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Abstract

AIM: To clone and identify human genes differentially ex-
pressed in human hepatocarcinoma HepG2 cells treated
with arsenic trioxide by constructing a subtractive cDNA
library with suppression subtractive hybridization (SSH)
technique, and to elucidate the molecular mechanism of
arsenic trioxide in the regulation of liver cells.

METHODS: The mRNA was isolated from HepG2 cells
treated with arsenic trioxide and PBS, respectively, and

then cDNA was synthesized. After digestion of restriction
enzyme Rsal, small sizes cDNA were obtained. Then the
tester cDNA was subdivided into two portions and each
was ligated with a different cDNA adaptor. After the tester
cDNA was hybridized with driver cDNA (twice) and under-
went nested polymerase chain reaction (PCR) (twice), the
DNA fragment was subcloned into T/A plasmid vectors to
establish the subtractive cDNA library. Amplification of the
library was performed in E. coli strain JIM109. The ampli-
fied cDNA was sequenced and analyzed in GenBank with
BLAST search after colony PCR.

RESULTS: The subtractive cDNA library of genes differ-
entially expressed in HepG2 cells treated with arsenic
trioxide was constructed successfully. The amplified li-
brary contained 109 positive clones. Colony PCR showed
that these clones all contained 200-1 000 bp inserts. Thirty-
six clones were analyzed by sequencing and bioinformatics.
The results showed there were 15 coding sequences with
known function and 6 novel ones with unknown function.

CONCLUSION: A subtractive cDNA library of genes differ-
entially expressed in HepG2 cells treated with arsenic tri-
oxide was constructed successfully using SSH technique.
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By &R A8 MY R 22 X (suppression subtractive
hybridization, SSH)HE ARM & As,O5 4L 22 69 ANT & 20 e,
% HepG2 £ 57 & ik K H 49 cDNA B L E, ik %
% AsOs AT AR XL R, 1B Ao O 33T 20 i 38 5 45
85 A4 F A

Fik: VA As,O5 222 HepG2 20 L, [ BT L PBS & 2264
FFE A ZAE AT B 24 h G S G m I ik, IR
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mRNA 54 F 4 cDNA, 2 Rsal Bsbn)s, Ktk
20 cDNA 4, 4555 WA RE 63 kb, &
5 3f B4 cCDNA 347 7 K 0H 8 2 BRIk % B
B4k B (PCR), ¥ =45 T/A BREH, HiE DNA
W, SR RMAFE 1109 HATLEY ¥, M
MBRIE F % PCR 438 )& SE 4T B> B B R P54

R RAHMIEZ AsO; L3 HepG2 48l 25+ KA LA
8 cDNAH B . X ET G 109408 &, 5%, it
ATH % PCR 447, #435)] 200—1 000 bp 4N F H. BRI
SR IENR BB 36N L ESATN G, FiE i AW 8RS
SHMIRAE 15 A s LB 59 Fm 6 A R AR89 #7 KA

2538 A SSHE R R A ME T As,O; 422 HepG2 28 it
E 7Rk AR 4 cDNA H B L.

KERA: I, As:Os MBIETERIZE; LRI, T

R, RZE, KRR, KERFT, N, 2T, K2R, EEE. NADEIHR
FREAME=EN N ARETHERTAER . BREHIRE
2005;13(13):1635-1539
http://www.wjgnet.com/1009-3079/13/1535.asp

0 515

=44k i (arsenic trioxide, As,0,) H T4k H &
TRIT RIS S T ks A0 M 1 e, BAS T I R T
I RRUR s 56 LR AAR AR IE F90% LA _F. 15 R MR 7T K
I A0 TEARSISH TR TH e 20 BT F0 I e . 15500
T {H As,0, RIS R S B s SEW T T LA (TARC)
1980 “F-Aiffi s — P By, FLA D) 10 B0 HLH] A 3 B .
PR G TE A TR A0y IRIIXFPYA / S00 100 1) Y 755 4 FH gl
AT IR L IHIPEH ALK (suppression
subtractive hybridization, SSH) nJ DA id 4 i
R B 2 5 IR M E R = ATV SSHEA, Mgt
As051F F T N\ JH 3 40 Hd HepG2 Ji 22 57 3 18 2 PRI [#) c DNA
TV S, 5 3% FF 50 1 A s, 006 41 3 =5 1 F 16 2 5
RIEFEA, N HAEDE B2 (bioinformatics) H A
WA IRAGHEE R P 1. RN T i As, 0,75 JH 9 ¥ 97
(R /E I HL A SR A8 1 B AK A

1 $RASE

1.1 A N 40 R HepG2 40 il A K AT 181 TM109
(AZELRAE) , mRNA Purification ikifl#& (Amersham
Pharmacia Biotech), PCR-Select cDNA Subtrac-
tion X5 (Clontech), 50 X PCR Enzyme Mix,
Advantage PCR Cloning i{#|#& (Clontech), High
Pure PCR Product Purificationi®#l#& (Boehringer
Mannheim), T7, SP6 WA JI4¥ & pCEM-T # ik
(Promega) . DNA JE I s (b3 1857 28 ) 58 . e 1
As, 0, ¥ W LAPBS W /E 2 LE. 735 mmb 57 ML H o AL

77 HepG2 41 Ffd, 40 i AE A 2 0 EC B 23 K Asq0, 22 PBS
IO HE BT F2 W, A As,0, ZOKEIXE] 5 umol/L,
24 h JGW R4 M. 44 mRNA Purification ik £r,
HEEEE As,04 M PBS ALBEY) HepG2 41 ffd mRNA, £285¢
JIEHE B e HL UK A 2 D' B v 0 Sl AT s 1 o B0 AT
1.2 7 % IR A SCPEM SR FH PCR-Select ¢DNA
Subtraction Kit, ‘& SSH 7+ i W5 E4T : LA
As,05 M PBS 4b L (#) HepG2 21 il mRNA 2y #5505 306 4% 5% &5 1%
XUEE cDNA (dscDNA) , F43 Flldric 4 Tester Fl Driver,
dscDNAZERsa I (—Ff iR 50 488 7 51 1 A VIR T4 4K
FEA AN R P B, AiAEE V)P, K Tester
(1) dscDNAZy R 47y 5 53 0 3 il R e BRI (R e ok e b
MRk Addapter 1 #1 Adapter 2, X551t
W Driver dscDNA HEATZ%AC; A FF I M2 =) )
i 5 Driver dscDNAESS 2 IRFAL; SRS K 2448 7= 9)
OEFEE PCRY 14, 1§ Tester dscDNA HiEsRik
B RIA ) BT 2R e Y 1 K 474 5 pGEM-T
WAIER:, HAL IM109 A2 Sd T, EHE Tl E
F M LB/X-gal /IPTG Kigitik b, 37°CHi5% 18 h. $k
WA %, B8, DL pGEM-T #8544 2 oo B A7 2 P i
T7/SP6 I HEAT V& PCR 97384, EWH &4 4 A B
Jii (200-1 000 bp), MR, N ZEWE B2k 5 P
515 GenBank £ 2 2E47 Blast [A ¥ 20 4T.

2 BR

ORI R 7R, As,0, & PBS ALFE(1) HepG2 41 il
mRNA 23514 4.6 pg M15.5 ug, Awo/ Ao = 2.199.
10 g/L B IR BEABERS K . mRNA 24 KT 0.5 kb i b
R AREA . KIEHA adaptor 1 filadaptor 2 1)
2 41 dscDNA 73 AT R S 1t 5 1) G XL R H 3
— TR i UG G3PDH 51 4)) AT 28 NMEAY 1Y, =9
FH20 g/L B R WE B¢ s FELIK 25 . 45 L {7 2 4 dscDNA
PP A, B dscDNA B 5 8k mR R iE
B 03 I LI 9K R T W PCR =4 R B, FH G3PDH 5
YIREAT PCRY™ 44, 4»BIAE 18, 23, 28, 33 MG LR
AR RIS pl MAT K . 4R ER, 5
RIS PCR = AH L, W94 PCR 7= 4 G3PDH 4
BRI 7= 40 R R sk 2> i W T A 2 P9 i S P2 LA AR i 1)
IR (1) . 8384 25 PCRY 14 )5, B 7% PCR
PG SE R B oR 2001 000 bp K/NASZE3E A F B,
FITARA31 36 Aok JLF S HERHA R B, Xee4k
Ty T R R 2 e RIE ML F B (] 2) . B LBk IE 36
ANTEREMI . 5 GenBank ¥4 FEUEAT W10 LU A . W
EYME BRI RIL, 36 Sk Ok
(KB 43 7 5] v )9 (98-100%) , Zwfidh 15 2 404K
M, 6 MoBimRmEA (R 1).
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500 bp

B1 HBRMBOTEE. 514 G3PDH3’ FIG3PDHS5’, 1-4 4
FALRL; 5-8 T4 ¥4 18, 23, 28, 33/ PCR JEIAEL.

%=1 PRSI S GenBank EERBSILLRGER

BREDERSIR HERITeREE BRI
IREMMCBBERE DS (CAP) 2 97%
IIVZSBIAZEE B (SNRPB) 2 100%
BEOEAIER a2(PSMA2) 3 100%
BOEAILE{ a5(PSMASB) 1 100%
RREEED 1 99%
B IEEO(AEGT) 1 99%
IR ZEATDSEEIZ = (SLCAAT) 1 99%
CCAAT- BEEDELIY)CCAAT-B) 1 97%
BFEED(COPA) 1 99%
I BT R E ORI (058/GTA) 1 97%
PREOEEZANFHP) 4 98%
PRECEHEBIN(FLP) 4 100%
AR B 47(HSP47) 1 100%
AR B 89 a(HSP8I a) 1 99%
AYARTIED 90a(HSPY0a) 2 99%
HEEED KIAA0172 1 99%
HEED MGC9084 1 98%
FLJ14185 1 100%
FLJ90301 1 97%
FLJ23322 1 100%
BURERHCETHEHMAPK) 1 100%
20 jEBEREERS(BAX inhibitor 1), 1 100%
ANELBIRTE 3 100%
3 iTie

=54 (arsenic trioxide, As,0,) {AFRNLFE, &
ML 215 T, RS 23R 153 [ SDA F13E [E FDA
HedE B, AT 4 B AT (Hepatocellular Carcinoma,
HCC) s dpe i WL IR JsU R M 8, [) I i R — AN LT
HH S L e R Y, OB R e U 2= O
As,0, 705 40 M B IE R, A2 B (P e
Y2 — . AH As, 05 [FI IR —FhBuEd, v L5
i 57 Ik e SO R e B I TR S At P
iR 1 A A PR 9T A s 000 THE 48 B4 FH IR BL A
BT IE THE A B 7 1A AR B 3 S AsoO.7EAR AR 5

M20001 2 3 4 5 6 7 8

1000 bp
500 bp

1000 bp
500 bp

2 ZHPEETIMEN-16)E5E PCR B ETE.

A AR e, KA T, R T A R
Bel-2, 4 IAEHH -3 K Bax (1) 2Rk DL AR — 3 22 1)
MLLtl, {24l Fas BRI RaA G, fEdb L=t
BEFT As0, )32 N FH T J000 o) G 458 JH 9t 1 EC A, S A4 e 988
LA A FEMLA RV R T S, S RN . IR T ok 2 A8 T
AT R SR ) — U B R e bR R, 5164t
M7, A SR A . S8 etk
BHPE AR S0 AT, 6 RO /0 7 WK T2 s e R
TR MARE PR, AT AR B T IsF i) P R4 e R AL ) S &
SR CRATHE As o0 T BTREAN BB 40 i &R HepG2, JF
L As,0, 571 PBS T3 (140 A [ 40 L R A Ak Ji, - DL 2
0 i 2 P R HUT) mRNA SR kL, N SSH i
IR T As,0, WG AH SCHE PR 22 573K 1) cDNA W9 3¢
i, BEHLEKIE 36 N TOREIF /8, A 27 AN SekE S 24
T B8 BL PR e 3 [R) U (98-100%) , FLgifith 15 LR 64
TLRE SRR P, 3 AN GRS R ).

As:0, T _E I A0 MO VF 2 Thie B 1 (1R IA. S isg
et al"™ [N FE & As,05 0 T HepG2 41 fild 3 [K % 1A 1%
PR S A BEIURIL, 5 umol/L As,0, 53
HepG2 40 il 22 5 R IEFE R 137 4, Hob 53 &R %
B L. s NS RAKET 2 24 (I6GF2R), A
224y 34 50T B 2306 (MAP2K6) 4. Tchounwou
et al" R As,0, FIHBMEH KRN, 4 )EHER
(11, #4R5EE [ HSP70, C-Fos, DNARGH LI
153, 45(GADD153, 45), HZMEIATEA 78 Ha)T
(GRP78) , DAL Sl Jot e . Jo A (XRE) « e 410 il
1 N TG (p53RE) , IAREEEEF & M. Ja 4 (CRE) , 4 H
1% [ . 644 (RARE) 3Rk . AT R I AS:0, BRI 155
CANTHRE R AT 20 72 (1) M0 TS A 1 - (BAX
inhibitor 1),Bax inhibitor—1(BI-1) & —F¥#HHi
WT-E A, T 12q12-q13, CDS 4K 711bp, #ifiY
237 aa, 15 9IkXIK 1-46, 6 MEBEEX 30-47, 51-73,
85-107, 112-134, 141-163, LAWY Ar 44 A 52 H 14
S BE RV 5% T+ (TEGT) , %2 Bel-2 Fl Bax (11, BLAE
WESEBI-1 7] 5 Bel-2 M Bel-XL AHHARH, AR S
Bax Ml Bad, 4 BI-1 7r8 M40 Mo b i Rk, 7]
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DAAH th Bax FAGST 25905 5 I 40 R T2, Ty AN A& i
idFas (CD95) VI 1™. (2) i TG A 4 1 gk
W (COPA) , TR AN A1z 1~ (SLCAAT) , XA
PR e 38 RN e AR s Pl BRI B . #
BRI 1 (AEGL) & I % br Bz —. (3) 4 i
AR IRIR A G, EBHAE H A A A S5 1
HA. IR E R A CE A (CAP) AT IZA4F71E, =
FEORAT, RAAWE D RE ) 8 H T, 20 2 K o 2 40
famg . EYF Ras TR 5 R, 4G IRETRMML
Wt TR A I &5 G ERE NS E A, B RS 5)
AMEA, RO IEW MR E SR EK TR Er .
Yu et al"™AIESE As,0, 2 35 M T RF 41 8 HepG2
SR, oA T AR TR A A kb T HSCTO R IA
JE BT YR N LA M 2 k% D e e 45 B A0S . (4)
dedpdi e, (CUEmi gl oA BRI - 2k
EHE G #E 2 )0 RE AR AN A E A
JU, SRR DA OC. A BT R I A 2L
KF 1 T v A G PS84k B s 4 R pL A 2 — 20,
Gebel et al™ RINARIKF KT A 3 (¥ 40 i 25 14 ] LA
TE ok 240 O T 52 2 s gs 5 1) DNA 5405 3 kI E 9T
N EE A ERESEE A PUR TR, T DA R
Sl B, PR ) S e As,0, T BASCAR 4N
JHL PN A7 (1)1 5 e AR . (B) 2y T ER A
HSP47, HSP89, HSP90. HSP47 1E k40 B P4 5t I 1) —
By TR, 5N M RIE T &, 43
ez, (e 3k e (1) G B I 4R8I I AR 3T 8 20 1
FesE e, A BT A 5T M B v R BEAR ) 1 IE A 4R
BN EEIE Y HSPATAE B 25 e JRU 1) S AR Hh s S 1 Rk
Wy, TR MR LR RS I bR S 2 —. HSP8Y it
HSPOO S5 1A BT 1 b3, HSPOO S 40 A P #5355 K (14 3 T+ £
MEAZ —, WEE ¥ SEANIER D6 KK
T, Lee et alNfStrategic shotgun
proteomics F% AJH & FF HepG2 & H E 151 5 Hep3B #H
LU A T 160 2 1 60, 65 FAPR 5 B T HSPOO I A A% B A%
1 (hnRNP A2/B1) AATE B FH MG E 2 X, SERE
X S6 1 (1) 2 e RIS S i ki K A G R . (6) 15
o IR PR A 2 R E A SR 0 (MAPK) A& —
RITZAAE T AL A M Ser/ Thr & N, /&Ras
WA IS 50 7, HALER/ HAREHM
MG, PO C-Fosy C-Jun 288 3 T R T, TR
AP-1AER TA A, BOSRe o I 2k R AT AR 2615 5
MAPK [R) 0T 5 22 343 1 P Re 8 1) Tyr SRR Ser Hk A&
[7 FsF 0 B8 TR e . MAPK 5 530 36 HL AT O 745 & i ) 2R
TIVERL. M2 As,0, AL BE, T MAPK 15 514 %,
[i] BF N e A K -3 (caspase—3) FE 5 i 15 B 1
(ERK) FIAH 1) C—Jun 2 H K s (JNK) .30

B NG (SAPK) , {H p38MAP AR A0S, Wi HepG2
20 INOS 3Rk, 45 SRR As.0, 5 T 1157 5 4 3
E S8 YRS VT 1 11 O T AN A2 40 L T ) S R
As:05155 38 T2 1] BE-SMAPKAS ‘518 % 5 5%, Bl 11 R I
KW, B BN R R SR E AR T
JAK W& SRR, MR ZL A E] T STATS s 24 IR
FRAGAE A G, AR M I 22 SRR M W R AL b 5g 4
BELIT 7~ STAT ¥% P4 A9 11 40 Jfa BRI 115 5 W -1~ (SOCS)
ML, WG T MAPK MdndE0 (7) B ABEA:
PSMA2, PSMA5, —MCELAZ 40 Ma 3= 245 Wy 2 11 B it
AR — PR R AR AR, AR 2 A N 4
P LA B Sy — Rl AR R AR AR, M A
41 fa ok = i B A Pﬁﬁﬂ‘ (Droteasome) %ﬁ@?ﬁ%% iggi)
WA A . 72 % — A BEA (ubiquitin—proteasome)
ARAE — PP IR B 10 3453495 B 15 (1 S 2L 2
— 10 ELIE A R YT 2 ol A i A ) 2 Bk R L 4 P B
FEDRIBE SR L PO L L A R T 2 (1) S L
#1720 S EARAEZH TRV RG], S5KYE
fife. LIS PEW TR T R B ER 19 ST A AR
S (20S-PA28) T & A1k, 20 S EAREIALE S 19 S
WHEWRESH5Z ZUWEAMPEMR, 20 S-PA28 %
ZHHREE. 26 SEAMAEEYH 20 S 0M
FEFN19 SR 2546 20 pl, 32 BEAL B 1 71 i o 24 o
WK B 20 S 2R HlEAAA 28 ANV BAAT K B, PSMA2 F1
PSMAS #4142 20 S B AR B4V, 7 57 B 1 IS 11 8%
W, AL, P, T RRAE MU 1) B R 2R FR R R
FEVE RS BT 45 WS /R A0, TG 3R 11 1
AT 1 8

MZ, FRATN A SSHELAR I I T As,0, A0 2
HepG2 i ffd 2= 57 3 3 3 IR (1) c DNA VI 9 SC e . & TR
As 0, I AL, A7 RIBFEASE THMAE
Ko AR EREA Mo AR KR B 4 T A B R
DA A0 b 98 1) A KRG RS 1 B PR SR IA 3 iy, Xt
BLDRI R T 40 MR T AE T e AR 1 R R S R AR
PEIR A0 70 F 581 JHF- 5 40 P v 4 WL 22 26 TR 2 3
HILFE 45 R
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