studies. Third, this study did not include the population with precancerous 
lesions. The analysis results of this population, especially the HPV-positive group, may provide evidence for miR-3653 
to confirm that whether it was associated with tumor progression in HPV-positive women. Therefore, further studies 
should not only expand the sample size, but also enrich the types of sample source.

In conclusion, this study indicates that increased miR-3653 in CC is closely associated with HPV infection in CC 
patients. In addition, the differential expression of miR-3653 between CC tumor tissues and normal controls, and its 
association with overall survival, indicating that miR-3653 may provide a candidate for the development of biomarkers 
for CC diagnosis and prognosis.
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