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[ Abstract)

Objective To investigate the expression of glutathione—specific y—glutamyltransferase 1

(CHACI) in gastric cancer tissues and its clinical significance. Methods The expression of CHACI in gastric
cancer tissues and corresponding paraneoplastic tissues of 40 gastric cancer patients who underwent radical
surgical resection was detected by immunohistochemistry. Tissue microarray and immunohistochemistry
were applied to detect the differential expression of CHACI in samples containing patients with prognosis.
Results The positive rate of CHACI in gastric cancer tissues was significantly lower than that in paraneo-
plastic tissues (P<0.05); CHACI was obtained by post—hoc analysis after IRS immunohistological scoring.
Five—year survival was longer in patients with high expression of CHAC1 gene in gastric cancer (P<0.05). In
addition, CHACI was an independent prognostic factor for gastric cancer by Cox multivariate regression anal-

ysis (P=0.001; 95%CI=0.249-0.622; HR=0.393). Conclusion

cancer tissues and is associated with poorer biological behavior.

CHACI is highly expressed in gastric

¥

[ Key words]

B 98 (gastric cancer, GC ) &1 5t 155 H K e
LA RIS — RS e . A BRLT—F
() B R BLRTEAR A2 H 2 R 25 R
UK TR A PR RIS 65 O e
A TR A0 TR, SR 02 b

HBTH  E A ARE LS (82173239) ;AR A AR RS
(2018A030313634)

FEH BRRE %1 E-mail ; chenjt33@mail2.sysu.edu.cn
THAEIER  #EHSR | E-mail: caishr@mail.sysu. edu.cn

Glutathione—specific y—glutamyltransferase 1;

Gastric cancer

BYANG T SO0 B A2 W HING YT R U)W
F R 4 I P AT AT K B Sy R e Y —
AN 2R 98 200 i ek Y SR T K AR
AL 25 W) FA Y6 PR SRR B0 T, TR a2
PERPIRE R SR A H Hi( (glutathione,
GSH) Je—Rh P, 7E 40 b 7824 [ b B v B
IR FE RN T, GSH Sl PE % (reactive
oxygen species, ROS) F F 5 J5 # GSH 8 P4
i AL B AL O SR A A DR LS X T
SiE , GSH 7 H 3k & ol 5 R AR ], B T EUE Y



250 GHEA IR 2 35 (R FIR) 92021 4F 12 A% 13 % %6 4 8] ] Dig Oncol (Electronic Version), December 2021, Vol 13, No.4

PN AR = N O 2 B 2 e SO, GRS T R ) )
AN 7= A VR A B2 R 100 PR ) TR GC R AR fR
W DA AR ER 3 KT B2 1 T ML o R
He ML W FLA T RIS BT

CHACI FER it y- 1 A BRI R K
WEE R DY, FEE TR A IR H R B KPR 5
BAER, A BEH MOE A T s sh AT Y
PHZE 0 AHIFSE A B3 1ok f 3 A Sk A A
BRI LU CHAC1 323k WG 430t , /A
S50 R BEEHE Z (R & R B IRIR T 1B
R

1 HiEESH=E

1.1 — ekl Il e 4 v il K2 B 5 —
BEBE 2004 - 5 A 2 2008 4 5 HIrtRiatEFARY)
Bk 11 ' i 2 SRR AR JAR O g 55 A 20 A AR HE
S ENZ W B e B T AR 432 ARG TR
A ERE TS B8 L HERRAR I . 5 9 R AR Ak
SR BB A IE LA e R 9 D e K T
Ja BEVTGOREAS 4 0 ARSI 117 141, 53 S i
WCEE 2020 4E 9 A & 2021 4F 9 AFHRIBEFARY)
W 0 B i 2 B S A R I o5 A2 A bR o R HEBR
FRUERIATRTIR . FL98 A 58 Bl 191, Ltk 20 f1, 5
P 38 1] ; 4E 1Y 35~76 % P IJ4EIS 61 &, LUH i
YI%k 2~5 em 50 0 B A SRR S 414, Fr g Ak
s 1 35 42 R e AR F 2% 53 S5 e

1.2 rdbriE R d LUk 7 55
FRUE 0 57 e (05 B R P DX R e (48450 (0~12)
FAFRIPHTE YL A 5R E (To= 0, F9= 1, =2, B3R A
943 =3) F1FHE 40 M 19 LB (<10%=1,10~50%=2,
51%~75%=3,>75%=4 47) ., "5 CHAC1 By Edl
SUL A TE o = PR e (0 B X 4 Ak BE 1 40 e 7 L
B (0~12), M4 CHACL M58 2 214k 22 01 43 43
R R (=6 /) FIMRFRIRA (<6 71)

1.3 ik

1.3.1 FRARKAFN  CHACI RIT AN EREYUA,
(TAEWE 1:200 ), DAB O FLH & . e
B W AL T A2 A BR A A, gl gl
2835 B FARR AR Y9 248 109 H BE [ 5, K, E
5 wm HESY

1.3.2 A8y s A g ook A
Envision &EE%@JH‘@%:%%HF&% ,*ﬂggaﬂ%ﬁﬂﬁé
K, BT EDTA S, 4R 120°C 2 min

PURBES, A 3% AW T 30 min, 35
PP R PR A AL SR, A — BT CHACL, BT
4CVKFE LR E , INA Dako — 9T, ZIIFH 1 h,
TN DAB S5 e IR AN Y K EH A,
1.4 Seit2erik i SPSS 6.0 B HEF T4 HT
CHACI 7¢ 15 9 i 1) 22 15 15 10 5 1 PR s BE 4% =2
] B OG22 R 2 K 3, ZE T RE PR AR 1 58 1] i
Lo B 50 o5 328 22 5ok FBC XS ¢ K 58 E 47 4%
B, CHACI 75 8 % v & AR 2 38 1 5 43 R H
Kaplan—Meier J Cox 173877515, P<0.05 J 2
SAEGHFE X,

2 &R

2.1 TERTHE MR Y 58 B E  CHACI TEH
i 205 X R g S5 Al L B ek | il el
gk 2E e gl IR CHACT A RS EEEM
BT, VS RO tR e, I 1 T CHACT FE9
55 41 2 v BH M DX A Bt A 2 e T B A1
FAh, FRATTE A R A AU AT CHACH
A3 B R S S AU I 8L, CHACT TE3 5%
HAP AR IA R R ES THEALN, ERA5
227 L (P=0.0045) (K 2)

2.2 FERBAEEAE T RATHT CHACT 715 %
20 AP ) 3K 50 UL AR I A BRI I G &R
ZERAFIRTEMIE K/ | KRS58 | m b F |
TNM s RIE 22 7 G = L (P>0.05),
T A 0l B A R R) B 3 1 B s A 2Urp R AR

1 CHACI 78 B4 KoE s U i 33k
A, CHA CI TEJ 55 22U () 363K (Envision 15) ;B, CHACI
TE B AL 2V (1 55 (Envision 1)



CQIERLA b

M, Z5AHSI22E X (P<0.05), L Fit<65
ZBFEMN CHACI FHMERIN R T HYE | FiB>65
BEF (R,
2.3 RIS SE T, AT CHACT 176 B )
HAP R ARRE, ﬁﬁ%ﬁ@ﬂk%ﬁﬂﬁﬁ
ﬁ>6ﬁﬁm%¢@<6\ﬁﬁ%¢@ i
Kaplan —Meier HAE 5y B , FEHmALh (= SN
CHACI Wi 3 H 5 A7 R g % | ALK R
CHACI W, R AR X (P<0.01) (K
3), WiEZHZE Cox [HIEAMT B /R LT MR K
N R 5 AR S AR M TNM
W, CHACT W3R 3K v (T RE T I 5 o S 4 1 93
JE L (P=0.001) (K 4), -3~ B CHACT K

12

n=58 P=0.0045

CHAC1 5% 414614 (T-N)

'12 1 1 | 1
20 39 58
1%k
B 2 CHACI 7 BB AL s AL P i e 8k 2
o

Z i CEF ) )2021 4F 12 A% 134 55 4 ] ] Dig Oncol (Electronic Version ), December 2021, Vol 13, No.4 251

SEREAK, CHACT W fE R B B B U I

3 Wig

ﬁEMkE%kﬁﬁwmﬁﬁﬁl%ﬁ%

(EJR U6 2B AN T S b 4 BRI 5 -5 0 M 0 T £ 4
ﬁ FCrp A IDE H KA DA 9 40 ML A T b 4 T B R
TRYMEHIN . GSH J2 A= ik rh & B fe £ 5 it
%ﬂéﬁ%ﬁﬂ%&ﬁ$ﬁ%ﬁ%%%%@ﬁ
i JFERAS  GSH R B T /K L E R | JF
i SNIRAE P I PR TR] A T3 Xt 4 I A4 35 7
Pk, SR, GSH AR 7R 2 Ml R iR v 4%

ST (%)

Rk

Log Rank P<0.01

T T T T T T T
0 200 40.0 60.0 80.0 1000 1200

B E (A )
B3 BEmmEmELUE R (TMA) T CHACT BRFE XK 4
5T

R 1 CHACI TEBIBA LI MBS UL I AR BRAFAE A 5 22 [ (% )]

e BB (%) (n=117) KR4 (n=69) R IBY (n=48) X P

P 3.894 0.048
5 71(69.9) 47(31.9) 24(50)
'y 46(30.1) 22(68.1) 24(50)

AE R 4.836 0.028
<60 % 74(63.2) 38(55.1) 36(75.0)
>60 % 43(36.8) 31(44.9) 12(25.0)

RPN 2.523 0.112
<5 cm 46(39.3) 23(33.3) 23(47.9)
>5 cm 71(60.7) 46(66.7) 25(52.1)

JEALFE RS 0.040 0.842
w 104(88.9) 61(88.4) 43(89.6)
= 13(11.1) 8(11.6) 5(10.4)

WS 0.116 0.733
w 25(21.4) 14(20.3) 11(22.9)
b= 92(78.6) 55(79.7) 37(77.1)

TNM 533 0.519 0.471
/0 36(30.8) 23(33.3) 13(27.1)
m/v 81(69.2) 46(66.7) 35(72.9)




252 GHEA IR 2 35 (R FIR) 92021 4F 12 A% 13 % %6 4 8] ] Dig Oncol (Electronic Version), December 2021, Vol 13, No.4

Jifggg /N
=5 cm Hi<5 em'|

AL RS

M, & M, |
LR |

N/No/N; N,
P

LNl

TNM 431
M/IVEE T/

AEE
=60 % tb<60 %

CHACI &35 _
] PO

%}i

HR  95%CI P

1.088 0.700~1.692 0.707

1.374 0.649~2.911 0.407
1.090 0.596~1.993 0.780
0.724 0.464~1.130 0.155
1.215 0.702~2.102 0.488

0.872 0.570~1.334 0.528

0.393 0.249-0.622 0.001

T
1 2

T 1
3 4

0
4 FHEEFENHLUE R (TMA)T CHACI BKFERMZHEK Cox FIHMT

At MECRAE X TEAE , GSH 78 Hoik Jg h il %5
XCEAE , BX T BUR Y 0 2B Mg 2 OCE 2
TR ) R 2 % A A 1 7 AR ORI S ) 4R
1M, Aol I 40 B b 5 Y GSH /K SF- R #1517
XFILAAGST 25 9 iy o vk ok Ok 4 B i | FL AR R L 4
Fo 958V g R A SR TG B 2 A i o-) ) Y
GSH fe ki it Jre | Horb b K- 5 R 5 m
*Hi‘,é[lz-n]o

v AR R Bl — PP RS A W, T A
Mi4h GSH MREfE, AR T A6 4N GSH
Jr s B o A A IR AR R, X IE ARy y
BRABGIR MK G BGERE N RRIERE,
T 25 200 1 P9 2 IR H SN 2 e 2 R )y T e 2 T
YERIDS ) y 23 S Ik B i K -7 S AL R Tt
VA R A R A R A M s i CHA C T
PSR G y 4 2 e I 2 11 5 — Ak
51, Mungrue 5¢177E 2009 45 KHRIE CcHACT 5
T-Z AR CHACI/MGC4A504 J& R85 X
N7 B AR T 4%, 47 T ATF4—ATF3—CHOP 2%
BT, 78T CHACI VA4 T- 3 is 42
1£2017 4F  Kaur S HFE LB, CHACT S A
KGR AL A e T IR R 5 AR -L-If &
FRFN Cys—Gly ik, &I IEH TP B, MAE
FH T HA -5 2 BEAK

AR BRFET (ferroptosis ) M 2 fili 22 8 A\ i
S HOR— AR Y X T AR T 4R
INBE AN W G P A 40 i AR e AE T O XL Bk
FET-AY E MG R, 7 kel R A A R 1E

i L M =S IN O N U =3k A
Frad E Ak, NS A0 BE T e Ah | 8 R B 4T
AR R (GSH I e H K A AL W il 4) 1) 3k
HAYFRAL), Horp CHACT S8AET- 06 R e
WIRE T2 K CHACT FefidE | RO | .
9 AR HRE A G RRBE T AL, 7E AN
Z, Guan S5 POHREFE B A I Tan 1T A HEMIE
i ARV Pres2 Al CHACT 3Rk, iy
SHERBET S Il I R e R R M D
Wang 55 2% IO T 8 R 0] gl 3 sh P e i
UPR Fl LI CHA CI 323K KA 80755 PLC 4 v
PIRRAET, FEARNFS Y & I E A U h Ik ik
CHACI " BE 58T AN T AL A OC | 75 J5 2L 56
st R AT A TR A A AR SEHL A
BITHAIE — E R AR R EH R, b7
25 PR S 0 Dy e R IR AT SR T
W, T 2 ML A 9T R IRATT T T, GSH 7K
SB35 B 0 LA TR 25 O il 524
AU 5T BAE A B 1k xR R Ek
DNA s 25 DNA B & o 7  GSH 1Y
BT 25 P 1 E 2R N 2R 7R R A R A
T, GSH THAEAT y 2 S Wk HE % Wl 410 ) d 25 04 i T
AL RIS R A A I B MR 2T A BRI i R
ik GGT 1940 %t i E Ak A P AL F 25 (£
2 BB 4 I 23R 5 — R R g e 01y HL A R 1Y
HHL S, 2T GSH 7EVE 1941 (CDDP) HitkEH iy
YERR I T 3 FiALH] . GSH 7T LAAE 4 il Bl K+ i
it MRP2 /T 19 CDDP 7£ i ZL 25 9 240 Jifd v 1) 9t



GEA PR 2% 3 R F ) 92021 4F 12 A% 13 % %6 4 ] ] Dig Oncol (Electronic Version), December 2021, Vol 13, No.4 253

T X2 CDDP Btk 4 635 GSH
v— GCS BIXLEE | GSH T AE Ay 48 Ak 5L 3 15 200 Jif £
P59, GSH W FIERA (Cu) #5571, 5350, #EDixon %6177
WF G K BN 335 1] F5 42 B U R G xe (- ) AE LA
CHACT F-4 1 40 Jf o9 A0 e 20 R | 4% 208 1Y) L 451 DA
TR GSH Ay AT I ik 26 259 (P fE

5 LTk [ CHACI Z 53 EM E K E ]
T BRBET M 2558 HL 7R B AP IR S
S RE AR AR S S AT REAA G, i Cox
A3 AT REAT RLTR B R AR B IR 4 1 O
TG , T CHACT 75350 A SE e A PR (44
PRV JA AT S ) PE T B ARU0E HE LT 24 ) 1) R
PERIARIT RS AL TR 1), o B R R
7 R 5 iy RSB I 5

&2 3k

[1] RAWLA P, BARSOUK A. Epidemiology of gastric cancer:
¢global trends, risk factors and prevention[]J]. Prz Gastroenterol,
2019, 14(1):26-38.

[2] BRAY F, FERLAY J, SOERJOMATARAM I, SIEGEL RL,
TORRE LA, JEMAL A. Global 2018:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries [J]. CA Cancer J Clin, 2018, 68
(6):394-424.

[3] ISHIMOTO T, MIYAKE K, NANDI T, et al. Activation of

cancer statistics

Transforming Growth Factor Beta 1 Signaling in Gastric Cancer—
associated Fibroblasts Increases Their Motility, via Expression of
Rhomboid 5 Homolog 2, and Ability to Induce Invasiveness of
Gastric Cancer Cells[J]. Gastroenterology, 2017, 153 (1):191-
204.el6.

[4] DIGKLIA A, WAGNER AD. Advanced gastric cancer: Current
treatment landscape and future perspectives [J]. World J
Gastroenterol, 2016, 22(8):2403-2414.

[5] RUGGE M, MEGGIO A, PRAVADELLI C, et al. Gastritis
staging in the endoscopic follow —up for the secondary
prevention of gastric cancer: a S—year prospective study of 1755
patients[ J ]. Gut, 2019, 68(1):11-17.

[6] LU SC. Regulation of glutathione synthesis. Mol Aspects Med,
2009, 30(1-2):42-59.

[7] LUO JL, HAMMARQVIST F, ANDERSSON K, WERNERMAN
J. Surgical trauma decreases glutathione synthetic capacity in
human skeletal muscle tissue[J]. Am J Physiol, 1998, 275(2):
E359-E365.

[8] LUSHCHAK VI. Glutathione homeostasis and functions:
potential targets for medical interventions [J]. J Amino Acids,
2012, 2012:736837.

[9] WU G, FANG YZ, YANG S, LUPTON JR, TURNER ND.

Glutathione metabolism and its implications for health [J]. J

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Nutr, 2004, 134(3):489-492.

LU SC. Glutathione synthesis[J]. Biochim Biophys Acta, 2013,
1830(5):3143-3153.

YU X, LONG YC. Crosstalk between cystine and glutathione is
critical for the regulation of amino acid signaling pathways and
ferroptosis[ J ]. Sci Rep, 2016, 6:30033.

CARRETERO J, OBRADOR E, ANASAGASTI MJ, MARTIN
JJ, VIDAL-VANACLOCHA F, ESTRELA JM. Growth—associated
changes in glutathione content correlate with liver metastatic
activity of B16 melanoma cells [J]. Clin Exp Metastasis, 1999,
17(7):567-574.

HUANG ZZ, CHEN C, ZENG Z, et al. Mechanism and
significance of increased glutathione level in human hepatocellu-
lar carcinoma and liver regeneration [J]. FASEB J, 2001, 15
(1):19-21.

TRAVERSO N, RICCIARELLI R, NITTI M, et al. Role of
glutathione in cancer progression and chemoresistance [ J]. Oxid
Med Cell Longev, 2013, 2013:972913.

ZHANG H, FORMAN H]J. Redox regulation of gamma-glutamyl
transpeptidase [J]. Am J Respir Cell Mol Biol, 2009, 41 (5):
509-515.

ALANAZI AM, MOSTAFA GA, AL -BADR AA. Glutathione
[J]. Profiles Drug Subst Excip Relat Methodol, 2015, 40:43 -
158.

MUNGRUE IN, PAGNON J, KOHANNIM O, GARGALOVIC
PS, LUSIS AJ. CHAC1/MGC4504 is a novel proapoptotic
component of the unfolded protein response, downstream of the
ATF4-ATF3-CHOP cascade [J]. J Immunol, 2009, 182 (1):
466-476.

KAUR A, GAUTAM R, SRIVASTAVA R, et al. ChaC2, an
Enzyme for Slow Turnover of Cytosolic Glutathione [J]. J Biol
Chem, 2017, 292(2):638-651.

TANG D, KANG R, BERGHE TV, VANDENABEELE P,
KROEMER G. The molecular machinery of regulated cell death
[J]. Cell Res, 2019, 29(5):347-364.

GUAN Z, CHEN J, LI X, DONG N. Tanshinone IIA induces
ferroptosis in gastric cancer cells through p53 -mediated
SLC7A11 down -regulation [J]. Biosci Rep, 2020, 40 (8):
BSR20201807.

WANG Z, LI M, LIU Y, et al. Dihydroartemisinin triggers
ferroptosis in primary liver cancer cells by promoting and
unfolded protein response —induced upregulation of CHACI
expression[ J ]. Oncol Rep, 2021, 46(5):240.

BENLLOCH M, ORTEGA A, FERRER P, et al. Acceleration of
glutathione efflux and inhibition of  gamma -
glutamyltranspeptidase sensitize metastatic B16 melanoma cells
to endothelium —induced cytotoxicity [J]. J Biol Chem, 2005,
280(8):6950-6959.

SHI M, GOZAL E, CHOY HA, FORMAN HJ. Extracellular
glutathione and gamma-—glutamyl transpeptidase prevent H202 -

induced injury by 2,3 —dimethoxy —1,4 —naphthoquinone [J].



254 GHEA IR 2 35 (R FIR) 92021 4F 12 A% 13 % %6 4 8] ] Dig Oncol (Electronic Version), December 2021, Vol 13, No.4

Free Radic Biol Med, 1993, 15(1):57-67. A, 1992, 89(7):3070-3074.

[24] HOCHWALD SN, ROSE DM, BRENNAN MF, BURT ME. [26] LEWIS AD, HAYES JD, WOLF CR. Glutathione and
Elevation of glutathione and related enzyme activities in high— glutathione —dependent enzymes in ovarian adenocarcinoma cell
grade and metastatic extremity soft tissue sarcoma[J]. Ann Surg lines derived from a patient before and after the onset of drug
Oncol, 1997, 4(4):303-309. resistance: intrinsic differences and cell cycle effects [J].

[25] GODWIN AK, MEISTER A, O'DWYER PJ, HUANG CS, Carcinogenesis, 1988, 9(7):1283-1287.

HAMILTON TC, ANDERSON ME. High resistance to cisplatin [27] DIXON SJ, PATEL DN, WELSCH M, et al. Pharmacological
in human ovarian cancer cell lines is associated with marked inhibition of cystine —glutamate exchange induces endoplasmic
increase of glutathione synthesis [J]. Proc Natl Acad Sci U S reticulum stress and ferroptosis[ J ]. Elife, 2014, 3: €02523.

S VEH - G

AT & #r AR & 1T 1% 5L 15t A

I I 24 3 (L TR ) (ISSN 1674-7402, CN 11-9301/R) ZE %K D AEf@EZ R 418 AR A B RFEE R A
F I B TE AR Ll B T 2B AR ) AT B T P E R A R b E RS SO ) | B O B ()
B ) R 2 AR A P 86 s i ) b SRR I RN 2 ) & SO, AR RIS A ) KRR 45 TAEH R AL T — ML FH 1
T iB SRR T & AT R E T 'K RS E T, 78 E N2 — 2 R0 7 U 45 7 R my AR PR | TR Atk
MWIT



