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ABSTRACT : Objective To investigate the changes of gene expression profile of rat liver tissue by cDNA
microarrays. Methods Twenty Wistar rats in control group (n =10) and isoniazid (INH) group (n =10)
were orally administrated with normal saline and 400 mg/kg INH for 14 days, respectively. The differentially
expressed genes significantly correlated with liver injury were screened and analyzed. The mechanisms of liver
injury caused by INH were specifically analyzed at level of gene expression based on the biological functions of
those differentially expressed genes. Results Thirty-seven differentially expressed genes were found in the rats
administrated with INH. Among them, 25 genes were up-regulated, while the other 12 genes were down-regula-
ted. These differentially expressed genes were functionally related to the changes of CYP450-related genes, fat-

ty acid metabolism, and protein metabolism. Conclusion INH can cause the remarkable changes of the gene

FGTIH: HEAARERES (30371705) | EEFAH G QIH T ALT (2009) GG F7 B Q1F 54 (2006A) Supported by the National
Natural Sciences Foundation of China (30371705), China National key Project on Drug Development (2009 ) , and Innovations Foundation of Academy of Mili-
tary Medical Sciences (2006A)
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expression profiles in rat liver cells, which is important for further elucidating the mechanisms of liver injury

caused by INH.

Key words: isoniazid; gene expression profile; hepatotoxicity; rat

SHPE B RS — Bz T E EGRYY, K
PEFRE , XAERAT WA E R, HBUR 15k,
HAYPHR . IR o BRSE Ao (HJ2 I E 25
PRSP EER RN, RN B 5 e 3
THRENRERIHZ, SEERAITIER R,
B AT AR A A 2 MR I AR o R I R B R A Bl
PISEg CaEse, S AR E AT S B A B Dy 3
REAE RSB BE 43, AEL B X 1 I3 M AR AL 1 34 5t
Z RN SERANTEMT G TR AR B STR SN Kk
T ROF LE T IE R BRI S A Ak B R BRI U 4 1
M RE N Rk 1, AR I 22 S R JE I A A ) 2 T RE X
S MR IR R 69 20T BLR2E AT T 0020 R0

R TTIE

SEHOENY AP SPF % Wistar KR 20 H, {AH
120 ~ 160 g, %555 B2 RL 27 Be 52 56 3 i b 42 43
)& ML SCXK (51) 20022003, ¥ A i 4%
YK, MFEELM 12 h, BEE 12 h, T 20 ~
22°C, XL 40% ~75% .

EERAMME  BAIG [ L Sigma 4 7,
Trizol, M-MLV (28025-013) Iy H 2 [E Invitrogen 2\
7], Random Primer (9 mer) ., T,-Oligo (dT) 4 H I
WY A= W) H R A RN ], ¢DNA Synthesis kit [t B
KEFEY T (TaKaRa) HRZAH, T, RiboMAX
Express Large Scale RNA Production System ( P1320) |
dNTP (U1330) g A % Promega /% #), External
control RNA T B L BT 1 B A= ¥k v ( CapitalBio) &
f2 2 &]; PCR % (PTC-225, =% MJ Research 2
), &R E.OHL (Eppendorf Mini Spin, Eppendorf
centrifuge 5810 R, 7% [E Eppendorf /5] ), L4006
JE T (DU640, 3 [E Beckman 2 w]) , 24384 (db
SBAYLE R ARAR) , B (Eppendorf
concentrator 5301, i [& Eppendorf A &), o F A
1 (LuxScan-10K/A, Juat il B EY S A RAT) ,
IR EE{Y (GS GENE LINKER UV chamber, 3
BIO-RAD A #]) .

KRIIRIT 20 HORRBUE MR FR 3 d 5, BEAL
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YRR IRA (n=10) FIFMPFA (n=10), WA
R BB R 23 1) P A BER KR 400 mg/ kg S KA JiF i F 1
W, EL14d, BRRE, HEEREY R, kE
A = (515 RIKE - WK E) /WK E x
100% , TARUWHBWRH, A RECRE MK, K
H 37 7020 42 [ 3l A=A 20 A A0 7E 105 N 24 R 2 B
%MW (alanine aminotransferase, ALT) . & & R & &
¥: R4 (aspartate aminotransferase, AST) Al Ifl 15 & I
21 % (serum total bilirubin, STB) , 52445 24 h )5,
ARFEHR B, 58 B o0 B TP I OF B, 3 I E A H
JFNEFE 2 = JF /1R 8 x 100% . A 2K B VI BR AR
[e] 0L 9 JFF JE 2 21 249 SO mg, 4 7 o 80P R TR
73 WUTFFE 76 K it R4 2 2 B2 A6 A

FFRE & RNA SRERFIRGAERET R & Ko xS AL A
S S A A b R R 1 I 2 0 AT SO, R
Je A S RNA, DL A 22 S e 1 SE i 22
K F Trizol 250 73 591 42 J6C 9 20 JIF JUE 20 21 9 &L RNA,
AR E R, M T,-Oligo (dT) 551 ¥ k&
L AEE ¢cDNA, ffi | T, RiboMAX Express Large Scale
RNA Production System ¥ X 4% cDNA HA7K4ME # &
i cRNA, % i Superscript I J2 % F B W 5 % N
¢DNA, | KLENOW i X} ¢DNA #4796 hR1c, 54
AR S BRIC CyS, XFBRZAAE S ARid Cy3, ZJthric
JE BIRAT S 3R A 5

SRFEIMARS LB HTHRR AR A Oligo
SR BT A A R A R, S5 705 %
70 mer 1) Oligo DNA, 454 Oligo DNA {38 K LAY
—FEA , #4 Oligo & OmniGridTM microarrayer ( Ge-
nomic Instrumentation Services, San Carlos, CA, USA)
SURITE—5K 75 mm x 25 mm | 28 55 A0 2B 40 0 4803
o BT RO A AL R B 12 AR K
PP PR T B, 12 A N TG iy 5 oK U BRI A
[a] P54 ) 70 mer Oligo DNA /R B XS B, LA K2 AU 7
TFHY 2 A FERAE R A bR BEAS RO O3 A 48 AN B,
BANTEREA 20 47, 21 51, S FE R 205 pum, g8
HEA R 150 wm, BAIEFER 3 A, Sh &R
2. PEME . Yeft, FH LuxScan-10K/A XU#E i Ot H
AT 4
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GitFAE  CRHA] SPSSIL. 0 Geit i, Fr A%
P 2 =5 Fow, PIAL B R EEIG N = L NE S BOR
1A= s R 1 20 18] b Bk AT O 22 3 B, P < 0.05 %
RS BA G L S 1R RS B s A
JH GenePix Pro 4.0 E4% /3 #7 % 4 ( Axon Instruments
AT XS R AR BT 0, BRI T A B
TR T RIE S A R R Lowess J7 vk #E 47 1
— At (AL BRI ratio (E3R7R) 5 FJa ¢ Ka
BT R 22 v AR AR R KR AR E N . (1)
FEAKL ratio BOR AT 25 (2) GiTE L 1E95% K
FERERAGHFEL (P<0.05); (3) £y
B Y: mean<0.5 5 =2.0, MIERFEE2 FLU L
8 0.5 5 LAF, “mean” ZARYEiZILIH Y ratiol ~ rati-
03 153 E| #y-F-44 ratio,

# R

FEERKE, FREERESRENER S0
HRRBHRE, 2, BOTH, SHREMSEHR
%o SXTMAMN, SR R B, IR
ARG N, 1M IK ALT, AST Fi1 STB 3G ¥E3Em2 ~ 4
%, ZRWAEAZRIFEL (P<0.05)(£1),

HALARRIBFEIE  XF 184 B /N 50 40 i
AR e #, b YL DRI T, 52 ) BRI 5K
(BT TA) o S A0 kD B0 s B0 A /D o v ol i ] [
JFEEH e b ik, A M R RIRK R AR M, I A 4
i 0 B RUIR WA IRFELE (181 1B)

FFAZ 5 RNA /A X HE 415 55 00 Bk 4 48 B 1y
&L RNA 47 1. 0% Byt fi5 0l 8 I v Uk J5 45 2% oo, 288
55 16S rRNA AWM, HATH 2 2R & ML 2 £
(1 2); RNA FEAR ) Ayy/As 15 1.8 ~2.0 2 [i];
T0°C /K VAP 1 h 5 A9 F Ok S 5 A DR I i 1 1 IR
TCWT G 25 S, UEWI AR AR T 2 R RN o B M Y R
RNA,

28s 16s

Isoniazid group

Control group

B2 £ RNA 1. 0% Bt /e d vk 4]
Fig2 Total RNA 1. 0% agarose gel electrophoresis

BHEXZER HAWESCHMAEYERESA
K R 0 % R I 9 A Sy 1 Ak B BE M XGF R L 12
MERIERAE R 22 2 W BRPEXT IR 5 5000 R S I
K Z M RLIR P HIAE Ry ots 22 48 19 B 4 XoF R ) 52 36 45
B, R BT 2% A8 1 o e P AT G R IR A
Ko MR E A k2 5 0 B A R R L 4 2 22 A5 B Y
BB R e scth | (&1 3), 1521 RE 68 5O 7R 7
AN it 22 ] B DR % 3 22 S 1 00 1Y R RS R 2 S
K (1#4),

ERFRIKER @G EE R E B
ZOYHT, SRR SO0k BRAH 258 () 3R 3k 25 S B AL 37
G, Hoh BURFE 25 4, FUREER 12 & (%2), 37
ZHEN O EVHIFER, XX 37 25 AR Gene Ontology
A¥EAN Tree View 208700, 4 IR H 2 5 (9 4 4y 2 3 72
MEA R 77 Re AT VIR, B EH
(25 %%) mZ T HFAEREHE (12 %), FIREREG
A 14 FHHEAY =D ae G, 3248 oA
FH N 10 & (HSDI7B7 . CD36. GPT. FABP2 .
UGT2A1 ., CYP7Al, G6PD ., CYP7BI . CYPIA2, CYPIAI),
Hrh CD36 F1 FABP2 A ZTIhfE, bRSEH Thhgid
FAELLT LR T 2 45 (CD36. FABP2),
YA R AL 3 4 (LGALS3 . CD36. KCND2), R4
SN 1 & (HSP27) FIRHE 1% (WNT4), T RER
b 4 SRR AE Y DR IR, AR I AR DG A
2% (HAO3, CA3), {55165 1 5 (TLE3) FIZH
JATREG 1 % (CDHI72) , 25T 3T A RikESR
B 24 7 B T LA A

R L SRR A B L 2R AR AL b 0 I E 45

Table 1 Measurements of body weight, liver index, and other biochemical indices in isoniazid and control groups

(n=10, x*s)
g TR (% HEFE R (%
e PRSI (%) HWL%E‘M (%) ALT (U/L) AST (U/L) STB (pmol/L)
Group Weight increase rate (% ) Liver index (% )
Xt & 2H Control group 70.8 +4.3 3.83 +0.21 13.8+2.4 60.0+ 4.2 3.30 +0. 14
SR EH Tsoniazid group 35.6 £3.1* 4.96 +0.34* 55.8+2.2% 118.3+20.7* 9.76 £2.41*
ALT: AR EEEB I, AST: RAEREFELM, STB: Mg EHaOR,; SXRAMIL, »P<0.05
ALT: alanine aminotransferase; AST: aspartate aminotransferase; STB: serum total bilirubin; * P <0. 05 compared with control group
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Table 2 Some known differentially expressed genes in isoniazid group

FEH 4 FR Gene name L& 4 {H Mean ratio #ii& Description

DELES R U

LGALS3 2.10
Lectin, galactose binding, soluble 3
J i & 17, 28817
HSD17B7 2.10 PR p17, 2R
Hydroxysteroid dehydrogenase 17 beta, type 7
Cd36 #pJ
CD36 2.16 A
Cd36 antigen
GPT 2.22 AREAR
Glutamic-pyruvate transaminase (alanine aminotransferase )
N W25 2 2
FABP2 2.24 MBI 122
Fatty acid binding protein 2
5 25 5% R4 (6 2 PA50 CYP2B21 mRNA | 5284 () 4 i 7
' Rattus norvegicus cytochrome P450 CYP2B21 mRNA, complele cds
K CL-6
LOC64194 2.28 ERREEH ( )
Growth response protein ( CL-6)
RS 512, Al
UCT241 232 PR L B W K M EJIN
UDP glycosyltransferase 2 family, polypeptide Al
4 % P450, 8bl, [HME «l2-
CYPSBI 5 3 (Y RGeS I . o1 27K 7 i
Cytochrome P450, 8bl, sterol 12 alpha-hydrolase
RIS 408 8 Shal 2
KCND2 5 38 EEJ—IIH“”@]JEL al KI5 A B
Potassium voltage gated channel, Shal-related family, member 2
AR TE 27 kDe
HSP27 2.43 M3 27 LDa B
Heat shock 27 kDa protein
4 Y] A20 W
SCYAZO0 )13 O e S AR TR T %
Small inducible cytokine subfamily A20
4 % P450, 7al
CYP7AIL 2.5 e !
Cytochrome P450, 7al
T8 2% T RO A
AVDP 5 57 A3t eSERIE LA S| .
Androgen regulated vas deferens protein
kA 2
CSTN? 2.59 R
Calsyntenin 2
2 63 KB BR #i2 B RE FRE R R G, R L Z 'S mRNA, 58 5 1 4 5 77 51
' Rat liver UDP-glucuronosyltransferase , phenobarbital-inducible form mRNA, complete cds
573 8 5% B2 [T 4 B i mRNA P4, 5888 1 S 7 41
' Rattus norvegicus mRNA for hydroxysteroid sulfotransferase subunit, complete cds
=y 2
1CFBP? 5 80 B R RN PR RS A EN
Insulin-like growth factor binding protein 2
R PR i
FMOS5 2.82 SR RN
Flavin containing monooxygenase
A -6~
p— 5 90 HIBE-6-DRIR I A A
Glucose-6-phosphate dehydrogenase
B MMTV A & 50 5 4
WNT4 - TeB A B F IR Y
Wingless-type MMTYV integration site family, member 4
4 % P450
CYP7B1 3.32 %
Cytochrom P450
3. 45 WA A BRI I mRNA, Wi, CIX, JhET 2-4
’ R. norvegicus mRNA for Ig rearranged mu-chain C region, exons 2-4
4 % P450, 1a2
CYPIA2 4.22 &% :
Cytochrome P450, 1a2
4 % P450, 1al
CYPIAI 19.87 — *

Cytochrome P450, 1al
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FLN 4 FR Gene name [t %4 {H Mean ratio #i3& Description
R 17
CDH17 0.06 R
Cadherin 17
S
LOX 0. 14 T IR A
Lysyl oxidase
B KS
L0C246263 0.24 AR (KS)
Kidney-specific protein (KS)
0.8 BT S BEALBZ R BRI, « 5, VIC X, 8% Sl )7 51
) Rat anti-acetylcholine receptor antibody gene, kappa-chain, VJC region, complete cds
HA03 0.33 BHE LR (glycolate oxidase) 3
Hydroxyacid oxidase ( glycolate oxidase) 3
Aj PRKA) #iEHEHAS
AKAPS 0.38 W ( ) HEE M
A kinase (PRKA) anchor protein 5
R ik il 3
oA 0.39 BT T /K it
Carbonic anhydrase 3
TR BE-4 i A B T 1
SCDi 0.41 G Pt - A A 00
Stearoyl-Coenzyme A desaturase 1
0. 41 K B MHC class I 5 mRNA (RTI1-E gene) , EU 25 3K
' Rattus norvegicus mRNA for MHC class I antigen (RT1-E gene) , EU allele
0.42 WF B MHC class I 25 rtl-A3 LK, Ab B+ 1-8
' Rattus norvegicus rt1-A3 gene for MHC class I protein, exons 1-8
2 [k R i R )
PTPR] 0.45 32 PRALEE 1 U R R
Protein tyrosine phosphatase, receptor type, J
AR T 3, IES
LS 0. 46 SRR AR T 3, RIRE R
Transducin-like enhancer of split 3, homolog of Drosophila
A4 AR (CYPL, CYP2. CYP3 H1 CYP4), X
W AL B, Co MRTR T 1, 2, 3, e

AWFTERESL T 5 08 BOR BUIF IE 35 PERE Y, 3l
o Rl Bz ) (SN RN R AN (1B 42 5 A [ TN
JIHE BEUD R S bR, AL IR 2 S Y

ZROW RN, S Ak T 2 A L R 25
FCep RIS ™ W6 BIE B e R R O A, A
WA S WL 245 4y B AR 7 ) e B T ad RO
PRUREAE PR 4 51 2 T 40 I 72 1 B IR B o {H 3k 2 T
T PEHLHAIF 7 R AR AL W) B IR R G000 1
LA DA D A2 0 I 245 114 2 L R HE 23 4 L
i o R P 3 RS A 45 ey e 9 AT 9T T 9k AT R I 4R 1
ZA SN AEACNE B, S 7 0 0E B FG T 2 4 A
AREA MRLERE [ 2 5 DL R] RE W K i A B A% 5
LR,

X IE 2 S A N HEAT R T e, AS I 5T A B
2 5B R — AR UL A U AE 25 A B A
k40 5 A4 CYP4S0 AR SE R, CYP450 5EPr |
R —Z ) Z P Sk B, 2 BFINE 16 AT AR W e AL
A B R o A2E CYPAS0 225 [ 44 i 73 1 2
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JFFPY L CYPASO R = A —Se B pE =4, WS T
O iR IR, AR Y A i e At 4
R 53 S b S 3t S T T 4 i # 1) AR J ad A
b, mAFEAMIIAIE; CYPAS0 i ™ ¥ rl 55 DNA
BAEMEARS TG, B AFIERER, JE
SPERR B T R AR 2 R AR S B
WHZ 25 ) CYPASO WA TEPERRAG, Bl % & F AR
TR W 0 25 8 RO AR R RN A
WFFE RN, 5 A0 Ak B0 R BRUTE 50 e T i 3 a1
i, R SR 0k T TG R A R A e R S R
T X BB U7 A S E B4 T TR T CYP450
AP RN S — B AL . S R A 3 R A
CYPIA2, 1Al ffy mRNA %3k, CYP1A2 7£ A 2K T I
W AR A, AR — B 22 CYP450 WAL,
CYPIAl £E A MAENFAMHE, BifHRE, Hik
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ST LA Z 305 R A 8 —A0F ZESE (2, 3, 7,
8-tetrachlorodibenzo-p-dioxin, TCDD), F CYP1Al /&
BESTA S RSO BEECR M T E R, HE
Ji1 TCDD RV & A L5 1% SR T A

- JR AL 3L I 8 R YT — 26 5 T D e A G Y
B IA, a0 ALT, ALT 3 DLk A I 20 g 52
WEESEIRZ —, LA THAMA, 040
JECRR 8 B, ALT BORE A I, A afn b ALT 3 4 1

(R
SERAF RO o 1 45 R b v th o — W KR
S AR A A A A SR, 4 FABP2 . CD36 il
IGFBP2, 3% 3 IR TE S AP 5 35k 1A

FABP2 J& 20 il N Jig o &5 5 2 1 A i i 2R 2
—, S5 T W N HE S DR A WU, A P9 A
(8 Feiz, U8 I 17 BR A8 /N i B9 A
HEAE ] o B A % B PR T R A R B R AR
KM, CD36 P 5 — A A AR, A
FERAE . IR, RPEHFER G 2R A Y=g, HAl
Ny CD36 55 Bt i AR LA e R
NeE A g B n] LA b 18 CD36 3 R F & (OB Kk,
CD36 ¥ 2 5 g Jok o454 B AL v 360 2 40 Mo i % i
BT AT R S S R Ak B ) Tk R Ak B A i
SE A O IR KGR A, X 5 2 SR FEAG A T Al
R R R AR PE A AT, 7 S A0 Uk 0 2 4 15
R AL A H Y5 R . Bollarda %5 Ji38 K Rl 44
TPk Ak S L% 3 JE 40 i B J5 0 BR R T HE AR
Troy 25 1% 738 G 245 T S 08 Wb A0 LI % BRI 25 Pk il
e H I = R 5T JUE 40 B IR BE AT SR AH OC 1% Sarich
S VO VTTRRE G S B T S R R R e 7K e 0 4 550 T 1
AR A =R A R AR L R H R i
RERYRAE . APPSR EIRP R —E

AR R R T A A T R R 45 R ol R B R AR
KA F-I (insulin-like growth factor-I, IGF-I) 451,
1 TGF-T B £ AR A T IGF 45 54k 45 5 8 1 (insulin-
like growth factor binding proteins, IGFBPs) & 75,
AR K BEFRARGEA KBRS, A 1 16-
FBP2 [ I, ifi iF I IGFBP2 mRNA #1 7t 5, i & 8
IGFBP2 Xtk (1 & M B U, 48 A4 A R AR
JFFAE mRNA B F+ 85 i3 IGFBP2 /K F- 5 JF i
mRNA £KA—H, ATHES IGFBP2 4K [ K ik 5 2
S AR O o S Ik Ak B R BRI IGFBP2 mR-
NA B T iy #0045 2 S A A 20 24 5 T AEE 32 4
A TERRBEFRARA K,

LiLRTIR, ABETO I T 5 5 00 T4
RO A 22 50 R IBFE N, ik 80 K6 PR ) 4 — 28 15 )1 2 il
W BRI A AN AR AU SR A G R R SR
HRE 7 70 A Oy S g ot A9 S 0L OF T2 4 A T PIL )
RUE TV Z A MEG S Heoh, SC% ik b vk 2 —
Lol S RIBMNRER LN, BN 5 0 AT
Wi Z 056 R B A 5t — LR AR B i A
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