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Mynha-induced Apoptesis in Human Cervical Carcinoma HeLa Cells
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Purpose : To address the ability of Myrrha (MY) to induce cell death, we
investigated the effect of MY on apoptosis. In human cervical carcinoma Hela cells,
apoptosis occurred following MY exposure in a dose-dependent manner.

Methods : We have tested several kinds of anti-oxidants to investigate the
MY-induced apoptotic mechanism. Among the anti-oxidants, N-acetyl cysteine
(NAC) or reduced glutathione (GSH) protects MY-induced apoptosis. NAC is an
aminothiol and synthetic precursor of intracellular cysteine and GSH. To confirm the
role of GSH in MY-induced apoptosis, methionine and cystathionine-glutathione
extrusion inhibitors were treated in the presence of MY.

Results : NAC, GSH, methionine or cystathionine led to protective effect against
MY-induced apoptosis in HelLa cells. The GSH and GSH-associated reagents
regulate MY-induced cytochrome c¢ release and the resultant caspase-3 activation.
Furthermore, the two specific inhibitors of carrier-mediated GSH extrusion,
methionine and cystathionine demonstrate GSH extrusion occurs via a specific
mechanism. While decreasing GSH extrusion and protecting against MY-induced
apoptosis, methionine and cystathionine failed to exert anti-apoptotic activity in cells
previously deprived of GSH.

Conclusion : the target of the protection is indeed GSH extrusion. This shows
that the protective effect is achieved by forcing GSH to stay within the cells during
apoptogenic treatment. All this evidence indicates the extrusion of GSH precedes and
is responsible for the apoptosis, probably by altering the intracellular redox state,
thus giving a rationale for the development of redox-dependent apoptosis in
MY -treated human cervical carcinoma HeLa cells.

Key Words : Molak (MY), apoptosis, HeLa cells, N-acetyl cysteine (NAC), reduced
glutathione (GSH), methionine, cystathionine, GSH extrusion
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USA)I A 74389tk Hoechst 33258 dye
HA] Sigma (St. Louis, Mo, US.A)ell A +
datdch AET wjgA] BQd wjokd W
HA¥EL Life Technologies (Gaithersburg,
MD, US.A)o) N Fstgch.
3) R Bl
BEE 400 goll & 4,760 ccE
AIZE Et R & 1,560 ccE FE3IH
#BEE FZ98 3,000 rpmol| A 208
P AR JAFEEVE B, B

nsled 3

1) MR R
ABTEEMEEY Hela cells CO;
A7) (37T, 5% COxolA 10% fetal
bovine serum (FBS, Hyclone Laboratories)
o] ¥%¥ D-MEM (Gibco BRL)o. 2 ®jok
ST 2442 F712 i gAE wA 3o
F1 log phased] 1= A Eo] #&S 2
3] apoptosis @735 ojo) AuE HA¥S
25
2) Apoptosis &
Hela cell (1 x 106 cells)g& 6 cm
disholl wjFstAuoh. #e d4& 938t
BEEL 24N % AR Hela Cellif}

A#E HAE A &L Hela Cell&
Trypsin A Xt E2F ohg 100%

methanol2 3133}t PBSE 3¥ M X
3+ &, Hoechst 33258 dye& <3}t
¥33dwn7 (Nikon, Tokyo)o.z 2%
Fol e At
3) Caspase I&5#: /& E
Hela cell 2 x 10° cells)& 4To)A
15% <t lysing buffer (1% TritonX-100,

0.32 M sucrose, 5 mM EDTA, 1T mM PMSF, 1
ug/ml aprotinin, 1 pg/ml aprotinin, 2 mM
dithiothreitol (DTT), 10 mM Tris/HCl, pH 8.0)
olN gafista 20,000 go2 158 F9F YAR
Zatact dA Rt o4
bicichonic acid (BCA, Sigma Co., St. Louis,
Mo, USAYIHo=Z E&3Y assay : buffer
(100 mM Hepes, 10% sucrose, 0.1% Chaps, pH
7.5, 1 mM PMSF, 1 pg/ml aprotinin, 1 pg/ml
leupeptin, 2 mM DTT)o] 545 REAE 7)
Ay} 37Tl A 3087 ¥eA)1Z] 3, fluorometer
2 z2Aagn o WY W
wavelength (380 nm)9} emission wavelength
(460 nm)E AHE-EATH
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7-amino-4-coumarin AMC-DEVD (200 M)S
AMgstges, 7139 proteolytic cleavaged =
Ao zH caspase B4& AA}AT
4) Immunostaining
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AAZl & PBSE AlHgt}. PBS-Tritono 2
Hela cell& permeable3t 270 2 e g,
1%¢] bovine serum albumin (BSA)9} 2.5% 9]
fetal bovine serum(FBS)& PBS-tween(PBS-T)
o] 22 blottoE blocking 1A} 7Hg A2 A A]
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120002 A& F 1A T AL A 1k
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20| A 308 F<F vk-g AT PBS-TZ 39 A
A3k oy FFAV AN FEEI AR
(x100)-g A/t A
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1. Yggko 2 <23 HeLa celle] &

Apoptotic cells %
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2. @EEo 7 <13 Hela cell9] apoptosis
A] free radical scavenger?] <&t

HeLa celldl]l 1 mg/mle] ¥ %S i{a]
Al #9A = apoptosisE =
oA, 5 mMe N-acetyl cysteine
(NAC)3} 5 mM2] reduced glutathione
(GSH)S A 2]A] Hela cello] w3t @9
EAd §94 de B3 ARE YA
t} o] Hksld 500 U/mle] catalase, 100
U/mi¢] superoxide dismutase (SOD) %

Apoptotic cells %
APOPTOSIS(%)

bk
CR G SDM W2NCGH
M1 ngind)

3. #¥Eo 7 9% apoptosisA] GSH #3&
9 9%

Fig. 2. Glutathione

FesaEmiEe Hela cello] ®#ES
Aeste] AE F8L or|eA i%g
otolr gt} HeLa cells] ®# (0, 0.5, 1
or 2 mg/ml)& HA &F JEHOE
AE Fgol or1dE gdsiin (Fig
1A). £3) Hela celld] ¥ (1 mg/ml)&
2] 24417t Fol apoptosis®] &
AU (Fig. 1B).

Fig. 1. MY induces death in Hela cells.

(A) Cells were treated with vanous concentrations of MY
(0, 05, 1 and 2 mg/ml) (B) Celis were treated with MY
(1 mg/ml) for various incubation periods (0, 12, 18, and
24 hrs). Data were the mean * S.E. of three
experiments. +Significantly different from contral, P <
0.05. MY: Myrrha

Manganese superoxide dismutase mimetic
agent-Mn-TBAP or Mn-TMyM 50 ng/mlE
A2 Al Hela celld] tig %o =4
d 9L vAA gAY} (Fig. 2A). Hela
cello) 2] NAC® GSH7F ®#d 93t
apoptosisE A TS tAl & W HAFa
Qon, 1 mM% 5 mM FE9 NAC ¥
GSH 2] A] Hela cellel] ©jgl gg&0] E4]
d F9% B3z ERE S0 (Fig
2B).

is a major key in
MY-induced apoptosis in HelLa cells.

(A) MY (1 mg/ml) was treated in HelLa cells with 500 Unit/ml
catalase {Cata), 100 Unitml superoxide dismutase (SOD), 50
ug/ml Mn-TBAP (Mn-1) or 50 ug/ml Mn-TMyM (Mn-2), 5
mM N-acetyl cysteine (NAC) or 5mM reduced giutathione
(GSH) for 24 hrs. (B) MY (1 mg/ml) was treated in HelLa
cells with 1 or 5 mM NAC or 1 or 5 mM GSH for 24 hrs.
@ Data were the mean * SE.
«Significantly different from control, P < 0.05.

of three experiments.

waoz A% AL SHNA GSHY 3
24¢ Bd 7= AnE WPoz GSH #
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Zo] shte 71de] # 4 e 7HAE,
GSH &2 AR A methioninez}
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apoptosise]] WX g ol w gy
HeLa celld] 1 mM¢) Methionine#t 1 mM
9] cystathionine2 #2]A], 5 mMe] GSHE

o]

GSH Meth Cys
SmM ImM ImM

GSH MethCys Meth Cys
SmM ImM ImM

MY tme/ml MY 2mg/ml
4. YFEO T U caspase cysteine
protease ¥4 A] GSH2] #HA
%gEo 2  QIg caspase cysteine
protease #AJA] GSHe| #HAZS Yolr
7] $8te]  caspase-39)  HA 9}

cytochrome c2] 2ol thsl Yoprgtrl.
Hela celloA 24A17F E¢F 5 mMe]
GSH, 1 mM¢] methionine 2@ 1 mM¢g]

>

Caspase-3 activity %
8 g &8 8

g

=)

IR CHIMshQp  GH MehOy Meth Oy
SeM M ImM S S

MY tregind

MY 2gid

5. ®FELow <JdI¥ GSH FEA
methionine®} cystathionine®] &%
HeLa celle] %02 <13t apoptosis

A2 weol FYT B3 a9E FAA
t}. Hela cellofA] 1 mg/ml9] 9468 e
AL oot 2 mg/mle] WEES AAPL o
X% GSH, methionine, cystathioninedl] 23}
g0 2 Q1% apoptosis7h AAES &
it} (Fig. 3).

2
T

Fig. 3. GSH extrusion has an important role in

GSH-associated apoptotic mechanism.
(A) MY (1 and 2 mg/ml) was treated in HelLa cells with 5
mM GSH, 1 mM methionine or 1 mM cystathione for 24 hrs.
«Significantly different from control, P < 0.05.

cystathionine-3- X €]3l¥ %% (1 and 2
mg/ml) 2.2 <13 caspase-39] &4 F7}
7} dARE ol (Fig 4A). EY
Hela celloj A 5 mM2] NAC, 5 mM2]
GSH, 1 mM#} methionine ¥ 1 mM2]
cystathionine 2} HEEo 7 Q138
cytochrome ¢ 2 HAE AAATH
(Fig. 4B).

BFig. 4. Cytochrome ¢ and the resultant

: caspase-3 are regulated in the
presence of GSH extrusion
inhibitors.

Y (1 and 2 mg/ml) was treated in Hela cells with

5 mM - reduced glutathione (GSH), 1 mM

methionine, 1 mM cystathione for 24 hrs.

=Significantly different from MY-treated, P < 0.05.

o A GSHe] fr£ol
oF3 gomg A

AP=Z GSH7}
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B EOl TEHIE MK (HeLa CelDQ Apoptosistl OlXle &

BtP*. Hela cells] ## (1 and 2
mg/ml)-& X3 24A1F F 5 mMe
GSH f%-o & cell lysatet} 2] GSH2)
Fs EFAHAUT o]Z4 Hela cell9)
cell lysateol| A ¥ %gol| o] GSHel uz
< BEIHU (Fig. 5A). A 4t F
9t Hela cello] #% (1 and 2 mg/ml)
< A% F 5 mM9] GSH #Fd @&
kAo EAdte GSHY 4g &3
3ttt o]Ao 2 Hela celld|q ©ggo

w

Cell Iysate

=
o o

8
The amount of GSH (%)

The amount of GSH (%)
@ 3
3 8

~
o

CTR  MY1 MY2

GSH (5 mM)

2 A8 wFAdz GSH7F f28S &
F3tgch (Fig. 5B). Hela cello) %% (1
mg/ml)g AHIHF F 1 mM9
methionine?} 1 mM$¢] cystathionine2]
5 %2 wFAdd EAst= GSH
o F& Z33ATh ol Hela celld]
A gggo g 3] wiFAHE GSH7} &

25 7 o] methionine¥ cystathionine

o 23| %‘xﬂ%—a— BAFA} (Fig. 5C).

Fig. 5. Glutathione is extruded in the presence of MY.

MY (1 and 2 mg/ml) was treated in Hela cells with or without 5 mM GSH for 24 hrs. In both the cell lysates (A)
and the media (B). HeLa cells were treated with MY (1 mg/ml) in the presence or absence of 1 mM methionine or 1
mM cystathionine (C). +Significantly different from cohtrol, P < 0.05. #Significantly different from MY-treated, P <

0.05.

6. WEoF <3 apoptosisA] GSH
sz ay

HeLa cell®] ¥#o 2 21% apoptosis
Al GSH mzte] azg otuy] s
WA  GSH depleting agent?] BSO
(Buthionine sulfoximine) 100 pM, 200 p
ME 24A7r AX2sled MENY GSH
& 2ZAAGT?. BSOd) <& GSH7}
1Z%¥ Hela celldl ¥ (1 mg/ml)9

8 2 8 8

Apoptotic cells %
I
o

o

BSO@M) CTR 100. 300

e oRo] wg zpolg #|FAIAG.
GSH”} 1123 Hela cello] ®#E (1
mg/ml)g 12413t 3¢ AI}AE o
HeLa cell®] & ZEo] 2]3} apoptosisol]l 3
o 94 de F7HE BAG (Fig. 6A).
o ZAg dAE AAE7 3o
HeLa cell?] ®#d] 2|3 apoptosisE 24
Az, 36213 F BA3AT (Fig. 6B).

Fig. 6. The deprivation of GSH leads
to severe apoptosis in Hela
cells.

The cells were treated with or without 1 mg/mi

MY under the pretreated BSO (100 or 200
uM) for 12 (A) or 24 and 36 hrs (B).

w20 «Significantly  different from MY-treated, P <

MY tmg/md

0.05.
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o ¥WEES Ayl del 100 uMe} BSO
2 2447 AHgste] AT WS GSHE
oA AT GSH7F 124% Hela celle
24N B WE 1 mg/mlez A3
o] methionine 1 mMo|4} cystathionine
1 mM¢] f5-o wE Hela cell®] #%
o 2]3t apoptosisE BA3FA (Fig. 7).

Fig. 7. The inhibition of GSH exirusion has no effect on

GSH-depletion-increased apoptosis in Hela cells.
The cells were pretreated with 100 uM BSO for 24 hrs and then the cells
were washed with culture media. The cells were treated with 1 mg/mi MY in
the presence or absence of 1 mM methionine or 1 mM cystathionine for 24
hrs. =Significantly different from MY-treated, P < 0.05.
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k. o]EL& 4F3}E X E A (pro-oxidants) S
A Ast= scavenger S-S Jtod M4 H
g7le o Aty EFozRE AF
HE F2EES H3dTY. A4 gl
glutathione> 23 glutathione(GSH)$}
21318 glutathione(GSSG)e] T 7}x] )
2 #¥E olFUA EAA Aok weF
AZUe B4 T 23y &40 o
't Afole GSSGrF MM 3] F7beA Hol
GSH/GSSGe] &a38& ZH3A Hol w
o712 9 HFo] AHdET. GSHe
e fElzle g% AX &3S wAsln
AXY s H8E Fstes a3 4
2 dAAZ AR, NAC(N-acetyl
cysteine)w= aminothiol 24 A X1 cystein
o] A4 AFAZM GSHS U 715
don AFH fuP g#ges A
Hela cell®] apoptosisolA] tTH3F3E Free
radical scavenger FolAM = NACS GSH
AN Rt BEE g RS AHE
et} (Fig. 2). 2 A= wigoz <%
HE EAe HEY o] GSH levele] ZHi
2 333 B 5 9o

Bggel AX =Ao] AEW GSH level
o Zae #-de] dSE AU 9
GSH {#29 Eo] A A9 methionined}
cystathionine-§ | &|3to.2 Kigoa <lF
apoptosise] X AL opm gyt
Methionine¥} cystathionine *g]A] NAC %
GSHe} F93 w3 HHE BRIUY
(Fig. 3). Glutathione 53 wj&o| §3}o}n]
=2 methionine®] 343} Hgo] H
1 Q). Tak® =& methionineo)
glutathione®] A4S FIAZ ¥ of
Uz} glutathione®] §&& W3] X
W glutathioned] & =& FA3=H
Fa% d9g$& dIdn  RudE

AAE Fasst 2 |
caspase-8 proteases FAZAA BAF
o] mEZEotdA
cytochrome c7} W25 o] apoptosisE F=&
0¥, rEZE2els 58 A5 AL
gzEoody  MEdE  wEHeA:
cytochrome c7} apoptotic protease factor-1
(Apaf-1)3} A3t} procaspase-9 proteased
gys Fuz ABAIZ, P e
caspase-3 proteaseE EAJS}A|A apoptosisE
S, Caspase-3%= protease cascade?]
o] 9)x|5td o2 apoptosis FE7} F
207 Eises 583 FEFE apoptosis
of WHAHo}F?. Hela celldld GSH,
methionine¥} cystathionineS A XAl #
#gow 9% caspase-3 BAFIL A
(Fig. 4A)9} NAC, GSH, methionine,
cystathionine®] cytochrome ¢ #2 YA
(Fig. 4B)E %3 HelLa cello] o3t g2
apoptosis7} mitochodriag}l #AH 71AY
2 @ & Agh

Hela cell®] ®#o 2 <213t apoptosisdll
A GSHY o] #ojdloz AA g A
glAl vz GSHYF frg] Hexg ¢
OB GTNY. W HE 4N F cell
lysate] o] GSHo] 2= o™ (Fig. 5A)
WA= E §2l5glT} (Fig 5B). GSH &
2 JAA 2 methionine¥} cystathionineS
2 Al GSH| wigARE e FEo| AH
S HoFA (Fig. 50).

Glutathioned] ¢F&o) s I&F2 T
Z3t7] g3 MEY glutathione®Fg ®
A7l A9t ded, 4¥5os AT

H caspase-89]
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B0l FeEmiEME(HeLa Cel)2 ApoptosisOl 0lXje grge

A7 HHe=
glutathione P T4 A A BSO7}
ol o]&AG®. GSH 12 AejolA
KES AY3PS o apoptosiso] 3o}
94 A= F7HE R4 (Fig. 6).
wWEE elHol MFEW GSH leveld o)
9 $A 3t methionine®} cystathionine
A GEe g BE a37F JehY
A skt (Fig. 7). o] ¥#<Q] apoptosise
A E P GSH levelo] ojn} w9 Fo Alg)
X GSH #F IJAe o9 &80l Q1
AArgTE olE gt AAEL WEY
apoptosis 7|20 2 GSH7} A XA A
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