$36% %34 xR FFRE £ KR Vol 36 No 3
2007 -éF- JOURNAL OF ZHEJIANG UNIVERSITY (MEDICAL SCIENCES) 2007

http: / www. journals. zju. edu. cn/med

KR s 2 e K S-$6 88 88 1 344 T R 5 3F
A 1B 20 40 i 3 P 1 5 i)

% ¥, FH.% B.AFTR.BEZE
(L AFGER AEEES A NG FFRR, T KN 310058)

(8 E] 8 6.4 F % T8 K HF (chlorambucil, CHB) # 7 #% 4 4k 5 Bt H Bk S-3: 4 8 1
(microsomal glutathione S-transferase 1,mGST1) 7 8 & e84t CHB-GSH # 4% 5 , KT X &
mGST1 # 7% 5 CHB S R B & B A 78 40 Jatk A 69 % vl . ¥ ik . B A M Sprague-Dawley Xk R FF B,
# B AR, XM R GST 695§, KAF4mGST1 F M L &M, £ %% CHB 4,CHB+GSH xt
Bl % CHB+GSH+mGST1 48, % %5 PC-3.K562.HepG2 #= P388D1 #m g #k3& 4% 24 h.48 h,
72h &, RIC A AR5 3547 4E M 8 h B JC-1 $ &3 KA & 42 (ATm) & T 45 A Hits
FHAEAe;ER48h ABEVAAO/EB & £ F A mB B RGEMIgH. # % . AmGST1 AAERE
F,24 h.48 h,72 h PC-3,K562,HepG2 #= P388D1 #m f# IC; 39 H R £ ¥4, 72 h CHB+GSH #f
% 40 PC-3.K562,.HepG2 #» P388D1 %5 4k 69 IC %~ %) 4 (6. 13+ 2. 42) umol/L . (3. 77 0. 95 )
pmol/L. (5. 36+ 3. 06)umol/L #2(9. 42+ 1. 77)pmol /L ; CHB+GSH+mGST1 4 2 £ & F CHB+
GSH s} 48,48 B 1C;,(15. 01+ 3. 47 ) pmol/L (P<C0. 001) ., (8. 334 1. 72 Ypmol/L (P<C0. 001),
(26. 74+ 5. 45)pmol /L (P<C0. 001) #= (16. 9340. 85)pmol /L (P<C0. 001) , 3 4 A & ¥ 4k AWm B-1&,
FERG AR, EREHNKE A, %4 .mGST1 £F54GSH E®&F,TEEKIKCHB »t L& i
A R Ok
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Rat microsomal glutathione S-transferase 1 alters cytotoxic effects of

chlorambucil on PC-3,K562,HepG2 and P388D1 cell lines

CHEN Zhe, YE Zi-qi,SHI Qiang,et al (Unstitute of Pharmacology & Toxicology and Biochemical
Pharmaceutics, College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058,
China)

[Abstract] Objective: To explore the possible association between activation of rat microsomal
glutathione S-transferase 1 (mGST1) and chlorambucil toxicity on selected cancer cell lines.

Methods: Hepatic microsomes were prepared from male Sprague-Dawley rats and washed to
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remove cytosolic contamination. mGST1 was purified and its activity was measured. PC-3,K562,
HepG2 and P388D1 cell lines were exposured to chlorambucil (CHB) alone or to CHB with
mGST1 at concentations of 0~ 100 pumol/L for 8, 24,48, 72 h. Cytotoxic effects of CHB were
determined by cell growth inhibition (MTT assay), mitochondrial transmembrane potential
(A¥m) ,and fluorescence morphological examination (AO/EB staining). Results: The decreased
cytotoxic effects of CHB on the cell lines altered by mGST1 were demonstrated in concentration-
and time-dependant manners. The CHB-induced apoptosis on PC-3 and K562 cell lines altered by
mGST1 was confirmed using A¥m examination, JC-1 or AO/EB staining. Conclusion: mGST1

can reduce the cytotoxic effects of CHB in selected cancer cell lines.
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OB 2 Bt H BK S-%#£ % B 1 (microsomal
glutathione S-transferase 1,mGST1)& I A5
WAEEE, B 3 WEREW , 7E K LR IR
B4 Bt H Bk (glutathione , GSH) 5 3£ &5 F ¥ R
e MAAMENGE LA E™YH
GSH Wy 45 &, T A7 5 g 5 o & 4L 2 20,
mGST1 5 49 72 P &R (Cys49) A K B F
TS , B RGeS
M3k GST AR,

ZE T B HEIF (chlorambucil ,CHB) & — #p X
THREEIT b AL , 7z i A T IR S L O IR
Bk R /SRR IR IE WIR YT T 5 41 M8 DNA 32
NG, RIEGUMRERAY., CHB RAEHB T
fER, A REAH BT AR5 R 97, B CHB ¥i%
# mGST1 BA 8 F 4t CHB-GSH 454
B, (XS R B R CHB X i 28 4t a5 1t
EARY, AR EEAF ME K PC-3
CAHT B B H%) K562 (A M%) HepG2 (A
JF ) 1 P388D1 (/) B M 40 ) 48 MU Bk 3R R
KB mGST1 &% 2 k4 CHB-GSH %51 »
K&k CHB T MyB 4 MU BR B, B E R R
mGST1 # CHB %5k Fhe b R B M i 5 »
Xof e AL AR S B ek 98 O i R e

1 #ERMAE

1.1 SE®FY Sprague-Dawley #EMH: K 5
H L &RE (200+20)g, H#T L RFE L S 0

R (K, S YIFTIES B 3) F 58 20010014
5, F T & B RESORL ¢4

1.2 4ifik PC-3.K562.HepG2 # P388D1
MR B BT,

1.3 EEEG LIS

1. 3.1 %A . CHB(Sigma A &), &6
DMEM ¥ 5% 5. 1640 % 3% £ (Gibco, USA),
B-#i Ik Z.B¥ (Sigma A7), /M A 4 I (Bt
MEUFEELRD, RERKA(LEBERAREYH
B A B A A, Sephadex G-25 (fine), CM-
sepharose CL-6B ( Amersham Biosciences ),
Triton X-100( b E T A YT BARA ),
GSH. H # (AMRECO 2 &]),2,4- i & #
(2, 4-dinitrochloro benzene, CDNB; I ¥ i 7
—J7),N-Z, % I, 5k Bt W ik (N-ethylmaleimide,
NEM ; Merck 24 #)),JC-1(Sigma,USA), 3-(4,
5- I EL-2-mEmE)-2, 5- A R IR Ak I 4R vk s ik
% (MTT,Amresco /A ] ,Canada) %,

1.3.2 EHH{H:. BEZEAENC1,4tx
MEREAFRARD, KRR EHEEE O
(Heraeus, f E) , % )% B M 8 B R R 48 (Leica
300D &, Wetzlar ,Germany) 4§,

1.4 ZEBRI® .

1.4.1 mGST1 #8il . BUK BT RE S & Bk
HEA,EHEZRAHEO0. 15 mol/L Tris/HCl
(pH 8. ) ¥E 2 W, LAFEMR I3 GST Hiis %,
REBE KA M CM-37 5 ¥E 5 B 48 UL 65 %
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1.4.2 M55 K CHB 41 B 4 & . PC
-3.K562,HepG2 FIP388D1 4l fkE & 10 % /)
4 1 ¥ 1640, HepG2 & 10% 1R 4 il V5 19 &= ¥
DMEM % ##E5E. LI PC-3(5X10%/%.). K562
(4X10°/%L) .HepG2(6. 5X 10*/%L.) .P388D1(6
X103 /FLDOMEE M F 96 FLMR. 24 h FEImA
mGST1/CHB,CHB & ¥k B 4 0~100 pmol/L,
# CHB 41 ,CHB+GSH *t l8 41 (mGST1 % &
B3 % B8 L % CHB+GSH+mGST1 4, 4
BIFHEF 24.48,72 h i, FFMTT &l & CHB

S P (ICs) AR LR E A 4 K.

1. 4.3 LR RBEE®B M QOYm B A
mGST1/CHB #3538 h &, A 2. 5 pg/ml JC-1
Y}, 37°CHEE 30 min, RABIE B MEBENE,
VAR TR B4 B 3R G A IE B R Bk B
DL, B BT Ay £ ek it v oz PG
1.4.4 HMZRHGH/W. A mGST1/CHB
¥k 48 h 5, FHMMAMA 10 pg/ml AO/EB

1 mGSTINEXTHRIENEEERERGH A

Bk, 37 CHEE 5 min, G HI B BIMBEIE, DL
YR EAGEEETNEE A, BHA
RN A T4, L BT N T,
1.5 G038  1C R A 24 ¥ 40 il %k )5 1
B (LOGIT #:,10.0 JiA), LRBIEL T
+ s R, KA SPSS 10. 0 45 i 8K {4 # 47 one-
way ANOVA KK, #F B EHEZR . FH
BRHq KK, P<0.05 HFEH% A BEH
ER,

2 & B

2.1 mGST1 % CHB 40 it 3 # i & m
mGST1/CHB fE i T 4 M ¥k 24.48.72 h /7,
MTT R 875, 5CHB+GSH 44 Lt ,CHB+
GSH+mGST1 A IC;F BEH M, AR BT
MBS R BAEE R GSH WE B E R+
it AmGST1 j5 ,CHB X PC-3,K562,HepG2
P388D1 4RI AT HIEFBETHR. W
#F1,E1,

Table 1 Cytotoxic effects of CHB affected by rat mGST1 treatment

(n=4,2=45,ICs,pmol « L™1)

PC-3 K562
4 5
24 h 48 h 72h 24 h 48 h 72 h
CHB 4.4940.29 2.8140.17 2.52£1.60 4.84+1.52 2.99+£0. 35 1.0140.42
CHB+GSH 20.74£0.20" 7" 4.60£0.17 6.1312. 42 9.92+0.53" " 4.59%0.32 3.77£0.95°
CHB+GSH+mGST1 28.314£0.59"7% 15,72+ 1. 79" " " 15,0143.47%%% 17.94+1.26""" 15.2542.31***  8.334+1.72*""
HepG2 P388D1
|
24h 48h 72h 24 h 48 h 72h
CHB 33.58+2.03 12.24%1.24 2.31£0.38 10.24£1.75 8.01£0.27 4.60+2.89
CHB+GSH 53.79+4.58" " 24.64%6.87"  5.3613.06 10, 51£1. 66 10.2240.85" 9.42+1.77°
CHB+GSH+mGST1 66.70+5.05" %" 41.76+3.81%** 26, 74+5. 45" %" 28.85+1.33" " ¥ 21.41£1.55**" 16.9340.85"*"

»s CHB 4, " * * P<{0. 001, " " P<C0. 01, * P<C0. 05; vs CHB+GSH 4, *** P<0. 001

2.2 mGST1 Xt CHB 3 4 i 28 b 4 AWm R A
KM mGSTI/CHBYEATHES h J5,]C
IR ES R BN, B A CHB B 3, RAEK
BLfE AYm FREMFER LR E, RIELB K
AYm EHWALBKABRD . EEBEXE. 5

CHB+GSH 44 ., CHB+GSH+mGST1 4
ERH BN HLBEAYm TE&ES  AEE
BKF . BARTEE FGSH HHFFF ,mGST1 7
FE 7] FE i CHB S48 f & L4k A¥m 5 65 15 F
(H1A~D),



A:PC-3 #1#% ;B K562 41 #k ;C. HepG2 4 fii ¥k ;D . P338D1 4 Mo bk .

Al1~A4.:CHB 4 (A1:CHB 0 pmol/L,A2:CHB 1 umol/L,A3:CHB 3 umol/L,A4:CHB 10 pmol/L);
B1~B4:CHB+GSH % (B1:CHB 0 pmol/L+GSH,B2:CHB 1 umol/L+GSH,B3;CHB 3 pmol/L +GSH,
B4:CHB 10 pmol/L+GSH);C1~C4:CHB+GSH~+mGST1 £ (C1:CHB 0 pmol/L +GSH+mGST1,C2;
CHB 1 pmol/L + GSH + mGST1, C3: CHB 3 umol/L + GSH + mGST1, C4: CHB 10 pmol/L + GSH +

mGST1), (Bar=100 pm)

Bl1 mGST1 X T8 £+ #%PC-3.K562.HepG2 #P388D1 43 L 4% # 4k BB %, 4% (A¥m) 3R/ 4

# R P4 A @ h)

Fig.1 The CHB-induced mitochondrial transmembrane potential (A¥m) on HepG2,
P388D1,PC-3 and K562 cell lines affected by rat mGST1 using JC-1 staining (8 h)

2.3 mGST1 Xf CHB 240 fi 4% 48 45 B0 & iy
mGST1/CHB #& f§ F PC-3. K562, HepG2 #
P388D1 4iffl 48 h J5,AO/EB Lo 45 R B 7R,
R CHB ¥k BE 3 N, IE 3 A4 43¢ 62, 5% 6 40 ML 308
LGB RA/ MR LA . 2B
BRF R W N BEY R RENH,
M B, 5 CHB+GSH 4148tk ,CHB+
GSH+mGST1 H 2 I H B i ML 40 45 i
BEHCEERYRR . BRAmGST1 ¥ vl AR
X CHB B 40 a5 4E A (Bl 2A~D).

3 it i

mGST1 B&—4 I HZEHRBEEE, LA 3 K
B, R R AT E DI ER”, AT 4 Bl 4k
AR BB QM GSH 5B T HRNES A

T 2 ¥ 25 1) BB s O # 4L AL L 8™ 4 Fl GSH
B4 HATE KiE, AT HITHUR BT AL Th EE.

ZEE—REW S RIWER . AR R T EH
FiEEEEE, U RBEATIRES FEH S5 K
GSTHEHBREEZRMX. AHEENE
mGST1 43 F Cys49 B i 3 8 FH S B M #iE
BEH ML GSH 5B FYHRESSHEE, X
BHESHEGST BRARFEY, MIFZFIEAR
AT RO O/ B B TR A& &
(LC/ESI/MS),iESL T mGST1 5% Ttk
FICHB A2}, iR GSH-CHB BRI i . 23
JRYICHB 5GSH 44 H&F =4 , IICHBSG,.
CHBSG ., CHBSGOH # finfii CHB B/ B34,
®RESGSH 7K R+, mGST1 A &M
Peffk CHB-GSH MIZE &3 . ARIERTHIRH
XG5, #W CHB-GSH ) B 31, &
CHB MAIMBEHERABE TR, AR EERE
EmGST1 #CHB &5 b B 1HE S , Xt bk
TS R R



240 - VLR 2 4R (B2

A:PC-3 #H bk ;B K562 40 fg#k ;C: HepG2 48 1k ;D P338D1 41 ¥k .

Al~A4:CHB #4 (A1:CHB 0 pmol/L,A2:CHB 1 gmol/L,A3:CHB 3 pmol/L,A4:CHB 10 pumol/L);
B1~B4:CHB+GSH 4 (B1:CHB 0 pmol/L+GSH,B2:CHB 1 pmol/L +GSH,B3:CHB 3 umol/L+GSH,
B4:CHB 10 pmol/L+GSH);C1~C4:CHB+GSH+mGST1 %4 (C1:CHB 0 pmol/L +GSH+mGST1,C2:
CHB 1 pmol/L 4+ GSH + mGST1, C3: CHB 3 gmol/L + GSH + mGST1, C4: CHB 10 pmol/L + GSH +

mGST1), (Bar=100 pm)

2 mGSTI1 ¥ T # £ 5+ % PC-3.K562 . HepG2 #» P388D1 % fL4R 45 #9 4% 47 4 /1 (48 h)
Fig.2 The CHB-induced apoptosis on HepG2,P388D1,PC-3 and K562 cell lines affected
by rat mGST1 using AO/EB staining (48 h)

mGST1 45 R A7 E 5 GSH W& il
7 BERFFIE M, B A B FE % 52 CHB+GSH &
W B, A ERERERFEMELEY
2R RO 40 B E P4, A 52 R I PC-3.K 562,
HepG2 F1P388D1 4 ¥R4H M , A ICsofH K/NEAT
CHB 4 fu 55 M, Fl JC-1 %1 5 W 22 CHB B 40 i
LB AYm A4k, FHAO/EB B4 2 CHB %t
MEEBGREE., &5R%£H, 5CHB+GSH 4
Mk, CHB+GSH+mGST1 4 ¥ 3% 24,48.72
h,4 BRGMK ICHH BER M, IR 5 B
Z W CHB B4 U ZOR 7k AV m &A% X 40 i
BRGIEM, LEBMER EMARBEIELT
CHB-GSH 74 B & 3 , 2488 § 3 CHB 4 i
FHEER B E TR R, B W A8 55 Xt 4 78
5% & mGST1 X e 4k 30l 42 S 4t s T8 A 32 R
/AT LBAKIE.

References:

[1] ANIYA Y, ANDERS M W. Activation of rat
liver microsomal glutathione S-transferase by
hydrogen peroxide: role for protein-dimer

formation [J]. Arch Biochem Biophys,1992,296:

611-616.
[2] MORGENSTERN R, DEPIERRE J w,
ERNSTER L. Activation of microsomal

glutathione S-transferase activity by sulfhydryl
reagents [ ] ]. Biochem Biophys Res Commun,
1979,87:657-663.

[3] MORGENSTERN R, GUTHENBERG C,
DEPIERRE ] W. Microsomal glutathione S-
transferase: Purification, initial characterization
and demonstration that it is not identical .to the
cytosolic glutathione S-transferases A,B and C
[J]. Eur J Biochem,1982,128;243-248.

(T4 % 246 T



© 246 ¢ HT VL K % 2 4R (2 AR)D %36 %
22 939. distinct membrane bound biosynthetic enzymes
{13] JAKOBSSON P J, MANCINI ] A, FORD (J]. J Biol Chem, 1997, 272 (15): 10 182-

[14]

[15]

HUTCHINSON A W.

characterization of a novel human microsomal

Identification and
glutathione S-transferase with leukotriene C4

synthase activity and significant sequence
identity to 5-lipoxygenase -activating protein
and leukotriene C4 synthase [J]. J Biol Chem,
1996,271(36):22 203-22 210.

SCHRODER O, SJOSTROM M, QIU H,et al.
Molecular and catalytic properties of three rat
leukotriene C4 synthase homologs [J]. Biochem
Biophys Res Commun,2003,312(2):271-276.
SCOGGAN K A, JAKOBSSON P ], FORD
HUTCHINSON A W. Production of leukotriene

C4 in different human tissues is attributable to

(16]

(17]

10 187.

SHIMADA K,NAVARRO J,GOEGER D E,et
al. Expression and regulation of leukotriene-
synthesis enzymes in rat liver cells [J].
Hepatology,1998,28(5):1 275-1 281.
SJOSTROM M, JAKOBSSON P I,
HEIMBURGER M,et al. Human umbilical vein
endothelial cells generate leukotriene C4 via
microsomal glutathione S-transferase type 2

and express the CysLT (1) receptor [J]. Eur J
Biochem, 2001,268(9):2 578-2 586.

%48 &t

LLLLLLLLLLLLLLLLL KL LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LKL LLLLLLLL L L LLLLLLLLLLLLLLKKLL

(B3 % 240 ®D

(4]

£s]

[6]

MORGENSTERN R, DEPIERRE ] W.
Microsomal glutathione transferase purification
in unactivated form and further characterization
[J]. Eur J Biochem,1983,134:591-597.

GOLDSTEIN D A,FONTANILLA F A,KAUL
S,et al. Long-term follow-up of patients treated
with chlorambucil for

(1l

short-term high-dose
inflammation
Ophthalmology,2002,109:370.

ZHANG Jie, LOU Yi-jia. Relationship between

sightthreatening ocular

(7]

activation of microsomal glutathione S-

transferase and metabolism  behavior of
chlorambucil [ JJ]. Pharmacological Research,
2003,48:623-630.

ZHANG Jie, YE Zhi-wei, LOU Yi-jia. Metabo-
lism of chlorambucil by rat liver microsomal

L1l
Biological Interactions, 2004,149:61-67.

glutathione  S-transferase Chemico-

[F4E%4 Hueik]



