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Hedyotis diffusa Willd extract inhibits HT-29
cell proliferation via cell cycle arrest
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Abstract. Hedyotis diffusa Willd (HDW) has long been
used as an important component in several Chinese medicine
formulae to clinically treat various types of cancer, including
colorectal cancer (CRC). Previously, we reported that HDW
inhibits CRC growth via the induction of cancer cell apop-
tosis and the inhibition of tumor angiogenesis. In the present
study, to further elucidate the mechanism of HDW-mediated
antitumor activity, we investigated the effect of HDW ethanol
extract (EEHDW) on the proliferation of HT-29 human colon
carcinoma cells. We found that EEHDW reduced HT-29 cell
viability and survival in a dose- and time-dependent manner.
We also observed that EEHDW treatment blocked the cell
cycle, preventing Gl1 to S progression, and reduced mRNA
expression of pro-proliferative PCNA, Cyclin D1 and CDK4,
but increased that of anti-proliferative p21. Our findings
suggest that Hedyotis diffusa Willd may be an effective treat-
ment for CRC via the suppression of cancer cell proliferation.
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Introduction

Cancer cells are characterized by uncontrolled prolif-
eration (1), therefore inhibiting the excessive proliferation of
tumor cells is one of the key approaches for the development
of anti-cancer drugs. Eukaryotic cell proliferation is regulated
by the cell cycle, which is divided into a series of phases. G1/S
transition is one of the two main checkpoints that control cell
cycle progression (2). G1/S progression is mainly regulated
by Cyclin D1 and Cyclin-dependent kinase 4 (CDK4) (3.4).
PCNA is an acidic nuclear protein that has been recognized as
a histological marker for the G1/S phase in the cell cycle (5).
p21 is a CDK inhibitor, which can bind to CDK-Cyclin
complexes and alter their function in order to suppress cell
proliferation (6).

Drug resistance and toxicity against normal cells limit
the effectiveness of current chemotherapies for the treatment
of colorectal cancer (CRC) (7-10), which is a serious public
health problem worldwide (11). These problems highlight the
urgent need for the development of novel cancer chemothera-
pies. Recently, natural products have received great interest
since they have relatively few side effects compared with
modern chemotherapeutics and have been used clinically
for thousands of years as significant alternative remedies for
a variety of diseases including cancer (12-17). One prom-
ising medicinal plant is Hedyotis diffusa Willd (HDW) that
belongs to the Rubiaceae family and is widely distributed
throughout Northeast Asia. As a well-known traditional
Chinese folk-medicine, it is used for heat-clearing, detoxifica-
tion, promotion of blood circulation and the removal of blood
stasis (18). HDW has also long been used as an significant
component in several Chinese medicine formulae to treat
various types of cancer, including CRC (18-20). Previously,
we reported that Hedyotis diffusa Willd inhibits the growth of
CRC, likely via the induction of cancer cell apoptosis and the
inhibition of tumor angiogenesis (21,22). To further elucidate
the mechanism of the tumoricidal activity of HDW we investi-
gated its effect on the proliferation of human colon carcinoma
HT-29 cells.
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Materials and methods

Materials and reagents. Dulbecco's modified Eagle's medium
(DMEM), fetal bovine serum (FBS), penicillin-streptomycin,
Trypsin-EDTA and TRIzol reagent were purchased from
Invitrogen (Carlsbad, CA, USA). SuperScript II reverse tran-
scriptase was obtained from Promega (Madison, WI, USA).
All other chemicals, unless otherwise stated, were obtained
from Sigma Chemicals (St. Louis, MO, USA).

Preparation of ethanol extract of Hedyotis diffusa Willd
(EEHDW). EEHDW was prepared as described previ-
ously (20,21). Briefly, stock solutions of EEHDW were
prepared by dissolving the EEHDW powder in 40% DMSO
to a final concentration of 400 mg/ml and stored at -20°C. The
working concentrations of EEHDW were made by diluting the
stock solution in the culture medium. The final concentrations
of DMSO in the medium were <0.5%.

Cell culture. Human colon carcinoma HT-29 cells were
obtained from the American Type Culture Collection (ATCC,
Manassas, VA, USA). HT-29 cells were grown in DMEM.
DMEM was supplemented with 10% (v/v) FBS, 100 units/ml
penicillin and 100 pg/ml streptomycin. Cells were cultured at
37°C and 5% CO, in a humidified environment.

Cell viability evaluation. Cell viability was assessed by MTT
colorimetric assay. HT-29 cells were seeded into 96-well plates
at a density of 1x10* cells/well in 0.1 ml medium. The cells
were treated with various concentrations (0, 1, 3 and 5 mg/ml)
of EEHDW for various periods of time. At the end of the
treatment, 10 1 MTT (5 mg/ml in phosphate-buffered saline,
PBS) was added to each well and the samples were incubated
for an additional 4 h at 37°C. The purple-blue MTT formazan
precipitate was dissolved in 100 1 DMSO. The absorbance
was measured at 570 nm using an ELISA reader (BioTek,
Model ELX800, Winooski, VT, USA).

Colony formation assay. The HT-29 cells were seeded into
6-well plates at a density of 2x10° cells/well and treated with
various concentrations (0, 1, 3 and 5 mg/ml) of EEHDW
for 24 h. The cells were then diluted in fresh medium in
the absence of EEHDW and reseeded into 6-well plates at a
density of 1.5x10* cells/well. Following incubation for 7 or
8 days in a 37°C humidified incubator with 5% CO,, the colo-
nies were counted under a light microscope. Cell survival was
calculated by normalizing the survival of the control cells as
100%.

Cell cycle analysis. The cell cycle analysis was carried out
by flow cytometry using a fluorescence-activated cell sorting
(FACS) MoFlo XDP (Beckman Coulter, Miami, FL, USA)
and propidium iodide (PI) staining. Following treatment with
the indicated concentrations (0, 1, 3 and 5 mg/ml) of EEHDW
for 24 h, HT-29 cells were harvested and adjusted to a concen-
tration of 1x10° cells/ml, then fixed in 70% ethanol at 4°C
overnight. The fixed cells were washed twice with cold PBS
and then incubated for 30 min with RNase (8 yg/ml) and PI
(10 pg/ml). The fluorescent signal was detected through the
FL2 channel and the proportion of DNA in various phases was
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Figure 1. Effect of EEHDW on HT-29 cell viability. Cells were treated with
various concentrations of EEHDW for the indicated time periods. Cell
viability was determined by MTT assay. The data were normalized to the
viability of control cells (100%, treated with 0.5% DMSO vehicle). Data are
means with SD (standard deviation; error bars) from at least three indepen-
dent experiments. "P<0.05, versus untreated control cells; “P<0.05, versus
cells treated for 3 h with the same dose of EEHDW. EEHDW, ethanol extract
of Hedyotis Diffusa Willd.

analyzed using ModfitLT Version 3.0 (Verity Software House,
Topsham, ME, USA).

RNA extraction and RT-PCR analysis. A total of 2x10° HT-29
cells were seeded into 6-well plates in 2 ml medium and treated
with indicated concentrations (0, 1, 3 and 5 mg/ml) of EEHDW
for 24 h. Total RNA was isolated using TRIzol reagent.
Oligo(dT)-primed RNA (1 pg) was reverse-transcribed with
SuperScript II reverse transcriptase (Promega) according to the
manufacturer's instructions. The obtained cDNA was used to
determine the mRNA levels of Cyclin D1, CDK4, PCNA and
p21 by PCR. GAPDH was used as an internal control. The
sequences of the primers used for amplification of Cyclin DI,
CDK4, PCNA, p21 and GAPDH transcripts are as follows:
Cyclin D1 forward 5-TGGATGCTGGAGGTCTGCGAG
GAA-3' and reverse 5'-GGCTTCGATCTGCTCCTGGCA
GGC-3' [Temperature (Tm), 55°C; 573 bp]; CDK4 forward
5'-CATGTAGACCAGGACCTAAGC-3' and reverse 5-AAC
TGGCGCATCAGATCCTAG-3' (Tm, 58°C; 206 bp); PCNA
forward 5'-GCTGACATGGGACACTTA-3', and reverse
5'-CTCAGGTACAAACTTGGTG-3' (Tm, 56°C; 610 bp); p21
forward 5'-GCGACTGTGATGCGCTAATGG-3', and reverse
5'-TAGAAATCTGTCATGCTGGTCTGC-3"' (Tm=55°C,
358 bp); GAPDH forward 5'-CGACCACTTTGTCAAG CTCA-
3", and reverse 5-AGGGGTCTACATGGCAACTG-3' (Tm,
58°C; 240 bp). Samples were analyzed by gel electrophoresis
(1.5% agarose). The DNA bands were examined using a Gel
Documentation system (BioRad, Model Gel Doc 2000, USA).

Statistical analysis. All data were expressed as the means of
three independent experiments and data was analyzed using
the SPSS package for Windows (Version 11.5; Chicago, IL,
USA). Statistical analysis of the data was performed using a
Student's t-test and ANOVA. P<0.05 was considered to indi-
cate a statistically significant result.

Results

EEHDW inhibits the proliferation of HT-29 cells. We exam-
ined the effect of EEHDW on HT-29 cell viability by MTT
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Figure 2. Effect of EEHDW on HT-29 cell survival. Cells were treated with
indicated concentrations of EEHDW for 24 h. Cell survival was determined
by colony formation analysis. The data were normalized to the survival of
control cells. Data are averages with SD (standard deviation; error bars)
from at least three independent experiments. "P<0.05, versus control cells.
EEHDW, ethanol extract of Hedyotis diffusa Willd.
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Figure 3. Effect of EEHDW on the cell cycle progression of HT-29 cells.
(A) Cells were treated with indicated concentrations of EEHDW for 24 h,
stained with PI and analyzed by FACS. Images are representative of three
independent experiments. (B) The proportion of DNA in S phase was cal-
culated using ModfitLT Version 3.0 Software. Data shown are averages with
SD (standard deviation; error bars) from three independent experiments.
“P<0.05, versus control cells. FACS, fluorescence-activated cell sorting;
EEHDW, ethanol extract of Hedyotis diffusa Willd; P1, propidium iodide.

assay. As shown in Fig. 1, EEHDW treatment reduced cell
viability in a dose- and time-dependent manner compared
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Figure 4. Effect of EEHDW on the mRNA expression of Cyclin D1, CDK4,
PCNA and p21 in HT-29 cells. Cells were treated with the indicated concen-
trations of EEHDW for 24 h. The mRNA levels of Cyclin D1, CDK4, PCNA
and p21 were determined by RT-PCR. GAPDH was used as an internal
control. Data are representative of three independent experiments. EEHDW,
ethanol extract of Hedyotis diffusa Willd; CDK4, Cyclin-dependent kinase 4.

to untreated control cells (P<0.05). The cell viability was
decreased to 36% at the highest concentration of EEHDW
(5 mg/ml) at 24 h in this study. To further verify these results,
we examined the effect of EEHDW on HT-29 cell survival
using a colony formation assay. As shown in Fig. 2, treatment
with 1, 3 and 5 mg/ml of EEHDW for 24 h reduced the cell
survival rate in a dose-dependent manner by 34, 70 and 84%
compared to untreated control cells (P<0.05). These data
suggest that EEHDW inhibits HT-29 cell proliferation.

EEHDW blocks G1/S progression of HT-29 cells. The G1/S
transition is one of the two main checkpoints that regulate
cell cycle progression and thus the cell proliferation. We,
therefore, investigated the effect of EEHDW on the GI to S
progression in HT-29 cells via PI staining followed by FACS
analysis. As shown in Fig. 3A and B, the percentage of S-phase
cells following treatment with O, 1, 3 and 5 mg/ml of EEHDW
was 39.13, 34.14, 28.42 and 26.91%, respectively (P<0.05),
indicating that EEHDW inhibits HT-29 cell proliferation by
blocking the cell cycle at the G1 to S progression.

EEHDW regulates mRNA expression of PCNA, Cyclin DI,
CDK4 and p21. We examined the effect of EEHDW on the
mRNA expression of the pro-proliferative PCNA, Cyclin DI,
CDKA4, and the anti-proliferative p21 using RT-PCR. As shown
in Fig. 4, EEHDW treatment markedly reduced the mRNA
expression of PCNA, Cyclin D1 and CDK4, but increased that
of p21.

Discussion

Hedyotis diffusa Willd (HDW) is a Chinese medicinal herb
with numerous reported pharmacological applications. HDW
is clinically effective in the treatment of various types of
cancer, including CRC (18-20). Recently, we reported that
the direct cytotoxic effect of HDW on colon cancer cells is
partially due to the induction of mitochondrion-dependent
apoptosis (21). However, the effect of HDW on cancer cell
proliferation is still unclear.

Using MTT and colony formation assays, in the present
study, we demonstrated that the ethanol extract of Hedyotis
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diffusa Willd (EEHDW) inhibited the proliferation of human
colon carcinoma HT-29 cells. Cell proliferation is regulated
by the cell cycle, which consists of four periods; S phase
(DNA synthesis), M phase (mitosis), G1 and G2 phase. The
G1/S transition is one of the two main checkpoints of the cell
cycle (2), and is responsible for the initiation and completion
of DNA replication. By using FACS analysis and PI staining
we observed that the inhibitory effect of EEHDW on HT-29
cell proliferation was associated with the prevention of Gl
to S transition. The G1/S progression is strongly regulated
by Cyclin DI which forms an active complex with its CDK
major catalytic partners (CDK4/6) (3,4). An unchecked or
hyperactivated Cyclin D1/CDK4 complex may be responsible
for enhanced cellular proliferation. PCNA, a 36-kDa DNA
polymerase delta auxiliary protein that is involved in cell
proliferation and is specifically expressed in proliferating
cell nuclei, has been recognized as a histological marker
for the G1/S phase in the cell cycle (5). As a proliferation
inhibitor, p21 protein plays a role in G1 arrest by binding
to and inhibiting the activity of Cyclin-CDK complexes
and PCNA (6). Therefore, the expression of PCNA, CDK4,
Cyclin DI and p21 reflects the proliferation state of HT-29
cells to some extent. As predicted, following EEHDW
treatment the mRNA expression of Cyclin D1, CDK4 and
PCNA in HT-29 cells was downregulated but that of p21 was
upregulated.

In conclusion, we report for the first time that EEHDW
inhibits the proliferation of HT-29 cells via cell cycle arrest.
Together with our previous study, these results suggest that
Hedyotis diffusa Willd inhibits cancer progression via
multiple mechanisms, including the induction of cancer cell
apoptosis, inhibition of cell proliferation and tumor angio-
genesis.
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