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URI expression in cervical cancer cells is associated
with higher invasion capacity and resistance to cisplatin
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Abstract: Cervical cancer is a common and devastating female cancer worldwide. The etiology of cervical cancer
has been largely attributed to human papillomavirus (HPV) infection and activation of the P13K/AKT/mTOR (mam-
malian target of rapamycin) pathway. However, the limited HPV-directed therapy, as well as therapeutic approach
targeting P13K/AKT/mTOR pathway, has not yet been established or effective. A deeper understanding of cervical
carcinogenesis and finding of novel candidate molecules for cervical cancer therapeutics is largely warranted. The
unconventional prefoldin RPB5 interactor (URI or URI1), a known transcription factor involving the TOR signaling
pathway, has recently been implicated a role in multiple tumorigenesis. We recently reported significant upregula-
tion of URI in precancerous cervical intra-epithelial neoplasia (CIN) and invasive cervical cancer, suggesting its role
in cervical carcinogenesis. However, the effect and underlying mechanism of URI in cervical cancer development
have never been elucidated. Here, we aimed to investigate the in vitro effect of URI on cervical cancer using two
cervical cancer cell lines CaSki and C33A, which are HPV-positive and HPV-negative respectively. We have shown
that forced over-expression of URI in C33A and CaSki cells markedly promoted cell growth, while down-regulation of
URI mediated by siRNA inhibited cell proliferation. We have found that URI over-expression enhanced resistance of
cervical cancer cells to cisplatin. In contrast, knockdown of URI promoted apoptosis by influencing cell response to
cisplatin, supporting URI as an oncogenic protein for cervical cancer cells. We have also shown that URI promoted
the migration and invasive capacity of cervical cancer cells by up-regulation of Vimentin, a mesenchymal cell migra-
tion marker relating to the epithelial-mesenchymal transition (EMT) program. Our data support an important func-
tion of URI in the biological behavior of cervical cancer cells and provide novel mechanistic insights into the role of
URI in cervical cancer progression and possibly, metastasis.
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Introduction

Cervical cancer is the third most commonly
diagnosed female cancer [1]. It is also the
fourth leading cause of cancer death in females
worldwide, with more than 85% of the cases
and deaths occur in developing countries [1].
Therapeutic resistance is a common phenom-
enon in cervical cancer, especially in patients
with advanced, recurrent, and metastatic dis-
ease. These are also the main reasons causing
cervical cancer death [2]. The etiology of cervi-
cal cancer has been largely attributed to infec-
tion of human papillomavirus (HPV). However,
HPV has been associated with multiple cancer

types, while not all females with HPV infection
develop cervical cancer. There are also patients
with cervical cancer that are HPV-negative. In
addition, the limited HPV-directed therapy to
date on cervical cancer has not been very effec-
tive [2]. These findings suggest that there exist
additional biomarkers or molecular targets that
impact cervical carcinogenesis.

One of the targets involving cervical cancer
tumorigenesis could be the oncogenic protein
URI, the unconventional prefoldin RPB5 interac-
tor. URI, also called URI1 or RMP, was originally
identified as a transcriptional repressor that
interacts with RPB5, a subunit of all three RNA
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Table 1. Specific primer sequences

Materials and meth-

Gene Forward (5'-3’)

Reverse (5’-3) Amplicon

ods

GAPDH1  CATGAGAAGTATGACAACAGCCT AGTCCTTCCACGATACCAAAGT 113 bp
GCAATTCGGTGTTTTGCTTT 93 bp
GCGCCCAATACGACCAAATC 122 bp
E-cadherin  GGCCTTAGAGGTGGGTGACT ~ GGCTGTGCCTTCCTACAGAC 132 bp
Snail GCCCCACAGGACTTTGATGA ~ CAAAAACCCACGCAGACAGG 153 bp
Vimentin GGACCAGCTAACCAACGACA  AAGGTCAAGACGTGCCAGAG 178 bp

URI TTTGCAGAAAATGAGCGATG
GAPDH TCTCTGCTCCTCCTGTTCGA

Cell culture

The human cervical
cancer cell lines C33A
(ATCC #HTB-31) and
CaSki (ATCC #CRL-15-

polymerases [3, 4]. Interestingly, URI has been
shown to participate in the TOR (Target of
Rapamycin) signaling pathway, suggesting its
potential function during cancer development
and therapy [5]. Indeed, we have previously
shown that URI regulates cell apoptosis and is
required for the proliferation of hepatocellular
carcinoma (HCC) [6]. URI over-expression was
detected both in ovarian cancer cell lines and
in ovarian carcinomas and has been associat-
ed with its therapeutic resistance [7]. URI was
also shown to be essential for androgen recep-
tor signaling, a pathway involving prostate can-
cer progression [8]. In addition to solid tumors,
a recent study has indicated that URI is involved
in tumorigenesis of multiple myeloma and is
associated with its chemotherapeutic resis-
tance, possibly by activation of the IL-6/STAT3
pathway [9]. Together, the above findings dem-
onstrated that URI participate in multiple onco-
genesis. Intriguingly, our recent study has sh-
own that URI is up-regulated in pre-cancerous
cervical intra-epithelial neoplasias (CINs) and
cervical cancer, suggesting that URI may play a
role in cervical carcinogenesis [10]. However,
the effect and potential mechanism of URI reg-
ulation of cervical cancer cell survival, growth
and invasion has never been elucidated.

In this study, we examined the in vitro function
of URI on cervical cancer development and its
role in therapeutic response to cisplatin using
two cervical cancer cell lines. These cell lines
represent HPV-positive (CaSki) and HPV-ne-
gative (C33A) cells respectively [11]. We detect-
ed URI expression in both cell lines without sig-
nificant difference. By manipulating URI expres-
sion using siRNA and gene transfection appro-
aches, we have shown that URI promotes prolif-
eration, migration, and the invasion capacity of
cervical cancer cells and may enhance their
resistance to cisplatin. The underlying mecha-
nism of URI and cell invasion and its potential
as a therapeutic target for cervical cancer were
also analyzed.
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50) were purchased
from the Institute of
Biochemistry and Cell Biology, Shanghai Ins-
titute of Biological Sciences Chinese Academy
of Sciences (Shanghai, China). C33A cells were
maintained in Dulbecco’s Modified Eagle Me-
dium (DMEM, Corning, USA) and CaSki cells we-
re grown in RPMI-1640 (Corning, USA). All cells
were supplemented with 10% fetal bovine ser-
um (Gibco, New Zealand) and 1% penicillin/
streptomycin (Invitrogen) and cultured at 37°C
in a humidified incubator containing 5% CO,,.

Cell transfection

To knockdown URI expression, three small
interfering RNA (siRNA) sequences targeting
URI: siRNA-A- rArGrArArGrGrUrArGrArUrArArUr-
GrArCrUrArUrArArUGC; siRNA-B - rGrGrArArGrAr-
ArArGrCrUrArCrArUrGrArArUrUrArArUTG; siRNA-
C - rGrArArCrUrArGrArGrArGrArCrArGrGrArArGr-
ArArUrUGC) and scramble control sequence:
Scrambled-rCrGrUrUrArArUrCrGrCrGrUrArUrArA
rUrArCrGrCrGrUAT were purchased from Ori-
gene Technologies, Inc. Transfection of siRNAs
and the scrambled control duplex in C33A and
CaSki cells was performed using siTran 1.0
reagent (Origene) according to the manufactur-
er’s instructions. To over-express URI, the URI
expression plasmid pCMV6-URI and its control
plasmid, pCMV6-entry (Origene) were transfect-
ed into cells in Opti-MEM (Invitrogen, Carlsbad,
CA) using the Lipofectamine 2000 transfection
reagent (Invitrogen, Carlsbad, CA). Untransfe-
cted cells were used as blank control.

Total RNA extraction, cDNA synthesis, RT-PCR
and qRT-PCR

After 24 h transfection, total RNAs were extract-
ed from C33A and CaSki cells using Trizol re-
agent (Invitrogen, Carlsbad, CA). cDNA was syn-
thesized by reverse transcription using the
iScript cDNA synthesis kit (Bio-Rad, Hercules,
CA) following manufacturer provided protocol.
RT-PCR was performed to examine expression
of selected genes using standard protocol. PCR
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products were subjected to electrophoresis in
1.2% agarose gel and stained with ethidium
bromide. All experiments were performed in
triplicate and the data shown are representa-
tive. gRT-PCR was performed to quantify gene
expression using the Bio-Rad CFXTM96 Dete-
ction System and SYBR Green real-time PCR
master mix (Bio-Rad, Hercules, CA). The mean
threshold cycle number (CT values) of target
genes was normalized to endogenous GAPDH
and calculated using the 222t method. The rel-
ative mRNA levels of treated samples were
compared to that of control samples, which
were arbitrarily set to 1 [12, 13]. The specific
primer sequences of selected genes GAPDH,
GAPDH1, URI, E-cadherin, Snail, and Vimentin
are shown in Table 1.

Western blot analysis

After 48 h transfection, cells were washed with
cold phosphate-buffered saline (PBS) collected
and lysed in RIPA buffer (Beyotime Biote-
chnology, CA, China) containing protease inhibi-
tor cocktail (Kangchen, Shanghai, China). Cells
were placed on ice for 30 min, and then centri-
fuged at 14000 rpm for 10 min to remove cel-
lular debris. The supernatant was collected and
the protein concentration was determined by
BCA-assay (Eppendorf, Hamburg, Germany). 50
ug of total protein were subjected to SDS-PAGE
and subsequently transferred onto Immobilon-P
membranes (Millipore, Billerica, USA), which
were then blocked with 5% nonfat milk for 1 h
under constant shaking. These membranes we-
re then treated with either mouse anti-human
URI antibody or rabbit anti-human B-actin anti-
body (Santa Cruz Biotechnology, CA, USA) at
4°C overnight. After washing with TBST contain-
ing 0.1% Tween 20 three times, the membranes
were incubated with horseradish peroxidase
conjugated goat anti-mouse IgG antibody and
goat anti-rabbit 1gG antibody (Fcmacs Biote-
chnology, CA, China) at room temperature for 1
h followed by detection using an enhanced che-
miluminescence system (Minichemi, China).
Anti-actin was used to ensure equal loading
and scanned images of the X-ray films were
subjected to densitometry analysis. Western
blot assay was performed three times and data
from representing one set of experiment was
shown.

Cell viability assay

Cell viability was determined using a cell count-
ing kit-8 (CCK-8) at four time points (0, 1, 2, and
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3 days respectively) in accordance with the
manufacturer’s protocol (Vazyme Biotech, Nan-
jing, China). After 48 h transfection, cells were
seeded at 5000 per well in 96-well plates.
1/10 volume of CCK-8 was then added to each
well and incubated for an additional 2 h at
37°C. The optical density (OD) was measured
at 450 nm wavelength with a microplate reader
(Bio-Rad Model 680, Richmond, CA, USA). Cells
from each group were added to 6 wells and
experiment was performed in triplicate. CCK-8
assay was used to test the effects of cisplatin
intervention on growth and proliferation of cer-
vical cancer cells at different concentrations.
The inhibitory concentrations of 50% prolifera-
tion (IC50) of cisplatin were calculated by Gra-
phPad Prism software version 5.0. The experi-
ment was performed in triplicate.

Wound healing assay

For wound-healing migration assay, C33A and
CaSki cells (5x10°%) were transfected with or
without pCMV6-entry/pCMV6-URI and seeded
on 6-well plates. After 48 hours of transfection,
the monolayer cells (~90% confluence) were
scratched a straight line with a sterile 100-ml-
pipette tip. The floating cells were removed with
PBS and cultured again in DMEM and RPMI-
1640 medium containing 1% FBS. The migrat-
ed distance of C33A and CaSki cells was moni-
tored and imaged at four different time points
(O h, 6 h, 12 h and 24 h) under a microscope
(100x%). The experiment was conducted inde-
pendently in triplicate.

Transwell cell migration assay

The migration ability of cervical cancer cells
was assessed by calculating the cells that pa-
ssed through a polycarbonate membrane (8-
mm pore size) using a 24-well transwell cham-
ber (Corning Costar, New York, USA). After 48
hours of transfection, C33A and CaSki cells
(1x10° cells) were suspended in 150 pl serum-
free DMEM and RPMI-1640 medium and cul-
tured in the upper transwell chamber for 24 h
at 37°C, the lower chamber was filled with 600
pl of DMEM and RPMI-1640 medium supple-
mented with 10% FBS. The non-migrated cells
attached to the upper surface of the membrane
were removed with a sterile cotton swab, fol-
lowed by washing with PBS. The migration cells
on the bottom surface of membrane were fixed
with 4% paraformaldehyde solution for 30 min-
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Figure 1. URI expression in cervical cancer cells. A. The expression level of URI mRNA in transfected cervical cells was examined by RT-PCR. GAPDH served as a
loading control. B. Relative mRNA transcripts of URI were examined using gRT-PCR. C. Western blot analysis to confirm the siRNA mediated knockdown of URI and
the pCMV6-URI mediated overexpression of URI in C33A and CaSki cells. B-actin was used as internal control. left two panels of A-C: URI over-expression; right two
panels of A-C: URI siRNA transfection. Data was expressed as mean + SEM of three independent experiments, **p<0.01.
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Figure 2. URI effects on cell proliferation of cervical cancer cells. A, B. Cells were transfected with pCMV6-URI,
pCMV6-entry, and untransfected control. The viability was assessed after 48 h transfection using a CCK-8 assay at
four time points (0, 1, 2, and 3 days respectively). Up-regulation of URI increased cell viability of C33A and CaSki
cells. C, D. Cells were transfected with URI siRNA-A, Knockdown of URI significantly inhibit cell proliferation in C33A
and CaSki cells. Analyses were performed in triplicate and the results are expressed as mean + SEM, *p<0.05,

**p<0.01.

utes, washed with PBS and stained with 0.5%
crystal violet for 25 min at room temperature.
The numbers of cells were calculated under a
microscope in nine random fields (200x%). The
experiment was conducted three times.

Apoptosis assay

Apoptosis assay was performed using the FITC
Annexin V apoptosis detection kit (BD Phar-
mingenTM, CA, USA) according to manufacturer
suggested protocol. In brief, at 48 h after trans-
fection, the cells were collected and washed
twice with cold PBS, resuspended in 500 ul 1x
Annexin V binding buffer at a concentration of
1x10° cells/ml. 100 pl of the cell suspension
(1x10° cells) was then transferred to a 5 ml cul-
ture tube and add 5 pl each of Annexin V-FITC
and propidium iodide (Pl) with gentle vortex.
The cells were kept in dark for 15 min at RT
(25°C) before adding 400 ul of 1x binging buf-
fer to each tube and subjected to flow cytome-
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try analysis (BD AccuriTM C6 system) within 1
h. Meanwhile, after transfection for 24 hours,
C33A and CaSki cells were also treated with
different concentrations of cisplatin for addi-
tional 48 h and subjected to similar apoptosis
assay. All these experiments were repeated
three times.

Statistical analysis

All data were presented as the mean + SEM.
Differences in different groups were analyzed
by one-way ANOVA using the GraphPad Prism
software version 5.0. P<0.05 was considered
statistically significant.

Results

URI expression and transfection in cervical
cancer cells

We have examined URI expression in cervical
cancer cell lines, CaSki and C33A, which are

Am J Cancer Res 2015;5(4):1353-1367
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Figure 3. Effect of URI on migration of cervical cancer cells by wound healing assay. A. Scratch wounds were made
on confluent monolayer cultures after 48 h of transfection. Images of wound group were taken at O, 6, 12 and 24
h after wound (upper panel). Overexpression of URI presented a faster wound recovery compared to the control
groups at 12 h and 24 h after scratching the line. B. Bar graph represented the relative migration distance. C.
Knockdown of URI1 exhibited a slower wound recovery compared to the control groups at 24 h after the scratching.
D. Bar graph represented the relative migration distance of cells. The results presented represent mean of three
independent experiments. Data was expressed as mean + SEM of three separated experiments, **P<0.01.

HPV positive and negative respectively [11].
The results showed that URI mRNA transcript is
expressed both in C33A and in CaSki cancer
cells by RT-PCR and gRT-PCR analysis of RNAs
derived from these cells (Figure 1A, 1B,
untransfected cells). We also detected URI pro-
tein in both cell lines as confirmed by western
blot analysis (Figure 1C, untransfected cells).
To explore the in vitro function of URI, we have
performed transient transfection in above cell
lines using URI expression plasmid (pCMV6-
URI), the vector only (pCMV6-entry), and no
transfection control. Both URI mRNA transcript
and protein showed significant upregulation in
cells transfected with pCMV6-URI compared to
that with pCMV6-entry or untransfected cells
(Figure 1A-C, left two panels). We have also
performed URI siRNA gene knock-down experi-
ment in above two cell lines. Three candidate
URI siRNA sequences (siRNA-A, -B, and -C) and
a scrambled control sequence were used for
the transfection. All three siRNA sequences
lead to reduced URI mRNA and protein expres-
sion compared to the untransfected and scram-
bled controls, with siRNA-A sequence showed
the strongest interfering effect on URI (Figure
1A-C, right two panels). Together, the results
demonstrated URI expression in C33A and
CaSki cervical cancer cell lines. Transfection of
pCMV6-URI resulted in increased URI expres-
sion while URI siRNAs successfully knocked
down URI expression in C33A and CaSki cells.

URI promotes proliferation of cervical cancer
cells

We have performed above transient transfec-
tion studies to enhance or knock-down URI
expression in C33A and CaSki cells followed by
cell proliferation analysis. CCK-8 assay was
used to determine the effect of URI on cell pro-
liferation. Our results showed that over-express-
ing URI by transient transfection of pCMV6-URI
enhanced cell proliferation significantly com-
pared to the vector and untransfected controls
(Figure 2A, 2B). Meanwhile, knockdown of URI
by siRNA-A in C33A and CaSki cells after trans-
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fection for two days and for prolonged cell cul-
ture leads to markedly decreased cell prolifera-
tion compared to that of scrambled or untrans-
fected controls (Figure 2C, 2D). These results
together suggest that URI promotes prolifera-
tion of cervical cancer cells.

Effect of URI on cervical cancer cell migration
and invasion

To determine if URI plays a role in cervical can-
cer metastasis, we examined the influence of
URI on migration and invasion of C33A and
CaSki cancer cells by wound healing and tran-
swell assay. The wound healing cell migration
assay has shown that over-expressing URI in
C33A and CaSki cells by transfection of pPCMV6-
URI enhanced their healing process (closing of
the scratched wound) compared to untrans-
fected cells or cells transfected with the
pCMV6-entry empty vector (Figure 3A, 3B). The
CaSki cells showed slight faster capacity of cell
migration than that of the C33A cells. On the
contrary, URI siRNA-A transfected C33A and
CaSki cells delayed the healing process com-
pared to untransfected cells or cells transfect-
ed with scrambled control sequence, while the
healing ability may differ between C33A and
CaSki cells (Figure 3C, 3D). For transwell assay,
we detected significantly increased number of
C33A and CaSki cells that passed through the
polycarbonate membrane in the cells transfect-
ed with pCMV6-URI compared to control groups
(Figure 4A), whereas siRNA-A knock-down of
URI in C33A and CaSki cells significantly
decreased the number of cells passing through
the well (Figure 4B). These results provided evi-
dence that URI enhances the migration and
invasion capacity of cervical cancer cells.

URI and EMT-related mark gene expression in
cervical cancer cells

To elucidate the potential mechanism of URI
affecting cervical cancer cell migration and
invasion, we selectively examined expression
of genes E-Cadherin, Snail, and Vimentin in
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Figure 4. Effect of URI on migration/invasion of cervical cancer cells by transwell assay. At 48 h after transfection,
cells were reseeded in the upper Transwell chamber for 24 h and then stained with crystal violet. A. Up-regulation
of URI significantly increased the migrated ability of C33A and CaSki cells. The number of pCMV6-URI cells on the
filter surface was larger than untransfected and pCMV6 cells. B. Down-regulation of URI inhibits cell migration of
C33A and CaSki cells. All the experiments were performed in triplicate. URI siRNA group contained significantly less
migrated cells than the control groups. The mean value of invaded cells was shown in right panel. Data was mean

+ SEM, *p<0.05, **P<0.01.

C33A and CaSki cells. These genes are known
to be related to the epithelial-mensenchymal
transition (EMT) that may be involved in cancer
migration, invasion or metastasis of cervical
cancer cells [14]. We examined the correlation
of these genes with URI by manipulating URI
expression in C33A and CaSki cells. The results
showed that over-expression or depletion of
URI does not significantly change the expres-
sion levels of E-Cadherin (Figure 5A) and Snail
(Figure 5B) in both C33A and CaSki cells.
However, compared with control groups, we de-
tected significantly increased Vimentin mRNA
levels in cells over-expressing URI, whereas
knocking down of URI in cervical cancer cells
leads to decreased Vimentin expression (Figure
5C), suggesting a role of URI in regulation of
Vimentin, and therefore, a role in cervical can-
cer invasion or metastasis as previously des-
cribed [15].

URI1 regulation of cisplatin response to cervi-
cal cancer cells

Cisplatin has been widely used for the treat-
ment of various cancers. Cisplatin resistance is
the main reason causing treatment failure and
cancer death, including cervical cancer [16]. To
examine whether URI plays a role in cisplatin
resistance in cervical cancer, we measured the
cell viability of C33A and CaSki cells after trans-
fection with URI/URI siRNA and exposed to dif-
ferent concentration of cisplatin. Due to their
different response to cisplatin, after transfec-
tion for 24 hours, C33A cells were treated with
cisplatin ranging from 0 to 100 uM, while CaSki
cells ranging from O to 50 uM, for 48 hours. The
results showed that forced over-expression of
URI in both C33A and CaSki cells dose-depend-
ently increased their resistance to cisplatin
(Figure 6A, 6B). The mean IC50 of C33A and
CaSki cells transfected with pCMV6-URI was
significantly higher than untransfected and
pCMV6 vector transfected cells (Figure 6C).
Meanwhile, down-regulation of URI by URI siR-
NA-A transfection in both C33A and CaSki cells
enhanced their sensitivity to cisplatin, also in a
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dose-dependent manner (Figure 6D, 6E). The
mean IC50 of URI siRNA-A transfected C33A
and CaSki cells was significantly lower than
that of untransfected cells and scrambled con-
trol (Figure 6F). Together, these results demon-
strated that URI enhances cisplatin resistance
to cervical cancer cells.

Impact of URI expression on cervical cancer
cell apoptosis

As cisplatin-induced DNA damage has been
implicated a role in activation of both intrinsic
and extrinsic apoptotic pathways [17, 18], we
next proceed to evaluate whether URI expres-
sion is associated with cisplatin-induced apop-
tosis in cervical cancer cells. After transfection
for 24 hours with URI siRNA-A, C33A and CaSki
cells were exposed to cisplatin treatment for
48 h and subjected to Annexin-V-FITC/propidi-
um iodide labeling followed by flow cytometry
analysis. The results showed that the total cell
apoptosis rates of the URI siRNA transfected
groups treated with cisplatin were significantly
higher compared with corresponding negative
control groups in both C33A and CaSki cells
(Figure 7). We also performed similar apoptotic
assay in C33A and CaSki cells by transiently
over-expressing URI as described above.
However, the proportion of apoptotic cells did
not show significant difference between URI
over-expression groups and that of control
groups (data not shown). These data suggested
that URI knockdown may promote apoptosis by
enhancing cervical cancer cell response to
cisplatin.

Discussion
URI and HPV in cervical cancer

HPV infection has been demonstrated as the
primary cause for cervical cancer [19].
Oncoproteins from high-risk HPV subtypes,
HPV-16 and HPV-18, are known to play major
roles in cervical cancer tumorigenesis, possibly
through inactivation of RB1 and P53 signaling
pathway [11, 20-23]. Recently, we reported

Am J Cancer Res 2015;5(4):1353-1367
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Figure 6. Effect of cisplatin on C33A and CaSki cell growth. At 24 hours after pCMV6-URI and URI siRNA-A transfec-
tion, C33A and Caski cells were exposed to different doses of cisplatin for 48 h. Cell viability was determined by CCK-
8 assay at 450 nm. A and B. C33A and CaSki cells transfected with pCMV6-URI showed a cisplatin resistance. C.
Graphic representation of the mean IC50 values of cisplatin in C33A and CaSki cells over-expressing URI. D and E.
Knockdown of URI enhanced response of C33A and CaSki cells to cisplatin. F. Graphic representation of the mean
IC50 values of cisplatin in C33A and CaSki cells knockdown of URI. Data was mean + SEM, *p<0.05, **P<0.01.

detection of upregulated URI expression in pre-
cancerous CIN and invasive cervical cancer
compared to normal epithelial cells of the cer-
vix [10]. Given the growing evidence of URI par-
ticipating in multiple tumorigeneses [6-10], this
finding suggests a role of URI in cervical cancer
development. To explore whether URI associ-
ates with HPV and affect cervical cancer onco-
genesis, we examined URI expression in two
established HPV+(CaSki) and HPV-(C33A) cervi-
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cal cancer cell lines. C33A (ATCC# HTB-31) is a
known cervical cancer cell line that does not
contain any HPV copies, while CaSki (ATCC
#CRL-1550) contains hundreds of integrated
HPV16 copies along with some HPV18-related
sequences [11]. We detected similar levels of
URI mRNA transcript and protein in C33A and
CaSki cell lines as demonstrated by (q)RT-PCR
and western blot analyses (Figure 1). We have
performed URI in vitro gain- and loss-of-func-
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Figure 7. The impact of URI Knockdown on cell apoptosis induced by cisplatin. At 24 h after URI siRNA-A transfection, cells were exposed to cisplatin treatment for
48 h, and apoptosis assay was performed using the annexin V-FITC apoptosis detection kit. Cells in the right lower and right upper quadrants were considered as
early and late apoptotic cells respectively. Cells down-regulation of URI have a higher apoptosis rate compared with control groups, **P<0.01.
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tion studies in C33A and CaSki cells to deter-
mine the correlation between URI expression
and the cancer cell biological features, includ-
ing cell growth, proliferation, migration/inva-
sion and apoptosis. While URI over-expression
or depletion indeed influence the oncogenic
behavior of C33A and CaSki cancer cells, no
difference was noticed between these two cell
lines upon URI treatment (Figures 2-7), sug-
gesting that URI may have an impact on cervi-
cal cancer tumorigenesis independent of HPV
or work indirectly with HPV.

Effect of URI on cervical cancer cell oncogenic
property

URI was previously shown to be amplified and
overexpressed in ovarian cancer cell lines and
human ovarian carcinomas. URI also mediates
resistance to cisplatin in ovarian cancer cells,
and thus, considered an oncogene [7]. As to
cervical cancer, we have recently detected
increased URI expression in precancerous CIN
and invasive cancer [10]. In our current study,
we have shown that over-expression of URI in
C33A and CaSki cervical cancer cells promote
cell proliferation, while knockdown of URI led to
inhibition of proliferation. In addition, we have
found that up-regulated URI expression en-
hanced resistance of cervical cancer cells to
cisplatin, while down-regulation of URI promot-
ed apoptosis by enhancing cell response to cis-
platin. These results correspond well with previ-
ous findings in ovarian cancer and support URI
as an oncogenic protein in cervical cancer
pathogenesis. We have further investigated
URI’s function during cervical cancer oncogen-
esis by examining the migration ability of C33A
and CaSki cells using wound healing and tran-
swell cell migration assay. We have shown that
cells with forced URI over-expression by trans-
fection with pCMV6-URI migrated faster and
were more invasive than that of vector and
untransfected controls. Meanwhile, cells sub-
jected to URI knockdown by siRNA-A transfec-
tion showed slower migration rate and were
less aggressive. These results demonstrated
that URI expression is associated with migra-
tion and invasion of cervical cancer cells, and
possibly, plays a role in cervical cancer me-
tastasis.

Potential mechanism of URI in cervical cancer
invasion/metastasis

To explore the potential mechanism, we investi-
gated the correlation of URI with epithelial-mes-
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enchymal transition (EMT) program. EMT de-
notes a process by which epithelial cells lose
epithelial characteristic features but acquire
migratory and invasive properties to become
mesenchymal cells [24]. Notably, EMT program
has been implicated as an important molecular
mechanism for cervical cancer metastasis
[14]. Among the multiple molecules or factors,
Snail has been recognized as a central tran-
scription factor that controls the EMT program
in cervical cancer by repressing E-cadherin
gene expression [14, 25, 26]. It has also been
shown that mesenchymal cells, characterized
by up-regulation of N-cadherin and Vimentin,
may acquire increased migratory and invasive
potentials and promote metastasis during tu-
mor progression [14]. Interestingly, we did not
detect any expression changes of genes Snail
and E-cadherin upon modulation of URI expres-
sion in C33A and CaSki cells. However, we
detected significantly upregulated Vimentin
MRNA transcript in cells over-expressing URI,
while decreased Vimentin expression was ob-
served in cells cells depleted of URI, suggesting
a role of URI in regulation of Vimentin. Vimentin
is a major member of the Il intermediate fila-
ment (IF) protein family [27]. As a known mark-
er of mesenchymal transition, Vimentin has
been shown to be over-expressed in many can-
cers and has been associated with tumor
metastasis [28-31]. Vimentin was previously
detected only in invasive cervical carcinomas
and lymph node metastases, but not in CIN IlI
lesions, suggesting a clear association between
Vimentin expression and metastatic progres-
sion of of cervical cancer [29]. Here, we sur-
mise that URI enhances the migration and inva-
sion of cervical cancer cells, possibly through
modulation of Vimentin expression.

In summary

We have shown that modulation of URI expres-
sion in cervical cancer cells affects their onco-
genic behavior, including cell proliferation,
migration and invasion, as well as resistance to
cisplatin. The correlation of URI with Vimentin
expression in cervical cancer cells suggests a
potential mechanism of URI in cervical cancer
tumorigenesis or metastasis and potentially, as
a therapeutic target. We notice that much re-
mains to be determined regarding the role of
URI in cervical cancer pathogenesis. For ins-
tance, HPV infection has been an established
etiology for cervical cancer. Due to extensive
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work, we limited current research to only one of
each HPV+ or HPV- cervical cancer cell lines
and with transient in vitro studies. Further
investigation using multiple HPV-related cervi-
cal cancer cell lines is warranted. URI may
cause tumorigenesis through other mechanism
such as DNA damage that has recently been
described [32, 33]. Also, the correlation of URI
with activated P13K/AKT/mTOR pathway, a
pathway that frequently occurs in metastatic
and recurrent cervical carcinomas, remains
elusive. However, to best of our knowledge, this
study serves as a pioneer research and our
findings of URI in relation to oncogenic proper-
ties of C33A and CaSki cells provide novel
insights and possible novel therapeutic strate-
gies toward cervical cancer.
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