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Calcitriol (10,,25-dihydroxyvitamin D3) has demonstrated anticancer activity against several tumors. However,
the underlying mechanism for this activity is not yet fully understood. Our experiment was designed and
performed to address one aspect of this issue in cervical cancer. HeLa S3 cells were cultured in media with
various concentrations of calcitriol. Cell proliferation and cell cycle were assessed by spectrophotometry and
flow cytometry, respectively. The mRNA and protein expression levels of human cervical cancer oncogene
(HCCR-1) and p21 were determined by RT-PCR and Western blot, respectively. Results indicated that cal-
citriol inhibited HeLa S3 cell proliferation and induced cell cycle arrest at the G, phase. Calcitriol decreased
HCCR-1 protein expression in a dose- and time-dependent manner. Furthermore, promoter activity analyses
revealed that transcriptional regulation was involved in the inhibition of HCCR-1 expression. Overexpression
of HCCR-1 in HeLa S3 cells reversed the inhibition of cell proliferation and G, phase arrest that resulted from
calcitriol treatment. In addition, calcitriol increased p21 expression and promoter activity. HCCR-1 overex-
pression decreased p21 expression and promoter activity. Thus, our results suggested that calcitriol inhibited

HeLa S3 cell proliferation by decreasing HCCR-1 expression and increasing p21 expression.
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INTRODUCTION

Calcitriol (1o,25-dihydroxyvitamin D3), which has
a long-recognized function of mineralizing the skeleton
by maintaining serum calcium and phosphorus (1), has
recently attracted increasing attention because of its
anticancer effects. Several retrospective and prospective
investigations revealed that serum vitamin D deficiency
increases cancer incidence and lethality (2-5). Beneficial
roles of vitamin D during cancer treatment have also been
suggested (4,6,7). High concentration of serum vitamin
D has been proven beneficial in the prevention and treat-
ment of breast cancer (8), lung cancer (9), pancreatic can-
cer (10), prostate cancer (11), colon cancer, and leukemia
(12). However, the mechanism underlying the anticancer
effects of vitamin D has been barely elucidated.

Cervical cancer is the most common cause of death
from cancer for women in the developing countries, with
529,512 new cases diagnosed per year worldwide (13). In
2010, a case-control study revealed an inverse association
between dietary calcium and vitamin D intake and cervi-
cal neoplasia risk in Japanese women (14), suggesting
that vitamin D can decrease the incidence rate of cervical

carcinoma. However, little is known about the effect of
vitamin D on cervical cancer development.

Human cervical cancer oncogene (HCCR-1), a gene
first indentified in a carcinoma tissue of cervical cancer
(15), is overexpressed in various human tumors, including
leukemia, lymphoma, and carcinomas of the breast, kidney,
ovary, stomach, colon, and uterine cervix. HCCR-1 can
contribute to neoplastic cellular transformation and tumori-
genesis (16), stimulate morphogenesis of epithelia or mes-
enchyme, and is involved in transdifferentiation processes
of cancer stem cell. In vitro cell experiments showed that
HCCR-1 can induce epithelial-mesenchymal transition and
mesenchymal—epithelial transition in humans and mice,
respectively (17). In addition, HCCR-1 is overexpressed
in cervical cancer tissues and cell lines but undetectable in
normal cervical tissue (16), suggesting that HCCR-1 might
play an important role in cervical carcinoma development.

The p21 protein is a cyclin-dependent kinase inhibi-
tor that inhibits the activity of cyclin-CDK2, -CDK1, and
-CDK4/6 complexes through binding; thus, it regulates
cell cycle progression at the G, and S phases (18). p21 is
involved in tumorigenesis as it is both a classical tumor
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suppressor and an oncogene, depending on cellular con-
text (19). p21 has been shown to be downregulated by
calcitriol in vitro and in vivo (20). The role of p21 in cer-
vical cancer progression should be further explored.

In this investigation, we evaluated a possible mechanism
for the anticancer effect of calcitriol on cervical carcinoma.

MATERIALS AND METHODS
Proliferation Assays

HeLa S3 cells obtained from the American Type
Culture Collection were plated at a density of 1,000 cells/
well in 96-well plates of Dulbecco’s modified Eagle’s
medium (DMEM) with 10% fetal bovine serum (FBS),
treated with 1% ethanol (control) or various concentra-
tions of calcitriol (100, 200, and 500 nM) (Sigma-Aldrich
Co., St. Louis, MO, USA) for 72 h. A Cell Counting Kit8
(CCK-8) (Dojindo Laboratories, Kumamoto, Japan) was
used to determine cell proliferation. At 24, 48, 72, 96,
120, and 144 h after culturing with 200 nM calcitriol,
cells were harvested for analysis. Three independent
experiments were performed in quadruplicate.
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Cell Cycle Analysis

Cell cycle distribution was profiled through the cel-
lular DNA content measured by flow cytometry. HeLa
S3 cells (less than 70% confluence) were collected and
then fixed with 70% (v/v) ice-cold ethanol for more than
2 h. Fixed cells were pelleted and resuspended in propid-
ium iodide (PI) staining buffer consisting of 0.1% (v/v)
Triton X-100, 10 pg/ml PI, and 100 pg/ml DNase-free
RNase A in PBS for 30 min. Cells were then sorted by
a FACSCalibur™ flow cytometer (BD Biosciences, San
Jose, CA, USA), and data were analyzed with ModFit LT
software.

Expression Vector Construction and Transfection

Human HCCR-1 cDNA clone (NM_015416) was
purchased from (Shanghai Genechem Co., Ltd.), and the
open reading frame of the HCCR-1 gene was amplified
by PCR using pfu polymerase. The PCR product was
inserted to pcDNA3.1 vector (Invitrogen, Carlsbad, CA,
USA) using a recombinant cloning technology (Gene
script). Cells were cultured to 30% confluence, and
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Figure 1. Calcitriol decreased Hel.a S3 cell proliferation and induced G, phase accumulation. (A) HeLa S3 cells were cultured in
DMEM with 10% FBS and treated with vehicle (0.1% alcohol), 100 nM, 200 nM, and 500 nM calcitriol. Cell count at day O was arbi-
trarily set as 1. Data shown are proliferation fold changes following 6 days of treatment. (B) HeLa S3 cells treated with 0.1% alcohol
(control), 200 nM, or 500 nM calcitriol for 72 h were harvested and subjected to flow cytometry analysis to determine the proportion
of cells at each cell cycle phase. ModFit software was used to analyze flow cytometry data.
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transfection of the expression vectors into HeLa S3 cells
was performed using FuGENE HD reagent (Promega
Corp., Fitchburg, WI, USA) according to the manufac-
turer’s instructions.

Western Blot Analysis

Protein extracted from cells were separated on sodium
dodecyl sulfate-polyacrylamide gel and transferred to poly-
vinylidene fluoride membranes (Pall Corp., Port Wash-
ington, NY, USA). After blocking with 5% nonfat milk,
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the membranes were incubated with an appropriate dilu-
tion of primary antibodies against HCCR-1, p21, and
B-actin (Santa Cruz, Dallas, TX, USA). This step was
followed by incubation with horseradish peroxidase-
conjugated secondary antibody (Santa Cruz) according to
the manufacturer’s instructions. Immunoreactive bands
were visualized by enhanced chemiluminescence (Thermo
Scientific, Waltham, MA, USA) according to the manu-
facturer’s instructions, and subsequent luminescence sig-
nals were obtained by Kodak Image Station 4000.
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Figure 2. Calcitriol decreased HCCR-1 expression in HeL.a S3 cells at transcriptional and protein levels. (A) HeLa S3 cells were
treated with 200 nM calcitriol. At the indicated time point, total protein was isolated and subjected to Western blot analysis to deter-
mine HCCR-1 expression. (B) HeLa S3 cells were treated with vehicle (0.1% alcohol), 100 nM, 200 nM, or 500 nM calcitriol for
2 days. Western blot analysis showed that calcitriol inhibited HCCR-1 expression in a dose-dependent manner. (C) HeLa S3 cells were
treated with 200 nM calcitriol for 72 h. Real-time PCR was performed to analyze HCCR-1 mRNA expression. (D) Dual-luciferase
assay showed that HCCR-1 promoter activity decreased to 28% following 3 days of treatment with 200 nM calcitriol.
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Reverse Transcription and Real-Time PCR

Total RNA was extracted from the cells using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA), and 1 pg of
total RNA was used for reverse transcription. The mRNA
levels of HCCR-1 and GAPDH were examined by real-
time PCR (Applied Biosystems 7500 Real-Time PCR
System; Life Technologies, Carlsbad, CA, USA) using
SYBR® Green PCR Master Mix (Life Technologies).
The following thermal profile was used for PCR ampli-
fication: initial denaturation for 10 min at 95°C, 40
cycles of denaturation for 10 s at 95°C, and extension
and annealing for 40 s at 60°C. The following primers
were used, with the expected PCR product length
given in terms of base pair (bp): HCCR-1 (118 bp):
5’-CAGTCACCCCTGGACATTTTGT-3’ (sense), 5"-AA
GTTCTTCACATCTGCCTTTGGA-3" (antisense); p21
(109 bp): 5-TGGAGACTCTCAGGGTCGAA-3’ (sense),
5-CTTCCTGTGGGCGGATTAGG-3’ (antisense); GAPDH
(115 bp): 5-TCTTTTGCGTCGCCAGCCGAG-3’ (sense),
5-CAGAGTTAAAAGCAGCCCTGGTGAC-3’ (antisense).
Relative expression levels of HCCR-1 in real time were
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analyzed using the 272" method (14). Results were
expressed in fold induction by comparing with the con-
trol (0 nM calcitriol), which was arbitrarily set as 1. Each
sample was replicated twice from three independent sets
of RNA preparations.

Promoter Activity Assay

The promoter regions of HCCR-1 (1,632 bp) and
p21 (934 bp) were inserted into pGL3-Basic Vector
(Promega Corp.) using a recombinant cloning tech-
nology (GenScript). Cells with 70% confluence were
cotransfected with 1 pg of promoter/pGL3 basic chime-
rical plasmid (expressing firefly luciferase) and 0.02 pg
of pRL-CMV plasmid (expressing Renilla luciferase)
(Promega Corp.), following the instructions of FuGENE
HD (Promega Corp.). Promoter activities were detected
following the protocol of Dual-Luciferase® Reporter
Assay System (Promega Corp.) on a Synergy H1 Hybrid
Multi-Mode Microplate Reader (Biotek, Winooski, VT,
USA). Firefly luciferase values were standardized to
Renilla values.
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Figure 3. HCCR-1 overexpression blocked calcitriol-induced HeLa S3 cell proliferation defect and G, phase accumulation. (A) With
transfection of the control vector (pcDNA3.1), 200 nM calcitriol decreased HCCR-1 expression following 3 days of treatment. Delivery
of HCCR-1-pcDNA3.1 to HeLa S3 cells enforced HCCR-1 overexpression compared with pcDNA3.1 empty vector (control), even
under 200 nM calcitriol treatment. (B) Cell count at day 0 was arbitrarily set as 1. Data shown are proliferation fold changes following
6 days of treatment. (C) HeLa S3 cells were treated with 1% alcohol (control) or 200 nM calcitriol and then transfected with pcDNA3.1
or HCCR-1-pcDNA3.1 as indicated. After 72 h, cells were harvested and subjected to flow cytometry analysis to determine the propor-
tion of cells at each cell cycle phase. ModFit software was used to analyze flow cytometry data.
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Statistical Analysis

Error bars were generated by calculating the standard
error of each independent experiment. Each independent data
point was generated from three averaged RT-PCR reactions.

RESULTS

Calcitriol Inhibited HeLa S3 Cell Proliferation
and Induced Cell Cycle Arrest at G, Phase

Calcitriol exerted antiproliferative effects on cervical
cancer cells in vitro. As shown in Figure 1, cells decreased
by 12.8% when treated with 100 nM calcitriol for 6 days,
compared with control. Inhibition of cell proliferation
became more pronounced with the increase in calcitriol
concentration. The decrease was 26.1% and 31.6% for 200
and 500 nM calcitriol, respectively. These data suggested
that calcitriol inhibited HeLa S3 cell proliferation in a
dose-dependent manner. Given that cell cycle progression
has an important effect on cell proliferation, we detected
cell cycle distribution of HeLa S3 cells during calcitriol
treatment. As shown in Figure 1B, treatment with calcitriol
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for 72 h induced an evident accumulation of cells in the G,
phase, with approximately 66.18% in 200 nM and 78.10%
in 500 nM, compared with the control (24.36%).

Calcitriol Decreased HCCR-1 Expression
in HeLa S3 Cells

HCCR-1 is evidently overexpressed in cervical can-
cer, and its function is related to proliferation and cell
cycle progression. Hence, we determined whether this
gene is affected by calcitriol. As shown in Figure 2, cal-
citriol treatment significantly decreased HCCR-1 protein
expression compared with the control in a time (Fig. 2A,
except for that at 24 h)- and dose (Fig. 2B)-dependent
manner. To clarify whether downregulation of HCCR-1
results from mRNA transcription, we analyzed HCCR-1
mRNA level and its promoter activity. Treatment of HeLa
S3 cell with 200 nM calcitriol for 72 h decreased HCCR-1
mRNA to 32% (p<0.05) (Fig. 2C). Dual-luciferase assay
showed that 200 nM calcitriol significantly decreased
HCCR-1 promoter activity to 28% compared with vehi-
cle control (Fig. 2D).
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Figure 4. HCCR-1 overexpression blocked calcitriol-induced p21 expression and promoter activation. HeLa S3 cells were treated
with 0.1% alcohol (control) or 200 nM calcitriol, transfected with pcDNA3.1 or HCCR-1-pcDNA3.1 as indicated, and cultured for
72 h. (A) Western blot analysis demonstrated that calcitriol-induced p21 protein expression was blocked by HCCR-1 overexpression.
(B) Real-time PCR showed that calcitriol-induced p21 mRNA upregulation was blocked by HCCR-1 overexpression. (C) Dual-
luciferase assay showed that calcitriol-induced p21 promoter activation was blocked by HCCR-1 overexpression.
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Overexpression of HCCR-1 Blocked Calcitriol-Induced
Proliferation Inhibition and G, Phase Accumulation

To clarify whether HCCR-1 is a downstream effector of
calcitriol, we enforced the expression of HCCR-1 in HeLa
S3 cells treated with calcitriol. Cell proliferation was assessed
by CCK-8 assay. As shown in Figure 3A, with transfec-
tion of control vector (pcDNA3.1), calcitriol also inhibited
HCCR-1 expression, which demonstrated that transfection
of the control vector had no influence on calcitriol-induced
HeLa S3 proliferation defect. Overexpression of HCCR-1
was achieved by delivery of HCCR-1-pcDNA3.1 vector to
HeLa S3 cells even when cells were treated with 200 nM
calcitriol. Figure 3B shows that 200 nM calcitriol inhib-
ited HeLLa S3 cell proliferation by 24% with transfection
of the control vector. Overexpression of HCCR-1 through
HCCR-1-pcDNA3.1 vector transfection not only blocked
calcitriol-induced proliferation inhibition but also increased
cell proliferation by 55% compared with cells transfected
with control vector following 6 days of treatment. Figure 3C
shows that overexpression of HCCR-1 arrested calcitriol-
induced G, phase arrest.

A Calcitiol 0 200nM 200nM
pcDNA3.1 + 4+  —
HCCR1-pcDNA31 — —  +

C Calcitriol
pcDNA3.1
HCCR1-pcDNA3.1

WANG ET AL.

p21 Was Involved in HCCR-1 Downregulation-Mediated
Proliferation Defect and G, Phase Accumulation

P21 is a potent inhibitor of cell cycle progression and
has important roles in cell proliferation. Thus, we deter-
mined whether p21 is involved in this process. As shown
in Figure 4A, calcitriol increased p21 mRNA, whereas
overexpression of HCCR-1 blocked calcitriol-induced
p21 protein upregulation. Figure 4B shows that p21
mRNA increased by 2.7-fold after calcitriol treatment,
and HCCR-1 overexpression decreased p21 mRNA to
15%. Figure 4C shows that calcitriol enhanced p21 pro-
moter activity by 3.1-fold, and HCCR-1 overexpression
decreased p21 promoter activity to 20%. Calcitriol treat-
ment resulted in decreased expression of p27, which is
also a G, CDK inhibitor, as well as decreased upstream
factor phosphorylated p53 (Fig. 5A). G, phase CDKs
(CDK2 and CDK4) and cyclins (cyclin DI, cyclin A,
and cyclin E) were upregulated by 200 nM calcitriol
treatment (Fig. 5B and C). Overexpression of HCCR-1
also reversed the effect of calcitriol on these cell cycle
progression-related factors.
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Figure 5. Overexpression of HCCR-1 reversed the effect of calcitriol on cell cycle progression-related factors. HeLa S3 cells were treated
with 0.1% alcohol (control) or 200 nM calcitriol, transfected with pcDNA3.1 or HCCR-1-pcDNA3.1 as indicated, and cultured for 72 h.
(A) Western blot analysis demonstrated that calcitriol-induced p27 and phosphorylated p53 protein expression was blocked by HCCR-1
overexpression. (B) G, phase CDKs (CDK2 and CDK4) were upregulated by calcitriol and blocked by HCCR-1 overexpression. (C) G,
phase cyclins (cyclin D1, cyclin A, and cyclin E) were upregulated by calcitriol and blocked by HCCR-1 overexpression.
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DISCUSSION

Vitamin D, a fat-soluble vitamin, has long been known
for its classic role in bone health and calcium homeosta-
sis. Activities of this steroid hormone are not confined to
the maintenance of bone health and mineral metabolism.
Vitamin D can be taken in the diet or synthesized in the
skin, and it undergoes two hydroxylation steps to gener-
ate calcitriol, which is the most active form of vitamin D.
Vitamin D and its receptor have been implicated in cancer
prevention and treatment. Several observational studies
have demonstrated the inverse association between vita-
min D serum levels and cancer incidence and mortality
(21,22), such as in breast cancer, colorectal cancer, and
prostate cancer (23).

Vitamin D or its analogs can enhance anticancer activ-
ity of some antineoplastic agents, such as 5-fluorouracil
(24), irinotecan oxaliplatin (25), and cisplatin (26). VDR
gene polymorphism has been associated with cancer inci-
dence (27,28), such as breast cancer risk (29), ovarian can-
cer risk (30,31), and pancreatic cancer (32). In vitro cell
models showed that vitamin D inhibits the proliferation of
numerous cancer cells, such as human pancreatic cancer
cells (33) and lung cancer cells (34). These data suggested
that the antitumor effect of vitamin D is multifold. In the
present study, we showed that calcitriol inhibited HeLa S3
cell proliferation in a dose- and time-dependent manner.
Moreover, calcitriol induced HeLa S3 cell arrest at the G,
phase, indicating that cell cycle arrest might be responsible
for calcitriol-induced proliferation disability. This in vitro
cell experiment provided a possible mechanism for the
clinical observation that vitamin D deficiency contributes
to high mortality from colorectal cancer.

To date, sufficient evidence indicated that HCCR-1
is a tumorigenic gene. Overexpression of HCCR-1 in
NIH3T3 cells induces elevated transformation efficiency
and colony formation in soft agar (16). Silencing of
HCCR-1 induces apoptosis and suppresses the aggressive
phenotype of hepatocellular carcinoma cells in culture
(35). HCCR-1 functions as a negative regulator of p53
tumor suppressor, decreasing the expression of the p53-
responsive gene, such as CDKNIA, MDM2, and BAX
(16). Through direct protein interaction, HCCR-1 medi-
ates HCCRBP3- and HCCRBP2-induced tumorigenesis
(36,37). In addition, HCCR-1 is overexpressed in cervical
cancer tissue but cannot be detected by RT-PCR in normal
cervical tissues (16), suggesting that HCCR-1 might play
an important role during cervical tumor development.
These data suggested that HCCR-1 is a possible target for
antitumor therapy, particularly for cervical carcinoma.

Similar to other nuclear receptors, VDR modulates
cell biological behavior by activating or repressing the
transcription of target genes. Currently, only a limited
number of target genes are regulated by calcitriol. Our
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data showed that HCCR-1 protein in HeLa cells clearly
decreased under calcitriol treatment. Similarly, promoter
activity assay indicated that decreased transcription was
the mechanism involved in the calcitriol-induced sup-
pression of HCCR-1 expression. These findings sug-
gested that HCCR-1 might be a target of calcitriol. In
this investigation, calcitriol treatment decreased HCCR-1
expression in HelLa S3 cells, promoted proliferation,
and induced G, phase accumulation. Enhanced HCCR-1
expression blocked calcitriol-induced proliferation defect
and cell cycle arrest, indicating that HCCR-1 downregu-
lation might mediate calcitriol-induced proliferation inhi-
bition and cell cycle arrest.

p21 is a potent cell cycle inhibitor involved in tumori-
genesis (19). Our results showed that calcitriol increased
p21 expression. However, p21 has been shown to be
downregulated by calcitriol in vitro and in vivo (20),
which is contrary to our results. The discrepancy in the
results may be due to different cell lines used or differ-
ent cell harvesting times. A previous study demonstrated
that HCCR-1 overexpression downregulates p21 expres-
sion in NCI-H460 cells and RKO cells (16). We found a
similar result; overexpression of HCCR-1 blocked calci-
triol-induced p21 upregulation, indicating that p21 was a
downstream effector for calcitriol and HCCR-1 to exert
control over cell cycle progression. Calcitriol also upreg-
ulated other cell cycle progression effectors, and overex-
pression of HCCR-1 also reversed the effect of calcitriol
on cell cycle-related factors.

In summary, cell culture data in HeLa S3 cells sug-
gested that calcitriol could play a beneficial role in the
prevention and treatment of cervical cancer in women.
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