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Nuclear factor kB participates in liver regeneration through regulating immediate early response 2

CHEN Huan”, XU Qing”, DONG Rui-qi,» YANG Sheng-sheng, MIAO Ming-yong, JIAO Bing-hua*
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[Abstract] Objective To investigate the differentially expressed genes and their regulatory network during priming phase
of liver regeneration in mice using gene chip technology, bioinformatic analysis, and chromatin immunoprecipitation methods.
Methods  Liver tissues of mice from post-hepatectomy and sham groups were processed for microarray to detect the
differentially expressed genes. PAINT analysis based on TRANSFAC database was used to analyze the transcription regulatory
network for differentially expressed genes. Chromatin immunoprecipitation was employed for the verification of the target genes
of NF-kB. Results A total of 332 genes were differentially expressed during the priming phase of liver regeneration, with 205
down-regulated and 127 up-regulated. The immediate early response 2(IER2) was increased by about 5 folds. PAINT analysis
showed that several transcription factors such as Stat family and NF-kB participated in the regulatory network of these genes.
Chromatin immunoprecipitation demonstrated that IER2 was regulated by NF-kB. Conclusion NF-xB participates in priming
phase of liver regeneration through regulating IER2.

[Key words] microarray analysis; liver regeneration; IER2; NF-«kB

[Acad J Sec Mil Med Univ,2010,31(2) :123-127]

JHR 43 (70 %) VI BR AR J5 553 B0 2180/ L BF
K% Joit 240 1 A S5 A0 L R B AR S g T R
?ﬁ ﬁu TNF-o.IL-6 NF-xB,AP-1,SRF % [ 5 £

538 BB OIS JT BT R B AR . NE-«B /E R
Eﬂ@%.(immcdiatc carly genes, IEG) fEIF -4 )5
B R R EAEN ., H b TNF-o- NF-«B i # 1)
ELINA IL-6.INOS.MMPs #I cyclin D %8, Efi1fE
HEPT TNF-o 755 10 41 B 08 T 45 H . 42 12 240 A J&) 300 3
RO E AT e . T NF-«B 1E R 5% 5% B

[KFBmEH] 2009-09-10 [#ZHH] 2009-11-13

25T E 3N FEL TR B il /e A7 e
%ﬁ*ﬁm%%%%ﬁﬁﬁTﬂﬁimﬁﬂﬁﬁo
PRt AW 92 25 6 B 2R A 15 0 i L PAINT 915
B4 M MG £, 5 6 28 3L U1 IE (chromatin immuno-
precipitation, ChIP) £ R & Gt i 58 NF-«B 78 i 7 4E
Je sl R R A R T RE

1 #HEFEE

1.1 kB E 452 6 H BALB/c /MR HAE =

[E€WmB] EZKXHARIFESHF RS (30800553). Supported by National Natural Science Foundation of China(30800553).

[fEE®AN] B &, -4, Bh#. E-mail: chenhuansym(@ hotmail. com

L FE ] 55 —AE # (Co-first authors).

“ 38 i AE# (Corresponding author). Tel:021-65493936 , E-mail : jiaobh@ uninet. com. cn



- 124 -

TP RFEM 2010 48 2 L4 31 &

HERETZR Y oA KB 20~24 g, BEHL
I3 2 a3 AT 70 Yo BT BR R AR AR U R
(PHHMBEFARSH A 3 R/, KJF 4 hik
SENFHLREAR,

1.2 #R%E RNA R A mE KAl TRIzol
(Invitrogen, Gaithersburg, MD, USA) — & B 42 B4l
LYy B RNA G A 5 N EEJTUE 2 48 RNA L JF
i — 2K Hl NucleoSpin RNA clean-up &5 & (MA-
CHEREY-NAGEL,Germany) X} i RNA #1714
afi A, 2 e BE A Do / Daso » I UK KL I RNA /Y 58
e, RNA 230606 B iF 4T RNA JE & I, Do/
Dago N 1. 8~2. 0, VA P BE 2 A3 9k 28S 1 188
rRNA HAHZN 2.0,

1.3 ARYAAMXREMN  FEI R AR A
A RS W) 1 /0 B4 6 TR 20 S8 A% 1 R TR 910
o A 32 000 45 70 mer KIEFEMEZ TR, B
FEAZ TR IR AR — A/ BUBE DA B0 s, /) B4
FEHHAZERZTRRIEW A E Operon AW, A
O S TR AN A 2 DSR4 ], BOS pg B RNA
VE R 5 I e 5 6 IUORUEE DN, 3 3 1 A1 e S 4%
ARAVDFATY HIE K cRNA LSRG 8 1 BEPL 59
i 5% IF i i dCTP-Cy3 Fl dCTP-Cy5 (GE health-
care) HEAT AR I, X HEFT S50 41 AR AR 43 il bRl Cy3
FI Cy5 , B X FE A [7] I A9l 32 e

L4 ABHGEAa#BEHEI I SRR HH
LuxScan 10K (1 58 A4 ) WO 3 58 A& 130 U8
HEATFA 4 L 2 LuxScan 3. 0 #44 (1l A2 1) 412 B
O EE ARG lowess [010H 347085 7 4048 15— 1k
IR LS BRI B FOfE . DA > 2 5
T 0.5 IF HER KM P<<0. 05 1E ik 22 55 K3k
S B FRE . S T B NIR A b o A 25 S 3R 8 1Y
Uidg. AT i MAS # 4 (Molecular Annotation
System, http://bioinfo. capitalbio. com/mas) , X i 1
4 h JE A OCHE R 22 S 3R 0K 3% R AT B R AR P 4% (path-
way) 73T RS BT AE WU A 5C 22 S R a8 JL P T RE 2
HWE S,

1.5 PAINT A 415 & % 45 #  PAINT (Promoter
Analysis and Interaction Network Generation Tool ) J&
— T TRANSFAC 3 14 . H 3l 73 #r H A5 5 [N R
A g X S S A EAE A E B E T H,
FATHe 22 5 K FE R 5 A2 PAINT B9 5387 0 33t Che-
tp://www. dbi. tju. edu/dbi/tools/ paint/) , T B by K&
W OEWFR 37 1 kb WY 8 54T 5% s 1 25 &
ST BT FIPEAN , 4 7 22 5 L TR AT B8 2 5 110 ) 455 1Y 8%
HAKRARAE I 762 W R[5 ],

1.6 ## A real-time PCR R T % F & ik 1%

RER R 3 A L2 5 5095 H real-time
PCR W i #F AT R I UE, B 1 pg B RNALT pl
FEHLS 4 ., 2 I Fermentas MBI ¥ 5 55 7 & (MBI
Fermantas, Vilnius., Lithuania) ¥t B #1724/ . & &
cDNA f#, FfiJm M ABT 50 & 17 gactin, 1 )2
I % A -2 (immediate early response 2, IER2) §7##
H Primer Express 84 11514 . B-actin-1, p-actin-
2. IER2-1, IER2-2, IER2-3, IER2-4, Jun-1, Jun-2,
Fos-1,Fos-2(# 1), Real-time PCR JZ I & {4 B>
20.0 pl, 3% 1 pl DNA BB, 10 pl B MasterMix 2%
M, 0. 2 pl 20 mmol/L ) L FHE5I 9, 9. 6 ul
dd H. O,k ABI7300, 4% FEAL &% U6 B 43 47 40 4>
PEA(96°C 15 5,60°C 60 s), H Light Cycler Soft-
ware version 3. 5 #EATEHE 73 HT .

% 1 QRT-PCR 1 ChIP BT A 5| 1 % %I

Tab 1 Primers used in QRT-PCR and ChIP
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Fig 1 Transcriptome changes during priming phase of liver regeneration

A': Scatterplot of microarray result. Red and green spots respectively stand for up-regulated and down-regulated genes in PH group compared with

SH mice. B: Significant pathways with P<C0. 001 analyzed by MAS software (http://bioin fo. capitalbio. com/mas). C: Validation of differential-

ly expressed genes using QRT-PCR method. n=3,7=%s
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Fig 2 PAINT analysis of differentially expressed genes

IER2 is a potential target gene regulated by c-Rel(red arrow)
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Fig 3 ChIP validation of regulation of IER2 by NF-xB
A':Genomic structure of IER2 gene provided by DBTSS database (http://dbtss.hge.jp/). B:PCR result of enriched DNAs by NF-«B antibody
(+ Ab) and IgG (— Ab) using primers designed in IER2 promoter. In SH mice,IER2 was not regulated by NF-¢B because of the inactivation. But
in PH group,IER2 was significantly enriched by NF-kB antibody, which indicated that IER2 was regulated by NF-kB in the priming phase of liver

regeneration
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