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cervical cancer leads to the identification of miRNAs and genes that can be used as
diagnostic biomarkers or therapeutic targets. MAP9 is one of the predicted targets
of HPV16-miR-H2-1. In this study, changes in the MAP9 expression level and a
human miRNA regulating MAP9 were investigated in cervical cancer, and their
potential as diagnostic biomarkers or therapeutic targets was evaluated.

: After predicting miRNAs regulating MAP9 using the
miRDB server, one of these mMiRNAs assosiated with squamous cell carcinoma was
selected for quantification in clinical samples. Formalin-fixed, paraffin-embedded
blocks of cervical tissue from 30 patients with squamous cell carcinoma were used.
Deparaffinization, RNA extraction, DNase treatment, and cDNA synthesis were
performed. The expression level of selected miRNA and MAP9 in tumor and normal
samples was investigated by the Real-Time PCR method. The results were

statistically analyzed. Keywords Gene expression,
: The significant upregulation of hsa-miR-142-5p and downregulation of Human papillomavirus, MAP9,
MAP9 were observed in tumor samples compared with normal tissues. Roc curve MicroRNA

analysis showed that hsa-miR-142-5p and MAP9 have high diagnostic capability for
cervical cancer (AUC are 0.80 and 0.81 respectively).

: hsa-miR-142-5p and MAP9 have the potential to be used as diagnostic
biomarkers or therapeutic targets for cervical cancer.
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Introduction

The most common cause of cervical cancer is
chronic infection caused by human papillomavirus
(HPV). Squamous cell carcinoma (SCC) accounts
for 75-90% of cervical cancers. HPV induces its
carcinogenic properties in cells through E6 and E7
oncoproteins that target P53 and retinoblastoma
protein (Rb), respectively. Previous studies have
shown that the expression level of miRNAs and
other genes of the infected cells alter in response to
the constant expression of E5, E6, and E7 viral
oncogenes. In addition to these viral oncogenes,
miRNAs encoded by HPV also cause changes in
human gene expression. It was reported that the
HPV genome encodes miRNAs that target human
genes and affect cell cycle, immune activities, cell
adhesion, migration, and cancer. A viral miRNA
named HPV16-miR-H2-1 has been predicted to
target the human MAP9 gene. The MAP9 gene
encodes the MAP9 protein, which is a microtubule-
associated protein required for spindle function,
mitotic progression, and cytokinesis. In response to
DNA damage, MAP9 stabilizes TP53 by inducing
p-300-mediated acetylation and reducing MDM2-
mediated p53 ubiquitination and is involved in
regulating the p300-MDM2-p53 cycle. Examining
the expression profile of miRNAs and their target
genes in cervical cancer leads to the identification of
miRNAs and genes that can be used as therapeutic
targets or diagnostic biomarkers of cervical cancer.
Considering that MAP9 is one of the target genes of
viral miRNA and is involved in cell division as well
as the stability of TP53, it can be one of the key
genes in the carcinogenesis pathways of HPV. In
this study, human miRNAs regulating MAP9 are
predicted and for the first time, changes in the
expression level of MAP9 and one of its inhibitory
miRNAs are evaluated in 30 pairs of tumor/normal
clinical samples of cervical tissues.

Methodology

This study has been approved by the Research
Ethics Committee of Alzahra University with the
IR.ALZAHRA .REC.1400.058 code. Prediction of
miRNAs regulating MAP9 was done using the
miRDB server. The list of mMiRNAs related to SCC
was obtained from Human microRNA Disease
Database version 4.0 (HMDD). The intersection of
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this list with the list of miRNAs inhibiting MAP9
was obtained and one of these intersected miRNAS
was selected for quantification in clinical samples.
30 pairs of tumor/normal cervical tissues were
collected from the pathology department of Imam
Khomeini Hospital. Four thin slices of each tumor
sample and its normal margin were prepared.
Deparaffinization and washing were carried out
using xylene and ethanol, respectively. Then 400 pl
of digestion buffer (Tris-HCI (100 mM), EDTA (50
mM), NaCl (500 mM)) and 5 pl of proteinase K (20
mg/mL) (Pishgam, Iran) were added to each sample
and incubated at 37 °C for 24 hours. RNA extraction
was performed using RNX-Plus (Cinacloon, Iran)
according to the manufacturer's instructions. The
quantity and quality of extracted RNA were
investigated by nanodrop and electrophoresis,
respectively. For DNase treatment, 1 pl of DEPC
Water, 1 pl of DNase I enzyme, 2 pl of buffer, and
1 pg of RNA were added to a microtube and
incubated at 37 °C for 30 minutes. Then, 1 pl of
EDTA (Cinaclone, Iran) was added to each sample
and the samples were incubated at 65 °C for 10
minutes. Poly A polymerization was done using 0.3
ul of poly A polymerase enzyme (NEB, USA), 1 ul
of buffer, 1.5 ul of ATP (NEB, USA), 1 ug of RNA
and DEPC water up to 10 pl. The sample was
incubated at 37 °C for 30 minutes. cDNA synthesis
was performed using the SMO BIO kit (Taiwan)
according to the manufacturer's instructions. Used
primers for cDNA synthesis are shown in Table 1.
The gPCR was performed on the Real-Time PCR
machine (StepOne, ThermoFisher, USA). 12.5 pl of
SYBR Green Master Mix (Amplicon, Denmark),
0.5 pl of forward primer (10 uM), 0.5 pl of reverse
primer (10 uM) and 1 pl of cDNA was added to each
microtube. The total volume of each reaction was 25
pl. Table 1 shows the sequence of used primers in
this study. A negative control was considered for
each gene and U6 snRNA was used as an internal
control. The 2-AACt method was used to investigate
gene expression changes. Statistical analysis was
performed using GraphPad Prism 8 software. P
value > 0.05 was considered significant. The ROC
curve analysis was done to check the sensitivity and
specificity of the MAP9 and miRNA inhibiting it for
the diagnosis of cervical cancer.
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Table 1. Used primers for cDNA synthesis and Real-Time PCR

Method Name Sequence Length
. CCAGTGAGCAGAGTGACGAGGACTCGAGCTCAAGCTT
Primer 1 (C) 53
[TTTTTTTTTTITTTTC
cDNA . CCAGTGAGCAGAGTGACGAGGACTCGAGCTCAAGCTT
. Primer 2 (G) 53
synthesis TTTTTTTTTTTTTTTG
. CCAGTGAGCAGAGTGACGAGGACTCGAGCTCAAGCTT
Primer 3 (A) 53
TTTTTTTTTTTTTTTA
U6(F) CTCGCTTCGGCAGCACA 17
U6 (R) AACGCTTCACGAATTTGCGT 20
. MAP9 (F) CCAAGCAGAACTGTGTTCGC 20
Real-Time
PCR MAP9 (R) TCATTGTCAGCAGGAGTGTCT 21
hsa-miR-142-5p (F) CCGCCGCATAAAGTAGAAAGC 21
Reverse unl\_/ersal primer for CCAGTGAGCAGAGTGACG 18
mMIiRNA
Results were hsa-miR-142 and hsa-miR-607. In this study,

211 miRNAs targeting MAP9 were predicted
using the miRDB database. HMDD results
reported 64 miRNAs associated with SCC. 2
intersected mMiRNAs between these two groups

hsa-miR-142-5p was selected for

2).

Table 2. Hsa-miR-142-5p seed location in 3'UTR of MAP9 gene

further
investigation. Hsa-miR-142-5p had four seed
locations in the 3'UTR of the MAP9 gene (Table

Position

miRNA and target interactions

Graphical form

597

target5' G

AGUGU ACUUUAU
UCACG UGAAAUA
miRNA 3'UCA AAAGA C¥5

c3

634

target ' U AUAA AUAGG A3
GUG UC UACUUUAU
CAC AG AUGAAAUA
miRNA 3'UCAU GAA C5o
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The expression level of hsa-miR-142-5p in
cervical tumor tissues showed a significant
increase (FC = 15.3, P = 0.027) compared to
normal tissues (Figure 1). While MAP9, which
was predicted as one of the target genes of hsa-
miR-142-5p and HPV16-miR-H2-1, was
significantly decreased (FC = 0.47, P = 0.019) in
cervical tumor tissues compared to normal tissues
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(Figure 1). Analysis of the ROC curve indicated
that hsa-miR-142-5p and MAP9 can significantly
distinguish tumors from normal tissue samples
(Figure 2). The sensitivity and specificity of the
MAP9 gene were 70.59% and 93.75%,
respectively. The sensitivity and specificity of hsa-
miR-142-5p were 70% and 90%, respectively.
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Figure 1. The expression levels hsa-miR-142-5p and MAP9 in normal and tumor samples of the cervix. * indicates P value < 0.05
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Figure 2. Sensitivity and specificity of hsa-miR-142-5p and MAP9 in cervical cancer in ROC curve

Discussion

The results of the present study showed that
there are 211 miRNA sequences in the human
transcriptome that have the potential to inhibit
MAP9 gene expression. Furthermore, our
investigation showed that 64 miRNA sequences
have been recorded in the HMDD database and
their relationship with squamous cell carcinoma
has been experimentally proven. 2 intersected
miRNAs between these two groups were hsa-miR-
142 and hsa-miR-607. In this study, the expression
levels of hsa-miR-142-5p and MAP9 were
guantitatively investigated in clinical samples of
cervical squamous cell carcinoma. In the present
study, downregulation of MAP9 and upregulation
of hsa-miR-142-5p in cervical cancer were
observed. The MAP9 expression level in cervical
cancer was investigated for the first time in our
study. MAP9 is a microtubule-associated protein
responsible  for bipolar spindle assembly,
cytokinesis, and  centrosome integrity.
Dysregulation or hyper-methylation of MAP9 has
been identified in certain types of tumors, such as
hepatocellular carcinoma, colon cancer, and breast
cancer. Wang et al. (2020) also showed that MAP9
expression is decreased in colon cancer. Studies
have shown that HPV-16 produces a transcript
called HPV16-miR-H2-1 from its genome, which
has the potential to inhibit the human MAP9 gene
and thus control the cell cycle. Our bioinformatics
study showed that many miRNAs which can
inhibit MAP9 are coded in the human genome.
According to the HDMM database, among
miRNAs inhibiting MAP9, hsa-miR-607 and hsa-
miR-142-5p are associated with squamous cell
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carcinoma. In this study, the increase of hsa-miR-
142-5p and the decrease of MAP9 expression were
observed simultaneously. It can be a confirmation
of the bioinformatics prediction of the inhibitory
role of hsa-miR-142-5p in this gene. It should be
mentioned that the final confirmation of this
inhibitory relationship with tests such as luciferase
assay will increase the reliability of the findings.
Examining the expression profile of miRNAs and
genes in cervical cancer will lead to the
identification of miRNAs and genes that can be
used as therapeutic targets or diagnostic
biomarkers for cervical cancer. Roc curve analysis
of the sensitivity and specificity of hsa-miR-142-
5p and MAP9 showed that hsa-miR-142-5p and
MAP9 can differentiate cervical cancer from
normal samples.

Conclusion

Considering the significant difference in the
expression of MAP9 and hsa-miR-142-5p in the
tumor tissues of the cervix compared to normal
tissues and the key role of MAP9 in cell cycle
control, we propose further investigation of them
as biomarkers or therapeutic targets for cervical
cancer
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