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Anti-proliferative Effects of the Isothiocyanate Sulforaphane on the Growth of Human Cervical Carcinoma
HeLa Cells. Soung Young Park!, SongJa Bae' and Yung Hyun Choi*. Department of Biochemistry,
Dongeui University Oriental Medzcme and Department of Biomaterial Control, Dongeui University Graduate
School, Busan 614-052, Korea, 'Department of Food and Nutrition, Silla University and Marine Biotechnology
Center for Bio-Functional Material Industries, Busan 617-736, Korea — Sulforaphane, an isothiocyanate derived
from hydrolysis of glucoraphanin in broccoli and other cruciferous vegetables, was shown to induce
phase II detoxification enzymes and inhibit chemically induced mammary tumors in rodents. Recently,
sulforaphane is known to induce cell cycle arrest and apoptosis in human cancer cells, however its
molecular mechanisms are poorly understood. In the present study, we demonstrated that sulforaphane
acted to inhibit proliferation and induce morphological changes of human cervical carcinoma HeLa cells.
Treatment of HeLa cells with 10 uM or 15 uM sulforaphane resulted in significant G2/M cell cycle arrest
as determined by flow cytometry. Moreover, 20 uM sulforaphane significantly induced the population
of sub-G1 cells (9.83 fold of control). This anti-proliferative effect of sulforaphane was accompanied
by a marked inhibition of cyclin A and cyclin-dependent kinase (Cdk)4 protein and concomitant induction
of Cde2, Cdk inhibitor p16 and p21. However, sulforaphane did not affect the levels of cyclooxygenases
and telomere-regulatory gene products. Although further studies are needed, the present work suggests
that sulforaphane may be a potential chemoprevetive/chemotherapeutic agent for the treatment of
human cancer cells.
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Table 1. Sequences of primers used for RT-PCR
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Gene name Sequence
Cuclin A Sence 5-TCC-AAG-AGG-ACC-AGG-AGA-ATA-TCA-3'
y Antisence 5-TCC-TCA-TGG-TAG-TCT-GGT-ACT-TCA-3'
Cuelin BL Sence 5-AAG-AGC-TTT-AAA-CTT-TGG-TCT-GGG-3'
y Antisence 5-CTT-TGT-AAG-TCC-TTG-ATT-TAC-CAT-G-3'
Cyelin DI Sence 5-TGG-ATG-CTG-GAG-GTC-TGC-GAG-GAA-3’
y Afitisence 5-GGC-TTC-GAT-CTG-CTC-CTG-GCA-GGC-3'
Coclin E Sence 5-AGT-TCT-CGG-CTC-GCT-CCA-GGA-AGA-¥
y Antisence 5-TCT-TGT-GTC-GCC-ATA-TAC-CGG-TCA-3’
Cde2 Sence 5-GGG-GAT-TCA-GAA-ATT-GAT-CA-%
¢ Antisence 5 TGT-CAG-AAA-GCT-ACA-TCT-TC-3
Cdi2 Sence 5 -GCT-TTC-TGC-CAT-TCT-CAT-CG-3'
Antisence 5-GTC-CCC-AGA-GTC-CGA-AAG-AT-3
c&k . Sence 5-ACG-GGT-GTA-AGT-GCC-ATC-TG-3'
Antisence 5 -TGG-TGT-CGG-TGC-CTA-TGG-GA-3
Cdké Sence 5-CGA-ATG-CGT-GGC-GGA-GAT-C-3
Antisence 5.CCA-CTG-AGG-TTA-GAG-CCA-TC-3
53 Sence 5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3’
P Antisence 5-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3'
16 Sence 5-CGG-AAG-GTC-CCT-CAG-ACA-TC-3
P Antisence 5 -TCA-TGA-AGT-CGA-CAG-CTT-CCG-3’
” Sence 5-CTC-AGA-GGA-GGC-GCC-ATG-3
P Antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3'
” Sence 5-AAG-CAC-TGC-CGG-GAT-ATG-GA-3'
P Antisence 5-AAC-CCA-GCC-TGA-TTG-TCT-GAC-3
cox1 Sence 5. TGC-CCA-GCT-CCT-GGC-CCG-CCG-CTT-3'
i Antisence 5-GTG-CAT-CAA-CAC-AGG-CGC-CTC-TTC-3
cox Sence 5-TTC-AAA-TGA-GAT-TGT-GGG-AAA-AT-3
g Antisence 5-AGA-TCA-TCT-CTG-CCT-GAG-TAT-CTT-3
WTERT Sence 5-AGC-CAG-TCT-CAC-CTT-CAA-CC-3'
Antisence 5-GTT-CTT-CCA-AAC-TTG-CTG-ATG-3
WTR Sence 5 TCT-AAC-CCT-AAC-TGA-GAA-GGG-CGT-AG-3'
Antisence 5 GTT-TGC-TCT-AGA-ATG-AAC-GGT-GGA-AG-3'
TEP-1 Sence 5-TCA-AGC-CAA-ACC-TGA-ATC-TGA-G-3'
Antisence 5-CCC-CGA-GTG-AAT-CTT-TCT-ACG-C-3
om Sence 5-AAG-ACT-CCA-GCG-CCT-TCT-CTC-3’
e Antisence 5-GTT-TTC-CAA-CTC-CGG-GAT-CTG-3'
GAPDH Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3
Antisence 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3’

inoesence (ECL) 4-98(Amersham Life Science Corp., Arlington

Zot 9 na

Heights, IL, USA)S #&A171 th& X-ray filmol] 7+3A1A
574 99 ds F¢ FHAET & A A8 PSS
Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA) ¥
Calbiochem (Cambridge, MA, USA)ol A #3513 oH, of
2} gA 2 AL8-H horseradish peroxidase-labeled donkey
anti-rabbit immunoglobulin ¥ peroxidase-labeled sheep
anti-mouse immunoglobulin Amersham Corp. (Arlington
Heights, IL, USA)ol A T3t}
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Fig. 1. Anti-proliferative effect and morphological changes of human cervical carcinoma HeLa cells following incubation with sul-
foraphane. (A) Cells were seeded as described in materials and methods, and treated with various concentrations of sulforaphane.
After 48 h incubation with sulforaphane, MTT assay was performed. Results are expressed as average from two separate
experiments. (B) Exponentially growing Hela cells were incubated with sulforaphane for 48 h. Cell morphology was visualized

by light microscopy. Magnification, X200.
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Fig. 2. DNA-flourescence histogram of human cervical carcinoma

HeLa cell nuclei after treatment with sulforaphane. Ex-
ponentially growing cells at 50% confluency were treated
for 48 h with indicated concentrations of sulforaphane.
Cells were trypsinized and pellets were collected. The cells
were fixed and digested with RNase, and then cellular
DNA was stained with P, and analyzed by flow cytometry.

Table 2. Fractions of each cell cycle phase of human cervical

carcinoma cell line HeLa cultured in the presence or
absence of vatious concentrations of sulforaphane. Each
phase was analyzed by flow cytometry after 48 h treat-
ment with sulforaphane.

% of cells

Dose (M) — 1 G1 Gl 3 G2/M
0 5.06 66.55 6.82 21.86
10 2218 M 6.66 27.37
15 31.40 37.49 6.97 24.62
20 4974 36.36 415 1015
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Fig. 3. Effects of sulforaphane treatment on the levels of cyclins in human cervical carcinoma HeLa cells. (A) Cells were incubated
with sulforaphane for 48 h and total RNAs were isolated and RT-PCR was performed using indicated primers. GAPDH
was used as a house-keeping control gene. (B) Cells were incubated with sulforaphane for 48 h, lysed and cellular proteins
were separated by 10% SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The membranes were probed
with the indicated antibodies. Proteins were visualized using ECL detection system. Actin was used as a loading control.
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Fig. 4. Effects of sulforaphane treatment on the levels of Cdks in human cervical carcinoma HeLa cells. (A) Cells were incubated
with sulforaphane for 48 h and total RNAs were isolated and RT-PCR was performed using indicated primers. GAPDH
was used as a house-keeping control gene. (B) Cells were incubated with sulforaphane for 48 h, lysed and cellular proteins
were separated by 10% SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The membranes were probed
with the indicated antibodies. Proteins were visualized using ECL detection system. Actin was used as a loading control.
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Fig. 5. Induction of Cdk inhibitor p16 and p21 by sulforaphane treatment in human cervical carcinoma HeLa cells. (A) Cells were
incubated with sulforaphane for 48 h and total RNAs were isolated and RT-PCR was performed using indicated primers.
GAPDH was used as a house-keeping control gene. (B) Cells were incubated with sulforaphane for 48 h, lysed and cellular
proteins were separated by 10% or 12% SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The membranes
were probed with the indicated antibodies. Proteins were visualized using ECL detection system. Actin was used as a loading

control.
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Fig. 6. Effects of sulforaphane on the levels of COXs expression in human cervical carcinoma HeLa cells. (A) After 48 h treatment
with sulforaphane, total RNAs were isolated and RT-PCR analyses were performed using COX-1 and COX-2 primers.
GAPDH was used as a house-keeping control gene. (B) Cells were incubated with sulforaphane for 48 h, and then lysed
and cellular proteins were separated by 10% SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The
membranes were probed with anti-COX-1 and anti-COX-2 antibodies. Proteins were visualized using ECL detection system.

Actin was used as a loading control.
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Fig. 7. Effects of sulforaphane on the levels of telomere regulatory
genes in’human cervical carcinoma Hela cells. Cells were
treated with various concentrations of sulforaphane. After
48 h incubation, total RNAs were isolated and RT-PCR
analyses were performed using indicated primers described.
GAPDH was used as a house-keeping control gene.
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