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ABSTRACT

Introduction: Cervical cancer is the fourth most common neoplasm among women worldwide, with
the majority of cases occurring in developing countries. High-risk human papilloma viruses (HPVs)
types are accounted for more than 90% of cervical carcinomas. Despite standard treatment for
cervical cancer, no specific molecular markers can predict the clinical response of patients
diagnosed yet. Decreased in the miRNAs Let-7 family expression is reported to be associated with
cervical cancer and Re-expression of that inhibits the proliferation and migration of cells via HMGA,
in carcinoma. The aim of the current study was to determine the correlation of the miR Let-7g and
HMGA, gene expression in HPV-infected cervical cancer patients and compare it with not infected
patients and control groups among participating refereed to MirzaKochak Khan Hospital, Tehran,
Iran, 2015.

Material and Methods: Total of 60 samples including 20 HPV-infected cervical cancer, 20 patients
with no HPV infection and 20 healthy individuals as control were collected. Cervical cancer was
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determined by Pap smear and tissue sampling tests. The HPV 16 and 18 types were investigated
by Real Time High-Risk HPV assay. The RNA was extracted, quality and quantity of the RNA were
determined and the expression of the Let-7g, HMGA, and GAPDH genes were determined using
Real-time quantitative PCR (QRT-PCR) and AACT computational techniques. Data were analyzed
using Graphpad Prism 6 software.

Result: According to the results, miR Let-7g expression decreased in HPV infected and not
infected cervical cancer patients compare to control group (P=0.0002, P=0.0132 respectively). We
found a significant decrease in miR Let-7g expression in HPV infected compare to not infected
patients (P=0.0001). We observed an increased HMGA, gene expression in infected and not
infected cervical cancer patients compared to healthy individuals (P=0.0001, P=0.0005
respectively). Also, a positive association was observed with increased in HMGA, gene expression
in HPV infected patients compare to not infected women (P=0.0001).

Conclusion: these results suggested miR Let-7g along with the HMGA,, gene is a useful indicator

for early prognosis of the HPV infected cervical cancer.

Keywords: Let-79; HMGA, gene; HPV; cervical cancer.

1. INTRODUCTION

Cervical cancer progress from the precursor
stage, manifested by cervical intraepithelial
neoplastic lesions, to invasive tumors [1] and it
ranks as the fourth most common neoplasm
among women worldwide, with the majority of
cases occurring in developing countries, and it is
responsible for more than 260,000 yearly deaths
[2]. Despite standard treatment as radiotherapy
and chemotherapy introduced for treatment of
cervical cancer, no specific molecular markers
can predict the clinical response of patients
diagnosed yet [3]. Among high-risk human
papilloma viruses (HPVs) types (16, 18, 31, 33,
34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 and 70),
HPV-16, 18 and 31 are account for more than
90% of cervical carcinomas [1]. HPVs are
classified into high- and low-risk types which
HPV-16 infection known as high-risk HPV type.
Clinical studies suggested the HPV-16 infection
is an important risk factor for cancers [4]. Two
main viruses encode transforming proteins of the
HPV are known as E6 and E7. The E7 protein
binds to hypophosphorylated pRb and
destabilizes pRb, resulting in disruption of
Rb/E2F complexes [1]. These proteins neutralize
pS53 and Rb tumour suppressor pathways,
respectively [1]. Deregulation of the expression
of HPV oncogenes E6 and E7 play essential role
in cervical carcinogenesis.

The miRNAs are a group of short and non-coding
RNAs, situated within the introns or exons of
coding genes. MicroRNAs are associated with
the cell cycle, apoptosis, proliferation,
differentiation and metabolic pathways [5]. These
molecules regulate the expression of their mMRNA

targets. Some microRNAs expression increased
which target tumour suppressor protein known as
oncomirs and those with a decreased expression
which generally target oncogenes, referred to as
tumour suppressor microRNAs [6]. MicroRNA
Let-7 was primarily found to regulate cell
differentiation and proliferation in Caenorhabditis
elegans and it is a kind of highly conserved
miRNAs across species and detected in multiple
genomic locations [7]. The Let-7g family includes
nine members, Let-7a, Let-7b, Let-7c, Let-7d,
Let-7e, Let-7f, Let-7g, Let-7i and miR-98 [8]. Let-
7g family plays a key role in regulation,
development and carcinogenesis of numerous
target genes such as rat sarcoma (RAS), Myc,
CCND4, LINyg and HMGA [8]. The miRNAs
genes expressed in the cancer-associated
genome regions and Let-7 family act as tumour
suppressor miRNAs which regulate expression of
many oncogenes [9]. Decreased in the Let-7
family expression has been reported but in some
cases high expression levels are associated with
human cancers (Ali et al. 2010). Decreased Let-7
family function is associated with various cancers
[10]. High-mobility group A (HMGA) proteins are
polypeptides of ~100 amino acid residues and
including 3 subtypes, HMGA,;,, HMGA,, and
HMGA,. These proteins regulate gene
expression by altering the structure of chromatin
or direct protein-protein interactions with
transcription factors [11]. HMGA proteins have
interacting domains which are able to modify
macromolecular complexes and biological
processes [11]. Also, the HMGA proteins
participate in the regulation of many genes
including interferon-B, NF-kB and interleukins
[11]. HMGA is reported to be a target oncogene
for the miRNAs Let-7 [10].



Numerous microRNAs with altered expression in
cervical cancer have been identified [6]. miRLet-
7 has anti-carcinogenic properties in a variety of
tissues by the act on the pro-proliferative and/or
pro-metastatic targets, such as HMGA, [12].
Recent studies suggested that Let-7 is crucial in
the occurrence and development of the HPV-
associated cancers [4]. For instance, HPV-16
promotes cell growth of oesophagal cancer via
down-regulation of microRNAs [4]. A correlation
reported between the HMGA and miR Let-7
which  HMGA is oncogenes critical in
tumorigenesis, proliferation and invasion which
are targeted by Let-7 [10]. These oncogenes
activate or up-regulate the expression of their
downstream target proteins, which directly
regulate the cell cycle, apoptosis and cell
adhesion. Let-7 may thus act as a tumour
suppressor through the inhibition of these
oncogenic signalling pathways [10]. Over
expression of miR Let-7, might block the tumour
progression and perhaps promotes the apoptosis
by interacting in the target genes [13]. Re-
expression of miR Let-7, inhibits the proliferation
and migration via HMGA in hepatocellular
carcinoma [14]. So, the members of the Let-7
family are associated with numerous cancers
and can use as diagnostic, predictive and
prognostic biomarkers [15]. Therefore, the aim of
the current study was to determine the
correlation between miR Let-7 and HMGA, gene
expression in HPV-infected and not infected
cervical cancer patients and compares it with
healthy individuals.

2. MATERIALS AND METHODS
2.1 Patients and Samples

In this case-control study, 20 HPV-infected
cervical cancer women, 20 patients with no
infection and 20 normal cases, were collected
from Mirza KuchekKhan Hospital, Tehran, Iran in
2015. All participants were aged between 21-46
years. The volunteers had no previous use of
anti-pregnancy medications or smoking and
immune system disorders at least for past 5
years. The Pap smear and tissue sampling tests
were done in all patients to determine the
incidence of cervical cancer. Then the Pap
smear results compared with their histopathology
report to determine invasive carcinoma.

2.2 HPV-16 and HPV-18 Infections

To determine the HPV types 16 and 18
infections, Real Time High-Risk HPV assay was
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done using Technology-DNA PCR Ampilification
Kit (HPV 16 & 18 lot: 8045) based on the
manufacture instructions. The HPV 16 and 18
genotype test results interpreted in conjunction
with results from HPV 16 and 18 testing and
cervical cytology [16]. Briefly, After PCR, the
samples allocated into flash PCR Gene detector
(Technology-DNA) and results reported by Gene
v4 software. The patients who were no invasive
carcinoma and negative HPV 16 and 18
infections allocated to control (normal) group.
The other patients allocated into HPV positive or
negative groups.

2.3 RNA Extraction and cDNA Synthesis

The tissue samples deparaffinized using xylene
(1000 pl) at 37°C for 5 min. Then micro tubes
centrifuged at 3800 rpm for 5 min and the
supernatant removed. Then ethanol (1000 pl)
was added and inverted for 5 min, centrifuged at
13000 rpm at 6°C for 5 min. The ethanol and
xylene of the micro tubes entirely removed. The
total RNA was extracted, using the RNX plus™
kit according to the manufacturer’'s
recommendations (Cinnagen, Tehran, Iran).
Briefly, 100 pl of the tissue sample homogenized
with the RNX-PLUS solution (500 pl) and
incubated at room temperature for 5 min.
Chloroform (200 pl) was added to the solution
and centrifuged for 15 min at 12000 rpm. The
upper phase was then transferred to another
tube and an equal volume of isopropanol was
added. The mixture was centrifuged for 15 min at
12000 rpm and the resulting pellet was washed
in ethanol (70%) and dissolved in DEPC-treated
water. The purity and the integrity of the
extracted RNA were evaluated by optical density
measurements and visual observation of sample
electrophoresis on 2% agarose gel [17] using
NanoDrop spectrophotometer with 260 and 280
nm for DNA and RNA, respectively (Jiang et al.
2010). cDNA was synthesized from total RNA
using the Tagman miRNA reverse transcription
kit. The Random Hexamer used as a primer (1
pl) and the Oligo DT (1 pl) were added vortex
and spine. Then 10 pl of RNA added and
incubated at 65°C for 5 min. Then water nucleus
free (4.5 pl), MMULV buffer (2 pl) and MMULV
(0.5 pl) were added to the final volume of 20 pl.

2.4 Real-time PCR

Real-time quantitative PCR (qRT-PCR) was
performed using the Applied Biosystems 7500
Sequence Detection system (Applied
Biosystems, USA). The expression of Let-7g,



HMGA, and GAPDH genes were defined based
on the threshold cycle (Ct), and relative
expression levels were calculated after
normalization with reference to expression of
small nuclear RNA [18]. The steps of mMRNA RT-
PCR were performed as described by Kaka et al.
[17]. Briefly, 1ng of total RNA obtained from
samples transcribed with oligo (dT) and then RT-
PCR was performed. The primers (sequences
5°—3") used for Let-7g, HMGA, and GAPDH
genes were listed as follows: Let-7g-forward:
GTTTGGTGAGGTAGTAGTTTGT (51.11°C),
Let-7g-reverse: GTGCAGGGTCCGAGGT
(51.06°C); HMGA,-forward:
AAAGCAGCTCAAAAGAAAGCA, HMGA,-
reverse: TGTTGTGGCCATTTCCTAGGT;
GAPDH-forward: ATGGAGAAGGCTGGGGCT;
GAPDH-reverse:
ATCTTGAGGCTGTTGTCATACTTCTC (Wang
and Ruan, 2010). The cycling conditions for Let-
7g and GAPDH were as follows: initial
denaturation at 95°C for 10 seconds followed by
35 cycles of the 95°C and a final extension of
GAPDH (59°C), Let-7g (58°C) at 15 seconds. For
amplification of HMGA,, reverse transcription
PCR was programmed as follows: 95°C for 2
min, 30 cycles of 94°C for 30 s, 56°C for 30 s,
72°C for 45 s, 72°C for 10 min, hold at 4°C. Each
experiment was repeated at least 3 times in
order to ensure reproducibility. The size of the
digested products was checked on 2% agarose
gel electrophoresis. The relative expression
levels of Let-7g and HMGA, were calculated
using the comparative 2 A2CY methods [19]. The
fold changes in these genes were calculated
using the AACt method. All experiments were
performed at least in triplicate [19].

2.5 Statistical Analysis

The data of Let-7g, HMGA, and GAPDH genes
expression between groups were subjected to
the t-Student and Mann-Whitney tests. Statistical
analysis was carried out using IBM SPSS
Statistics for Windows, Version 22.0 (IBM Crop.,
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Armonk, NY, USA) and GraphPad Prism 6
software. Data are presented as mean + SEM
and P<0.05 was considered statistically
significant.

3. RESULTS

The results of the DNA genomic and RNA
extraction in agarose gel are presented in Figs. 1
and 2.

To determine the specification of the primers and
florescence colour, as well as ensure to specific
amplification in PCR product, the melt curve of
the Let-7g, HMGA, and GAPDH genes were
determined and presented in Figs. 3-5,
respectively.

After the amplification reaction, the Ct of the
samples converted to the relative quantification
and determined using the AACt method. The RQ
of the obtained results of the HPV-infected and
not infected cervical cancer patients were
compared with healthy individuals. The result of
the miR Let-7g expression is presented in Fig. 6.
A significant difference detected in the miR Let-7
g expression among HPV-infected patients
compared to the control group (P=0.0002). Also,
a positive association was observed between
decreased miR Let-7g expression in not infected
cervical cancer patients compared with healthy
individuals (P=0.0132). Comparison between two
infected and not infected HPV groups showed a
significant decreased in Let-7g expression
among HPV-infected compared to not infected
cervical cancer patients (P=0.0001).

Based on the Fig. 7, the HMGA, gene
expression was increased among HPV infected
and not infected patients compared to a normal
group which they were statistically significant
(P=0.0001, P=0.0005 respectively). We found an
increased association between the HMGA, gene
expression in HPV infected compared with not
infected cervical cancer patients (P=0.0001).

Fig. 1. The DNA genomic extraction in agarose gel
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Fig. 2. The extracted RNA in agarose gel
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Fig. 3. The melt curve of the Let-7g

On the base of age, there was no any significant
association between miR Let-7g expression in
cervical cancer patients aged >35 compared to
<35 years old (P=0.590). A significant difference
was detected in the expression of miR Let-7g in
IC (10.78+£6.48) compared to C3 (14.77+2.87)
stages (P=0.016). Regarding HMGA, gene, we
found no positive association between this gene
expression neither with age nor with the stage of
disease in the groups among the studied
population (P>0.05).

4. DISCUSSION

The link between genital HPV infections and
cervical cancer is known for many decades [3].
HPVs are presented in 90% of the cervical
cancers and types 16 and 18 are the most
common high-risk types associated with cervical
cancer [20]. Transcription of the E6 and E7
genes is under control of the core-enhancer that
forms HMGA,. Full activation of the core-
enhancer integrated into the host genome may
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require interchromosomal interaction with a still  reported in false-negative HPV patients
unknown regulatory element [1]. Despite Pap [20]. So, it is growing interest in HPV DNA
testing has acceptable results in cervical cancer molecular testing in women with cervical lesions
detection, but approximately 25% death was [21; 22].
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Fig. 7. The HMGA; gene expression in control group, HPV infected and not infected patients

MiR Let-7d is one of the members of the human
lethal-7 family and its level is reported to
decrease in many types of cancers [22]. Similar
to the microRNAs, the Let-7 expression down
regulates in the lung, gastric and colon cancers
[10]. Re-expression of the Let-7g suppresses
hepatocellular carcinoma tumorigenesis at the
earlier stage [14]. Let-7d plays a key role in
development and function of the female
reproductive tract [23]. For instance, it seems
that the Let-7 family may be essential in the
developing ovarian cancer [24]. Based on the
results, Let-7g expression decreased in HPV-

infected compared to not infected cervical cancer
patients as well as healthy individuals. It is
reported that miR Let-7 reduces the proliferation
and migration of glioblastoma cell lines which
suppresses the xenograft tumours in mice [8].
The overexpression of Let-7 decreased
cell invasion, proliferation, and increase
apoptosis of human glioblastoma cells [8]. Let-7
known as a tumour suppressor in human lung
and colon cancers, although Let-7a/i is
dysregulated in gene profiling, it remains unclear
whether it plays important role in endometrial
carcinoma, [7].



The HMGA; is essential to regulate and mediate
Let-7 action on the cell cycle progression and
enhancing a stem cell phenotype (Madison et al.
2015). The cellular mechanism for reports is that
the Let-7 has the ability to bind the terminal loops
of precursors and blocking mature MicroRNAs
processing [25]. Therefore, Let-7 has a key role
as therapeutic agent for cancer treatment [8].

The let-7 family is located in fragile sites of the
human genome. The HMGA,, an oncogene over
expressed in several tumours [26]. As seen, in
the current study, the HMGA, gene expression
significantly increased in cervical cancer which
was in agreement to the previous reports [11; 27;
26]. Since HMGA proteins for the first time
isolated in rat thyroid cells transformed by
retroviruses, it is assumed HMGA proteins are
strongly related to cancer because their level of
expression increase in cancer compared to the
normal cells [11]. They are flexible molecules
which can modulate regulation of several gene
expressions with their different domains [11].
Elevated HMGA, gene expression is reported in
a number of tumours [28-29]. Correlation
reported between HMGA, and Let-7 expressions
showed a decrease in leiomyomas and there
was an inverse correlation between Let-7
expression and its proposed target HMGA, gene
[30]. Oncogenes and their signalling pathways
are a potential connection between the level of
expression of Let-7 and the biological
characteristics of tumour cells [10]. The HMGA,
is one of the important oncogenes in
tumorigenesis, proliferation and invasion and
which are targeted by Let-7 [10].

The mechanism of how Let-7 family regulated
the expression of the other gens is still not clear,
but it is probably connected with regulation and
transcription of various genes [31]. Evidence
suggests restoration of Let-7 expression has an
anti-proliferative effect on cancer cells [14]. It is
assumed oncogenes like HMGA, up regulate the
expression of their downstream target proteins,
which directly regulate the cell cycle, apoptosis
and cell adhesion [10]. Perhaps, Let-7 acts as a
tumour suppressor by the reserve of these
oncogenic signalling pathways [10]. The Let-7
acts via binding to the 3'UTR of target mRNAs to
regulate their expression [29]. There are
negative-acting regulatory elements within the
3'UTR regulated the HMGA expression. The over
expression of HMGA observes because of un-
ability of this element to bind to the 3'UTR of
HMGA [32]. In some cases, elevated HMGA
levels can be located in microenvironments with
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normal levels of the Let-7. This happens when
the truncated 3'UTR region of the HMGA, mRNA
lacks the Let-7 binding sites [26].

Presumably, Let-7 impresses its effect via the
same binding element of HMGA, gene
expression. For instance, Let-7 expression is
lower in patients with a high HMGA expression in
gastric cancer [33] and the HMGA, expression
down regulated when Let-7 was overexpressed
in uterine leiomyosarcoma [34]. So, it is
suggested the Let-7 mediates the expression of
the oncogene HMGA; via binding to its 3'UTR
[35]. Let-7 alone or together with other genes
may be used for cancer profiling and serve as a
diagnostic marker. Changes in Let-7 along with
the other gens still a marker of cancer
transformation. The use of miRNA seems to be a
more sensitive tool than the currently used
histopathological methods [22]. In the current
study, we found Let-7 level decreased while
HMGA, expression increased in HPV-infected
cervical cancer patients. It seems the observed
results mediate via the mechanisms previously
reported and molecular and cellular researches
needed to determine the direct mechanism(s) of
action for observed results.

5. CONCLUSION

In conclusion, these results suggested elevated
decreased miR Let-7g expression might increase
HMGA, gene expression. So, determining of the
Let-7g and HMGA, levels might useful indicator
for prognosis of the HPV-infected cervical
cancer. This was the first attempt to study miR
Let-7g and HMGA, gene expression in cervical
cancer among Iranian patients. Larger population
studies are required for a more accurate
understanding of miR Let-7g and HMGA, gene
expression.
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