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KRR ZER hnRNP-H, f1 FAH F)REZBHLRHE
12 40 B B T B9 L B 38

245 XNFE KREgpE B RE FHF

(BEY] HM HRARGEMBRERAHARTEREZHEEES H2(hoRNP-H,) MIEH BB Z B
ZHARBFAHDMESEARRRAMBA O, Tk @UARAHNRELY . A EAHNRE
Jo 1.8.24 A8h B4, ¥MBEBRMARK S RNAMBES UERA IR, ¥ B RT-PCREM
% hnRNP-H, i FAH mRNA # 5K ¥F it 3 4L ; Western-blot ¥ il & hnRNP-H, f1 FAH EE & K FMEL.
A ¢ & RT-PCR 1 Western-blot 3 & Bcl-x mRNA )4 [6] 3§ 424K Bel-xs # Belx, i ZERTE R X Tk
Western-blot B: i = 40 s J 1 M % B 3 MPM-2 #1 # = H1 X & 8 cytochrome ¢ Fl caspase-3 i R 5T k.
TUNELZERZ MR EEARAMRHBTHR. 47 ZEXR2#WKRERS, boRNP-H, #) mRNA K F
MEAKFHBZHAE 24 A B ABRNIUE ., ARSI HWERE)T Bebxs HREZHHAH W Bel-x. 1
RIEHEH T B, 23 Bebxs/Bebx, M HIZS A . FAH B mRNA K FAHEH KT HZHEH T B, 7% 24h f
48Sh FHEHE AW B, MPM-2,cytochrome ¢ fl caspase-3 W R X E AR ERS 24h M L BEHEFH.
TUNEL R EEZAMASAANHRPEENARATRS., 418 KRSHEWEERMHAH KN hnRNP-H, RE
B B 7+ % , 71 8 % 3 Bel-xs/Bel-x. B BB 78 s FAH W3R W B T, W 88 3 BU 2t M i 28 5 it 41 41 40 LA
B#F G /MB, “ &It EMR#H T AR AR M.
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Expression changes of hnRNP-H, and FAH and their effects on cell
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[Abstract] Objective  To study the expression changes of heterogeneous nuclear ribonucleoprotein H2
(hnRNP-H;) and fumarylacetoacetate hydrolase (FAH) in the lung tissues of a rat model of acute pulmonary embol~
ism (PE) and their effects on the cell apoptosis. Methods A rat model of acute PE was established. The samples of
lung tissues were collected at different time points: 1h, 8h, 24h and 48h. The normal rats were used as control. The
changes of hnRNP-H, and FAH mRNA levels were identified by semi-quantitative RT-PCR, and the changes of their
protein levels were validated by Western blot method. The methods of semi-quantitative RT-PCR and Western blot
were also employed to study the expression changes of Bel-x;, and Bel-xs in the lung tissues after PE, which were the
alternative splicing of the apoptotic mediator Bel-x. The expression changes of cell cycle-related protein MPM-2 and
apoptosis-related proteins cytochrome ¢ and caspase-3 were studied by Western blot method. Apoptotic cells in lung
tissue sections were identified by the terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling
(TUNEL) method. Results At different time points, the mRNA levels and the protein levels of hnRNP-H, in-
creased in the lung tissues of rat acute PE models, obviously at 24 and 48h. The expression of Bcl-xs increased gradu-
ally after acute PE, while that of Bcl-x;, decreased obviously, resulting in the up-regulation of the Bel-xs/Bel-x. ratio.
The mRNA levels and the protein levels of FAH were down-regulated in the lung tissues of rat acute PE models, ob-

viously at 24 and 48h. The expression of MPM-2, cytochrome c and caspase-3 was up-regulated after acute PE, obvi-
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ously at 24 and 48h. Many apoptotic cells could be observed in the lung tissues by the method of TUNEL after acute

PE. Conclusion The expression of hnRNP-H,; increased obviously after acute PE, which might result in the up-reg-

ulation of the Bel-xs/Bclx;. ratio. The expression of FAH was down-regulated obviously after acute PE, which might

result in a transient cell cycle arrest at the G;/M transition. Both mechanisms might facilitate the cell apoptosis in the

lung tissues.
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Pk 2 B 8 4 B0E HA R R F (I SUE,
FK BB IR E W7 i S E B PR LR HAT
IRERALBESRAENTERREAKRRS
HEMRERHAT —RIIMWEQREEL, AT
BLF 10 2658 1 2K SR 4 50 i & S F# I
Wegarax; % 2 REMALARERBE R FE 3%
SHLMBRRGMATHEE 4 X 5FHYHER
WHX B REMERTHERSE 6 XE5FERH
X8 T RGRFINERBTLENL E8XKEE
HEFEKPRETERE I LNHME, HLXED
TRt B W REERDE Rt — 2 807,86 10 %
HURERARESHHEA™Y . AFRFTSHRHR
GRECEEXNFEAEORREEERES
H2 (heterogeneous nuclear ribonucleoprotein HZ2,
hnRNP-H, ) fIZE #4 & Bt 2, B 2 B /K #% 5 (fumarylac-
etoacetate hydrolase, FAH), & hnRNP-H, 7& &tk
fike G T B B REFA . hoRNP-H, & —
MAY—-EREBEED, FES5 5 mRNA/
HEMEESR. W oRNAMEEHNERSN
EHEZRMEN - TEEFRE ARAF 41U ME
REdEFEETELIB=ERNRANEEZ R
RHRMHEH., Belx RE B AMTmRNAR & H
BEMETHMEN: Belxs M Blx., i HE BRA
RETIER T/EERERATEA. hnRNP-
H, 5 Bel-x 87 mRNA W EHE I B H UM
*., FAHERAHWRERFEIATHENRET
f&, FAHREERWEUHBHRZYEHRBEZBE
Z B (fumarylacetoacetate, FAA) # /k & #§ , FAH
R Z S 2h BE W B FAA 9 K & % #.
FAA B3B3 VB ShBER BRI R i , AL W LA
FHAAH MM A EANBT, ETURBAM
B0, AR HFIT T hnRNP-H, f1 FAH % &
P R i 2 S A4 Ak AR Ak B AR B 4R 4R 4 B A
HIHLHE,

1 #EHF%

1.1 ## TRIzol Reagent #l SuperScript [l ¥

B Invitrogen 2 &, rTaq MW § Takara /A A).
Bel-xs #1 Bel-x; #y% £+ B Santa Cruz A F],
hnRNP-H, % £ #i 4 B Biocompare /3 &, cyto-
chrome ¢ Fl caspase-3 B ¥ ¥ B Chemicon A F],
MPM-2 5y B Upstate A7, E3 K E T
UV330 i B3 H Unicam A &, PE 9700 PCR {{F1
Image Master TotalLab v1. 11 %4 B Amer-
sham Pharmacia /A 7] . #E{E Wistar K KW 8%
EERRFZRIHYP L.

L2 XRAEHMHEHLYEL 7E Clozel SVHR
RELRY AN A - el &R S A2, B Wistar K
B 1RO S RIBUIL , A BS R4 VR 2% I AT BB RHE
(WE&Y 2mm), BEFA2MA A 33 nkat B8, E
BTHELIR. H&ER 2mm, K 10mm § B &M,
B 40 2 Wistar K5 BEDLSY 5 4, B4 8 H. ¥ KRR
F3 10g/L B b 22 1. 2mi bR, 2 K BUBUR B B IE B 1
AT, 3A/R, UEHHRM R, 4504 1.8.24,
48h FFHE AR

1.3 %% % RT-PCR X H TRIzol FIHE B K
BUI 4 48 5 RNA, R B 3506 0 0 5 B 3K 0 JIE 68
RNA 5t &, R B & 50 5 6 6 BE it # 47 RNA
#. F A SuperScriptll &8 cDNA % —4, BRI
EFRIE 20pl, RP-20C R ERE#HE AT PCR,
% A Primer Premier 5. 0 PCR 5| 47 i& it % 14 4 51
# it Bel-x, hnRNP-H, Fil & B-actin 5| ¥. [
it % A Sequencher 31 H Xt 3K 44 ¥+ Bel-x . hnRNP-
H, i3 Bactin WEIYFIFMH T HRERIE.
Bel-x |9 K %. L ¥ 5~ AGG CTG GCG ATG
AGT TTG GAA -3, Fif 5- CGG CTC TCG GCT
GCT GCA TT -3, hnRNP-H, 5| ¥ F 7). L # 5~
GGC AGA AGA GCC AGG TTT -3, Fif 5- ATG
GGA TGA AGA GGT GAG AA -3, ik E
278bp., FAH B{# ¢ 3. L if 5- ATG GAA GGA
GGC AAG AGC -3, Fi#f 5- TGA GGA CCA TCC
CGA AAA -3, ¥ K & 461bp, M2 B-actin 5|
F%5l:. £ 5-GAT GAC CCA GAT CAT GTT
TG-3, Fiff 5-TAG GAG CCA GGG CAG TAA-3,
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P KB 614bp. R A PE 9700 PCR {Y, R itk %
25ul, PCR 2 [if %& {4 94°C 2% ¥ 2min, 94°C 725 44
10s, 55°C i8 Xk 15s, 72°C # f# 1min, 72°C %
Tmin, 4'C{RFF. 43 FIFE 20,30 1 35 NMEFEH,
Fi 12g/L Agorase 3 37 J§ ¥4 # %k, R A Image
Master TotalLab v1. 11 #/-/EER & A 1F. BHAEH
ELEH EBRE R RE L Marker £# HiFHEH &
I & H B9 Volume &, 85 T8 H W& 53 B
WS E&HIHLE.

1.4 Westernrblot 5tfi =SB/ ERTIIE B ULIE
MERRE A, AR5 7ETLVE A % W (50 mmol/L
Tris HCl (pHS. 0), 10 g/L SDS, 10 g/L DTT,
1 mmol/L PMSF,1 mmol/L EDTA,0. 7 mg/L i ik
#,0.5mg/L BKE), 15°C,40 000X g, B L 1h, Bl
E¥E. A Bradford B3t L #HTREAT R, %K E —
80CH##F. SDS-PAGE iyk W E A EH &K 40pg,
SREBEAHALRE, RIFm—RA . &E
FABRE®G. KA InageMaster3. 0 A H# &
HBNEAKWH Volume

1.5 TUNEL #&#& RAHE TUNEL 4185
S 3R] A U A i A 2 S i 4L 4R N 0 RO
B BRI H B EK,0. 30 EAEHH
WEM S B BIEH. 0.1 ¢/L BEAM K Kk
40min, TdT [ WK , 55 5 % A1 R -BR o S0 58
(SP-HRP)37C & 1EH 1h, & E B % (DAB) &
&, 85 AHAKE Y tmin, K, 8 E, TREM
Dnase 1 #92 BA ¥ %t B8, BA ¥ %4 MR 9 R BL WK oh S %
fn TdT .

1.6 %it¥F 44 KA SPSS10.0 gt 4217,
MEHEU s RA HMERFUERAEENEY
E ik

2 & R

2.1 AMMBEHHBEY EEADBRTE.K
B %) B R B4R, 30 K /min B L5 OB & Bk 3w
WBLER B R EE B R A, BAWEN RET
R, 24h R EShHER . REE B A 0 2E K, K R 2 i
ERTRAMHRE. BAROE KR 54 80 2
BE24hFEHRAFEM. MAR HEREE
75 R EEAT I B 30 K R A 1L B AR R D
FRMETFED,

£

.
-
- -
» . ‘1. .
: LR ¥
T, "
X v P
t i \‘},,
, 3 ’ . J
¥ »
- 8 . ¥
%, b 3
¥ ¢ -

Bl AHHRLEIBEXRMHALN HE LR

2.2 hnRNP-H, # FAH 42 X% KRAa#
fifi 4 2 J5 , B 41 21 F hnRNP-H, mRNA KL & #i 7+
B.fE24h M 8h ABRAAEE. WHA P FAH
mRNA K& # TR, 7 24h 1 48h THEARNEE
(B 2,% 1), hnRNP-H, ZEHKFEAHEMBRES
BB 24h M 4Sh AW B E . FAHZEAK
VRN E G B TR, 7E 24h F 48h THE&
HE(E3,&D.

£1 AMMKERERS nRNP-H, 71 FAH RABT#%Z 8 B \Ba-x, MPM-2, caspase-3 #1 cytochrome ¢ #) T (n=8;2L5)

B 8] hnRNP-H; (mRNA) hnRNP-H, Bel-xs(mRNA) Bel-x, (mRNA) Bel-xg Bel-x,,
0h 0.194+0.09 873981828 0.1240.07 1.1840.37 42458542384 983746+ 3475
1h 0.36+0.12 853744645 0.1240.09 1.1940. 41 394857+2148 98296843958
8h 0.5440.21" 869341659 0.3440.11 0.99+0. 32 67493842273 43859742857
24h 0.831+0.24" 4973831+2746"  0.56+0. 14" 0.32£0.11" 1293858 +6365" 218497+1837"
48h 0.9840. 267 623984+3149%  0.7840. 25% 0.29+0.12° 134884747393 228477+1984*
I [5] FAH (mRNA) FAH MPM-2 Pro-caspase-3 cytochrome ¢
Oh 0.79+0. 37 49478343249 87923-+923 112934844884 183746 +£975
1h 0.75+0.28 45689312574 859484845 979485+3748 21296841228
8h 0.62+0. 21 4084831-2148 925784-985 97384742873 108597+ 857
24h 0.23%+0.12" 784631+834" 84435813284 158744 4-973* 121849746837
48h 0,1940.09" 79017£792" 82958542958* 98847 +782% 1284773 +7984%

5% A O DEKE, " P<0.05, ¥ P<0.01
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DL-2000
Marker Control 1h ~ 8h

24h  48h

2000 —

1000 —
750 —

500 —

bl B p-actin

250 —

100 — B

B s hn RNP-H2

DL-2000
Marker Control 1h 8h  24h  48h

2 REAEAB54E 2R hnRNP-H, #1 FAH f3£ 2# RT-PCR &£ 2

Control 1h 8h 24h 48h

hnRNP-H2

B T 0\ & |

B-tubulin

M3 FEHEAMBEARN nRNP-H, #1 FAH £ Western-blot £55R

2.3 Bel-xs # Bel-x, 9 KA KL KB AR
#J5,Bcl-xs 8 mRNA K FZEFF &, & 24h |
8h B AN B E. Belx, B mRNA k¥4 A%
MREFHEH TR ZE2¢h M 48h THRANHE
(H4,%D. KREAKEMNRERS,Belxs EHKFE
MEAZH AR EShBAFSHE,. & 2¢h A1
WBhABLEIBEE, Blx, ERAMMEEGNES
KFEREBH AL, 7E 8h BIE BAKHE, 7E 24h 71
A8h WA B AR (E 5, & 1.

Control 1h 8h 24h 48h

Bel-xg

B-actin

M4 REEESMHESR Bdx # Bdx #4ER RT-PCR &R

Control 1h 8h 24h 48h

B5 FEEERHER Bbxs 3 Bebx, ) Western biot 255

2.4 MPM-2 AATHAZOHRLELEG6, A
1) KRa#miER, MPM-2 WEBKELEH
AR FE24h M FABRIEE, ZWHHETF
G,/MIMI 4 i 3% £ . Pro-caspase-3 i H /K ¥
SR EEZRE T M, 7 24h 71 48h TR N8
B ,R W pro-caspase-3 B KB, KRR

Control  1h 8h 24h 48h

wm ” #e &  pro_Caspase-3

® Cytochrome ¢

W | G-tubulin

6 7 [ B i8] g it 46 4] MPM-2 ,caspase-3 1
cytochrome c ff) Western blot & 5
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¥ #J5 , cytochrome c EHKFZEHFAF , 7 24h
MBhABAIBE IRAMRBFHEATHEER
bR,

2.5 WAL AHERAT SMEMRERREE
MR, EANE B H AR E, TUNEL %
BBRIELMMRES 48h i FEMRERT K
EMHRATHEZW@E D,

A R4, B, 2R Z)S 48h P40 M W § 3k TR
7 AZKK TUNEL #&(X250)

3 W #

AHFERA, KRSt EE hoRNP-H,
mRNAMBEAMNEEKFEFHEEFAE. Belxs
mRNAMZE HKRIEKFHEH AR, EE Belx,
Xt R mRNA &2 EH K REKFEHZEH B,
hnRNP-H, 5 Bcl-x §f mRNA ME&EHHETE
FAX, BRE A, Bal-x mRNA #5445
BFHE 2 AKIEA AR Bal-x 1 58y 8] 7 55 1
EHEEHELE., — KL B3 X, BEALF Belx,
B9 5 B9 U1 47 s B0 b W, BE 95 4R 2E 40 M A AR Bel-x. .
A—PREBE B2 K, EEENTF Bel-xs I 5B I
RIS RHE Bl-xs WEAQRSE. HP—4
HE G 30 MEFERKITH(B2G) 5 B2 KK

HH M %, haRNP-H, 8485 B2G &4 B2 X
T4k, ATif2 it Bel-xs MERRE. BEERRARE
Fiite % J5 hnRNP-H, BB K& {E# T Belxs #
mRNA K FHHRE.

Bel-x & Bel-2 WT-HERKKH— R, Belx il
ENRRAERNEANBRRBESARA T, BFEH
BARS, BARAT-ERAN B-x. WREZEFR.
B FIAHY Bel-x, fES5A0 5 b 78 40 I ) R 1o, 4 o e
5% SRR AT AT, SR,
Bel-xs #IGEM51E S AMAT B F BRI TAY
BIUEAE, B Bel-xs/Bel-x b A5G35 ks A BY T 48
MET-MEAES, EHERI, 2HMREEHEE Blx
F K FHE A Belx, 2K H F &, Bel-xs/Belx. HAH
BEFE . Belxs/Bel-x HAEHIF B2 20k
EE AR MR,

FAH R 8tZ FR B A L3 BUS £ 15 = Br R
MmAE, 5B ARAETY FAA EENBKEE
FLEESBFHERERMEHMIERE. —F
M, FAA 3 i3 0 # DNA % 8 8 09 Th 6B T 95 I8
DNA 1B 5, AT S BT AR EBED . H5—F
T, FAA 38 i3 4% ik T 40 B ) 08 o T A — 1 40 A
P TR R T PRAE S AT & BUF & AL g4k,
H—FNETETHERY . Bt FAAESFAR
WA REESRERLENRRILE SR
BETEEMEM,

EAMAERAABR S MR ER, WAL D FAH
# mRNA K ¥ fME S KCEHZE W T, 7E 24h A
48h FHEH I B. FAH MRS TRURS BN
HARMBEEARWRBER R FAA B REER,
M FAASIRM—RIIARBER N, #—
SR ENR, KB At ERS MPM-2 HERH
KFPEHFE E24h M4Sh ABANEE, BT
MPM-2 & M i AM B RHEEQ  RUMARA
F#TF G./M IR L, FHilk FAARTBERA
RS A 4H R A LA T G /M B PE R . Xt il 4 4R
0 U8 T B BF 95 & B Pro-caspase-3 #9 8 H K ¥ £
SR EGES T M, 24h f1 48h THREA A M
B ,% W pro-caspase-3 KB M IERBARE
Y caspase-3 BEH. KR AkmMBRER, cyto-
chrome ¢ (& HKFLE# F+ F . 7€ 24h 1 48h F 5
RHBE . XEYHUBFUERTCHEZFE. F—
3 B 240 0 R B 5T 2 B 8 e 2 N Y ] o
B.WuErNEEEMREARARE. TUNEL
PR RESMMRERS Sh R EEARENT
KEMBRATALR. FLAR, KRAEMEE
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JERELA N hoRNP-H, WREABF B, TSR
Bel-xS/Bel-xL # W87+ B s FAH ) R A8 B TR,
TSR ESRARLARAHEE T
G./M#i, ZE MR TR S AMRM AT,
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EHNTHEXRMHKES 1h BB HE, &
FOXO1 mRNA K E A E R B FN, FHRE
FoxOl BAKERBEAR. EFBEFEARE L
FOXO1 #& % 8 4% 18 fin B8 5 R4 50, i 0 B 7R
WE BB FOXO1 MR, MK RME &
AFE FOXO1 MREKERIENBES RER. B
B % PEPCK mRNA,PGC-la mRNA 2 ik # 1% tn
HARRHF FOXO1 mRNA KFR AR, 0l LiH
#il PEPCK mRNA,PGC-la mRNA % & ¥ & H# R
B4 % F FOXOl mRNA W& H & R J5. Pere
&PF 5 FOXOL 885 PGC-la A E 1k iR 8 5
L BUVEE T KA R i FOXO1 RAMFA R
ERRENBEN LS 5F EE A, FOXO1
BROWEE SRR PEPCK W R BEAEER
o ARG RAE BT 2 BB RR R E S H I
FrRPLE A AR, A3 56 BT R B B () 85 4 A R
R.PEPCK NERBREHFEEZ N R LGN T H—
SR, HEAKEITH REFHRIAM PEPCK &35
ZEMER,

$ £ XK

[1] Donkin SS, Bertics SJ, Armentano LE. Chronic and
transitional regulation of gluconeogenesis and glycone-
ogenesis by insulin and glucagon in neonatal calf hepa-
tocytes. J Anim Sci, 1997,75:3082-3087.

[2] Zhang WW, Sandip P, Balwant C, et al. FoxO1 regu-

lates multiple metabolic pathways in the liver. ] Biol

Chem, 2006, 281. 10105-10117,

[3] Yuan L, Ziegler R, Hamann A. Inhibition of phos-
phoenolpyruvate carboxykinase gene expression by
metfomin in cultured hepatocytes. Chin Med J, 2002,
115.1843-1848.

[4] Kops GJ, de Ruiter ND, De Vries-Smits AM, et al.
Direct control of the Forkhead transcription factor
AFX by protein kinase B, Nature, 1999, 398.
630-634.

[5] Barthel A, Schmoll D, Unterman TG. FoxO proteins
in insulin action and metabolism. Trends Endocrinol
Metab, 2005, 16:183-189.

[6] Yoon JC, Puigserver P, Chen G, et al. Control of he-
patic gluconeogenesis through the transcriptional coac-

tivator PGC-1a. Nature, 2001,413,131-138.

[7] Z%x%.TE. 4%, 5. %72 ETF FoxOl.FoxO3a #
KKAy BB R MRR D RN AMFHA P H R
3. R E 2% 515 R , 2006, 26 :860-862,

[8] Pere P, James R, Bruce MS. Insulin-regulated hepatic
gluconeogenesis through FOXO1-PGC-1a interaction.
Nature, 2003, 423.:550-555,

[9] Herzig S, Long F, Jhala US, et al. CREB regulates
gluconeogenesis through transcriptional coactivator
PGC-1a. Nature, 2001, 413:179-183.

[10] Nakae J, Biggs WH 3rd, Kitamura T, et al. Regula-
tion of insulin action and pancreatic beta-cell function

by mutated alleles of the gene encoding forkhead tran-
scription factor FoxOl, Nat Genet, 2002, 32:

245-253.



