
Abstract. The prolyl isomerase Pin1, which specifically
catalyzes conformational changes in certain proline-directed
phosphorylation sites, is thought to be a critical catalyst for
multiple oncogenic pathways. However, little is known about
the role of Pin1 in human cervical cancer. Our previous study
showed that Pin1 was overexpressed in cervical cancer
tissues as well as cell lines. In this study, whether Pin1 is
involved in cervical oncogenesis by regulating cyclin D1 was
explored and the potential of Pin1-targeted gene silencing in
inhibiting cellular growth and tumorigenicity in cervical
cancer was investigated. A Pin1-directed shRNA and a sense
Pin1 plasmid were constructed, and then the effects of the
shRNA and the sense plasmid on HeLa cells were evaluated.
The results showed that Pin1 directly regulated cyclin D1
levels. In addition, silencing Pin1 with RNAi significantly
reduced cancer cell proliferation, colony formation, and
strongly enhanced the apoptosis of HeLa cells. It is suggested
that Pin1 may contribute to cervical tumorigenesis by
regulating cyclin D1 expression and Pin1 may serve as a
promising molecular target for diagnostics and therapeutics
in cervical cancer.

Introduction

Phosphorylation of proteins on serine or threonine residues
preceding proline (pSer/Thr-Pro) is a major regulatory
mechanism in cell proliferation and transformation.
Interestingly, the pSer/Thr-Pro motifs in proteins exist in two
distinct cis and trans conformations, whose conversion rate
is normally reduced on phosphorylation, but is catalyzed

specifically by the prolyl isomerase Pin1. Pin1 catalyzes
conformational changes in certain key proline-directed
phosphorylation sites and functions as a pivotal catalyst for
multiple oncogenic pathways (1-8). Recently, it has been
shown that Pin1 is strikingly overexpressed in many different
human cancers (9). Pin1 plays a critical role in the transfor-
mation of mammary epithelial cells and closely associates
with breast cancer grades (8,10). Furthermore, Pin1 expression
is an excellent independent prognostic marker in prostate
cancer (11). These results suggest that the level and function
of Pin1 are pivotal for cell proliferation and oncogenic signaling
(12,13).

Cyclin D1 is a proto-oncogenic cell cycle regulator of the
G1/S check-point in the cell cycle and plays an important
role in the development of many cancers (14,15). A series of
in vitro and in vivo studies demonstrate a close correlation
between Pin1 and cyclin D1 (10,16-18). Pin1 regulates cyclin
D1 gene expression by at least three different mechanisms
(10,19-24), and directly binds to and presumably isomerize
the pThr 286-Pro motif of cyclin D1 thereby preventing its
nuclear export and ubiquitin-mediated degradation, resulting
in cyclin D1 stabilization (17).

Cervical cancer is closely associated with human papilloma-
virus (HPV) infection. But viral infection alone is not sufficient
to initiate malignant transformation, additional genetic changes
must occur in order to elicit malignant transformation (25).
Although Pin1 plays an important role in the transformation
of mammary epithelial cells (26), it is not known whether
Pin1 expression is involved in cervical oncogenesis. In our
previous study, Pin1 expression in cervical cancer tissues as
well as cell lines (HeLa, Siha, C33a, Caski) were examined
(27). Pin1 was strikingly overexpressed in cervical cancers
compared with the normal cervical tissues. Consistently, the
expression levels of Pin1 in all four human cancer cell lines
examined were also higher than that in normal cervical
epithelium. These results indicated that Pin1 overexpression
was prevalent and specific in cervical cancers and contributed
to oncogenesis of uterine cervix. Furthermore, we also found
that the expression of Pin1 increased progressively along
with the disease process from normal cervix to CIN and to
invasive cervical cancer (p<0.05). However, Pin1 protein
levels in invasive cervical cancers were not positively
correlated with any commonly used clinicopathologic
parameters, such as FIGO stage, pathological grade and
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lymph node metastasis. These results were consistent with
that of previous researches in oral squamous cell carcinoma
and colorectal cancer (28,29). Further study showed that Pin1
levels signi-ficantly correlated with cyclin D1 expression in
cervical cancer, which suggested that Pin1 overexpression
might promote transformation and uncontrolled proliferation
of cervical epithelial cells through enhancing cyclin D1
expression and speeding up the cell cycle. Therefore, we
hypothesize that Pin1 is involved in cervical oncogenesis by
regulating cyclin D1.

In the present study, the Pin1 expression was mani-
pulated by application of a Pin1-directed shRNA and a sense
Pin1 plasmid and then the levels of cyclin D1 expression
were tested to evaluate the effects of Pin1 on cyclin D1 in
cervical cancer cell lines. Whether silencing Pin1 by RNAi
blocked cell proliferation and induces apoptosis were
investigated. Here we show that Pin1 overexpression might
increase the expression of endogenous cyclin D1 in cervical
cancer. Silencing Pin1, achieved by RNAi, was able to block
cell proliferation and induce apoptosis in HeLa cells.

Materials and methods

Human cervical cancer cell line. HeLa cells were purchased
from American Type Culture Collection (ATCC). Cells were
cultured in DMEM with 10% fetal bovine serum.

Antibodies. Polyclonal rabbit anti-Pin1 (H-123), monoclonal
mouse anti-cylin D1 antibodies were purchased from Santa
Cruz, USA. RNAi-Ready pSIREN-DNR-DsRed-Express
Vector and pEGFP-C1 Vector were purchased from BD
Biosciences Clontech, USA.

shRNA plasmids construction. The sequence of Pin1 mRNA
was obtained from the GeneBank (No. BC002899). The Pin1
shRNA was designed by the web tools on Invitrogen home-
page. The 297-315 bases of the Pin1 mRNA were chosen as
the blocking target. The designed oligonucleotide to generate
shRNA was synthesized by Invitrogen, USA (Fig. 1). The
corresponding oligonucleotides were resuspended in TE
buffer to a concentration of 100 μM. Briefly, the oligos for
the top strand and the bottom strand were mixed at a 1:1 ratio
then heated to 95˚C for 30 sec to remove all secondary
structure, and then heated at 72˚C for 2 min, 37˚C for 2 min,
25˚C for 2 min, and stored on ice. Then the annealed oligos
were diluted with TE buffer to obtain a concentration of
0.5 μM. Following a ligation reaction the reaction mixture
was incubated for 3 h at room temperature. Finally, the
double strand oligos generating Pin1 shRNA were cloned
into the RNAi-Ready pSIREN-DNR-DsRed-Express Vector.

Similarly, a negative control vector was constructed, and the
recombinant plasmids were named pSIREN-PIN1 and
pSIREN-Con, respectively.

Sense Pin1 plasmid construction. The CDS of Pin1 mRNA
was amplified from HeLa cells with RT-PCR (Fig. 2A). The
PCR primers for positive Pin1 were designed by Oligo soft-
ware. The sequence of the upper primer was 5'-AGGGAATT
CGATGGCGGACGAGGAGAAGCTGC-3' and the lower
primer sequence was 5'-CATGGATCCGCTCCCCACCCTC
ACTCAGTGC-3'. PCR conditions were as follows: 5 min for
pre-denaturation at 94˚C, then 94˚C for 30 sec, 58˚C for 60 sec
and 72˚C for 90 sec for 30 cycles. The PCR product (522 bp)
was purified and restrictively digested with BamH1 and
EcoR1, then cloned into pEGFP-C1 to form pEGFP-C1-Pin1+.
The target gene was in frame with the EGFP coding
sequences, with no intervening in-frame stop codons.

Cell culture and transfection. HeLa cells were cultured in
DMEM, supplemented with 10% FCS. Twenty-four hours
before transfection, 3x105 cells were seeded onto 6-well
plates and incubated at 37˚C in 5% CO2. HeLa cells grown to
80-95% confluence were transfected with 4 μg of plasmid
DNA and 10 μl of Lipofectamine™ 2000 (Invitrogen, USA)
and DMEM media according to the manufacturer's
recommendations. HeLa cells transfected with pSIREN-Con,
pSIREN-PIN1, pEGFP-C1 and pEGFP-C1-Pin1+, were named
HeLa/p-Con, HeLa/p-shRNA, HeLa/G-Con and HeLa/Pin1+,
respectively. Forty-eight hours after transfection, the
brightness of fluorescence in HeLa cells was detected using
fluorescence microscopy directly.

Western blot analysis. HeLa, HeLa/p-Con, HeLa/p-shRNA,
HeLa/G-Con and HeLa/Pin1+ cells extracts were prepared by
detaching the adherent cells with trypsin/EDTA, triplicate
washing with PBS. To detect Pin1 levels using Western
blotting analysis, cell lysates were obtained by sonication of
cell pellets in 50 mmol/l Tris-HCl, pH 8.0, 150 mmol/ l NaCl,
0.5% Triton X-100, 10 μg/ml phenylmethyl sulfonyl
fluoride, and 20 μg/ml leupeptin as described (9,10,11,27).
Lysates were clarified by centrifugation 12,000 g at 4˚C for
30 min. Proteins were resolved by 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, then were transferred at
4˚C in 1 x Tris-glycine-sodium dodecyl sulfate containing 20%
methanol onto nitrocellulose. Immunoblotting was performed
with anti-Pin1, anti-cyclin D1 or anti-actin antibodies as
described (9,10). Bound antibodies were detected by ECL
(Biological Industries kibbutz, Beit Haemek, Israel). Levels
of Pin1, cyclin D1 and actin were quantified by densitometry
using Imagequant software, followed by expressing Pin1 levels
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Figure 1. The shRNA oligonucleotide sequence design. The arrow shows the site of restrictive digestion.
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as Pin1:actin ratios, cyclin D1 as cyclin D1:actin, as described
(9,10). The average ratios were obtained from multiple gels.

Colony formation experiments in soft agar. HeLa cells were
plated in 0.3% soft agar at 24 h after transfection with pSIREN-
Con or pSIREN-PIN1. The colonies were counted in three
different wells in two independent experiments at 15 days
after transfection, and the averages were plotted.

MTT assay. HeLa cells (5x103) were plated in 96-well plates
in DMEM containing 10% NBS in a final volume of 0.2 ml
after being transfected for 12 h. When cells were cultured for
12, 24, 48, 72 and 96 h, MTT was added with 20 μl per well.
When incubated at 37˚C for 4 h, the reaction was blocked by
the addition of 150 μl of DMSO. After being shaken for 15
min, cell proliferation was assessed by detection of the
absorbence of the samples on μQuant (Bio-Tekinstruments,
Inc.) at 570 nm (A570).

Flow cytometry. HeLa cell pellets were prepared by detaching
the adherent cells with trypsin/EDTA 48 h after transfected,
washing with PBS, and were fixed in ice-cold ethanol (75%)
at -20˚C for several days. Then the fixed cells were pelleted,
washed three times with PBS, digested with 10 μg/ml RNase
for 30 min at 37˚C, and stained with 50 μg/ml PI solutions
for 1 h at 4˚C. The DNA content was analyzed and the per-
centage of apoptotic cells was calculated using a FACS (BD,
USA). Experiments were performed in triplicate.

Statistical analysis. All statistical analysis was performed using
SPSS 11.5 software. One-way ANOVA analysis was used to
evaluate the differences among groups. The results of the two-
sided test were considered significant when p<0.05.

Results

Identification of the recombinant plasmids. The E. coli was
transformed with recombinant plasmid DNA. As plasmids
pSIREN-PIN1 and pSIREN-Con carried an ampicillin
resistance gene, the E. coli transformed with pSIREN-PIN1
or pSIREN-Con grew on a selective media containing
ampicillin. Similarly, plasmids pEGFP-C1 and pEGFP-C1-
Pin1+ carried a kanamycin resistance gene, the E. coli
transformed with pEGFP-C1 or pEGFP-C1-Pin1+ grew on a

selective media containing kanamycin. The transformed
E.coli were cultured and amplified in the media containing
ampicillin or kanamycin, respectively. Plasmid DNAs were
digested with restriction enzymes and then analyzed by
electrophoresis. The restriction digest of pSIREN-PIN1 or
pSIREN-Con separated into two bands in the gel (intervened
DNA was 64 bp, and vector was 6.7 kb), (Fig. 2B). The
restriction digest of pEGFP-C1 was a single band (4.7 kb),
and the pEGFP-C1-Pin1+ had two bands (intervened DNA
was 515 bp, and vector was 4.7 kb), (Fig. 2C). DNA
sequencings was done at the same time. Sequencing showed
that the vectors of pSIREN-PIN1 and pSIREN-Con were
completively corrected, while the pEGFP-C1-Pin1+ had lost
6 bp from 82nd to 87th, encoding serine (19th) and glycine
(20th). By blasting on Pubmed and predicting its high structure,
the above two amino acids were coincidently the variable site
and their loss had no effect on the function of Pin1. The two
amino acids were located in the WW domain of Pin1. The
Pin1-WW domain was just required for the localization of
Pin1 into nuclear speckles. Once the Pin1-WW domain was
abnormal, GFP distributed throughout the cell and showed no
localization in nuclear speckles (30). In our present experi-
ments, we clearly identified the nuclear speckles with
fluorescent microscopic inspection after transfection with
pEGFP- C1-Pin1+ in HeLa cells (Fig. 3D), as also shown
previously (30).

Transfection and effects of the recombinant plasmids. HeLa
cells transfected with pSIREN-PIN1, which generate Pin1
shRNA expresses a variant of Discosoma sp. red fluorescence
(Fig. 3). HeLa cells transfected with pEGFP-C1-Pin1+

expresses a red-shifted variant of wild-type GFP. And it has
been optimized so that the brighter the fluorescence, the
higher the expression levels of the respective protein in HeLa
cells.

Then the PIN1 mRNA and protein expression were detected
by RT-PCR and Western blot. Pin1 shRNA significantly
reduced the expression levels of PIN1 mRNA and protein.
After transfected with pSIREN-PIN1 for 48 h, the ratio of
PIN1 mRNA/GAPDH mRNA was 0.19±0.05. Compared with
0.84±0.16 in HeLa/p-Con, the expression of PIN1 mRNA was
inhibited by 77.38% (p<0.05). The ratio of Pin1 protein/ß-actin
protein was 0.33±0.14 and 0.79±0.17 in HeLa/p-shRNA and
HeLa/p-Con, respectively. At the protein level, Pin1 was
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Figure 2. Construction and identifying of the recombinant plasmids. (A), The CDS of Pin1 mRNA was amplified from HeLa cells by RT-PCR (522 bp). (B),
The plasmid pSIREN-PIN1 or pSIREN-Con with the restrictive digestion showed two bands after electrophoresis for 5 min. (C), pEGFP-C1 showed a single
band (4.7 kb) in the gel. pEGFP-C1-Pin1+ showed two bands in the gel (intervened DNA was 515 bp, the vector was 4.7 kb).
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inhibited by 58.23% (p<0.05). The plasmid of pEGFP-C1-Pin1+

could generated GFP-tagged Pin1. Comparing with the
HeLa/ G-Con, PIN1 mRNA and protein were significantly
increased 48 h after transfection in HeLa/Pin1+.

Cyclin D1 expression levels in HeLa cells after manipulation
of Pin1. Given the positive correlation between Pin1 and
cyclin D1 protein expression in cervical cancer tissues (27),
we were interested in determining whether Pin1 overexpression
might increase the expression of endogenous cyclin D1 in
cervical cancer. To examine this possibility, we transiently
transfected a Pin1 expression construct (pEGFP-C1-Pin1+)
into HeLa cells, and examined the changes of endogenous
cyclin D1 expression levels. Pin1 overexpression led to the
elevation of the cyclin D1 protein expression levels in HeLa
cells (Fig. 4). Moreover, to elucidate the effect of Pin1
depletion on cyclin D1 expression, HeLa cells were transiently
transfected with the control vector or a construct expression
shRNA which can interfere with PIN1 mRNA (pSIREN-
PIN1), followed by immunoblotting analysis with anti-Pin1,
cyclin D1 or ß-actin antibodies 48 h after transfection.
Silencing Pin1 significantly reduced the levels of cyclin D1
protein expression in HeLa cells (Fig. 4). Thus, Pin1 levels
could affect the expression of cyclin D1 in HeLa cells.

Silencing Pin1 blocks HeLa cell proliferation. Functionally,
Pin1 is critical for cell proliferation in vivo (1,2,5,11,30).
Phosphorylation-dependent proline isomerization catalyzed
by Pin1 is essential for tumor cell survival and entry mitosis
in vitro (30,31). In the present study, Pin1 was specifically
suppressed by RNA interference, and then its effects on the
proliferation of HeLa cells were explored. The effect of
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Figure 3. Fluorescent imaging of the HeLa cells transfected with recombinant vectors. (A), HeLa cells (x100). (B), HeLa/p-shRNA, HeLa cells transfected
with pSIREN-PIN1 which generate Pin1 shRNA (x100). The recombinant pSIREN-PIN1 constitutively expresses a variant of Discosoma sp. red fluorescent
protein. (C and D), HeLa/Pin1+, HeLa cells transfected with pEGFP-C1-Pin1+ which generate Pin1. The pEGFP-C1-Pin1+ encodes a red-shifted variant of wild-
type GFP, which has been optimized so that the brightness of fluorescence indicates the expression levels in HeLa cells (C, x100). GFP-tagged Pin1
subcellular localization was analyzed by fluorescent microscopic inspection (D, x800). As shown in (D), Pin1 localizes almost exclusively in the cell nucleus
speckles and concentrate at discrete structures.

Figure 4. Manipulation of Pin1 caused changes of cyclin D1 expression
levels in HeLa cells. (A), HeLa, cells analyzed with immunoblotting 48 h after
transient transfection with pSIREN, pSIREN-PIN1, pEGFP-C1 and pEGFP-
C1-Pin1+ respectively. (B), Overexpression of Pin1 (pEGFP-C1-Pin1+) signi-
ficantly increased the expression levels of cyclin D1 protein in HeLa cells
(**p<0.05). In contrast, depletion of Pin1 (pSIREN-PIN1) significantly reduced
the expression levels of cyclin D1 protein in HeLa cells (*p<0.05).
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suppressing Pin1 on cell growth was determined by the
colony formation test. As shown in Fig. 5A and B, HeLa and
HeLa/p-Con cells formed many colonies in soft agar, and the

colonies above were rounder and larger than the HeLa/p-
shRNA colonies. The colony ratios (mean colony count/
100 plated cells ± SD) were as follows: HeLa, 23.67%±4.27;
HeLa/p-Con, 19.67%±4.97; HeLa/p-shRNA, 12.00%±5.21
(p<0.05). The results of MTT assay exhibited a similar
proliferation status (Fig. 5C).

Silencing Pin1 induces apoptosis in HeLa cells. Pin1 deletion
induced apoptosis and prevented cells from entering mitotic
phase (29,30). RNA interference by Pin1 shRNA was used in
this study, and then the effects on cell apoptosis was examined
by FAC Scan analysis. The ratio of apoptosis was 26.76%±7.42
in HeLa/p-shRNA cell, which was significantly higher than
that in HeLa (1.33±0.15) and HeLa/p-Con cell (3.73±0.78)
(p<0.05) (Fig. 6).

Discussion

In the present study, to further verify the possible mechanism
of Pin1 in cervical cancer, some recombinant plasmids were
first constructed and the Pin1 expression levels were tested.
Then the effects of Pin1 on cyclin D1 expression were explored
in cervical cancer cell lines. HeLa cells were transiently trans-
fected with a sense plasmid of Pin1. With the increasing of
the cellular Pin1 expression, cyclin D1 level increased in
HeLa cells. In contrast, Pin1 deletion specifically with RNAi
technique obviously suppressed the expression of cyclin D1.
These results suggested that Pin1 could directly regulate the
activity of cyclin D1 in human cervical cancer. This is
significant given that cyclin D1 is an essential downstream
target for cervical tumorigenesis. It has been shown that, as a
catalyst, Pin1 contributes to cervical tumorigenesis. One of
mechanisms of Pin1 is to regulate cyclin D1 expression in
human cervical cancer. Practically, Pin1 can enhance cyclin
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Figure 5. Effects of Pin1 shRNA on colony formation (A and B) and proliferation (C) of HeLa cells. (A and B), HeLa and HeLa/p-Con cells [(A), the left and the
middle] could form many colonies in soft agar, and the colonies above were rounder and larger than that in HeLa/p-shRNA cells [(A), on the right]. The
reduction in the number of colonies in the HeLa/p-shRNA group was statistically significant compared with that in the HeLa or HeLa/p-Con groups,
(*p<0.05, t-test). (C), Proliferation of HeLa cells was detected with MTT assay. HeLa cells and HeLa cells transfected with pSIREN-Con or pSIREN-PIN1
were reseeded in 96-well plates. The value of A570 was considered as the levels of cell proliferation. HeLa/p-shRNA cells growth was suppressed
significantly (p<0.05).

Figure 6. Silencing Pin1 induces the apoptosis of HeLa cells. (A), Apoptosis
of the three cells groups were analyzed with flow cytometry 48 h after
transfection. (A, left) HeLa cells. (A, middle) HeLa/p-Con cells (HeLa
transiently transfected with p-SIREN-Con). (A, right) HeLa/p-shRNA cells
(HeLa transiently transfected with p-SIREN-PIN1). (B), The ratio of
apoptosis in HeLa/p-shRNA was significantly higher than that in HeLa and
HeLa/p-Con cells. Average apoptotic ratio of three independent experiments
is shown: bars, SE; *p<0.05, ¯2 test.
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D1 expression by activated transcription and post-trans-
criptional stability in breast cancer. Up to now, it has not been
reported why Pin1 is overexpressed in cervical cancer. It is
worthwhile to investigate this in the future.

As the catalytic activity of Pin1 is essential for tumor cell
survival, it is indicated that the inhibition of Pin1 expression
can suppress oncogenesis, offering a new option for anti-
cancer therapy (30-32). Previous results have shown that
Pin1 deletion could induce apoptosis of cancer cells;
overexpression of Pin1 antisense RNA or dominant-negative
Pin1, and application of a known small-molecule Pin1-PPIase
inhibitor, juglone prevented the cancer cells from entering
mitosis (30,33). However, the feasibility of therapeutic Pin1
inhibition has not yet been explored because of the lack of
Pin1-specific inhibitors. Therefore, there is a need for the
development of Pin1-specific deletion. In the present study, a
new technique, RNA interference (RNAi) was used to
specifically suppress Pin1. The results showed that silencing
Pin1, achieved by RNAi, obviously blocked the cell
proliferation and induced apoptosis of HeLa cells. The above
results demonstrated that Pin1 plays an important role during
oncogenesis and promote tumor growth in cervical cancer.
Furthermore, it is also suggested that Pin1 may serve as a
diagnostic marker and also as a novel therapeutic target for
human cervical cancer (32,34).

In conclusion, we showed that Pin1 is overexpressed in
cervical cancer and contributes to cervical tumorigenesis by
increasing the cyclin D1 expression level. Silencing Pin1 with
RNAi blocked cell proliferation and induced apoptosis of
cervical cancer cells along with decreasing the cyclin D1
expression level. Taken together, our study suggested that
Pin1 may be a critical catalyst for oncogenesis by regulating the
cyclin D1 activity, and overexpressed Pin1 may act as a
novel molecular marker for diagnostics and be a specific
target for therapeutics in human cervical cancer.
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