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Vitamin C Inhibits Benzo[a]pyrene-Induced Cell Cycle Changes Partly via
Cyclin D1/ E2F Pathway in Human Embryo Lung Fibroblasts'
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Objective To study the molecular mechanism of the inhibitory effects of vitamin C on benzo[a]pyrene (B[a]P)-induced
changes of cell cycle in human embryo lung fibroblast (HELF) cells. Methods The stable transfectants, HELF transfected
with antisense cyclin D1 and antisense CDK4, were established. Cells were cultured and pretreated with vitamin C before
stimulation with B{a]P for 24 h. The expression levels of cyclin D1, CDK4, E2F1, and E2F4 were determined by Western blot.
Flow cytometric analysis was employed to detect the distributions of cell cycle.  Results  B[a]P significantly elevated the
expression levels of cyclin D1, E2F1, and E2F4 in HELF cells. Vitamin C decreased the expression levels of cyclin D1, E2F1,
and E2F4 in B[a]P-stimulated HELF cells. Dose-dependent relationships were not found between the different concentrations of
vitamin C (10, 100, 500, 1000, and 5000 pmol/L) and the expression levels of cyclin D1, E2F1, and E2F4 in HELF cells. The
expression levels of cyclin D1, E2F1, and E2F4 in B[a]P-treated transfectants were lower than those in B[a]P-treated HELF
cells. The expression levels of cyclin D1 and E2F4 treated with vitamin C and antisense cyclin D1 were decreased compared
with those treated with antisense cyclin D1 alone. The effects of vitamin C combined with antisense CDK4 on the expression
levels of cyclin D1 and E2F1/E2F4 were similar to those of antisense CDK4 alone. B[a]P progressed HELF cells from G1 to S
phase. Both vitamin C and antisense cyclin D1 suppressed the changes of cell cycle progressed by B[a]P. However, antisense
CDK4 did not attenuate the above changes. Vitamin C combined with antisense CDK4 markedly suppressed B[a]P-induced
changes of cell cycle as compared with antisense CDK4. But the inhibitory effects of vitamin C combined with antisense cyclin
D1 on B[a]P-induced changes of cell cycle were similar to those of vitamin C alone or antisense cyclin D1 alone.
Conclusions B[a]P progressed HELF cells from G1 to S phase via intracellular signaling pathway of cyclin D1/E2F. Vitamin
C may modulate this signaling pathway to protect cells from injury caused by B[a]P .
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INTRODUCTION be carcinogenic. The ultimate carcinogenic

metabolite has been considered to be the cytochrome

Polycyclic aromatic hydrocarbons (PAHs) such P4§O isozyme- apd microsomal e.poxide hydrolase-

as B[a]P are widespread environmental contaminants  derived r'netaboht[c;,,ﬂ BPDE, which forms stable
formed as byproducts of combustion!". PAHs have adducts with DNA™ L

been found to be potent mammary carcinogens in In mammalian cells, proliferation is controlled

rodents®. It is believed that B[a]P requires by a series qf positive and negative regulatory factoFs.

biological activation through oxidative metabolism to The functions and regulation of the cyclin
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D1-CDK4(6)-pRB-E2F cascade have been reviewed
thoroughly in recent years. There are many
checkpoints in cell cycle. One of the important
checkpoints is the G1-S checkpoint in late G1 phase.
Cyclin and its partner Cdks, rate-limiting for cells to
enter S phase, are important regulating genes in this
checkpoint. It has been reported that cyclin
#D1-CDK4 complex plays an important role in many
types of cancer. Amplification and overexpression of
the cyclin D1 gene have been reported in many types
of cancer, including breast, bladder, head and neck,
lung, and larynx carcinomas™'., E2F is a
heterodimeric transcription factor composed of one of
six E2F-family proteins bound to a DP family
member. Through its interaction with pRb, E2F
regulates the expression of growth-related genes by

binding to E2F consensus sequences in their promoter.

E2F can act as a positive and a negative element, in
the free form or bound to pRb, respectively''™. All
the six E2F family members bind to the same DNA
sequence, but additional levels of regulation have
been observed as follows: the “activating” E2F1,
E2F2, and E2F3 associate with pRb; E2F-pRb
complexes are found primarily in Gl; the
“repressive” E2F4 and E2F5 prefer binding to p107
and pl30; and E2F6 is the most recently
identified™**.

Ascorbic acid, one of the important water soluble
vitamins, is widely distributed in fresh fruit and
vegetables. Many health benefits have been attributed
to ascorbic acid such as antioxidant, anti-atherogenic,
anti-carcinogenic and immunomodulatory effects. A
number of clinical and epidemiological studies on
anti-carcinogenic effects of ascorbic acid have not
shown any conclusive beneficial effects on various
types of cancer except for gastric cancer’®, One of
the most consistent epidemiological findings is that
the reduced risk of cancer is associated with high
intake of ascorbic acid or vitamin C rich foods.
Biochemical and physiological evidence suggests that
ascorbic acid functions as a free radical scavenger
and inhibits the formation of potentially carcinogenic
N-nitroso compounds, thus offering protection
against stomach cancer''”??, Low intake of ascorbic
acid and other vitamins is associated with an
increased risk of cervical cancer?®%,

Naidu et al have found that ascorbyl
stearate-induced anti-proliferative and apoptotic
effects in ovarian cancer are mediated through cell
cycle arrest and modulation of the IGFIR and
PIBK/AKT2 survival pathways. However, as the
molecular mechanism underlying anti-carcinogenic
activity of ascorbic acid is not elucidated, the relation
between ascorbic acid and cancer is still debatable.
Although ascorbic acid was discovered in 17th
century, the exact role of this vitamin in human

biology and health is still a mystery in view of many
beneficial claims and controversies.

The present study investigated whether vitamin
C pretreatment attenuated the expression of cell cycle
regulators induced by B[a]P in HELF cells and
changed the cell cycle. Results of this study indicate
that vitamin C has antagonistic effects on cell growth
and DNA synthesis. The inhibitory effects of vitamin
C may be attributed to its blockage of signaling
pathways involving cyclin D1/E2F.

MATERIALS AND METHODS

Reagents

RPMI 1640 medium was obtained from GIBCO.
L-glutamine, propidium iodide (PI), ascorbic acid,
Bl[a]P and RNaseA were obtained from Sigma.
Gentamycin sulfate was from Amresco. Transfectam
reagent was obtained from Promega. Antisense cyclin
D1 plasmid and antisense CDK4 plasmid were
established by Yan et al'™. The peroxidase-
conjugated affinity antibodies IgG were purchased
from Jackson. We used the following antibodies:
goat polyclonal anti-actin (c-11), rabbit polyclonal
anti~-E2F1 (c-20), E2F4 (c-20), rabbit monoclonal
anti-CDK4 (c-22), and mouse monoclonal cyclin
D1 (A-12) (Santa Cruz Biotechnology).
Nitrocellulose membranes were from Bio-Rad. The
enhanced chemical luminescence detection system
(ECL kit) was purchased from Santa Cruz
Biotechnology.

Cell Preparation and Culture Condition

HELF cell line was purchased from Peking
Union Medical College. Cells were cultured in
RPMI-1640 with 20 g NaHCO; per liter,
supplemented with 10% fetal bovine serum (FBS), 2
mmol/L. L-glutamine, 50 pg/mL gentamycin sulfate,
in a humidified incubator at 37°C with 5% CO,. The
cultures were dissociated with trypsin and transferred
to new 50 cm? culture flasks one to three times per
week.

Generation of Stable Transfectants

HELF cells were cultured in a 6-well plate until
they reached 85%-90% confluence. Ten micro litre of
Transfectam reagent and 2 pg antisense cyclin D1
plasmid or antisense CDK4 plasmid were used to
transfect each well in the absence of serum. After 2 h,
the medium was replaced with RPMI-1640
containing 10% FBS. Approximately 48 h after the
transfection, the cells were dissociated with 0.25%
trypsin and cell suspensions were placed into 75 mL
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decreased the expression. In order to clarify whether
cyclin D1 and CDK4 were involved in the inhibitory
effects of vitamin C on B[a]P-induced cell cycle
progression and cell proliferation in HELF cells,
antisense cyclin D1 and CDK4 plasmids were
transfected into HELF cells to inhibit the
transcriptional levels of cyclin D1 and CDK4
separately. Western blot analysis demonstrated that
the expression levels of cyclin D1, E2F1, and E2F4
in B[a]P-treated HELF transfectants were lower than
those in B[a]P-stimulated HELF cells, suggesting that
antisense cyclin D1 and CDK4 inhibit the
transcription of cyclin D1 and CDK4 genes. The
expression of E2F appeared to be dependent on
cyclin D1 in B[a]P-treated HELF cells. The
expression levels of cyclin D1 and E2F4 treated with
vitamin C and antisense cyclin D1 were lower than
those treated with antisense cyclin D1 alone.

The changes of cell cycle were consistent with
the changes of the cyclin D1 and E2F expressions in
HELF cells. B[a]P increased the percentages of S
phase cells, suggesting that B[a]P progressed cells
from G1 to S phase. Both vitamin C and antisense
cyclin D1 are capable of suppressing the changes of
cell cycle induced by B[a]P. Moreover, vitamin C
combined with antisense CDK4 significantly
suppressed B[a]P-induced changes of cell cycle
compared with antisense CDK4 alone. These results
suggest that vitamin C inhibits B[a]P-induced cell
cycle changes in HELF cells and decreases the
overexpressions of cyclin D1, E2F1 and E2F4. The
signaling mechanism of vitamin C in protecting
against B[a]P-induced cell cycle progression appears
to be partly via cyclin D1/ E2F pathway.

Taken together, these data indicate that B[a]P
promotes cell cycle progression via intracellular
signaling pathway involving cyclin D1/E2F. Vitamin
C, in addition to its antioxidant properties, may
modulate this signaling pathway to protect cells from
injury caused by B[a]P. The intracellular signaling
mechanisms at multiple stages remain to be further
elucidated.
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