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Effects of ERK 1/2 on bilirubin-induced injury of hippocampal neurons and expres-
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[ Abstract | Objective To investigate the effects of extracellular signal-regulated protein kinase
(ERK) 1/2 on the expression of bilirubin-induced nuclear transcription factor-kB (NF-kB) in rat’ s hippocam-
pal neurons, and to discuss the possible mechanism of ERK 1/2 signal pathway on preventing bilirubin neuro-
toxity in hippocampal neurons. Methods Hippocampal neurons cultured in vitro were randomly divided into a
control group, a bilirubin group, a PD98059 ( MEK/ERK inhibitor) + bilirubin group and an erucin ( ERN,
ERK activator) + bilirubin group. Modified MTT assay and Annexin V-FITC/PI dual fluorescent staining were
employed to detect the relative survival rate and apoptosis rate of hippocampal neurons. Immunocytochemistry
was employed to detect the expression of NF-kB p65 protein. Results There were statistical differences among
the above four groups in terms of the relative survival rate of hippocampal neurons [ 100% , (67. 546 =
3.241)% , (50.591 +3.981)% and (80.020 +£8.552)% , P <0.01]. There were statistical differences
among the above four groups in terms of the apoptosis rate of hippocampal neurons[ (6. 859 +1.559)% ,
(20.729 £1.368)% , (28.474 £1.710)% , and (13.741 £5.150)% , P <0.05]. At the same time point
there were statistical differences among the above four groups in terms of the mean optical density (MOD) of
NF-kB (P <0.01), with the control group having the lowest value. In the bilirubin group, the MOD of NF-kB
reached the highest value (0.266 +0.033) at 3 h, decreased over time, and reached the lowest value
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(0.183 £0.021) at 24 h (P <0.01). The PD98059 + bilirubin group had a similar trend, yet with a signifi-
cantly decreased MOD (P <0.05). In the ERN + bilirubin group, on the contrary, the MOD of NF-kB reached
the lowest value (0. 128 £0.028) at 3 h, increased over time, and reached the highest value (0.305 +0.043)

at 24 h (P <0.01). Conclusion

In hippocampal neurons, bilirubin-induced NF-kB expression is in a time-

dependent manner. ERK1/2 signal pathway protects hippocampal neurons from bilirubin-induced injury, and

the protection mechanism may be related to the down-regulation of NF-kB early expression (3 ~6 h) and the

up-regulation of NF-kB late expression (24 h).
[ Key words |

ses;

bilirubin; hippocampal ; neurons; apoptosis; extracellular signal-regulated protein kina-

nuclear transcription factors-kB

Supported by the Natural Science Foundation of Chongqing( CSTC2009BB5067). Corresponding author: Hua Ziyu, E-mail; ziyu_h@ yahoo. com. ¢n

fe BELZR IR AR AR LI DL RIS . A SRR
SR Tt , 4 rp B2 v AR 21 2 IAURE . v] 75 e — a1k
A PEAT A AR e AR T A AR Y R E R
R I 21 28 I mT S S50H 21 36 s sl B IR YT
JEATE BAT B R AL A (10% ) FFABEAR(71.7% ) K
KBV HIER (70% ) 4 Bt BFFEIRLT K ph 4 7
A A 5308 BT 2R IR 21 2 i 453 493 B v o S vk S el
S STIEREN -9

VARG R AR LT 2P 2 1 W] g 5 %A PR
SERRAZ A BE TR AL AN PN Ca® " RE 2K | 22 45T 2
1 I i ( mitogen activated protein kinase, MAPKs) &4 |
JRE S A R S B S5 0 A A S
I A 1 i (extracellular signal-regulated protein ki-
nase, ERK)1/2 J& MAPKs &% FE %t 22—, 7EAE
PEARMEIGTE A oAb | EE A R SR A i A Ak A T
Eﬁig{"ﬁﬁﬁ” o ¥ 55 A T-kB ( nuclear transcrip-
tion factors, NF-«xB) J& H i 58 B IR A WA 5% S K+,
TEH X2 R G0, JUH I8 B o Rk A% S it
XA BEHHATEMA™ . S F Y S5 R, 1
ZLR AT IO ARG IR 11 S P 2250 NF-kB 3R 3k ; il
ERK1/2 jf % 5 NF-xB 3RIK TR, LR A & 51k
I’ A& ERK/NF-B 7EIHLL 2 S0 2 4
T3 AV E T B AILHI ARG . A SE gt — 205
ERK XJHZL 2175 R (101 S 400 NF-«B RIE 5200,
BT ERK/NF-kB 3 B E IR LT R S Moo i b
ITEH

1 #RETE

1.1 ##

LL1 3y SPF 2 SD WA KR 40 H, |l & RIEFF R
SR Eh Yy LR R (250 £30) g, MEMELL 3: 1558, LLIL
BN BivE IR 22BN (220 d) .

1.1.2 75 s DMEM/F12 355 3L F1 B27 Em# (In-
vitrogen , 17504044 ) , i 4= 17 ( PAA A 6)) , 2 B #2412 ( Sigma
ATl) MRZI% IR ( DMSO, Sigma /A ) , PD980SO ( 3

=~ RAEYFEARMFSE,S1805) , 57 ik ks (erucin, ERN, Santa Cruz,
SC204741) ,3-(4,5- 7 I K mge me-2 ) -2, 5-7 2 3 P 4 ik 9 3
(MTT, B TR A R 5, M2128 ), AnnexinV-FITC/PL 41
MagA T & (L R AL TR A R /22 ], 401003 ) , NF-«B
p65 T HPUIA (Cell Signaling, C22B4) , DAB i 437 & (b 52
JRE Rt 48 A W R A B |, CWO125) , % ABC #0371 &
(Abmt 2 4 A= W B R A BR 2N 7], PK-4001) , 5% CO, 41 Jitd 85
F#44 (Shlden 23 7] ) , 5] A 22 2 5 5% ( Olympus /A #]) , & H 3
AifibR A% ( Humareader 23] ) , 986 i #3085 ( Olympus 24 7)) 45,
1.2 Fi&
12,1 FACKRME DA SHCRI9], THEERE
FHUA 17 ~19 d SD K U B, 40 25 45 2103 5, i 4% 2 440 ffd Bk
W, R N (3 ~5) x 107/ ml J5 ks
1.2.2 2y ¥ ie £ B 5256 4 4H Ak # JIH £T 3 | PD98059
(MEK1/ERK #1151 ) & ERN ( ERK #7531 ) 4351 {# 1 DMSO
WA 17.1 .30 25 mmol/L IRAFW , /3-%¢ )5 —20 CIOKFTL &
MAEREFEE W 8 d J54r %t R4l IH4r 41 . PDI8059 + lHLT &
2H ERN + IHZT 240, PD98059 + H4T 240 & ERN + IHZT 240
435125 PD98059 (30 wmol/L) Al ERN(25 pmol/L) i F-i 1 h,
NRET 25 20 J Xt FRAL A R AFR DMSO , #8 Ji5 IR£T 25 2H . PD98059 +
JHLLZ2H (ERN + HZL R 25 TIHL R (17. 1 pumol/L) b3 3
6.12 24 h,
1.2.3 WD MZIUHIXAE TG R E SRR MTT 351
FrMABLT 25 /E FH 24 h B 45 45 40 B A7 05 15 Ol o B AR A8 (I
570 nm) KA FLOGEE BEEL D(570) 1, T S BAERS A7 16 R
SZUGZH D(570) /% REZH D(570) {5 x 100%
1.2.4  Annexin V-FITC/PT (A6 M AT HA R
VEFI 24 h J7 4% 22 38 WP [ 52 40 i 15 min, PBS ¥ 2 K, #%3K
FlE UL A, Mok DY B TR BB ( x400) T I
A2t , B 5 AP0 EF 5040 A 5 R R T A A A, A AN
PHT R SRHIE,
1.2.5 GuEdiffe=kil NF-«B p65 HEFRiA 454
ARFR I, TV AR 22 10 min, SRR MR- AW E-d S8y
fiti 52 & W0k (SABC) |, #23a7) £ U6 B 1450, DA BRAZ: 8 5 P A,
AR B0, VR A (A TRl NF-kB p65 B IRk, Rk T8
10 x40 5 B A% T 3E 5 ST, IPP QA T S35 HF 1
Y625 & (mean optical density, MOD) {8 , >R H3451& .



5533 B 143 £ = FE KB K ¥ ¥ R
J Third Mil Med Univ

1482 2011 47 A 30 0

Vol. 33, No. 14
Jul. 30 2011

A 3F B2 ;B flesr %48 ;C.PD98059 + flz4r %48 ;D ERN + lz4r %40
T EFmi; 0. AT @i, 4. Pl A T min
1 HREMETUREAEIHZTHMATER  (Annexin V-FITC/PI # & x400)

P BITE W e

2 SEMABAFEED 3 h ZEFIMETHM NF-«B p65 EHRE  (SABC x400)

1.3 %itsam
BHELL & £5 F%, % F SPSS 17. 0 Ge i A7 2 R £ )5 2%
50T o

2 HR

2.1 feszrZ PD98059 ERN xtim o484 7 & 49 %k

Y FEZH ERN + JHLT 2 40 4T 24 PD98059 + HLT 241
HHXHAE HE 2R 49 51 4 100% , (80. 020 + 8. 552)% . (67. 546 =
3.241)% (50.591 £3.981)% , &AW AGIHTHFER(P<
0.01),
2.2 fegr# PD98059 ERN x3#m ftL /8 % 44 % vk

DECRIMBE T, IE W 1 S 2 o0 4N M IS 52 4% 0 it S 48
ATIRLTAR ; PR TR T 20 A% 40 i 1 TR 2 € 20 Y AT, AT A%
HH BURLAR IR 16,5 5 5 YR 1 v A 200 1) 200 B RS 4t €, 5 e 34
R AR A 2, SR, W R4 ERN + HZL K4 |
JBLT 220 . PD98059 + JH £1 2 20 41l Jitd 8 1= % 43 Jill hy (6. 859 =
1.559)% .(13.741 £5.150) % . (20.729 +1.368)% . (28.474 +
1.710) % M IWEA SIS (P <0.05) , WWE 1,
2.3 &0 Dbt NF-kB p65 & & kA H L

W BT, 001 S oG AN A% A0 R B 2 o AT
DURS B (B A B (O 0RE, O NF-kB p65 H 133k, [R]— I [H]
H4541 NF-«B ZH [ MOD fH LA Giil #2257 (P <0.01),
Sof W ZH SR AR 5 it 0 2T 25 4 P ok ) REE 4, iR 21 25 40 NF-«B & [
MOD {32 ¥ T F,12 h F1 24 h 57458 3.6 h BF BB TR (P <
0.01) ;PDI8059 + IHLT 4 AR fh Fa#4 RIIRLT 2 4, {2 MOD {1 BH
AR FALLLEL (P <0.05) ;ERN + JHZL R 4] MOD & 48 fk e 5
S5RLT Z AR ,12 h A1 24 h B44 3 h F16 h B BT (P <
0.01), UK 23,

—h— fHZT E 4
—0— PD98059+ HLT 4 —%—ERN+ JHZT HE 4
0.4

03F

02F

0.1

NF-«B p65 # 4 MOD {H

0 1 1 1 1
3 6 9 12 15 18 21 24

Al 5 (¢/h)
a: P<0.01,5 Fl—&tja & & B 214 b, P <0.05, 5 F — & )
EfELE s ¢ P<0.01, 451 5240 £ 4R 12 24 h ik
B3 FHBSWHEZT NF-«B p65 |H KL

3 itig

VR R R LT 2 ELA P 2 AN I, R TR 40 i o
B R BB R — " Ana 281 S BT 2 6
S AR T R R PE R TR AR . I
41 R MR SRR B IF 5 R W, RR 20 265 | A R B
W PR 2T IR T, Y IR DO RS, R T s e R A
TELRZh)5 24 W27 IR AN 35 B T P T TR IR AT
ZAEH 24 bR AEW B T ARt —
HAFSE T X —2518

JHZT 255 S Ty 28 TR IR T R G5 SR A
Zhkse>" . Hi JERK1/2 {5 MAPKs R4 1% 4
O TE ML 2 20 45 7 3o v A A0 D o8 A A 4
W AR SRA DRSS, S EOE ERKIL/2 i R H.
ARz Y o AR L R SR St B R



%33 55 143 £ = FE KB K ¥ ¥ R
J Third Mil Med Univ

2011 7 A 30 H

Vol. 33, No. 14
Jul. 30 2011 1483

ERK1/2 5 % 7] {5 200 040 T %<0 > o vt 3R 4135
A ERK1/2 38 % nl fE7E IR LT 205 il S 2 oo i T
REPLRT-VEH . ALK B~ ERN 62 306
ERK1/2 3 [ Ji5 ¥ 4 28 JU AR A7 36 R T i R T
REAK, 1T PD98059 1l il 122 3 [ J5 41 i AH X 77 3% % T
W, A TN EE , $7R ERK1/2 Sl e LT 39 3 1)
T Eph oo s R AR E

A2 ERK1/2 3 [ 1 #f 28 O 37 AL 9 AS BH .
ERK1/2 1 FHE S 16 45 Fh i St R 5 5 s A
SEME A 2R 45T Hop, NF-kB i1 Bltimore I
Rwiansen - 1986 4 & 3, #E 60 iRl 2 A4 % e 40
PAT I RRHA & St B R HE F BRI . See
al1013) 3k MAPKs/ERK 3 % 1] g J& NF-xB I i 8 45
55 FRATHTII S50t & PR 2T 28 TG 1 S 20
NF-kB ik, il ERK1/2 i )5 NF-«B Rik B i T
B MPZREPEIRL . ARSI BoR, IBLT ZAEM 3 ~6 h
fif, NF-kB ik KV fe i, o5 2 T R, 24 h A5
TR IR OK S R IR R A SRl D 2ot
NF-«kB Fik B A B AR 4E . PDI8059 #i il ERK1./2
WG AT 205 S 1918 Bl 2450 NF-kB Rk KK
NRZT 220 W) 5 T e WA T 3 ~ 6 h, HL A1 B4 4 fin
Jil; ERN 0% 1238 # 5 , 1 D #2290 NF-kB 35K F
TEMHZLRAEH 3 ~6 h B IHLL 2 40 W o B B, (HL 7R
12 ~24 h B B ACE B W& 4R TR B T
R, AP ERK1/2 38 B0 Jo AR 20 2075 5 0 15 i 28
JC NF-«B Rk (EI =, B 58, ERK1/2 {553
BRI FEPURR LT 2 A0 4 20 B, B 1% 3 s mT R Y
NHAT 295 S (076 Dyl 22 90 NF-kB 335, BI40 IR 2T 2
VR S 2550 NF-xB (1) 71 (3 ~ 6 h) ik, I
HE A (12 ~24 h) F3k, F L, ERK1/2 3 X R4 2%
VR D 220 NF-xB 223k HoA U /R, X
] RES HAR 2R R HIA %o Nijboer 251738 % 31, ikt
SR AT A5 T T AR BRI 7 A 2 AN TR NF-kB 3R
KU, 43 ATE B BRI 3 ~6 h A1 24 h, ] NEMO 2%
G MG HIV (1) TAT 8 H 7% 55 50 10 i 5 5T s
220 (3 ~6 h) NF-kB ik n] 7= B g (s 2 AR 4
VEFH T ) e 49 (24 h) B 50 K i 30 e Jo ot 28 0
NF-kB ik HAG BB i 24500 16 F, oA R 48 R5 N
JEPERE I NF-kB iR 7E— & /K F L, il NF-«B
FrABAMEER . iU ATHEN, ERK1/2
T K P 22 LR FH T e S R IR AT 22455 5 il S
2670 NF-kB F 3k 1 0L ¥ 4E FHA 6 o

25 LTk LR 5 50 D 2200 NF-kB A H
A s R M 5 ERKL/2 3 B 7E IR 2T 37 S 10 g o
Zooibifat B rpoR AR B VR A, T RE 5 ERK1/2 3 #g )

HIAHLT 205 3 1 i 2850 NF-«B B (3 ~6 h) &
ik, ARSI (24 h) kA ¢, NF-kB 7ERLL R
Sl SR TR T B U T G S RIS
AR R SR JLRHRIF S T XU (5 3K 0 0 2 T 4 5 0 o
R T 4R SRS BY

SE Lk

[1] Paludetto R, Mansi G, Raimondi F, et al. Moderate hyperbilirubi-
nemia induces a transient alteration of neonatal behavior[ J]. Pediat-
rics, 2002, 110(4) : €50.

[2] Amin S B, Prinzing D, Myers G. Hyperbilirubinemia and language de-
lay in premature infants[ J]. Pediatrics, 2009, 123(1) ; 327 -331.

[3] Ip S, Chung M, Kulig J, et al. An Evidence-based review of important
issues concerning neonatal hyperbilirubinemia[ J]. Pediatrics, 2004,
114(1) . el30 - el53.

[4] Sgro M, Campbell D, Shah V. Incidence and causes of severe neonatal
hyperbilirubinemia in Canada[ J]. CMAJ, 2006, 175(6) ; 587 —590.

[5] Fernandes A, Brites D. Contribution of inflammatory processes to nerve
cell toxicity by bilirubin and efficacy of potential therapeutic agents
[J]. Curr Pharm Des, 2009, 15(25) : 2915 —2926.

[6] Chen X, Lan X, Mo S, et al. p38 and ERK, but not JNK, are in-
volved in copper-induced apoptosis in cultured cerebellar granule neu-
rons| J]. Biochem Biophys Res Commun, 2009, 379(4) ; 944 —948.

[7] Hetman M, Gozdz A. Role of extracellular signal regulated kinases 1 and 2
in neuronal survival[ J]. Eur J Biochem, 2004, 271(11) : 2050 —2035.

[8] Bhakar A L, Tannis L L, Zeindler C, et al. Constitutive nuclear fac-
tor-kappa B activity is required for central neuron survival[ J]. J Neu-
rosci, 2002, 22(19) ; 8466 —8475.

(91 EAE, BT ANIME S5 PO A% St T-«B 4R
JHLL RS DA T ) ], 5 =% RAEE R, 2010,
32(16): 1754 -1757.

[10] Ngai K C, Yeung C Y, Karlberg J. Modification of the MTT method
for the study of bilirubin cytotoxicity[ J]. Acta Paediatr Jpn, 1998,
40(4) . 313 -317.

[11] Falcao A S, Fernandes A, Brito M A, et al. Bilirubin-induced immu-
nostimulant effects and toxicity vary with neural cell type and matura-
tion state[ J]. Acta Neuropathol, 2006, 112(1) : 95 - 105.

[12] W52, MISL, #eH, 5. /DN i 5 0 20 280 v 7
AR BB R o B ) PPN [T ], TR BERL R 2244, 2008,
33(2). 177 - 181, 244.

[13] &WEkDY, e o SO IRLT 2 i B A B S b 2 i =
ML [ 1], 9 =5 E K% 24, 2009, 31(18):
1770 - 1773.

[14] Keyse S M. Dual-specificity MAP kinase phosphatases ( MKPs) and
cancer| J |. Cancer Melastasis Rev, 2008, 27(2) : 253 -261.

[15] Singh H, Sen R, Baltimore D, et al. A nuclear factor that binds to a
conserved sequence motif in transcriptional control elements of immu-
noglobulin genes[ J]. Nature, 1986, 319(6049) . 154 - 158.

[16] See V, Rajala N K, Spiller D G, et al. Calcium-dependent regulation
of the cell cycle via a novel MAPK--NF-kappaB pathway in Swiss 3T3
cells[ J]. J Cell Biol, 2004, 166(5) : 661 —672.

[17] Nijboer C H, Heijnen C J, Groenendaal F, et al. A dual role of the
NF-kappaB pathway in neonatal hypoxic-ischemic brain damage[ J].
Stroke, 2008, 39(9) ;. 2578 —2586.

(Yr#5:2010-12-23 ; f&[H] :2011-02-22)
(4# EAR)



