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ABSTRACT – Objective: In 2020, cervical cancer was the fourth most diagnosed cancer in women worldwide, 
with approximately 604,000 new cases and a total of 342,000 deaths. Human Papillomavirus (HPV) as a major 
risk factor for cervical cancer has been well established. MicroRNAs play a wide range of roles in physiological 
and pathological processes including cancer development. The aim of this study is to investigate whether miR-
205 expression may be used as a novel triage approach to predict high-grade CIN as a pilot study in LBC samples 
from patients attending the Colposcopy Clinic at the tertiary Hospital of Tuanku Jaffar in Kuala Lumpur (Malaysia). 

Patients and Methods: A pilot prospective case-control study was conducted.  Tissue samples were obtained 
from 22 patients with abnormal smears and RNA isolation was performed using miRNA PCR (Qiagen, Hilden, 
Germany).  

Results: Among the low-grade smears, 53.33% (15/22) were found to be upregulated with miR-205. A total 
of 5 folds of miR-205 upregulation in low-grade lesions were predictive of CIN 2 lesions. However, this was not 
statistically significant (p=0.097). miR-205 expression levels had a higher specificity compared to HPV testing in 
predicting the absence of CIN 2/3 in low-grade lesions. miR-205 expression had no association with HPV positivity, 
grade of smears, and histopathological findings (CIN I and CIN II).

Conclusions: Upregulation of miR-205 expression had a higher specificity compared to HPV testing; however, 
this trend was not statistically significant. miR-205 expression had no association with HPV positivity, grade of 
smears and histopathological findings (CIN I and CIN II). 
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INTRODUCTION 

In 2020, cervical cancer was the fourth most diagnosed cancer in women worldwide, with approximately 
604,000 new cases and a total of 342,000 deaths 1,2. Human Papillomavirus (HPV) as a major risk factor for 
cervical cancer has been well established 3. The types of HPV have been identified as a risk factor for cervical 
carcinogenesis and have been categorized based on their oncogenic degree 4. The Malaysian National Cancer 
Registry Report (2012-2016) reported that cervical cancer was the third most common occurring cancer in 
Malaysian women, followed by ovarian cancer and lung cancer 5. Low risk types (LR-HPV) such as HPV-6 and 
HPV-11 are 90% of the time found in genital warts. At the same time, high-risk HPV (HR-HPV) types such as 
HPV-16 and HPV-18 are 70% of the time found in cervical cancer6. An outgrowth of deregulated cells is caused 
by the viral E7 and E6 oncoproteins produced by HPV, which leads to cell carcinogenesis. The E7 oncoprotein 
inactivates the retinoblastoma protein (pRB) gene which abrogates cell-cycle arrest. Whereas the E6 oncop-
rotein inactivates the tumour suppressor gene p53 and blocks apoptosis5. miRNAs are regarded to behave as 
cancer ‘drivers’ of the cells in a similar manner as protein-coding genes 6. Cancer development is seen from 
the involvement of genetic and epigenetic mechanisms. Genetic mechanisms such as deletion, translocation 
and/or amplification of miRNA occur due to abnormalities present in chromosomes 7,8.  Cancer cells are prone 
to rearrangement and breakage of the genome. 50% of the annotated human miRNA is located at these sites 
which are prone to damage. The role of miRNA as a tumour suppressor was first demonstrated in a study 
where there was a chromosomal deletion or mutation at the 13q13.4 loci leading to severe downregulation 
of miR-15a and miR-16-1 in 70% of the patients with chronic lymphocytic leukaemia 7,9. 

In cancers, microRNAs have been categorized as oncogenic miRNAs (oncomiRs) and tumour suppres-
sive miRNAs. Generally, oncomiRs are expressed at higher levels, whereas tumour-suppressive miRNAs 
are expressed at a lower level. miRNAs can behave as both oncomiRs and as tumour suppressive miR-
NAs depending on the cellular context 10. Overall, miRNA expression is altered by genetic and epigenetic 
mechanisms, somatic translocation in miRNA target sites and somatic mutations play key roles in the 
tumorigenic process 7. Later, a lot of importance was laid on miRNA as an important tool to characterize 
tumour phenotypes and specific miRNA biomarkers for different types of tumours 11. 

 A recent systematic review analyzed the role of dysregulated miRNAs in cervical carcinogenesis and 
their ability to detect viral persistency. It was found that miRNAs have a predictive ability to discriminate 
HSILs from non-dysplastic lesions providing a window of opportunity in early diagnosis and overtreat-
ment 12. Another study with a specific focus on miR-205 expression levels in LBC samples on patients 
with LSIL reported its increased specificity compared to HPV testing 13. However, there are very limited 
studies that have performed the screening of miRNA in LBC samples. This prompted the further investi-
gation of its clinical application, whether miR-205 expression may be used as a novel triage approach to 
predict high-grade CIN as a pilot study in LBC samples from patients attending the Colposcopy clinic at 
the tertiary Hospital of Tuanku Jaffar in Kuala Lumpur (Malaysia). 

PATIENTS AND METHODS

Patients

This is a pilot prospective case-control study involving 22 women who were referred to the Colposco-
py clinic between January 2021 and May 2021 at Hospital Tuanku Jaffar (HTJ) Seremban with abnormal 
smears. The inclusion criteria of this study were all women referred to the colposcopy clinic at Hospi-
tal Tuanku Jaffar (HTJ) Seremban with abnormal smears whereas the exclusion criteria were all women 
with pre-existing cervical cancer. A total of 10 control subjects were also enrolled in the study, they were 
healthy volunteers with no previous malignancies. All the patients enrolled into this study had been given 
a study information sheet based on the language they could read. Patients’ anonymity was maintained by 
providing them with a unique ID number. Informed consent from all the patients was obtained. 

Methods

Tissue samples were obtained from patients with abnormal smears based on the abnormal colposcopy 
findings and a colposcopy directed punch biopsy was taken. The biopsy specimens collected by the 
medical officer in charge of the colposcopy the tissue samples were submersed with RNA protection to 
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ensure the safe purification of RNA. Samples were transported to the laboratory and were stored in a 
-20°C freezer until RNA isolation. 

Pap smear/cytological results were categorized according to the Bethesda classification. The diag-
nosis and staging of CIN were based on colposcopy and histology and grouped into normal histology 
(NILM), CIN grade 1(CIN 1), CIN grade 2 (CIN2), and CIN2 or worse (CIN2+). A clinically validated HPV test 
(Cobas HPV test - Roche) was used for screening of high-risk HPV genotypes (HPV 16 and 18). 

Statistical analysis

Statistical analysis included the Mann-Whitney U test to find the association between miR-205 expres-
sion levels, HPV positivity, and the grade of the histology (CIN I and CIN II/CIN III). The Spearman Rank 
Order Correlation was used to find the correlation between miR-205 expression levels and age. The 
following statistical calculations were made using the SPSS 26 version (Armonk, NY, USA). p <0.05 was 
used to indicate a statistically significant difference. 

miRNA purification and quantification by RT-PCR 

The tissue samples were disrupted using TissueLyser LT (Qiagen, Hilden, Germany) in the presence of 
stainless-steel beads and lysis buffer. MicroRNA was isolated using miRNA PCR (Qiagen) following the 
manufacturer’s protocol. miRCURY LNA miRNA PCR (Qiagen) protocol was followed using miRNA PCR 
(Qiagen) to carry out real-time RT-PCR detection of miR205 in comparison to U6 control using miRCURY 
LNA RT kit, miRCURY LNA SYBR Green PCR kit and miRCURY LNA miRNA PCR Assay primers and iQ5 Re-
al-Time PCR Detection Systems (Bio-Rad Laboratories, Hercules, CA, USA). The fold expression of genes 
was calculated using a modified “delta-delta CT method” 14. 

RESULTS 

As this was a pilot study, we enrolled 22 patients from January to May 2021. The median age was 35 
years, where the range was 23-51 years.  80.9% (n=18) patients were HPV positive, whereas 19% (n=4) 
patients were HPV negative. The summary of Cytology, Histology, and HPV status have been reported in 
Table 1. The percentage of low-grade smears found was 68.18% (15/22). Among the low-grade smears, 
53.33% (15/22) were found to be upregulated with miR-205. Among the eight upregulated miR-205, 
only two samples were predictive of CIN 2 lesions (Table 2). This gives a positive indication that greater 
than five folds of miR-205 were upregulated in low-grade lesions predicting CIN 2 lesions. However, no 
statistically significant difference in miR205 expression was observed between 13 low-grade smears and 
7 high grade smears samples (p=0.097). The Spearman Rank Order correlation was used to find a cor-
relation between miR-205 expression and age. Our analyses did not reveal any significant correlations 
between miR-205 expression and age (p=0.575). Sensitivity and specificity analyses were performed 
on patients with low-grade lesions based on upregulated miR-205 expression levels and HPV positivity. 
HPV testing had a specificity of 0.07 (95% CI (0.004-0.37)) to predict the absence of CIN 2/3 in low-grade 
lesions. Whereas miR-205 expression levels had a specificity of 0.45 (95% CI (0.18-0.75)) which was high-
er. Therefore, miR-205 expression levels, comparatively to HPV testing, had a better capacity to predict 
the absence of CIN2/3. However, this trend was not statistically significant. The wide variability was due 
to the limited sample size. Whereas, for the sensitivity values, both had represented the same (95% CI 
(0.19-1)), this is again attributed to the limited sample size.

DISCUSSION

MicroRNAs play a wide range of roles in physiological and pathological processes, including cancer de-
velopment in human biology. The mechanism is related to their ability to control gene expression at 
post-transcriptional level 11. Observational studies have shown that 50-60% of pre-invasive diseases 
of the cervix, such as LSIL lesions spontaneously regress, whereas 20-40% of these lesions progress 15.
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Although HPV testing has high sensitivity as a screening approach, there are limitations with regard 
to its low specificity. A positive HPV screening is unable to stratify a low-grade lesion from high grade 
lesions 15. Hence, further testing with biomarkers in HPV positive patients can allow further triage for 
LSIL patients 16. 

This study attempts to measure the prognostic ability of miR-205 levels in the prediction of high-
grade abnormalities such as CIN 2 and CIN 3 lesions in the presence of minor cytological abnormalities 
such as LSIL. Our results did not find any statistically significant difference with miR-205 expression 
levels and the presence of HPV. 

One study compared miR-205 expression levels from HPV- positive and HPV-negative patients where 
they found a relatively higher expression of miR-205 expression levels in HPV positive patients, which 
were statistically significant17. However, this study reported its limitations, such as the small size, and 
there was no reporting on the molecular mechanisms relating to this association. A study further allud-
ed to the role of different miRNAs possibly being altered with different HPV types, and specifically, in 
HPV-16 infection, an E6 expression increases the expression of 4 miRNAs (miR16, miR25, miR92a and 
miR378) whereas there was a decrease in expression of 4 miRNAs18. In both these studies, the samples 
were the exfoliated cells from the LBC as compared to our histology sample.   

Our study identified no significant association between miR-205 expression levels with cytology 
(low-grade smears and high-grade smears) and histopathological findings (CINI and CINII/III). This im-
plies that miR-205 expression is not able to distinguish the progression of cervical cancer.  However, it is 
worth mentioning that our sample size is very limited. This is in consonance with a study that reported 
there was no significant association with serum miR-205 expression and cervical cancer progression 
between LSIL and HSIL groups 16. 

Furthermore, our results revealed that the upregulation of miR-205 expression levels had higher 
specificity as compared to HPV testing to predict the absence of CIN2/CIN3; however, this trend was 
not statistically significant. Our findings suggest that HPV testing has a poor ability (7%) to predict the 
absence of CIN2/CIN3 in patients with low-grade smears, whereas upregulation of miR-205 had a better 
ability (45%) to predict the absence of CIN2/CIN3 in patients with low-grade smears. 

Table 1. Summary of Cytology, Histology and HPV status.	

Characteristic (N with results available)	 N	 %

Cytology=22					   
    LSIL – Low-grade	 9	 40.90%	
    NILM – Low-grade	 1	 4.54%	
    ASCUS – Low-grade	 4	 18.18%	
    AGNOS – Low-grade	 1	 4.54%	
    HSIL – High-grade	 4	 18.18%	
    ASC-H- High-grade	 3	 13.63%	
Overall Classification
    Low-Grade (Minor)	 15	 68.18%	
    High-Grade (Major)	 7	 31.81%	
Histology=22
    CIN 1	 12	 54.54%	
    CIN 2	 4	 18.18%	
    CIN 3	 4	 18.18%	
    NIL	 2	 9.09%	
HPV Testing
    HPV-Positive 	 18	 81.81%	
    HPV-Negative	 4	 18.18
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It is worth mentioning that the expression of miR-205 based on cellular (tissue) and extra-cellular 
components (serum, plasma, and mucus) and different stages of the cervical disease varies. Many stud-
ies have shown that there is an upregulation of cellular miR-205 in patients with cervical cancer 10,18,19. 
However, one study presented with varied results in which there was a downregulation of cellular miR-
205 expression levels from a normal cervix to pre-neoplastic cervix (CIN I and CIN III) but presented with 
an increase in miR-205 expression from pre-neoplastic (CIN I and CIN III) to cervical cancer 19. Further-
more, extracellular miR-205 was found to be upregulated in the stages including LSIL, SIL and cervical 
cancer. Hence, more studies in the aspect of cellular and extra-cellular miR-205 are needed to confirm 
and understand these opposing results 20. Research suggested that inconsistencies in miRNA profiling 
in literature could be attributed to multifactorial reasons such as genetic variations in the population, 
health problems, aging, and latent viral infections 21.

Exploration of other microRNAs

When conducting a similar study, different microRNAs can be explored simultaneously. Certain miR-
NAs have been associated with increased expression in cervical cancer cells which suggests their po-
tential role as a tumour biomarker. miR-21 has an over-expression in cervical cancer tissue samples. 

Table 2. Detailed Clinical Information and miR-205 expression.

Sample 	 Age	 miR-205	 Cytology	 Histology		  HPV
  ID		  (2-∆ΔCt)	 Diagnosis	 Diagnosis	
					     Status	 Subtype	 HR/LR-HPV

1	 46	 0.0009	 LSIL – Low-grade	 CIN 1	 Positive 	 51,58,66	 HR-HPV
2	 25	 0.0035	 ASC-H¬ – High-grade 	 CIN 3	 Negative	 n.a	 n.a
3	 31	 0.0000	 HSIL – High-grade 	 NIL	 Negative	 n.a	 n.a
4	 34	 0.0002	 ASC-H¬ – High-grade 	 CIN 2	 Negative	 n.a	 n.a
5	 39	 n.a 	 LSIL – Low-grade	 MG-Hyperplasia	 Positive 	 16	 HR-HPV
6	 36	 n.a 	 ASCUS – Low-grade 	 CIN 1	 Positive 	 25	 HR-HPV
7	 32	 0.0006	 LSIL – Low-grade	 CIN 1	 Positive 	 31,33,52,58	 HR-HPV
9	 27	 2.0806	 AGNOS – Low-grade	 CIN 1	 Positive 	 18	 HR-HPV
10	 51	 1.1543	 LSIL – Low-grade	 CIN 1	 Positive 	 52	 HR-HPV
11	 23	 3.1536	 ASC-H-High-grade 	 CIN 2	 Positive 	 18, 42	 HR-HPV
12	 40	 0.0208	 LSIL – Low-grade	 CIN 1	 Positive 	 16	 HR-HPV
13	 31	 0.0021	 HSIL – High-grade 	 CIN 3	 Positive 	 58	 HR-HPV
14	 50	 5.2126	 LSIL -Low-grade	 CIN 2	 Positive 	 45	 HR-HPV
15	 42	 0.6840	 LSIL – Low-grade	 CIN 1	 Positive 	 31	 HR-HPV
16	 26	 0.4591	 HSIL – High-grade 	 CIN 1	 n.a	 n.a	 n.a
17	 30	 0.3315	 ASCUS – Low-grade 	 CIN 1	 Positive 	 51	 HR-HPV
18	 38	 3.1536	 LSIL – Low-grade	 CIN 1	 Positive 	 35,39,51,56,	 HR-HPV
				      (on colposcopy)		  59,66,68
19	 31	 8.2936	 NILM – Low-grade	 Focal LSIL 	 Positive 	 16,39	 HR-HPV
20	 38	 3.3334	 ASCUS – Low-grade	 CIN 1	 Positive 	 35,39,51,56,	 HR-HPV
						      59,66,68
21	 39	 0.0560	 LSIL – Low-grade	 CIN 1	 Positive 	 16	 HR-HPV
22	 40	 3.2648	 ASCUS – Low-grade	 No Malignancy 	 Negative	 Negative 	 n.a
23	 34	 1.3585	 HSIL – High-grade	 CIN 3	 Positive 	 16	 HR-HPV
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These results were re-producible suggesting their potential role as a biomarker 22. When looking into the 
pre-cancerous lesions, miR-21 was found to be upregulated in LSIL and HSIL tissues 23,24. Also, in serum 
samples, to predict cervical cell carcinogenesis at an earlier stage, miR-21 was identified to detect early 
pre-cancerous lesions. 

Overexpression may be associated with HPV-16 positive patients since miR-21 is located on the frag-
ile site FRA17B within the 17q23.2 chromosomal region which is also the region of HPV 16 integration 
loci 25. Moreover, PTEN, which is a tumour suppressor gene, is a target for miR-21. Hence, the downreg-
ulation of PTEN promotes cell migration and cell invasion 26. 

Statistical results have shown that there is a progressive upregulation of miR-21 with increasing se-
verity of disease from a normal cervix to SCC, which includes the progression to cervicitis, ASCUS, LSIL 
and HSIL. It was suggested that serum miR-21 could potentially be used to monitor cervical disease 
progression 27. However, the use of miR-21 as a specific biomarker to predict the absence of CIN2/CIN3 
lesions in LSIL needs to be explored.

Limitations

There are a few limitations noted in this study. Firstly, there is a small, limited variation in sample size, 
which had affected our results. This is attributed to the COVID-19 pandemic, where the Malaysian gov-
ernment has enforced travel restrictions and the fear among patients going to hospitals. The present 
study is mainly focused on enrolling patients from Hospital Tuanku Jaffar in Kuala Lumpur (Malaysia). In 
the future, our research will aim to collect a larger sample size by increasing the study to more than one 
study site. 

CONCLUSIONS

Based on our very limited sample size, the upregulation of miR-205 expression had a higher specificity 
than that of HPV testing; however, this trend was not statistically significant. miR-205 expression had no 
association with HPV positivity, grade of smears, and histopathological findings (CIN I and CIN II). Also, 
miR-205 expression levels were not correlated with age. These conclusions are possibly attributed to the 
very limited sample size, but further exploration of larger sample sizes is needed to validate our findings.

Ethic approval:
The study was approved by the institutional review board, International Medical University (4.2JCM-208/2020).  

Funding:
The study is funded from internal grant for BMedsc study at International Medical University.

Conflict of Interest:
The authors have no conflict of interest to declare.

Authors contribution:
KN conceived of the presented idea. KN, BM, EC performed the investigation. KN supervised the findings of this work. BM, SP 
performed the proof outline of mansuript. All authors discussed the results and contributed to the final manuscript.

REFERENCES

    1.	 World Health Organization. Cervical cancer. 2021 (cited 2021 Mar 2). Available from: https://www.who.int/westernpacific/
health-topics/cervical-cancer

    2.	 Fowler JR, Maani EV, Jack BW. Cervical Cancer. 2021 Jul 7. In: StatPearls (Internet). Treasure Island (FL): StatPearls Publishing 
2021.

    3.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 2020: GLOBOCAN Esti-
mates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 2021; 71: 209-249. 

    4.	 Schiffman M, Castle PE, Jeronimo J, Rodriguez AC, Wacholder S. Human papillomavirus and cervical cancer. Lancet 2007; 370: 
890-907.

    5.	 Azizah AM, Hashimah B, Nirmal K, Siti Zubaidah AR, Puteri NA, Nabihah A, Sukumaran R, Balqis B, Nadia SMR, Sharifah SSS, 
Rahayu O, Nur Alham O, Azlina AA. Malaysia National Cancer Registry Report 2012-2016.

    6.	 Melo SA, Esteller M. Dysregulation of microRNAs in cancer: playing with fire. FEBS Lett 2011; 7: 2087-99.



7	 MIRNA-205 EXPRESSION WITH PROGRESSION OF LOW-GRADE SQUAMOUS CERVICAL INTRAEPITHELIAL LESIONS (LSIL)

    7.	 Calin GA, Sevignani C, Dumitru CD, Hyslop T, Noch E, Yendamuri S, Shimizu M, Rattan S, Bullrich F, Negrini M, Croce CM. 
Human microRNA genes are frequently located at fragile sites and genomic regions involved in cancers. Proc Natl Acad Sci 
U S A 2004; 101: 2999-3004.

    8.	 Calin GA, Dumitru CD, Shimizu M, Bichi R, Zupo S, Noch E, etal.. Frequent deletions and down-regulation of micro- RNA genes 
miR15 and miR16 at 13q14 in chronic lymphocytic leukemia. Proc Natl Acad Sci U S A 2002; 99: 15524-9.

    9.	 Berti FCB, Salviano-Silva A, Beckert HC, de Oliveira KB, Cipolla GA, Malheiros D. From squamous intraepithelial lesions to 
cervical cancer: Circulating microRNAs as potential biomarkers in cervical carcinogenesis. Biochim Biophys Acta Rev Cancer 
2019; 1872: 188306.

  10.	 Balacescu O, Balacescu L, Baldasici O, Tudoran O, Achimas‐Cadariu P. The Role of miRNAs in Diagnosis, Prognosis and Treat-
ment Prediction in Cervical Cancer [Internet]. Colposcopy and Cervical Pathology. InTech; 2017. Available from: http://dx.doi.
org/10.5772/68011

  11.	 Liu W, Gao G, Hu X, Wang Y, Schwarz JK, Chen JJ, Grigsby PW, Wang X. Activation of miR-9 by human papillomavirus in cervical 
cancer. Oncotarget 2014; 5: 11620-30.

  12.	 Nagandla K, Lin KH, Chitra E, Jamli MFBM. Role of microRNAs as biomarkers of cervical carcinogenesis: a systematic review. 
Obstet Gynecol Sci 2021; 64: 419-436. 

  13.	 Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta 
C(T)) Method 2001; 25: 402-408.

  14.	 Moscicki AB, Shiboski S, Hills NK, Powell KJ, Jay N, Hanson EN, Miller S, Canjura-Clayton KL, Farhat S, Broering JM, Darragh 
TM. Regression of low-grade squamous intra-epithelial lesions in young women. Lancet 2004; 364: 1678-83.

  15.	 Persson M, Elfström KM, Brismar Wendel S, Weiderpass E, Andersson S. Triage of HR-HPV positive women with minor cy-
tological abnormalities: a comparison of mRNA testing, HPV DNA testing, and repeat cytology using a 4-year follow-up of a 
population-based study. PLoS One 2014; 26: e90023.

  16.	 Xie H, Norman I, Hjerpe A, Vladic T, Larsson C, Lui W. Evaluation of microRNA-205 expression as a potential triage marker for 
patients with low-grade squamous intraepithelial lesions. Oncol Lett 2017; 13: 3586-3598.

  17.	 Yu F, Liu J, Dong W, Xie J, Zhao X. The diagnostic value of miR-145 and miR-205 in patients with cervical cancer. Am J Transl 
Res 2021;13: 1825-1832.

  18.	 Wang X, Tang S, Le SY, Lu R, Rader JS, Meyers C, Zheng ZM. Aberrant Expression of Oncogenic and Tumor-Suppressive Mi-
croRNAs in Cervical Cancer Is Required for Cancer Cell Growth. PLoS One 2008; 3: e2557.

  19.	 Wilting SM, Snijders PJ, Verlaat W, Jaspers A, van de Wiel MA, van Wieringen WN, Meijer GA, Kenter GG, Yi Y, le Sage C, Agami 
R, Meijer CJ, Steenbergen RD. Altered microRNA expression associated with chromosomal changes contributes to cervical 
carcinogenesis. Oncogene 2012; 32: 106-116.

  20.	 Pereira P, Marques J, Soares A, Carreto L, Santos M. MicroRNA Expression Variability in Human Cervical Tissues. PLoS One 
2010; 5: e11780.

  21.	 Ma Q, Wan G, Wang S, Yang W, Zhang J, Yao X. Serum microRNA-205 as a novel biomarker for cervical cancer patients. Cancer 
Cell Int 2014; 22: 14: 81.

  22.	 Park S, Eom K, Kim J, Bang H, Wang HY, Ahn S, Kim G, Jang H, Kim S, Lee D, Park KH, Lee H.  MiR-9, miR-21, and miR-155 as 
potential biomarkers for HPV positive and negative cervical cancer. BMC Cancer 2017; 17: 658.

  23.	 Berti FCB, Salviano-Silva A, Beckert HC, de Oliveira KB, Cipolla GA, Malheiros D. From squamous intraepithelial lesions to 
cervical cancer: Circulating microRNAs as potential biomarkers in cervical carcinogenesis. Biochim Biophys Acta Rev Cancer 
2019; 1872: 188306.

  24.	 Gebert LFR, MacRae IJ. Regulation of microRNA function in animals. Nat Rev Mol Cell Biol 2019; 20: 21-37.
  25.	 Lee RC, Feinbaum RL, Ambros V. The C. elegans heterochronic gene lin-4 encodes small RNAs with antisense complementarity 

to lin-14. Cell 1993; 75: 843-54.
  26.	 Okoye JO, Ngokere AA, Onyenekwe CC, Erinle CA. Comparable expression of miR-let-7b, miR-21, miR-182, miR-145, and p53 

in serum and cervical cells: Diagnostic implications for early detection of cervical lesions. Int J Health Sci (Qassim) 2019; 13: 
29-38.

  27.	 Zamani S, Sohrabi A, Hosseini SM, Rahnamaye-Farzami M, Akbari A. Deregulation of miR-21 and miR-29a in Cervical Cancer 
Related to HPV Infection. Microrna 2019; 8: 110-115.


