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M echanism of glaucocalyxin A that induces apoptosis of glioma
cell and up-regulates GEF-H1
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Abstract: Rabdosia japonica (Burm. f.) Hara var. glaucocalyx (Maxim.) Hara is a traditional Chinese
medicine, and is known to have anti-tumor effects. This study aims to investigate the effect of glaucocalyxin A
(GLA), aditerpenoids extracted from Glaucocalyx Hara, on apoptosis of glioma cells and its mechanism.  This
study investigated the molecular signaling mechanism of GLA-induced glioma cell apoptosis by analyzing
survival rate of C6 rat glioma cells, cell morphology, colony formation ability, interference ribonucleic acid,
polymerase chain reaction, and Western blot. The result showed that in the presentce of GLA, the survival rate
of C6 rat glioma cells decreased significantly, while the expression of guanine nucleotide-exchange factor-H1
was up-regulated, causing phosphorylation of extracellular regulated protein kinases proteins and apoptosis.
Hence, the mechanism of GLA-induced glioma cell apoptosis was the GEF-H1/ERK pathway.

Key words: glaucocalyxin A; glioma; apoptosis; guanine nucleotide exchange factor-H1; extracellular
regulated protein kinases
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Figure 2 GLA inhibits glioma cell viability. C6 (A), GL261 (B), US7TMG (C), U251 (D) and T98G cells (E) were treated with the
indicated concentrations of GLA for 24 h, cell viability was determined by MTT assay. BCNU: 1,3- bis (2-Chloroethyl)-1-nitrosourea.

n=3, x+s. P<0.05 "P<0.01 vscontrol
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Figure3 GLA induced apoptosisin C6 cells. Cells were incubated with or without the indicated concentrations of GLA for 24 h.  A:
Cell morphology was observed using an invert microscope; B: Chromatin condensation (white arrow) was measured by Hoechest 33258
stain and observed under a fluorescent microscope; C: Colony formation assay was measured by crystal violet stain and observed under
an invert microscope; D: Cell apoptosis was measured by Annexin V' and propidium iodide (PI) stain and then detected by flow cytometry; E:
Cell cycle was measured by propidium iodide stain and monitored by flow cytometry.  n=3, x+s. 'P<0.05, ~P<0.01 vs control

A 200 B
LSl — <+ Cytochrome
160 1 Cuitrdl — — — | o GAPDH
—— GLA 2.5 pmol-L!
e GLA 5 pmol L’ Control 2.5 5 10 (umol L")
" 120 1 (LA 10 pmol-L! GLA
g ? -
=]
= 504 5. 6
£ °
@85 4
1S
40 4 £E5 3
, £ 2
. ﬁ, ..\ n S
0 -..-a_......--cf o . (‘5.‘-' 1
0 ; 0 0
19 l IO 19 ! Control 2.5 5 10 (umol-L")
FL2-H GLA

Figure4 GLA induced glioma cell apoptosis through mitochondria pathway. A: Cell were collected after the drug treatment for 24 h,
stained with JC-1 and then detected by flow cytometry; B: Cytoplasmic protein lysates were obtained 24 h after the drug treatments were
subjected to Western blot to assess the levels of cytochrome C.  Detection of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
done to confirm the equal loading of the samples. The values were expressed as a percentage of control band intensity, which was set to
100%. n=3, x+s. 'P<0.05, “P<0.01 vs control
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Figure 5 Proteomic analysis of C6 glioma cells after GLA treatment.
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Figure 6 Effects of GLA on MAPK pathway. A: Western blot analysis result of C6 cell
B: Western blot analysis result of C6 cell processed with GLA in various dose. Quantification of these protein levels
Detection of ERK, JNK, p38 was done to confirm the equal loading of the samples.

indicated time.
was performed by densitometric analysis.
X+s. 'P<0.05 “P<0.01 vs control

(10 pg-mL™). ASzL6ET Hoechst 4 (a3t 47 4145
W, %2 B YLt 57 4 . Annexin-V 5 PlL XU A
MR, BEE GLA FIERIEIN, Tt R R T2
eI T AR N, A E T GLA BE%IES
C6 T, Y fEWsei kB, it 10 umol-L ™ GLA
AbFEET C6 4 S IEH ANAH L, G2/M AR A
31.62% 14 11 % 71.320%, X 5 SCk P 45—
fﬂiﬂ@fﬂt%ﬁi&%a;éﬁwzl:ué 2 W B 28 s Ak
R LA IR PR, 2 T 5 B0 R A Sl 328 A 1) 5, 4
3 C M ZR AR JRU B 40 R 2 v, caspase-3 [
HETTVIE R R0 PARP, 5g AT BT, A
SIS PRSI T R A P HL S P O 4T R C R
JiR % caspase-3 [is0E, H25 RAF T GLA 1546
AR E 7 R ARG, AR PR (5 C ORI EI Y, caspase-3 1%

«— p-ERK
— |

*— ERK

<— p-INK

<+— INK

il

Control  0.25 (h)
GLA 10 pmol-L!

anli

Control  0.25 (h)

p-ERK/ERK
(Fold of control)
[=] -— (] e =

p-JNK/INK
(Fold of control)
= s B Y.

GLA 10 pmol L'

[CRE Iy

p-p38/p38
(Fold of control)

= -

Control 025 05 1 2 4 (h)
GLA 10 pmol-L!

|

Control 25 5 10 (pmelL 1)

p-ERK/ERK
(Fold of control)
L= CL S T = - -]

GLA

I |

Control 2 5 5 10 (pmol-L"')

_le

Control 25 5 10 (umaol L")

p-INK/INK
(Fold of control)
L= = I S - - - =]

p-p38/p38
(Fold of control)
(=] (] = o

processed with 10 pmol-L™* GLA after

n=3,

3BT ) PARP. Xiao 25 57 11, GLA 1 Fi USTMG
4ii 6 h iF, HLEESE I 2)7E L1 caspase-3, ASSEEG
Fl GLA 1FH C6 418 24 h, kIl caspase-3 i&tL+ 2>
W] 2 . Gao 2P 9t b % I GLA AL 3 HL-60 4 fitd 24 h,
KRR PR, 5ARSLIOAHTT .

Xiao 25O 58 5w GLA &3@ i 4 Akt (155
k%5 UBTMG 4 i s I T /Y, 1 A< sk %6 H
SILAC FHHAY T EA RS R IL/R GEF-HL EH
BN E, HIEH T GLA fefiZ5iE C6 4t
GEF-H1 ) mRNA /KFHF & . 4fEH GEF-HL K
SIRNA 44 () GEF-H1 JiERJE, fefis i Sk b
GLA 512/ C6 4735 2 T %, 18 GEF-H1 1]
[ RS KSR

GEF-H1 5 Rho Z % & 1+ RhoA. RhoB. RhoC



U RS S RTUR M T S B GER-HL B4R AL - 1831 -
A e ——
— — . * Pro-caspase-3
C—_ — — _— | < (Cleaved caspase-3
. «PARP
+ Cleaved PARP
< a=Tubulin
Control SB SB L L SP sk
GLA 10 pmol L~ + = = +
£ 2
= = = .
i3 £3 16 '
aE 3 2= 2
25 B3
o
3‘3 2 = 08
£z 1 s 04
o s =3
T 0 2 0
z Control GLA U U+GLA S~  Comrol GLA U U+GLA
2 &}
]
B
35
O Necrosis
e ,"' b4 30 ® Apoptosis
’ 4 ~ 25
i E 20
Control GLA 10 umol L' = 15
= (IR H
3
=R -
‘\ ,v Control ~ GLA u U+GLA
U0126 10 pmol L' GLA 10 umol- L' + U126 10 pmol L
. * = 4
Annexin V w B i
2 E 3
=23
C o g 2
— === |~pERK &= ,
ek CE ol m H
= — Control GLA U U+GLA
S 5
« p-IJNK =
o «INK s s
- i |
— S -_—epp3s TE .
= (omml GLA 8P SP*(u[ \
. — ——— - v 38 = 8
I R
=]
Control - SB SB L U sF SP -‘-’%E :
GLA 10 ymol L' - + = * 5 + - + L = s
D 2
s -
= 0
Control GLA  SB SBIGI

Figure 7 GLA induced C6 cell apoptosis was mediated through ERK activation.

A: Protein extracts were prepared and subjected to

Western blot assay using antibody against cleaved caspase-3, cleaved PARP. Protein levels of a-tubulin were aso measured as controls;
B: The apoptotic status was determined by Annexin V-FITC binding assay; C: Protein extracts were prepared and subjected to Western

blot assay using antibody against p-ERK, p-JNK, p-p38. Protein
SB203580; U: U0126; SP: SP600125. n=3, X=s.
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TR S 7 oY, Gawlak ML BLE A
Jiti - iz A B A s B EAAR A B 9 Je B GEF-H1 (1)
TSR, i Rho B@iﬁﬂc& ERK [Hleth. Liz
W 55 9 . 7x RhoA/ROCK 1 {3 538 & 76 VAl B i 175 5
E@Eﬂnﬁ%ﬂ@ﬁ%iﬂ@ﬁi@ﬂiﬂi%@%f’ﬁﬂ%. I H A
7 ERK1/2 5 MEK-ERK Z [EIfIMH EAFH . Cullis
=149 3 GEF-H1 % RAS/MAPK i % it 51 1F J i1
H, GEF-H1 {E 2 MAPK 15 5 R UK 25 % Fif i i g S

‘P<0.05 "P<0.01, """

levels of ERK, JNK, p38 were also measured as controls. SB:
P<0.001 vs control

PR AR I A K AAEE T . XSS e s T
GEF-H1 5 MAPK @A 5%, fE&HEN MAPK Kk
JE 15t GEF-HL #0iE Rho J& RN 2%, BT LAKG:
T GLA Xt MAPK Fi%k 3 MR RIS M. 45 R ER,
ERK. JNK fl p38 7£ GLA 4b# 15 min B st & 4 T
fatk, FLBEHE GLA FIE R38N, BERALFR BB .

Kim 25} 9t iR, ERK 052 5 1 kaempferol
75 MCF-7 J4 12, H ERK 40|57 PD9805 [ siRNA
TUER ERK J5 AEWS 4% kaempferol 5152 MCF-7 ¥
To. 1 Jeong 51O ¢ o, kaempferol 3 S A K i
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o OALT2 YA TR IEE FEIC ERK A Akt [ERIA,
¥ ROS SLHLK) . ERK B4 ] U0126 F1 Akt
M) LY984002 Hiid KA ERK. Akt #BREHS IS N
kaempferol 75 S HI4ILIA T . [H—Fifb SR F Y
i ERK RIETHRMER. T ERK 7E41
SR ER, AP ERK S0 EAH
K, TSR 2 FUEYE BoR ERK RIS K& T 40 IE T
BAR. W WEEKIET ERK 15 S5 S AR
Ji T UL A0 A K ) DA R S L T, e B T
B ERK (#0415 PD98059 A LI, Li 185
F W, i1k RAF/MEK/ERK 13 5 4% 5@ R AL 455 S
() _F R R T R SR o Shen ZEIOIRF STt
UESERFEVEILIY ERK 25 B, B-dimethylacrylshikonin
X SGC-7901 4 fu A= KA AH T, I H ERK 4l
#il77 U0126 AEfs 2R B,p-dimethylacrylshikonin 5| i
AT, X+ ERK REHEEMRER, H
o BARHLEGE A B, A SRS BoR, FIH MAPK
AN G O A FIEEAT AR BE AR IO GLA, R
ERK [ FIAE 0585 GLA %S C6 R iET:,

AR SEIG 45 S FF ERK i85 2 5 GLA i 514 1 5 R 41
JagE T,

Z M, GLA iF SR BN E T 28 ERK i&
BIE A Akt 38482 Kim 25 8 7R, GEF-H1/E A
MAPK 2228 A, 24 MAPK 845 52 30 I G %
58 PIBK-Akt B2 M5 S, XEIE T AMAS
Xiao Z O 58 AT JE, GLA 1EELE MAPK &% (1
I, (RN H0H] T Akt &4, AT S5 R i i &
AT G, GLA 90K R /R B A3 — IR
BUE, R IRIATT IR R B it — 2 Bk -
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