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MicroRNA miR-16-1 regulates CCNE1 (cyclin E1)
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Abstract: MicroRNAs are involved in diverse biological processes through regulation of gene expression. The mi-
croRNA profile has been shown to be altered in cervical cancer (CC). MiR-16-1 belongs to the miR-16 cluster and
has been implicated in various aspects of carcinogenesis including cell proliferation and regulation of apoptosis;
however, its function and molecular mechanism in CC is not clear. Cyclin E1 (CCNE1) is a positive regulator of the
cell cycle that controls the transition of cells from G1 to S phase. In CC, CCNE1 expression is frequently upregulated,
and is an indicator for poor outcome in squamous cell carcinomas (SCCs). Thus, in the present brief communication,
we determine whether the CCNE1 gene is regulated by miR-16-1 in CC cells. To identify the downstream cellular
target genes for upstream miR-16-1, we silenced endogenous miR-16-1 expression in cell lines derived from CC
(C-33 AHPV-, CaSki HPV16+, SiHa HPV16+, and HeLa HPV18+ cells), using siRNAs expressed in plasmids. Using a
combined bioinformatic analysis and RT-qPCR, we determined that the CCNE1 gene is targeted by miR-16-1 in CC
cells. SiHa, CaSki, and Hela cells demonstrated an inverse correlation between miR-16-1 expression and CCNE1
mRNA level. Thus, miR-16-1 post-transcriptionally down-regulates CCNE1 gene expression. These results, suggest
that miR-16-1 plays a vital role in modulating cell cycle processes in CC.
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Introduction

MicroRNAs have an important role in the regu-
lation of cellular differentiation, proliferation
and apoptosis [1]. Furthermore, some microR-
NAs are considered to be Oncogenes or tumor
suppressor genes and have altered expression
profiles in several tumors [2]. The tumor sup-
pressor microRNAs miR-15a and miR-16-1 are
expressed as a microRNA cluster from an intron
region of the DLEU2 (Deleted in Lymphocytic
Leukemia 2) transcript and influence cell prolif-
eration, survival, and invasion. Also has been
reported that higher levels of miR-15a and miR-
16-1 expression in cervical cancer (CC) tissues
compared to normal cervical tissues; however,
the overexpression of this microRNA cluster
does not appear to affect growth of CC cells [3,
4]. In addition, miR-16-1 has been shown to
play a role in cell cycle regulation in tumor cell

lines by targeting CDK6 [5, 6] and CDC7 [3].
Recent data, have shown that miR-16-1 regu-
lates CCNE1 (cyclin E1) expression in Hela,
HEK293, MCF-7 and A549 cells [7] through the
3-UTR regulatory region of the CCNE1 gene.
Interestingly, apparent discrepancies have
been reported between the known functions of
miR-16-1 as a cell cycle inhibitor and its prog-
nostic value in certain cancers, reflecting the
complex role of miR-16-1 in tumorigenesis pro-
cess. This complexity can be explained by its
function like as tumor suppressor gene or its
function like an oncomir, as well as by the cell-
type specificity of them miR-16-1 overexpres-
sion effects on cell cycle arrest and apoptosis
regulation [3, 8].

An important component of the genetic regula-
tory network of the cell cycle is the CCNE1 gene,
which codes for an essential cyclin activating
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CDK2, which regulates the G1-S phase transi-
tion of normal mammalian cell division cycles
[9]. CCNE1 levels begin to rise in mid G1, peak
during late G1, and drop off around the G1/S
transition. Thus, the timing of its expression
plays a direct role in initiation of DNA replica-
tion as well as chromatin remodeling during
tumorigenesis [10, 11]. Different studies, sug-
gest that CCNE1 is expressed significantly high-
er than physiologic levels in many types of
human tumors. However, there is evidence indi-
cating that CCNE1 expression is uncoupled
from cell cycle progression [12, 13]. Better
understanding of the uncoupling of CCNE1
expression from cell cycle control is critical in
understanding the development of cancer and
elucidation of the CCNE1 regulatory mecha-
nism could explain in part such dysregulation.
The expression pattern of CCNE1 in biopsy
samples of cervical carcinoma at different
stages has been studied and the data suggest
that the pattern of expression is an indicator for
poor outcome in CC [14]. In addition, the miR-
15a/16-1 cluster expression has been report-
ed to be upregulated in High-grade intraepithe-
lial lesions (Cervical intraepithelial neoplasia
(CIN 2-3)) as well as in CC cell lines in compari-
son with normal tissues [15-18].

The overexpression of CCNE1 and miR-16-1
has been shown to have effects on cell cycle
control and these molecules may play a role in
cervical carcinogenesis. Thus, analysis of the
regulatory molecular network involving miR-16-
1 and CCNE1 represents a relevant area of
study in CC. To understand the molecular
mechanism of CCNE1 gene expression mediat-
ed by miR-16-1 and test its trans-regulation
abilities, we investigated the effect of miR-16-1
regulation on CCNE1 gene expression in cell
lines derived from CC. With a bioinformatics
approach, we identified four microRNA res-
ponse elements (MREs) to miR-16-1 in CCNE1
3’-UTR regulatory region. Thus, we decided to
evaluate whether expression of the CCNE1
gene can be regulated by miR-16-1. The cell
lines C-33 A (HPV-), SiHa (HPV16+), CaSki
(HPV16+) and HeLa (HPV18+), were used as CC
models to investigate whether silencing of miR-
16-1 has an effect on CCNE1 gene expression.
Toward this end, we generated siRNA expres-
sion plasmids for miR-16-1, which have nucleo-
tide complementarity to the gene coding for
pre-miR-16-1. We observed that silencing of
miR-16-1 induced downregulation of CCNE1l
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gene expression in SiHa (17%), CaSki (46%),
HelLa (58%) cells and C-33 A (22%) cells. These
data suggest that CCNE1 may be targeted by
miR-16-1 in CC cells.

Materials and methods
Cell lines and culture conditions

Cell lines derived from CC (C-33 A HPV-, SiHa
HPV16+, CaSki HPV16+, HelLa HPV18+ cells)
were obtained from the American Type Cul-
ture Collection (ATCC) and were cultured in
Dulbecco’s modified Eagle’s medium (DMEM)
(Invitrogen, Carlsbad, CA) supplemented with
10% fetal bovine serum (FBS), penicillin/strep-
tomycin (50 pg/ml), 2 mM L-glutamine, 250 ng/
mL fungizone, and maintained at 37°C in 5%
CO,. The cells were used in transfection assays
and total RNA isolation was carried out with
TriPure isolation reagent (Roche, Indianapolis,
IN) for the RT-qPCR assays.

SiRNA expression plasmids for human microR-
NA miR-16-1

DNA inserts of siRNAs specific for human
microRNA hsa-miR-16-1 were designed using
siRNA at Whitehead software (Applied Biosy-
stems, Foster, CA) [19] and a genomic fragment
spanning the miR-16-1 locus from human chro-
mosome 13 was cloned in Apa | and Eco RI
restriction sites in the pSilencer1.0-U6 siRNA
expression plasmid (Applied Biosystems, Fos-
ter, CA), which contains the U6 RNA Pol-Ill pro-
moter to generate small RNA transcripts, to
generate the pSIMIR16-5P plasmid. The DNA
insert was generated using the sense 5-GCC-
TTA-GCA-GCA-CGT-AAA-TAT-TGT-TCA-AGA-GAC-
AAT-ATT-TAC-GTG-CTG-CTA-AGG-CTT-TTT-T-3’
and antisense 5-AAT-TAA-AAA-AGC-CTT-AGC-
AGC-ACG-TAA-ATA-TTG-TCT-CTT-GAA-CAA-TAT-
TTA-CGT-GCT-GCT-AAG-GCG-GCC-3"  primers.
The primers were aligned using annealing buf-
fer (300 mM HEPES pH 7.4, 100 mM potassi-
um acetate, 2 mM magnesium acetate) at ratio
of 100 molar and were incubated at 95°C for 5
min and 37°C for 1 hour. To decrease the prob-
ability of homology sequences with other
human genes, the siRNAs-encoding sequences
were analyzed by Blast. The plasmids were iso-
lated for Pure Yield plasmid midiprep system
(Promega, Madison, WI) and integrity was veri-
fied by DNA sequencing in Genetic Analyzer
3500xI equipment (Applied Biosystems, Foster,
CA). The miRBase reference sequence of
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Figure 1. Silencing of human microRNA mir-16-1 expression by siRNAs.
Quantitative real time RT-PCR analysis of miR-16-1 expression in C-33 A
HPV-, SiHa HPV16+, CaSki HPV16+ and HelLa HPV18+ cells transfected with
pSIMIR16-5P plasmid. Total RNA and cDNA synthesis were obtained from
1x10° cells per well in a six-well plate containing DMEM at 37 ° C with 5% CO,
after 12 h transfection with pSIMIR16-5P plasmid (3 ug). Relative expression
by real-time RT-gPCR analysis of miR-16-1 was calculated using the 224%
method and was normalized by miR-16-1/RNU44 ratio relative expression
units. The Ct values were analyzed with pSilencer1.0-U6 empty vector trans-
fection and pSIMIR16-5P plasmid and values are presented as mean + SD.
The p values are indicated with asterisks ("P<0.001) (*"P<0.05).
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Figure 2. Analysis of CCNE1 gene expression by RT-gPCR after miR-16-1 si-
lencing. Quantitative real time RT-PCR analysis of miR-16-1 expression in
C-33 A HPV-, CaSki HPV16+, SiHa HPV16+, and HeLa HPV18+ cells trans-
fected with pSIMIR16-5P plasmid. Total RNA and cDNA synthesis were
obtained from 1x10° cells per well in a six-well plate containing DMEM at
37°C with 5% CO, after 12 h transfection with pSIMIR16-5P plasmid (3 ug).
Relative expression by real-time RT-qPCR analysis of CCNE1 was calculated
using the 244 method and was normalized by CCNE1/GAPDH ratio relative
expression units. The Ct values were analyzed with pSilencer1.0-U6 empty
vector transfection and pSIMIR16-5P plasmid and values are presented as
mean + SD. The p values are indicated with asterisks ("P<0.001) ("*P<0.05).

mid to silence the miR-16-1,
using X-TremeGENE 9 DNA
transfection reagent (Roche,
Indianapolis, IN) according to
the manufacturer’s instruc-
tions. Briefly, one day before
the transfection assay, the
cells were plated at a density
of 1x10° cells per well in a six-
well plate containing 2 ml of
DMEM with 10% FBS and
penicillin/streptomycin. At the
time of transfection, the pla-
smids and X-TremeGENE 9
DNA reagent were diluted in
DMEM and incubated for 20
min at room temperature. The
plasmid DNA concentration
and X-TremeGENE 9 DNA re-
agent were normalized and all
assays were carried out with
3 ug of plasmids. Cells were
incubated with plasmids and
X-TremeGENE 9 DNA reagent
for 4 hours, rinsed and replen-
ished with DMEM containing
10% FBS. Twelve hours after
transfection, cells were har-
vested and RNA isolation was
carried out for quantitative
real-time RT-PCR assays. Tra-
nsfection assays were carried
out on three separate occa-
sions; each time with three
replicates.

RNA isolation and RT-qPCR
assays

Total RNA was extracted from
the cultured cells using Tri-
Pure isolation reagent (Roche,
Indianapolis, IN) according to
the manufacturer’'s protocol.
RT-gPCR was performed to
confirm the expression level
of mRNAs. cDNA was pro-

GenBank to the sequence of hsa-miR-16-1 is:
MIO000070.

Transfection assays with sirna expression plas-
mids

C-33 A, SiHa, CaSki and Hela cells were tran-
siently transfected with the pSIMIR16-5P plas-
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duced with random primers and reverse tran-
scription was carried out according to the pro-
tocol of TagMan microRNA reverse transcrip-
tion kit (Life Technologies, Foster City, CA), and
gPCR was performed as described in the meth-
od TagMan microRNA assays (Life Technologies,
Foster City, CA: 4366596) with ViiA7 Real-Time
PCR systems supplied with analytical software.
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The PCR reaction was conducted at 95°C for
10 min followed by 40 cycles of 95°C for 10 sec
and 60°C for 60 sec. Specific primers to hsa-
miR-16-1 (Life Technologies, Foster City, CA:
4427975) were used and RNU44 (Life Tech-
nologies, Foster City, CA: 4427975) mRNA lev-
els were used for normalization. The CCNE1
MRNA expression level was evaluated with the
Tag-Man one-step RT-PCR master mix reagent
kit (Life Technologies, Foster City, CA: 430-
9169). The PCR reaction was conducted at
48°C for 30 min followed by an AmpliTaq gold
activation at 95°C for 10 min followed of 40
cycles of 95°C for 15 sec and 60°C for 1 min.
Specific primers to CCNE1 (Life Technologies,
Foster City, CA: 4331182) and GAPDH (Life
Technologies, Foster City, CA: 402869) mRNA
levels were used for normalization. The com-
parative threshold cycle (Ct) method was used
to evaluate the relative abundance of miR-16
compared with RNU44 and CCNE1 compared
with GAPDH expression. Relative expression
was calculated using the 224°t method and nor-
malized to the expression of RNU44. The reac-
tion was incubated in a 384 well plate in ViiA7
Real-Time PCR systems supplied with analyti-
cal software. All experimental treatments were
carried out on three separate occasions; each
time with three replicates. The NCBI reference
sequence of GenBank to the sequence of
CCNE1 gene is: NM_001238.2.

Statistical analysis

Results were expressed as means + SD unle-
ss otherwise indicated. Differences between
groups were assessed by unpaired, two-tailed
Student’s t-test, P<0.05 was considered signifi-
cant. All data were plotted using the GraphPad
Prism 5.0 program.

Results

SiRNA expression plasmids for miR-16-1 in-
duce silencing of human microRNA miR-16-1

The effect of siRNA on miR-16-1 is influenced
by the secondary structure and positioning of
the cognate sequence within the pre-miR-16-1
molecule. To analyze the effect of the pSlI-
MIR16-5P plasmid, we first determined wheth-
er if the siRNAs could induce a specific silenc-
ing effect on miR-16-1 expression with tran-
sient transfection of the pSIMIR16-5P plasmid.
As shown in Figure 1, siRNAs to miR-16-1
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expressed in plasmids, had effects on the miR-
16-1 expression level and we identified a sig-
nificant decrease in C-33 A (6%), SiHa (20%),
CaSki (45%) and Hela cells (58%), compared
with cells transfected with pSilencerl.0-U6
plasmid (empty vector). The RNU44 RNA
expression level did not show any changes in
these same conditions.

SiRNA-induced silencing of miR-16-1 expres-
sion has effects on CCNE1 gene expression

To explore miR-16-1 target genes, we focused
on CCNE1 gene which regulates the G1-S phase
transition of the normal mammalian cell divi-
sion cycles. Figure 2 shows that siRNAs to miR-
16-1 have effects over the CCNE1 mRNA
expression level. In particular, we identified a
significant decrease in mRNA expression of
CCNE1 when cancer cells HPV+ were treated
with siRNAs to miR-16-1. Twelve hours after
transfection, the CCNE1 gene expression level
decreased 22% in C-33 A cells, 17% in SiHa
cells (P<0.05), 46% in CaSki cells (P<0.001)
and 58% in Hela cells (P<0.001), compared
with cells transfected with pSilencer 1.0-U6
empty vector. The GAPDH mRNA expression
level did not show any changes.

Discussion

In the present study, we demonstrate thatin CC
cells, the over expression of miR-16-1 contrib-
utes to the process of carcinogenesis by alter-
ing the expression of cellular genes involved in
checkpoint regulation, including CCNE1, which
is an essential cyclin activating Cdk2 that regu-
lates the G1-S phase transition of the normal
mammalian cell division cycles, and whose
deregulation is implicated in tumor progression.
Here we report that miR-16-1 post-trans-
criptionally down-regulates the expression of
CCNE1 in cell lines derived from CC. MicroRNAs
are increasingly recognized as important post-
transcriptional regulators of gene expression.
They have been shown, to play a significant role
in carcinogenesis by altering the expression of
oncogenes and tumor suppressor genes [20]. It
has previously been reported, that CCNE1 and
miR-16-1 are over expressed in CC [14, 16-18].
CCNE1 has been proposed as a regulatory tar-
get of miR-16-1 [7]. SIRNAs expressed in plas-
mids have recently been used to silence the
expression of viral oncogenes or genes encod-
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ing tumor antigens, for the purpose of sup-
pressing proliferation of specific cancer cells
[21, 22]. Accordingly, gene silencing by siRNAs
represents a strategy to silence the expression
of oncogenes activated by high-risk HPV
(HR-HPV) in CC, including the expression of
microRNAs.

In this study, we generated siRNAs expressed
in plasmids specific to microRNA miR-16-1. The
pSIMIR16-5P plasmid induced specific silenc-
ing of miR-16-1 in SiHa, CaSki cells transformed
with HPV16 and Hela cells transformed with
HPV18, when compared to C-33 A (HPV-) cells
(Figure 1). These findings are relevant because
we silenced the expression of miR-16-1 which
is over expressed in CC cells transformed with
HR-HPV. It is noteworthy that in HelLa cells fur-
ther decrease was observed in the expression
of miR-16-1 compared with CaSki cells. MiR-16-
1 is located on chromosome 13ql14 DLEU2
gene [3], which has been reported that is one
of the frequent sites of integration of the HPV16
[23]. The CaSki cells have up to 60-600 inte-
grated copies of HPV16 in cellular genome,
which favors an increase in the expression of
E7 oncoprotein to interact with E2F transcrip-
tion factor. This scenario can promote the
endogenous activation of miR-16-1 and this
regulatory genetic network has been associat-
ed to CC development. The SiHa cells have inte-
grated 1-2 copies and the silencing of miR-16-1
expression was lower compared with CaSki
cells possibly by the low number of integrated
copies [24, 25]. The molecular pathway
between E7/E2F/miR-16-1 may explain why a
total silencing of miR-16-1 is not observed
when CC cells were treated with siRNA expres-
sion plasmids to miR-16-1. In contrast, HelLa
cells that have integrated 50 copies of HPV18S,
one of the frequent sites of integration is on
chromosome 8q23-24. Interestingly, on this
chromosomal locus is localized the proto-onco-
gene c-Myc [26]. It has been reported that
c-Myc when is overexpressed can join and neg-
atively regulate the DLEU2 gene promoter
region which generates a decreased expres-
sion of miR-16/miR-15 cluster [27]. Possibly
having fewer copies of HPV integrated and
down-regulation of c-Myc has been contributed
to greater decrease in expression of miR-16-1
in HelLa cells. Moreover, in our study we
observed that miR-16-1 expression levels were
affected in C-33 A cells despite treatment with
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pSIMIR16-5P plasmid. The C-33 A cells have a
mutation in the pRb gene (exon 20) and p53
(codon 273), which suggests that inactivation
of such tumor suppressor proteins, through
interaction with E6 and E7, may have an equiva-
lent function to mutations specific for p53 and
pRb. However, mutated tumor suppressor
genes may result in a gain of functions, some of
which cannot be performed by the E6/p53 and
E7/pRB interaction [27]. Our results suggest
that miR-16-1 could have a role similar to an
oncomir in human CC cells, since it has been
reported upregulated in patient samples with
CIN 2-3 and CC compared to normal tissue
[15-18].

By combined bioinformatics analysis and
RT-gPCR assays, we determined that miR-16-1
controls the expression of the positive cell cycle
regulator CCNE1 oncogene, in CC cells trans-
formed by HPV16 and HPV18 (Figure 2), prob-
ability by targeting the 3’ UTR regulatory region
of CCNE1 mRNA. This finding describes a
mechanism of post-transcriptional regulation
of CCNE1 expression and connects the func-
tion of miR-16-1 with a cellular gene involved in
cell cycle control. Nevertheless, we observed
subtotal repression of CCNE1 mRNA expres-
sion level, possibly due to HPV E7 oncoprotein
expression can activates endogenously to
CCNE1 [28]. However, further in vitro and in
vivo investigations are needed to characterize
the regulatory circuit between miR-16-1, CCNE1
and HPV E7.

We found a significant reduction in the mRNA
expression level of CCNE1 oncogene following
administration of siRNA expressed in plasmids
against miR-16-1. Although multiple mecha-
nisms included genetic mutation, promoter
methylation and post-transcriptional modifica-
tion may contribute to the deregulation of the
CCNE1 gene. MicroRNA response elements
(MRE) are binding sequences in the 3-UTR of
mMRNA through which microRNAs suppress their
target gene. Four CCNE1 MRE sequences for
miR-16-1 have been reported in the online
databases miRanda, Target Scan Human and
miRBase; however, their functionality in CC
cells has not been evaluated to date. MRE16-1
(229-254 nt), MRE16-2 (459-492 nt), MRE-3
(1641-1676) and MRE-4 (1878-1914) [7, 29].

Our results show a decrease in CCNE1 differen-
tial between HPV16+ and HPV18+ cells com-
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pared to HPV- cells. C-33 A cells expressing
only CCNE1 decreased by 22% in the presence
of pSIMIR16-5P; it has reported that E2F can
directly activate transcription of CCNE1 or E2F
may also participate in the transcription of miR-
16-1 which could in these cells play a role in
oncomir and induce transcription of CCNE1,
coupled with the mutation p53 and pRB in
these cells, both processes could be contribut-
ing to the proliferation and immortalization of
cancer cells [27]. In this study we observed a
significant decrease in CCNE1 in HPV16+ cells
compared to HPV- cells, suggesting that by
silencing the expression of miR-16-1 are also
reducing the levels of mMRNA CCNE1, which sup-
ports the hypothesis that miR-16-1 could in this
type of cancer have an oncogenic role [17],
these findings are important because it has
been reported in cervical carcinoma tissue to
chromosome 19q12 represents one of the inte-
gration sites of HPV16 and even more impor-
tant on this site is the CCNE1 gene [30].

We observed a significant decrease of mRNA
CCNE1 in Hela cells (HPV18) this may be in
addition to overexpression of HPV18 E7 on
CCNE1Z, in these cells exist an integration site in
the region 11-13 chromosome 5, near there on
chromosome 6 region 21.2 is the peroxisome
proliferator-activated receptors & (PPAR 0)
which binds to the promoter region of miR-16-1
inducing transcription and possibly increased
expression of CCNEL unlike they not contain
this integration site HPV16+ cells [31]. In con-
trast has been reported to use an anti-miR-16-1
on MCF-7 and Hela cells, mRNA levels in-
creased significantly CCNE1 after 48 hrs of
transfection [7, 29]. Nevertheless, we observed
that siRNAs induce greatest inhibition of mRNA
within 12 hours of transfection. These data
highlight the complexity of the regulation of
gene expression by miRNAs. However, further
experiments are needed to identify the molecu-
lar mechanisms by which miR-16-1 targets the
CCNE1 3'-UTR and the role of MREs as recogni-
tion sequences for miR-16-1-mediated regula-
tion of CCNE1 oncogene expression.

A limitation of this study is that we did not eval-
uate CCNE1 protein expression to correlate
with the CCNE1 mRNA expression levels deter-
mined. The achievement of these effects in
mechanistic terms and the molecular activa-
tion pathways involved in CCNE1 gene regula-
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tion by miR-16-1, as well as their biological
effects, are not yet clear but are being investi-
gated by our group. Our data will help to further
our understanding of the molecular pathways
involved in the development and progression of
CC, which may highlight new therapeutic strate-
gies in the treatment of this disease. In sum-
mary, this study we found that the CCNE1 gene
is a target of microRNA miR-16-1 in human CC
cells transformed by HPV16 and HPV18. This
regulation most likely occurs via directly target-
ing of the CCNE1 3’ UTR regulatory region by
miR-16-1. MiR-16-1 may negatively regulate the
CCNE1 oncogene, which over expressed in a
subset of human cancers, and thus manipula-
tion of this pathway may represent a therapeu-
tic strategy for cancer therapy in the future.
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