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Ginsenoside 20(S)-Rg3 upregulates tumor suppressor VHL gene expression by

suppressing DNMT3A-mediated promoter methylation in ovarian cancer cells
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Abstract: Objective To explore the mechanism by which ginsenoside 20(S)-Rg3 upregulates the expression of tumor
suppressor von Hippel-Lindau (VHL) gene in ovarian cancer cells. Methods Ovarian cancer cell line SKOV3 treated with 20(S)-
Rg3 were examined for mRNA and protein levels of VHL, DNMT1, DNMT3A and DNMT3B by real-time PCR and Western
blotting, respectively. The changes in VHL mRNA expression in SKOV3 cells in response to treatment with 5-Aza-CdR, a DNA
methyltransferase inhibitor, were detected using real-time PCR. VHL gene promoter methylation was examined with
methylation-specific PCR and VHL expression levels were determined with real-time PCR and Western blotting in non-treated
or 20(S)-Rg3-treated SKOV3 cells and in 20(S)-Rg3-treated DNMT3A-overexpressing SKOV3 cells. VHL and DNMT3A protein
levels were detected by immunohistochemistry in subcutaneous SKOV3 cell xenografts in nude mice. Results Treatment of
SKOV3 cells with 20(S)-Rg3 significantly upregulated VHL and downregulated DNMT3A expressions at both the mRNA and
protein levels (P<0.05) and upregulated DNMT3B expression only at the mRNA level, but did not cause significant changes in
either the mRNA or protein level of DNMT1. Treatment of the cells with 2 and 5 umol/L 5-Aza-CdR obviously increased VHL
mRNA expression by by over 3 folds (P<0.05). 20(S)-Rg3 significantly decreased the methylation level in the promoter region of
VHL gene, and this effect was abrogated by DNMT3A overexpression in the cells (P<0.05). Immunohistochemisty showed a
significantly increased VHL expression but a lowered DNMT3A expression in subcutaneous SKOV3 cell xenografts in 20
(5)-Rg3-treated nude mice. Conclusion Ginsenoside 20(S)-Rg3 upregulates VHL expression in ovarian cancer cells by
suppressing DNMT3A-mediated DNA methylation.
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FREEAE 37 °C.5%CO0, 100% (1) 5514 FRE % . il
J5i 24 h i 2R B TR R 50% , B HuHT i SE i 3Rk, OF
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PCRAETHA T PCRAX , 1% B 0 554 25 °C5 min,
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Tt AR AR, SIS 1,
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Tab.1 Primer sequences

Genes

Sequences (5'-3")

Real-time PCR Primer

VHL

DNMT3A

DNMT3B

DNMT1

B-actin

MSPPrimer

VHL methylated(M)

VHL unmethylated(U)

F: GCAGGCGTCGAAGAGTACG
R:CGGACTGCGATTGCAGAAGA
F: TATTGATGAGCGCACAAGAGAGC
R:GGGTGTTCCAGGGTAACATTGAG
F: GACTCGAAGACGCACAGCTG
R:CTCGGTCTTTGCCGTTGTTATA
F: GTTCTTCCTCCTGGAGAATGTC
R: GGGCCACGCCGTACTGTTGCAG
F: TCCCTGGAGAAGAGCTACGA
R: AGCACTGTGTTGGCGTACAG

F: GGAGGATTATTTGAATTTAGGAGTTC
R: TAAAACAAAATCTCACTCTATCGC
F: GGATTATTTGAATTTAGGAGTTTGA
R: TAAAACAAAATCTCACTCTATCACC

1.7 Western blotting
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() VHL mRNAZKF- 5 s (K 1A) . 5 mRNAJK P

(1754 — 2, Western blotting 4% 5 i 7% , 20(S)-Rg3 4>

SKOV3 4iififuf) VHL 25 [ FRA /K- i 355 (4] 1B) .

A 307
S
—
T 254
S
ks
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8
< 1.54
Z
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o
Z
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B
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1 20(S)-Rg3 AP E =AM SKOV3 B VHL
Fig.1 20(S)-Rg3 upregulates VHL in ovarian cancer
cell line SKOV3. A: Real-time PCR shows elevatated
VHL mRNA level in 20(S)-Rg3-treated cells; B:
Western blotting shows increased VHL protein level
in 20(S)-Rg3-treated cells. *P<0.05.
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VHL ) mRNA /KB 5 DNA 3L 4% 5% fifg 4101 1 571) 5-
R -2- i EUHIF (5- Aza- CAR) A BRI B o8 i v

(K12A) ., JAHCVHL 3K ¥ 51 1 3000 s E R
JEBFIX I, % MethPrimer 7628 2341 A& PR — X 3§
F4ECpG 5 (E12B) . HIIEfbARPE PCR(IMSP) 452 i
7, 20(S)-Rg3 AL 15 N SR 4 SKOV3 Y VHL fi5 3y
FIXH ALK FRE(E 2C)

Relative mRNA level of VHL 3
S = N W kA LN 0

*
o 1 T 2 T s

5-Aza-CdR (umol/L)

&2 20(S)-Rg3 P&k VHL ERE B3 TR B EKF

C
8 :
L5 IIHIY 20(S)-Rg3 - + - +
i g
ol
o | | | . 120 . .U
=} ] .
Cpsio | 50‘0i W: | i Hm:}aw i} [} uﬁ?l?no =} 100 ‘M
FL kL =
r2—Hr S 800
F3l—1rs
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Fel—Hllre
5 l—lles Z 400
=
. ’ <
Input. Sequence MREIAGALT ot e MR G P o6 Island < 200
Unsethylated-Specific o— o o
0

NC  20(S)Rg3

Fig.2 20(S)-Rg3 reduces methylation level in VHL gene promoter. A: Real-time PCR shows increased VHL mRNA level in 5-Aza-CdR-
treated SKOV3 cells; B: The promoter region of VHL gene is predicted to contain CpG islands; C: MSP results show significantly
decreased methylation level in the promoter region of VHL gene by 20(S)-Rg3. U=Unmethylated. M=Methylated. *P<0.05.

2.3 20(S)-Rg3 i@ i F AP S m fe F F AR A5 A B
DNMT3A &k 3§ 3% VHL ¢ &k

Real-time PCR 255 i 7, 7E FH 20(S)-Rg3 AL #E 5
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FmRNA FIEE 7K P AL R DNMT3 A #1354
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SRR REAAIT A DNMT3 A J , VHL AR S 3 1 X Y
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20(S)-Rg3 AbFHJ , Wi FLEh AR A 3 Fh 221 DNA HI 3
RS AU AL DNMT3 A ik R, 1fif
4+ DNA B ZE 4k 1) DNMT1 F4#E 1k M Sk BT 54k 1Y
DNMT3B #ih Tk, $#17 20(S)-Re3 FHUH A IP S5
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Fig.3 20(S)-Rg3 upregulates VHL via suppressing DNMT3A-mediated methylation in the promoter region of VHL gene. A:
Real-time PCR results show that 20(S)-Rg3 treatment decreases DNMT3A mRNA level and increases DNMT3B mRNA level
without affecting DNMT1 mRNA in the cells; B: Western blotting results show that 20(S)-Rg3 treatment decreases DNMT3A
and increases DNMT3B protein expressions without affecting DNMT1 expression in the cells; C: Real-time PCR shows
reduced VHL mRNA level in 20(S)-Rg3-treated cells overexpressing DNMT3A; D: Western blotting results show lowered
VHL protein expression in 20(S)-Rg3-treated cells overexpressing DNMT3A; E: MSP results show increased methylation
level in the promoter region of VHL gene in 20(S)-Rg3-treated cells overexpressing DNMT3A. U=Unmethylated. M=

Methylated. Ns : non-significant; *P<0.05.
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3
DNMT3A" 2.

20(S)-Rg3

4 20(S)-Rg3 & B SKOV3 AR R B TR 8 H 4R VHL
RIKIET DNMT3A FIRH 53

Fig.4 Immunohistochemical staining showing increased VHL and
lowered DNMT3A expressions in subcutaneous tumors derived
SKOV3 cells in 20(S)-Rg3-treated nude mice (Original magnification,

x200; insets, x400).
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