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Abstract: In recent years, the study of microRNAs associated with neoplastic processes has increased. Patterns
of microRNA expression in different cell lines and different kinds of tumors have been identified; however, little is
known about the alterations in regulatory pathways and genes involved in aberrant set of microRNAs. The identi-
fication of these altered microRNAs in several cervical cancer cells and potentially deregulated pathways involved
constitute the principal goals of the present study. In the present work, the expression profiles of cellular microRNAs
in Cervical Cancer tissues and cell lines were explored using microRNA microarray, Affymetrix. The most over-ex-
pressed was miR-196a, which was evaluated by real time PCR, and HOXC8 protein as potential target by immuno-
histochemistry assay. One hundred and twenty three human microRNAs differentially expressed in the cell tumor,
64 (52%) over-expressed and 59 (48%) under-expressed were observed. Among the microRNAs over-expressed, we
focused on miR-196a; at present this microRNA is poorly studied in CC. The expression of this microRNA was evalu-
ated by gRT-PCR, and HOXC8 by immunohistochemistry assay. There is not a specific microRNA expression profile in
the CC cells, neither a microRNA related to HPV presence. Furthermore, the miR-196a was over-expressed, while an
absence of HOXC8 expression was observed. We suggest that miR-196a could be played as oncomiR in CC.

Keywords: Cervical cancer, microRNAs, miR-196a, HOXC8

Introduction elucidation of its role in several cellular pro-
cesses in cancer research [7-10]. In addition,
microRNAs are small non-coding RNA of 18-25 new approaches for molecular Signature by
nucleotides (nt) found in the genome and are high throughput have given coverage to the
transcribed and processed by microRNA bio- management of oncology patients in terms of
genesis machinery to generate the mature diagnosis, identification of cancer of unknown
microRNA which is carried to its target (MRNA) primary origin, prognosis, and therapy.
[1-4]. These tiny regulators of gene expression
have the ability to bind totally or partially to 3’ Cervical cancer (CC) is one of most common
UTR regions of mRNA [5]. In mammals, there cancer in women worldwide, including Mexico,
are partial complementary between microRNA with 529,409 new cases and 274,883 deaths
and mRNA, consequently the translation of per year, representing a major public health
MRNA target is repressed [1, 4-6]. problem [11]. The most important factor associ-
ated to CC development is the persistent
At present, microRNA expression patterns have Human Papillomavirus Virus (HPV) infection.

been determined in different tumors, leading to The oncogenic role of HPV oncogenes that inter-
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Table 1. Differential microRNAs among CC tissues and CC cell lines

Comparison Number of Number of Number of microRNAs  Number of microRNAs
Probe set  hsa-microRNAs Over-expressed Under-expressed

Tumor vs. Healthy 512 60 32 28

Cell Lines vs. Healthy 1247 174 98 76

Tumor and Cell Lines vs. Healthy 942 123 64 59

act with pRb and p53 tumor suppressor pro-
teins is widely known; however, HPV is not suf-
ficient for CC development [12].

Currently, reports on microRNAs in CC cells
have shown substantial differences with con-
tradictory results [13-19]. For instance, under-
expressed of miR-145 has been reported in
many studies of cancer including CC [13,
16-18], different from an increased in miR-145
expression reported in CC by another author
[14]. These differences could arise by microR-
NAs variability expression, technological plat-
forms used, the number of microRNAs
screened, and characteristics of sample study.
In addition, the knowledge of altered regulatory
pathway in CC cells has been poorly studied. In
the present work, the expression profile of cel-
lular microRNAs in CC cells was explored by
means of Affymetrix GeneChip miRNA Array.
The most significantly over-expressed was the
miR-196a, which was evaluated by real time
PCR, and HOXCS8 protein was evaluated by
immunohistochemistry assay.

Material and methods
Cervical cell culture

The human cervical cancer cell lines included
were as follows: CaSki and SiHa (HPV16); Hela,
Calo, INBL, Rova, ViPa, C4-l, and MS-751
(HPV18); C33A, ViBo and keratinocyte cell line
HaCaT (HPV-negative). These cell lines were
cultured in Dulbecco’s Modified Eagle Medium
(DMEM) (Gibco, Life Technologies, Carlsbad, CA
USA) supplemented with 10% Fetal bovine
serum (FBS) (Gibco) and 1% Penicillin-
Streptomycin (Gibco) at 37°C and 5% CO,. All
cells were cultured at 70-80% of confluence. In
addition, cells were cultured in slide chamber
with 50-60% of confluence for immunocyto-
chemistry.

Tissues samples

All tissues used in this study were obtained
from Gynecology and Oncology Department of

1390

the General Hospital of Mexico, SS. Each tissue
specimen obtained Ethical Committee approval
and informed consent was obtained from every
patient. We used healthy cervical tissue
obtained from patients subjected to hysterec-
tomy by uterine myomatosis. Inclusion criteria
were as follows: no previous cervical surgery
(such as the loop electrosurgical excision pro-
cedure or cone biopsy); no HPV infection; no
hormonal treatment, and last three negative
Pap smears. In addition, 10 Low-grade
Squamous Intraepithelial Lesions (LSIL), 10
High-grade Squamous Intraepithelial Lesions
(HSIL) and 25 cervical carcinomas were col-
lected and classified according FIGO nomencla-
ture. The biopsies obtained were divided into
two fragments immediately after surgery. One
fragment was stored in RNAlater (Qiagen,
Valencia, CA, USA) at -70°C until nucleic acids
isolation. The remaining fragment was fixed in
4% formaldehyde for two days and then was
paraffin-embedded. The paraffin blocks were
sliced and stained with Hematoxylin-Eosin
(H&E) for histological examination and con-
struction of the tissue array.

HPV typing and sequencing

Genomic DNA was isolated from cell line and
tissue samples using the Promega Wizard
Genomic DNA Purification Kit (Promega,
Madison, WI, USA), according to the manufac-
turer’s instructions. DNA quantity and purity
was measured with a Nanodrop ND-1000
Spectophotometer. DNA integrity was checked
by 1% agarose gel electrophoresis. Each DNA
sample was subjected to HPV typing by PCR
using GP5+/GP6+ primers [20]. 100 ng of DNA
was subjected to 40 amplification cycles with
the following steps: 5 min at 94°C for pre-dena-
turation, 1 min at 94°C, 1 min at 44°C, 1 min at
72°C, and 5 min at 72°C as final extension
step. The PCR products were purified in Wizard
SV gel and the PCR Clean-up System Kit
(Promega). Sequencing was performed by Big
Dye Terminator Kit v3.1 (Applied Biosystems,
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Figure 1. Differential microRNA expressed in cervical cancer cells. A. Principal Component Analysis (PCA) of microR-
NAs (gray balls: healthy cervical tissues; purple balls: tumor cervical tissues; the remaining balls represent each cer-
vical cancer cell line). MicroRNAs expression patterns suggest a differential microRNAs expression in tumor cervical
tissues and cancer cell lines compared with healthy cervical tissues; B. microRNAs expression heat map depicting
microRNAs differentially in cervical cancer cells with fold change >2 and <-2, FDR 0.05. Red color represents over-
expression and blue color under-expression.
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Table 2. miRNAs reported as over-expressed and
under-expressed in cervical cells

Expression in Expression in

microRNA the present study other studies
miR-196a Over-expressed Over *”
miR-18b Over-expressed -
miR-183 Over-expressed Over™*
miR-500 Over-expressed -
miR-18a Over-expressed Over™*
miR-25 Over-expressed Over™*’
miR-182 Over-expressed Over™*, Under™”
miR-20b Over-expressed Under”
miR-106a Over-expressed Over™*, Under”
miR-20a Over-expressed Over **
miR-125b Under-expressed Under*, Over™**
miR-10b Under-expressed Under™*
miR-143 Under-expressed Under**++*
miR-337-5p Under-expressed -
miR-199a-5p Under-expressed  Under***”, Over’
miR-199b-3p Under-expressed Under*
miR-127-3p Under-expressed Over’
miR-214 Under-expressed Under* Over’
miR-379 Under-expressed -
miR-145 Under-expressed Under**+” Qver’

“Lui et al. 2007; “*"Muralidhar et al. 2007; *Martinez et al.
2008; **Wang et al. 2008, ‘Lee et al. 2008, “Pereira et al.
2010.

Life Technologies, Carlsbad, CA, USA) and ana-
lysed in a 3100 ABI PRISM Genetic Analyzer
(Applied Biosystems). The sequences were
aligned and compared with National Center for
Biotechnology Information databases.

RNA isolation and quality control

The tissue samples were disrupted with
Tissuelyser (Qiagen) from 1 to 3 min. Total RNA
was obtained with the miRVana Isolation Kit
(Ambion, Life Technologies, CA, USA) according
to the manufacturer’s instructions. RNA quan-
tity and purity was measured using Nanodrop
ND-1000 Spectrophotometer and RNA quality
was analysed with Agilent RNA 6000 Nano in
Agilent 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, CA, USA). In this study, we used
only total RNA with RNA Integrated Number
(RIN) >8.

Affymetrix miRNA microarray assay

We used the GeneChip miRNA Array (Affymetrix,
Santa Clara, CA, USA). This chip contains miR-
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NAs and pre-miRNAs of the Sanger miRNA
database v11 of 71 organisms, such as:
human, mouse, rat, dog, and monkey, among
others. Each array contains 45,930 probes
comprising of 7,788 miRNAs probe sets as
quadruplicates and remaining probes as inter-
nal controls. The assay was started with 1 ug of
total RNA. Total RNA samples were first extend-
ed with the Poly (A)-Tailing Reaction followed by
the Biotin Labelling Reaction employing
FlashTag Biotin HSR RNA Labelling Kit
(Genisphere, Hatfield, PA, USA). The labelling
process was checked with Enzyme Linked
Oligosorbent Assay QC (ELOSA). Biotin-labelled
total RNA samples were hybridized to the
arrays, washed, and stained according to the
manufacturer’s instructions. Microarrays were
scanned using GeneChip Scanner 3000 7G
(Affymetrix). Median fluorescent intensity was
obtained with Affymetrix GeneChip Command
Console software through Command Console
Library File miRNA-1_0_2Xgain.

miRNA microarray analysis and target predic-
tor analysis of miRNA

miRNA microarray data analysis was performed
in three stages. First, the data were analysed
for quality control purposes using free miRNA
QC Tool software (Affymetrix). In this analysis,
the background correction was adjusted by
means of Robust Multi-chip Average (RMA).
Subsequently, the data were log -transformed,
summarized, and normalized with Median-
polish and Quantile, respectively. In the second
stage, microarray analysis was achieved by
means of CEL files of Partek Genomics Suite
v6.6 software. Probe set were summarized by
means of Median Polish, Quantile normaliza-
tion. Background noises correction was per-
formed by means of RMA, finally the data were
transformed by Log,. The next step was inspec-
tion of mMiRNA expression by means of Principal
Component Analysis (PCA). The final stage con-
sisted of identifying differential microRNA
expression in the samples by mean of Analysis
of Variance (ANOVA) with the healthy cervical
tissues as baseline. Moreover, CC cell lines,
and CC tumors were compared also against
healthy cervical tissue by geometric least
squares model. The significant microRNA
expressed were selected by means of cut-off
based on fold change >2, <-2, and a False
Discovery Ration (FDR) <0.05 (Table 1). Finally,
the hierarchical cluster of significant expressed
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Figure 2. miR-196a increased expression in cervical cells.
Tiny expression change of miR-196a in LSIL and HSIL with
respect to healthy tissues, while a tendency of increased
expression of miR-196 in cervical carcinomas was shown.
As expected, a significant over-expression of miR-196a in
CC cell lines was observed. X-axis corresponds to the sam-
ples, Y-axis to the fold change of miR-196a in arbitrary
units. (*) indicates that the expression of miR-196a level
was significantly higher in CC cell lines.

microRNAs was obtained by means of Euclidian
method (dissimilarity of samples).

For target predictor analysis of miR-196a we
used different database as Diana-microT v5.0,
TarBase v6.0, MirTarget2 v2, TargetScan v6.2,
microRNA.org, PicTar and miRecords for pre-
dicted miRNA-196a potential target. In addi-
tion, we used GeneGo MetaCore (Thompson
Reuters) to build the microRNA network to
known predicted targets and regulator genes of
miR-196a. We employed 50 interactions to
generate a network; thus we were able to iden-
tify genes upstream and downstream of micro-
RNA to know the features and network of spe-
cific microRNA and target microRNA. For a more
detailed GeneGo MetaCore analysis, go to
http://www.genego.com/.

miRNA quantitive RT-PCR

MRNA was subject to quantitative PCR using
the TagMan miRNA Reverse Transcription Kit
and miRNA Assay (Applied Biosystems) accord-
ing to the manufacturer’s instructions. TagMan
microRNA assay hsa-miR-196 and small nucle-
oli RNU6B was used as small housekeeping
RNA. These housekeeping genes not showed
variations. In brief, the 7.5-mL master mix con-
tained 10 ng of total RNA, 3.0 mL 5X RT primer,
1.5 mL 10X Reverse transcription buffer, 0.15
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mL of 100 mM dNTP 1.0 mL, MultiScribe
Reverse Transcriptase 50 U/mL, 0.19 mL
RNAase Inhibitor 20 U/mL, and free RNase
water. The mix reaction was incubated for 30
min at 16°C, 30 min at 42°C, and for 5 min at
85°C. A 10-mL mix reaction of real-time PCR
contained 1.33 mL RT product, 0.5 mL TagMan
Small RNA Assay (20X), 5.0 mL TagMan
Universal Master Mix Il with UNG and 3.17 mL
free RNase water. The mix reaction was incu-
bated for 2 min at 50°C, 10 min at 95°C, and
40 amplification cycles for 15 sec at 95°C and
for 60 sec at 60°C. Relative quantification was
calculated by the 2 e(-AACt) method, where ACt
= Ct - Ct ) and AACt = ACt(

(MiR-196a) (RNU6B Cell line)
AC’[(

[21].

Average Normal)

Immunodetection of HOXC8 in cervical cancer
cells

Detection of HOXC8 was performed in CC tis-
sues and in cervical cell lines. For detection of
cervical cancer tissues, a tissue microarray
was constructed with 24 CC cases and normal
cervical tissues by using a tissue microarrayer
(Chemicon Co., Billerica, MA, USA). The immu-
nostaining steps comprised antigen exposure
with Trilogy solution, which was incubated for
45 min at 96°C. After blocking of endogenous
peroxidase with 3% H,0,, the slide was incu-
bated with Bovine Serum Albumin (BSA) for 30
min at room temperature. Next, the slides were
incubated with polyclonal anti-HOXC8 antibody
(@b86236; Abcam, Cambridge, MA, USA) over-
night at 4°C (1:200 dilution in 1% BSA). Later,
the slides were treated with Streptavidin-Biotin
Complex Peroxidase Mouse/Rabbit Method
(Dako, Glostup, Denmark) for 1 h at room tem-
perature. Signal development was obtained
with 0.05% 3,3-diaminobenzidine tetrahydro-
chloride, 0.01% H,0O,, and counterstained with
haematoxylin. HOXC8 expression was evaluat-
ed with 10X and 20X microscope as negative
and positive staining. Healthy kidney or healthy
bladder tissue were used as positive and nega-
tive controls, respectively.

Results

Differential expression of cellular microRNAs
in cervical cancer cell lines

microRNA expression was determined from

7,788 microRNAs in four healthy cervical tis-
sues, four cervical cancer tissues and twelve

Int J Clin Exp Pathol 2014;7(4):1389-1401
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Figure 3. Upstream (regulators) and downstream (targets) genes related to miRNA-196a. HOX gene as HOXCS,
HOXA7, HOXD8 such as predicted target of miR-196a, using fifty interactions in GeneGo MetaCore Software,

p<0.005.

cervical cancer cell lines using GeneChip
miRNA microarray, Affymetrix. Selection of tis-
sue for microarray study was performed using a
systematic workflow as described in the meth-
ods. The overall average number of probe sets
detected in the samples was 31.3% (2,439 of
7,788 for each chip) for healthy cervical tissue,
34% (2,720 of 7,788) for cervical tumor and
28.4% (2,213 of 7,788) for the 12 cell lines.
Pearson correlation of 0.90-0.98 for quality
controls by QC Tool was obtained. Therefore,
the microarray data of healthy, tumor and cell
lines were comparable for expression analysis.
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The data clearly showed overall clustering of
microRNA expression among the three studies
group, indicating differences in microRNA
expression by tumor tissues and CC cell lines
compared with healthy cervical tissues (Figure
1A). Identification of altered microRNA in CC
was carried out using one-way ANOVA, compar-
ing tumor, CC cell lines and healthy tissues. The
highest number of differentially expressed
probe sets obtained was from CC cell lines with
1,247, followed by tumor tissues & CC cell lines
with 942, and tumor with 512 (Table 1). For
instance, 942 differential expression sequenc-

Int J Clin Exp Pathol 2014;7(4):1389-1401
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Table 3. Putative target of miR-196a in different es were obtained out of which 518 were over-
database expressed and 424 under-expressed. The heat
Database Target (10 top rank) Score map displayed microRNA e>-<pression in the
DIANA-microT V5.0 HOXCS 1 samplgs, wherg the tumor tISSUG.S showed a
HOXAT 1 transmoq of microRNAs expressmn. between
CC cell lines and healthy tissue (Figure 1B).
HOXAS 0.999927 From initial list (815 microRNA sequences of
SLC9A6 0.999925 942 in total), only 123 sequences correspond
ERI2 0.999813 to human sequences, representing 14.5% of
HAND1 0.999774 altered expression of human microRNAs in CC
LRP1B 0.999064 cell lines. Most of these microRNA sequences
HOXA9 0.998916 are commonly found in different mammalian
HOXB7¢ 0.998827 species such as rat, mouse, chimpanzee, goril-
GATAG 0.998732 Ik?,gi:nd dog, sugg;zstlng th;t mlcrgRNATgrtc:ILJp |;
. ighly conserved among species. Table
TarBase v6.0° HoXcs 1.000 depicts some microRNAs that were identified in
HOXATS 1.000 more than five species, including human, in
HAND1® 1.000 addition to their expression levels and other
CCDCA4re 0.999 reports on CC.
IGF2BP1® 0.990
ARHGAP28¢ 0.986 Among the ten microRNAs, the most signifi-
LIN28Be 0.961 cantly over-expressed were: miR-196a, miR-
18b, miR-183, miR-500, miR-18a, miR-25, miR-
TSPAN12® 0.930 182, miR-20b, miR-106a, and miR-20a. On the
RP5-862P8.2° 0.909 other hand, among significantly under-exp-
DFFA® 0.818 ressed were miR-145, miR-379, miR-214, miR-
MirTarget2 v2 HOXA7 100 127-3p miR-199b miR-199a, miR-337-5p, miR-
HOXC8 99 143, miR-10b, and miR-125b. All cell lines were
SLC9A6 98 cultured under the same growth conditions to
ZMYND11 97 avoid positive false in microRNA expression. In
CccDC47 95 addition, a technical replica of C33A cell line in
RGOMTD2 94 Principal Component Analysis (PCA) and heat
TMXL 388 map had similar result as those of the original
analysis, revealing high reproducibility of
ERI2 86
results.
PRTG 85
DIP2A 84 Increased expression of miR-196a in cervical
TargetScan v6.2 HOXCS8 1.43 cancer cell lines and cervical tissues
HOXA7 -1.24 One the most expressed microRNAs in tumor
SLC9A6 -0.88 tissues and CC cells was miR-196a in microar-
HOXA9 -0.64 ray assay (p=4.75E-04, p=1.32E-07, respec-
KLHL23 -0.55 tively). To demonstrate over-expression of miR-
PHOSPHO2-KLHL23 -0.55 1964, total RNA was subjected to quantitative
ZMYND11 -0.51 RT-PCR assay to examine the relative expres-
PACRGL -0.50 sion in LSIL (Low-grade Squamous Intraepi-
HOXBS 0.49 thelial Lesion, n=10), HSIL (High-grade Squa-
MAP3K1 -0-48 mous Intraepithelial Les?on, n=10), tumor tis-
MicroRNA. org HOXA7 365 sges (n=15) and CQ cell !lnes (n=1.2) compared
with healthy cervical tissues (Figure 2). As
HOXC8 359 expected, expression of miR-196a in LSIL and
SMC3 -2.66 HSIL showed a tiny variation with respect to
SLC9A6 -2.46 healthy tissues, whereas tumor tissues showed
HOXA9 -2.35 a slight increase in expression but not compa-
HMGA2 -2.31 rable to CC cell lines. Increase expression in all
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CTBS -2.18
ZMYND11 -2.10
C1orf88 -2.07
C30rf88 -2.06
PicTar HOXC8 12.74
ZMYND11 6.56
CCNJ 5.08
MLR2 4.77
KIAAOG85 4.64
HMGA2 4.32
PPP1R15B 4.27
FLI46247 4.20
SLC9A6 4.18
DDX19 4.08
miRecords HOXC8 -
GAN -
RBM26 -
CDKN1B -
EPHA7 -
ERG -
HOXB7 -
CDYL -
ZNF385B -
RSPO2 -

a=score values were according each database. "=Database

with curated Collection of experimentally supported microRNAs

targets. °=Validated by Report Gene Assay, qPCR, Sequenc-
ing; Western Blot and Other techniques. ¢=Validated by other
techniques. °=Validated by sequencing.

CC tissues was not statistically significant,
whereas in CC cell lines, the increased expres-
sion of miR-196a was statistically significant
(p<0.0001) in comparison with healthy tiss-
ues.

In order to find putative target genes of miR-
196a, we performed bioinformatics analysis.
First analysis was performed to identify miR-
196a network interaction using GeneGo
Metacore Suite. This analysis showed down-
stream and upstream interaction genes such
as: embryonic development (HOX genes) and
cellular remodelling (Actin/Keratin) (Figure 3).
We identified indirect interaction genes such as
p53 and SMAD that are associated with cell
death [22]. Second, we identified miR-196a tar-
get based on experimental data and/or bioin-
formatics prediction such as: reporter gene
assay, qPCR, western blot, sequencing, among
others (Table 3). Target prediction analysis
showed to HOXC8 as the best target of miR-

1396

196a. Finally, in search of probable relationship
in HOXCS8 expression in CC, healthy cervical tis-
sues and cervical carcinoma tissues on tissue
microarray were subjected to immunodetection
with healthy bladder (negative tissue) and
healthy kidney (positive tissue) as controls
(Figure 4A, 4B), as well as CC cell lines (Figure
4C). Positive immunostaining was observed in
nucleus of cervical epithelium cells (Figure 4D).
In contrast, a negative immunoreaction was
observed in the CC tissue and cell lines (Figure
4C and 4E).

Discussion

At present, CC is an important health problem
worldwide. Despite the wide acceptance of CC
screening programs in Mexico, more than
12,000 women are diagnosed with CC, and
among these, 50% will die annually. It is accept-
ed that CC is related to persistent HPV infec-
tion; however, the knowledge on cervical car-
cinogenesis is scarce. Most of the studies on
CC are focused on HPV infection, gene expres-
sion and currently on proteomic studies, all of
which shade light on multiple hits presented in
transformed cell [23]. During the last decade,
microRNA studies in cancer research were car-
ried out define specific expression patterns and
those associated with diagnosis and prognosis
[24].

In the present study, >100 human microRNAs
were differentially expressed in CC tissues and
CC cell lines in comparison with healthy cervi-
ces. Among the microRNAs over-expressed
were miR-25, -106b, -17-92, and -106a clusters
that have been previously reported altered in
several neoplasms [25-29]. These clusters are
related to growth, and proliferation via Tumor
Growth Factor-beta (TGF-8), and inhibition of
differentiation [30, 31]. We also observed an
over-expression of miRNA-15b. Similar results
have been previously reported in colorectal,
lung, and pancreatic cancer [32-34], correlat-
ing this over-expression with prognosis. These
data support the fact that these microRNA clus-
ters are commonly altered in human cancer
and that they are probably associated with the
process of carcinogenesis. Moreover, under-
expressed has also been reported in miR-
143/145 cluster in several cancer types includ-
ing CC [15, 35]. This cluster is associated with
angiogenesis and metastasis pathways [35-
37]. The agreement of our results with previous
data suggests that miRNA-145 could act as
microRNA suppressor regulator in cancer.

Int J Clin Exp Pathol 2014;7(4):1389-1401
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Figure 4. HOXC8 Immunodetection in CC. A. Negative control of HOXC8 expression (bladder tissue); B. Positive
control of HOXC8 expression (kidney tissue); C. Absence HOXC8 expression in cervical cell lines (HeLa); D. HOXC8
expression in the nucleus of healthy cervical epithelium cells; E. HOXC8 expression was absence in tumor cervical
tissue.

To know whether all tumor tissues and cell lines
exhibited similar behaviour in terms of microR-
NA expression, the PCA and differential expres-
sion analysis of the cells were carried out. As
expected, the samples were grouped based on
miRNA expression. In addition, heat map
showed a transition of microRNAs expression
to tumor tissues between healthy tissue and
cell lines. Interestingly, all cell lines were clus-
tered in PCA, except C33A cell line. It is known
that C33A presents mutated pRb and p53
genes. These molecular events could explain
our PCA results.
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In order to know whether the presence of HPV
could influences cellular microRNA expression,
the analysis was performed in positive HPV and
negative HPV cell lines without finding any dif-
ferential expression of microRNAs with regard
to HPV infection. Furthermore, two of the three
negative HPV cell lines (ViBo, and HaCaT cells)
were clustered positive HPV. These data sug-
gest that the presence of specific HPV do not
influence cellular microRNA expression in cell
lines. In a recent study of E5 HPV16-transfected
HaCar cells, it was found that the presence of
E5 viral gene does not affect changes in micro-

Int J Clin Exp Pathol 2014:7(4):1389-1401
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Figure 5. Diagram of HOXC8 in Cervical Cancer. miR-196a is a redundant sequence in the genome. MIR196A1 and
MIR196A2 genes are transcribed and processed in miR-196a by microRNA biogenesis. According to the results in
silico, HOX genes were candidate targets predictive for miR-196a; HOXC8 had a high score on all databases (Table
3), and it was also involved in relevant Networks. Some of the other HOX gene targets of miRNA196a have been
investigated in cervical cells such as HOXA9, HOXB1, HOXB6, HOXB7 and HOXBS8, and they showed no difference in
mMRNA expression [46, 47]; black squares indicate high expression of mRNA and empty squares indicate no expres-
sion. Finally, experimentally some of these HOX genes like HOXC8, HOXB7, HOXB8 and HOXDS8 have been validated
mechanistically in other models of cancer [41, 43, 45], which is indicated by the word “Validated”.

RNA expression [38]. This finding could support
partially the present results.

Furthermore, the most significantly over-
expressed microRNA in the tumor tissues and
CC cell lines was miR-196a, this microRNA is a
redundant sequence in the genome. MIR196A1
and MIR196A2 genes are transcribed and pro-
cessed in microRNA biogenesis pathway to
generate mature miR-196a, which are located
on 17921.32 () (in the RP11 gene) and
12q13.13 (+) (intron 1 of the HOXC5 and HOXC6
genes) (see Figure 5). Recent findings of our
group in comparative genomic hybridization
analysis showed a gain of copy number of RP11
gene in CC samples (In preparation). In this situ-
ation, we hypothesize that over-expression of
miR-196a could derive in part from MIR196A1
gene amplification.

At present, there is scarce knowledge on
expression of this microRNA in cancer, however
several studies have reported its over-expres-
sion in melanoma, oesophageal, lung, and pan-
creatic carcinomas [39-42]. We found statisti-
cally significant over-expression of miR-196a in
CC cell lines in compared healthy tissues,
whereas miR-196 expression in tumor tissues
showed a slight increase but not comparable to
CC cell lines, probably the low expression in CC
tumors could be by cellular heterogeneity while
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cell lines are clonal cells, as well as lesion pre-
cancerous cervix (LSIL and HSIL).

In order to acquire some additional information
on potential target, first analysis consisted in a
network regulation of miR-196a based on
GeneGo Metacore which showed that the
potential targets of miR-196a were genes
involved in embryonic development and cellular
remodelling such as: HOXs (HOXC8, HOXA?,
HOXD8, HOXA9, HOXB8) and Actin/Keratin.
Second analysis, seven targets predictor data-
bases were used in the first analysis with all of
them depicting HOXC8 as the best target of
miR-196a (Table 3), bioinformatics approaches
were used and this revealed a potential regula-
tor target of miR-196a to HOXCS8. Moreover,
HOXC8 has been validated as target of miR-
196a in different studies [41, 43-45].

Recent works showed that the absence of
HOXC8 expression in some tumors is related
with progression and metastasis [43-45]. In
CC, several member of the family of HOX genes
have been evaluated, however did not show
change in the level of expression of HOXA9,
HOXB1, HOXB6, HOXB7 and HOXBS8 [46, 47]. In
additional, two studies has reported a contro-
versial mMRNA expression of HOXCS8 [48, 49].
According to our bioinformatics finding and
report Huang et al. HOXC8 immunodetection
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assay was performed in healthy cervical epi-
thelium, CC tissues, and CC cell lines. The
result of the assay indicated absence of HOXC8
protein in CC samples, suggesting that HOXC8
could be a gene involved in cervical cancer pro-
cess. This finding is in agreement with previous
study by Alami et al., [48]. We suggest that miR-
196a could be an oncogenic element and an
important factor in CC cells.

In summary, our present data is showing a het-
erogeneity microRNAs expression in CC cells,
suggesting that development of cancer in cervi-
cal cells is an extremely complex event due to
high complexity of microRNA expression among
other factors. We could not provide a specific
microRNA expression profile related with the
HPV infection, which could suggest the pres-
ence of fine molecular events making to the CC
as more complex disease. Finally, we also sug-
gest that miR-196a could be another oncogen-
ic element in cervical cancer cells. However, we
suggest that more studies be carried out to
ascertain the results of the present study.
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