Overexpression of immediate early gene,c-fos and
c-jun in the rat small intestine after
ischemia/reperfusion
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ANEOREIM - FEREE BT 5MEMBEOBLE & BEREOMFE L RET 5720, VA RF v b O EEREEEIRO 0
BT X B 20 5 B O Z X BRI - RO, FIMMRETFHO—MTH b HAIEE R F cfos & cjun O mRNA & &
DRF, HIEMISHEUE (proliferating cell nuclear antigen, PCNA) % A\ ZzHIHLHEAEIEY, ["N1277) ¥ v RV BEHEW
HEEE s —3FN - FAF VX I LFF YN - bF ¥ A7 2T —+F (terminal deoxynucleotidyl transferase, TdT) M€ % F
LoFEFE LMY ULES) LB (deoxyuridine-5-triphosphate, dUTP) = v 7 Kt (terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick endlabeling, TUNEL) % '\ 727 & b — ¥ AMfa oo W3l = RERe 89 1 28RS L 7o, BRI - =877
D cfos & cjun ©® mRNADFIIG, BB 155 T BEICHERZR63ML 44 L 22, F72, I - HERE
OMIEIEIEE I, TGS AH 5 AMH T TR R IC L ~H BRI L, BER%30 5 TEmEkafhe ko,
REI - EREEAEOESSRILERE R, BERERIC LR L, BEREEES O EEL ICHS L., BB & il e0 s
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REIM - PREEVERESE IS, MO & 0 BEE & 7oLk I
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VANB T, BRI R AR < 2 AU/ MRS I AR s O R R
NS ZEIITET, RICHMAERET b IRINEED HE &
5. R - R & A ESEEORFE L LT, BillRkc
MENEPLe I 77—V bEES A LFEAERFIZX
D, GBS B R AR L TR L s,
RIS L, S5 ICmENEEL T, MEEEL V&
BITBESEETHLEELLNTVEY Y. [FHREROEM
72 & FIZ I P ABRA~ D Be & LS~ DR IZIE, T4 b
HA 2 E MBS ST S Ml REE S LT
BLEALATWAADY, N5 OMET ORIITIXEEH
F-OFEMWALPLETH 5.

WMHNIEER T T 5 cfos & cyun 1ZRTNHEE 0 —FET,
DNAWEBEHTHAT I FRN=¥% -7 7 1 -1 (activator
protein-l) AL, M4 OBETORBEEHEL TV 5. 4
PN TIR—IR ISR T, B a v 7, BUSHRES, SRR
&, HUER, VERIF T4 FRBEHAREEROES T
EEANEEILES NS ZEMFBH SN TR W, F/2, Fil,
TFi, BN, OBRTIE, BEIM - RS LY cfos & cyun
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B L ENIET AFEMIER AT AICEEH I TIEWERY, £
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OIRE L HHEOBEEMWT 5720, 9y MMGORIM -
HEFE TR O cfos & cqun BRI ZEBLOBF IR & & - A EULEE
BHERIZT RN =Y AMBROBHET R L.

ME s LUHE

1. RRIM - BEROENE & 223 O ERINEERE

RE250g BIBD I 4 AT v N % Tl 24 BERIAT & D Afifr e L
7z. 40mg/kg D> FVVE ¥ — )b (pentobarbital) O REIE Nz
Bk 2B WETICBE LA, 94y (Treitz) $4 & 0 1
Bk IIW T TORNEE 4251, T2 S 2%5HO
1/4 B2 % AV TR EE & BB BE % (RRL L 7z, BHI#E T,
J:H%Feﬁﬂﬁ?ﬂﬂ)ﬁtJ:H%Fbﬁ_ﬂﬁ‘%%ﬂ}f(%IEE#L:HIL%@H-?émv% 205>
RLEWT 2 o & CRHUM L, #0fk, MW %R L ClitE B
WBEY LI ECHERE L, MBETE, nEdFcLAm
FOERH AT b b o 7. FHERER 049, 54, 104, 154,
304%, 604, 2WER, AR, SERM, 128¢M, 24HE[], 48
BRI ZE RS A PRI L7z, EERE) S KRR IS ST O

Abbreviations | DTT, dithiothreitol; G3PDH, glyceraldehyde-3-phosphate-dehydrogenase; PBS, phosphate-
buffered saline; PCNA, proliferating cell nuclear antigen; RNasin, ribonuclease inhibitor; RT, reverse transcription;
TdT, terminal deoxynucleotidyl transferase; TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP-biotin
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mL7.

I. ##E (reverse transcription, RT)-PCRY > 70wy

FNfTUELE—2 g

KRB O/ NEGREE D S RNA R HIM L 7= 1%, M5 Kk
2 & DR L 72 cDNADB RS ABURS & ER L, PCR% HitTL
7z, TAA-ATVERKER, &PCREME*RLIFIY
2y (ethidium bromide) Zxta |2 & W4T L7, 72, #nFhO
IS DNAWT F OIE AR TN R % 70— X E W5
TRy PNL TN T4 X =23 FE25 D, HIEDNAKE ®
fRAT 24T o 7. BIEDNAWTH #id, F#hFhOmEEEs
A RRBE O ATE A CHIE L 22 i e LTERL, €612
cfos B & Wegun D mRNARHEIZ, FNFN O 5 DNA K
FEZEADT Yy FZ7J VT VTR F3-1) vk EREE
(glyceraldehyde-3-phosphate-dehydrogenase, G3PDH) ®#fxf
IR DNAM T B CHIIE LAl LTHR L.

1. & RNAODHH

RNADHIHIZIE 1 V7~ (ISOGEN) (v H> V=, &I
THW EBERIE, E5ICHEESITHY L, Imlo
AVT Y 4C) 8 AR ESFAF—HT S ARRIIBL,
FEVF AW —CHH, BBSEL%, 10HBRICHEL.
7 @74 (chloroform) 0.2mlifiN%, 4, WEB S35

c1 C2 Ca

«367 bp

Hl RZ Rti
c-fos “ 4

G3PDH e ~em @iipams -~ <954 bp

Total RNA(ug) 1 10' 102 1 10" 102

Fig. 1. Southern blot analysis of c+fos, csun and glyceraldehyde-
3-phosphate-dehydrogenase (G3PDH) mRNA RT-PCR
products from serial dilutions of the cDNA reverse transcribed
from the total RNA of the rat small intestinal mucosa. Total
RNA (44 g) from the mucosa was reverse transcribed in cDNA
and the cDNA was diluted ranging from X 10* to X 1 and
amplified by 25 cycles of PCR. Total RNA extraction from the
ischemia/reperfusion group responder cell (R, ), and control
group responder cell (C,-,). bp, base pair.

Table 1. Estimation of cos, cjun and G3PDH mRNA
expression in intestinal mucosa 15 min following
ischemia/reperfusion of rat small intestine

Relative amount ratio

Gene Relative amount of mRNA
PCR product G3PDH

cfos 9.88 1.58 6.25
cjun 6.06 1.39 4.36

MEL, 4T, 12000 X g T154ME L L7z, B2 4RELL,
05ml® 1 7 ¥ VT )3~ )b (isopropanol) Mz, —200C
TR E R, 4°C, 12000 X g TLOMEO L. Figdg
HL2%, ImlD75% T4/ — )b (ethanol) %%, REEE,
4C, 7500 X g C54-MEL L, BULEE KEL 105MME
MR Lok, BB KICHEML 7. £ RNAD260nm 2 BT
HWEEZMEL, 10D % 40ug/ml& L TRNAREXSIAL
7.

2. 774 <— (primer) BLUTH—7 (probe) F+ 1) T X
7 L 47 F (oligonucleotide) M YERL

367IREIT DT v b cfos BIET cDNA & HFEIIZHIET 2
PCR7Z4 -t LT YAT5 14~ — (687-706) 5-
GTAGAGCAGCTATCTCCTGA3' £ 7> F v AT I 4 < —
(1162-1180) 5-TCCACATCTGGCACAGAGC3, B LU, 7o —
7& L T5-GGGGGTCTGCCTGAGGCTACCACCCC-3’ (975-
1000) &7 v b c-fos BIETF cDNADIEEERE| & 0 e L
7. 4963RHEX DT v b c-jun BETF cDNA % 45 B /Yy |2 08

BT BPCRTIA=—LLTEYATT A< — (542-561) 5-

c-fos <22kb

c-jun <« 2.7kb

185 rANA Qi ) “ Y

Fig. 2. Northern blot analysis of cfos, c-jun mRNA and 18S
rRNA in the rat small intestinal mucosa. The membranes
were rehybridized with a *P-labeled oligonucleotide probe
specific for the 185 rRNA to correct for variation in the loading
and transfer of RNA. Lane C, control; lane R,, postreperfusion
15 min; lane R., postreperfusion 60 min; lane R,
postreperfusion 24 hr; kb, kilobase.

Fold induction
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Fig.3. Northern blot analysis of c/s and c-un expression in
the rat small intestinal mucosa. Data are means of five
separate experiments normalized with respect to 185 rRNA
and express as the ratio of original values of cos or cun to
control. White columns, c4os; black columns, c-un; C, control.
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AACGACCTTCTACGACGATG-3 &7 v FLyATF 1< —
(887-906) 5-GCAGCGTATTCTGGCTATGC-3 B4 U, 7H—7
& LT 5-GCCGCACCTCCGAGCCGAACTCGG-3’ (674-699) & 7
v b c-jun M{ETFcDNAOHERM L VgL, £/
9845 241 G3PDH#E -+ cDNA R SRR IZHIET 2
PCR7 54— LTty RATTF7 4<%~ (3557 5-
TGAAGGTCGGTGTCAACGGATTT &7 v F LY A 7514
— (995-1016) 5-ATGTAGGCCATGAGGTCCACCA-3" # & U,
70 —7%¢ L T5-ATCCATGACAACTTTGGCATCGTGG-3’
(514-538) % 7 v b G3PDH B{Z T cDNADIRERY] L b i L
7-. 71— 7 DNA 10pmol it L [y -*P] ATP (Amersham,
Greenwich, USA) 10,Ci, #Y X 7 L F F¥+— LK
[50mM Tris-HCl (pH7.6), 10mMEfL~ 7 4 ¥ 7 4 (MgCly),
5mM ¥F# b L 4 b —Jb (dithiothreitol, DTT), 10mM A~
3 ¥ (spermidine-HCI), 1mM EDTA], 10HALT4 %+ —+
Gide, KR B UMEESKEFMAEEZ61EL, 37CT

B

A5 A Y Fank—2arth Il ETYRMEE#SLHE,
A7V FAE—=2a FIZHW.

3. MEEE (RT) KIS

BRNAY > 7 duglld ) o (dT) 75 17— [oligo (dT)
16 primer] (Perkin Elmer Cetus, Norwalk, CA) 1. g% Iz 75%
ATLEBEE331L L, 68CTISHMMME, Kz TEHL
72, 2RI RTRSREE R [50mM Tris-HCl (pH 8.3), 75mM ik
1A w24 (KCh, 3mM MgClL, 10mM DTT], 74 % )R
X 7 LA F NiR&W (dATP, dCTP, dGTP, dTTP % 0.5mM),
RNA D fREEZ M ER T (ribonuclease inhibitor, RNasin)
(Promega Biotec, Madison, USA) 2Hi{7, MG B %
(Moloney murine leukemia virus reverse transcriptase, M-MLV
RD) (Gibco, Rockville, USA) 200 HL{V 43 & O K Z Nz
ER50u1L L, 2CTIRHEA Y FaN—ax L TCcDNA %
BHEIL7. & 5295 CIZ TS5 MmN LAk, KFizTREL
72, % 4D CcDNABHS0 LIZRNA 4 ugHHEMENTD DT

Fig.4. Light microscopic immunostaining for c-Fos and c-Jun proteins in the rat small intestine. (A) In the control group, c-Fos
immunoreactivity is observed at the tips of the villi in the cellular nuclei (X 200). (B) In the ischemia/reperfusion group, a marked c-Fos
immunoreactivity is observed in the cellular nuclei of the absorptive epithelial cells and in the cytoplasm diffusely (X 200). (C) c-Jun
immunoreactivity is observed at the tips of the villi in the cellular nuclei in the control group (X 200). (D) In the ischemia/reperfusion
group, positive immunostaining of the c-Jun is seen in the nuclei of the absorptive epithelial cells and in the cytoplasm diffusely (X 200).
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bHBH72H, RNA 1pugh oA 7:cDNARIZHY T 2 i
Bi125u %5, £72RNAL0 'ug, 10 uglilH T 5
cDNABIEEIZFNZN 125X 10 125X 107 p 1iZ4H4 T 5.
Z D7z cDNABEWR O 3B RS 10 A PHUR Y (B, 10154 R,
LOMERBUR) AL, Fh2N12.5.1F 2% PCRIIEGIZHE
HLT, HWEL T 5 mRNADERBILEIT- 7. F72c-fos
mRNA B & Wegjun mRNAZEHEOER&ILIZE L, G3PDHIZN
W hm—ne LTHELE.

4. PCRIIE

% 4 O cDNAE 125, 112 PCR KRR ¢ [10mM Tris-HC1
(pH 8.3), 50mM KCl, 1.5mM MgClL, 0.01 %< ¥ > (Sigma,
St. Louis, USA), 4+ F L KX 7 L4 F FiRE&MW (dATP,
dCTP, dGTP, dTTP#%250.M)], > ABLUT 5L %
77 4 < —#50pmol, Taq DNAK Y X 5 —+ (Perkin Elmer)
TRV B L CWEERKEMZ2=30, LICHE L. M
20u1D I A7V F 1)V (Sigma) & Bl 8¢, y—<L¥ 17
7— (PC700) (T A7 v 7, M) CPCRIEIE%E T~ 72, BE
Ha94C, 195, 7=—1>7%58C, 245#, DNADOME
272°C, 20MEL, IhE1IHA 7V ELT25% 4 7 LHIETT
L.

5. MR DNAW K it

PCRICI% D DNAFBUS MW M K 701 & 7 0o KoL 4
1501 & N2 THME L 7=, g PCRISE #HRILL 7.
ZDVEWNZ 10 1 OSMEREEF MU v 4 (pPH5.2)E99% TS
—LE30plmML, —80CT305 ML %, 4C,
15000 X g T20 77 & 1s L, DNA% L X7, ZHDNA%
80% L ¥ J — L Tiiik, WEEMEEL, WEHERK [0.06% 7
0% 7 x /) — )7 )— (bromophenol blue), 0.06% ¥ L > ¥
7/ — ) (xylene cyanol) 6.7% 7 ') £ & — )b (glycerol) % &ir
Tris EDTA# i # (10mM Tris-HCl, 1mM EDTA, pH8.0)] 91
B L7, SREHE05g/mID YL F U 4 % &8 kil
#EMWE (40mM Tris, 20mMEEEZ S M) 7 4, 1mM EDTA,
pHB.0) #1T, EBH100VIZT, 1.5% 7 # T — X4 ) (agarose
gel) MW TEIKE) 17 - 72, kB RO 7 VT RIS T

A

WEBEBEEIT o728, Y BEIZE L TDNADIES % 17 -
foo b, WKEEETHOS N E T VA ) B0 [0.5M ki
b+ MU 24 (NaOH), 15MIEE{L+ b Y 4 (NaCl] #T30
A% U DNA & B 2729, Al (3M NaCl, 0.5M
Tris-HCI, pH7.2) #TI5HHOIEEZ 2[4 H K L 72, DNA
20X SSCEHWTF UMD 6F 4B AT LT 405~
(Hybond-N+ nylon membrane, Amersham) (2855 L 7=, %5
B’D7 4 NT =210 5 FHEINRE BT L CDNAD 7 £ L & —
NOEELZBE LD E L. 74NV T—%TFEy P47
¥4 ¥—2a /Ny 77— (Rapid hybridization buffer,
Amersham) %{f72 L7214 TNy 2 (I AENLF, KiH)
AR, L2COEBKERTISGH T LA 7Y ¥ 4E—
vargfiol. FOH, PPTEMLI: T — Nk R
A 1pmol/ml & % B L HIZNA 7Y 8y P I~NEE L, 42CH
RN TN T A -2 a raffois. N4 T
V¥4~ a3 BEOT 105 —%42TCTH2XS8SC, 0.1%
SDSIHHLT 155 M2 [MikH L 721k, 1S4 4 A4 A=V T+ 14
— (Bh7 VA, ER) #HVT, PCRIGIEDNAWTR 124048
IR & L7 0 —OBgHEE 2 5 U, DNAWY & &5
b7

M. /—=¥>7ay b4 FUEAE—-30

RT-PCRY > 710w MEIZH =08 U/ANB A 225 RNA % 4
L, cfosBLPcqyun cDNAZ T —T ¢ L7/ —F 70O
Y INATI YA Y-S a 2ol L7108 —%FN
{705 4E—ariiT-7:%, 185 rRNA cDNA & B
ATV E=areiiv, Hohid FrraNita > b
D=k L7z, ThFNORSEREENRI L e -0
18S rRNA O EEHE P CHIIE L, X 52l tnfiz1& LT
FL7. TIUIES VTR O cfos & cjun © mRNA D FH
% RENEAGL AR L7,

Tabb, MHLAZRNAZ20ugd KL LT 2N
(formamide) &£ kW 4 7 L7 F (formaldehyde) T4k,
2% RNV LT LT RIS %T #a— 40 & d4ikd L
FAQLATVL T ALY =Y L, A7 L7140

Fig.5. Immunohistochemical staining of proliferating cell nuclear antigen (PCNA) protein in the rat small intestine. (A) Labeled cells are
observed in the lower third of crypt cells in the control group (X 200). (B) PCNA strong immunoreactivities are seen in the nuclei of the
lower third of crypt cells in the ischemia/reperfusion group (X 200).
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7 — &A%, S0CT2HHEN—F > 7L Fo—735%
Y7ay b U PPE#MDNAZFERL, "M TUFAE
— 28 Vil [50%RLALT IF, 5XFrnalh (01%KE)E
Z—L¥uy Ry, 01%ISTRT Iy, 01%742—J),
1M NaCl, 10%7%kEE 7% A b5 ~ (Dextran Sulfate), 1% SDS,
50mM Tris (pH 7.5), 100, g/mlZ2tk 7 #F DNA] thT20 ~
4R, 2TCIZTNAATNTFAE—2arlic. "4 754
Beg s LIt Ay TLry 74y —%8EL, —80C
CH— LI IHTTT 4 —EFFote

V. ®ERHLEEeE

cfos B & O chun BIZTFEWDENENWNNGIZEBIIEIL T
WA I k%, PicFosE ./ 70—+ VHifks L UhicJunE ./ &
O — Vi E A RS LR s TRERR L . E 72, A
OB 2B 5 720, MEEEO G %S5 SH
BT ZTEAE S B M B e Fe A B A% 2R B © & B T IR AR LR
(proliferating cell nuclear antigen, PCNA) DS % fat L 7-.

Thbb, FNLAEHEO—HE, 10%FV=) Y TEZE
L, Sttt L, 9974 »BEI0% KL<
DU EEEAL Y4y m K EIEAERL, BT T 10 Y BEA
RN+ % ¥ & — R RHIT 5 720 0.3 % BERIL K F KN
A =220 FREL, VU EHEEEBAEK pH 7.4)
(phosphate-buffered saline, PBS) T#:#H L7z, KIZIEHFRIGH
ERARGSZHIET 3 20 ESH Y FMiE (Dakopatts,
Copenhagen, Denmark) 12 1558 G & & 7-4%, 100 f5ATRHIL
c-Fos &/ 7 0 —F VHif& (Oncogene Research Products,
Cambridge, USA), 1008 #HF I c-JunE / 7 o — F VEHE
(Oncogene Research Products), 505 %I PCNAE / 7 O —
V4R (Oncogene Research Products) & —Hi4 ClZCRIE &
&7z, PBSIZTHE# L 72k, €4 F b~ 2 IgGinfk
(Dakopatts) IZSERCT0FTHERILEE, KNTA LT ITE
Ty ¥FFr e RLFF YT —YHEEA (Dakopatts) (2155
Mo &, 0.04%3, 3-V7 3 /R FY (3,3
diaminobenzidine) (Sigma) R THE 3¢/, HHEI203%
AFNT) =2 Tifolz, BfEa > ba— il LkEifk &
LTt~ AMiE & v, BHEESEO LRI & 2R
L7-. PCNATEZEZI 1I%E 1251 5 M0 PCNA & 551
MBLOBSTHEL, LHAEIZD X 10BED LBE L £ 0FE
TELL.

V. HEAARLEE

BRI - BT RHTAILA AT v b &Rl 24 8MAT L 0
MR L, £5METIZ, ¥, Steiger 5*IZ L WS N

FECHEL T, HEERE D 4E LImm, AE.6mm® L)
AVSGN—HF—FN (Fva—=rF, #K) ¥ EREIRIC
WALBEEL A, ZO®EEL, ANMEOMIL - HRREESIZ,
HF—FVOEMEAEET 2 ERSE, SHITHIHRICEHELR
EREERB I FRICERL2RE VN EEL, iR
WCEREL. HESEASS— UMY EFICEEL, AT —F
VEGRRF v v~k v b (=78, KK TEBERHEEA R
YR L . EREWIE B EIC ST oL, AT
—F N EEE L2y ME, TESORH7— YRITRAE L /-
SEEMEKATHENE L U, [PN] 70 ¥ v [EEREFOERR
EO82%, 7)Yy LTOMENS5%D D (HLHEM, &
)] % A AE KIS TRRRE A 4mg/mll % 5 & 9 IZHE R
L, 8mg/Mef CHesiixs L, FHIM - BREE&Z20EHE, 6KFH
24 IR 4 12 22 IR & ATHR & BRI L 72
ZHEH1gEHCT, 10% MY 70— VEEEE10ml &N £,
K& F 2T Potter-Elvehjem Bl A — W - 75 X - mETF A4
—ZHWT, W, BBL7Z. 8E7%3000rpm T 10 5 FHE L
SMEL EEERILZ. RWC, kRiEE2% M) 2 TVERERT
SEWE L2 RES s LiFEE, LCIRIL 22 Rigioms, #
HrhOWEHE S FERLAM oML E Lz, s XU
EROBEFEY, semimicro-Kjeldahli#EIZ X HERL, 361

PCNA labeling indices (%)

C 0 5 10 15 30 60 .2 4 8 12 24 48,
min

Time after reperfusion

Fig.6. Proliferating cell nuclear antigen (PCNA) labeling
indices following ischemia/reperfusion. PCNA labeling
indices are obtained as the percentage of PCNA positive nuclei
relative to the total number of crypt cells, and calculate from
observation of at least 10 crypts in each experiment. Every
measurement is repeated at least once and is performed in five
rats in each time point. Values are expressed as X + SD.
* p<0.05 by Student’s ¢ test.

Table 2. Sequential fractional protein synthesis rate in the rat small intestinal mucosa

Group Time (hr) Sb Si Ks
Control 2 0.034+0.008 0.403£0.040 106.8+25.3
6 0.122£0.006 0.7550.047 70.7 +£7.6*
24 0.522+0.073 1.43510.069 4521+6.3%
Ischemia/ 2 0.0230.007 0.237£0.059 126.0+26.1
reperfusion 6 0.10140.017 0.452%0.073 102.2£14.8*
24 0.488£0.101 1.122+0.248 61.720.8%*

Assay was performed in five rats in each group. The values are expressed as % £SD. Sb, "N enrichment of tissue
protein; Si, N enrichment of intracellular free amino acids; Ks, fractional protein synthesis rate. * p<0.05, ** p<0.1 by

Student's ¢ test.
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B &7 #TEE (ANCA-MS, European Scientific, Cheshire, UK)
ZTHWT[PN] ©7 F4ass~+ 2 | (atom percent) % ill%E L 7.
EFEREB LT[N] OBRT bas—Lr b EY, RISRT
Garlick 5 DRREHWVT, BEHARILEEZ £HB T 1c&
L7z B, [PN] ERAFELS0365%THH, s
RIRFELL E OEZ BT bat—L > b e L,
Sb/Si=R/R—1-1—e ™ /1—~e ™—-1,/R—1

2L, ShZBEAMKEERZ PO [N] O, SildEg7 3/
B GERE RO [PN] S, RIBAKSEZLEST 3 /5
WBEEZEOL, tid [PN] 70 ¥ 0l AWE (H), Ksid&El
ERULERE (%/H) %9, F72, RidStein 5266180 %
[RVAR

V. $EBYR 2 BAWETR b~ XDBH

RIEHE LB I R V=) VRIS T 1
KLY, 4pmBOYH EERL, F—3IFL - FFFI XY
LAFYN - b7 ¥ R7 27 —E (terminal deoxynucleotidyl
transferase, TdT) MY *F V- FFF %) I 0520 v
(deoxyuridine-5-triphosphate, dUTP) = v 7 3k¥##E3% (terminal
deoxynucleotidy! transferase-mediated dUTP-biotin nick end-
labeling, TUNEL) #E"I2T7 R b~ ¥ AHEOMRE % FF- 7.
BUERER ST 7 1 2 LUK, 2% 8BRILKFERMA 5/
—VEICERT00MEIE S HNEEALFF L F—EE T

By 7 L7z, WARICTKEL, PBSIZEIRT3HM®E L.
20,.g/ml 70 7+ — ¥ K (Proteinase K) (Sigma) {2 TR &K%,
WA TARBEL, TATHER (100mM H 2 S VEH Y v 4,
2mM I L2 2% b (CoCl), 0.2mM DTT, pH 7.2) = 340R
BL7A. KT, TIT#H % {12 0.3U/u1 TdT (Oncor,
Gaithersburg, USA) & 0.04nmol/s1 ¥ % F > #23# dUTP (Oncor)
EMAZTAT UG % MEH T L, SHSFIco " —F9 2%
P37 COMEEFT 00 MBI &7, RICEMHIE (0.3M
NaCl, 30mM 7 = >+ b)) 7 24) 123050 LT TdT KiG %
FIE L7, PBSTHEL, ~LdF ¥ — PEEILY T
7= Vi (Oncor) & 305 HIKIE & ¥/, PBS CEEMD,
BEALRKEREZRMLES, VT3 IRV FILTRAEL,
AFNT ) — o CHRYEIT o7z, TATRBETICH 2 2 Lk
TRy LR (pH 7.2) 128 L 7214 g/ml Dnase 1
(Sigma) EH T 105 ML L - MBS 2 D >~ b —
t_L“C, TAT & £ FIZTAT R O A THLEL L 7= T
BRI POV LTHWZ, IBRE B2 B
TUNEL B s P ORRM I 2B & 2 7R b — 2 28 E L
T, IREIZoE I0REL L2 BEL, 20HSEOTHMHET
EAPPAR

WI. DNAKTR{bD s

FRINL 72 —E A0 i L, 5125570 THlA <8 Y %

Table 3. Sequential fractional protein synthesis rate in the rat liver

Group Time (hr) Sb Si Ks
Control 2 0.036+0.003 1.450%0.102 30.1£3.1
6 0.1110.003 2.050+0.134 222%1.1
24 0.386+0.014 2.6610.237 15815
Ischemia/ 2 0.035+0.005 1.3921+0.156 30.9£6.0
reperfusion 6 0.097 £0.007 1.519£0.062 265+ 1.3
24 0.364+0.041 2.295+0.367 18.3£3.5

Assay was performed in five rats in each group. The values are expressed as x =SD.

B

Fig.7. Detection of apoptosis following ischemia/reperfusion in the rat small intestine. Apoptotic cells are stained by the terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick end-labeling (TUNEL) method. (A) In the control group, TUNEL signals are
only observed in the nuclei of tip of the villi (X 200). (B) In the ischemia/reperfusion group, TUNEL signals are detected in the nuclei of
absorptive epithelial cells except the lower third of villi (X 200).
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Fig.8. Apoptotic indices following ischemia/reperfusion.
Apoptotic indices are obtained as the percentage of terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick end-
labeling (TUNEL) positive cells relative to the total number of
crypt cells, and calculate from observation of at least 10 crypts
in each sample. Every measurement is repeated at least once
and is performed in five rats in each time point. Values are
expressed asX £ SD. *p<0.05 by Student’s £ test.

ik

ISR RT, HMEBECIEA BRI TENREN63M, 44
R0 M FEHAFRD iz (FD).

I. /—#¥>70v bEIZLS c-fos & c-jun D mRNAD

i)

cfos B & Cegun 13 FNFN2.2kb, 2.7kbIZH—D /Y Fif
Ao, TORBUIMM - FHKkIsSTERAETE—H
HORETH o7 (M2). cfos & cyun @ mRNA ORI 2 3T
R A &, R - HERE 5OARAT, Ik
FNEN6HE, 4EOBRMERIBO LN (M3). ZOHRRE
RT-PCRHYH > 70 v FEIZ & 5 cfos & cyun D mRNADFEE O
R L.

. fEEferse

SHERBED cFos B & WeJun &1L, W b REDEIHOM
Ka7sv, Basget s hzolox L, BRI - BHEREETIE, WX
RO LIS ATOF AMEIZ St S, FRICHITEAT DAL
DFFINE D Yt S 172 (W4AD).

V. #RRENEEDREAT

PCNA SRIEH L Clt, 1 HRBE T I O ML 2 B P L2
Wefa SRR RATEED b A L, BRI - FREREE T, X
HEBEIZ e T et BRI B 0 B & 2 B0 % 3R 72 (U 5A,
B). B - FE#EFEED PCNA ARSI M - Bl &S 06
AEEE TR REC B L CHEESEMELR L, Hi - A
F0 T BB L T4 TH - 72 (6).

C R, R R,

Fig.9. DNA laddering following ischemia/reperfusion on a
1.8 % agarose gel electrophoresis. DNA laddering is seen on
an agarose gel electrophoresis in the ischemia/reperfusion
group, but is absent in the control group. Lane C, control; lane
R, postreperfusion 0 min; lane R,, postreperfusion 30 min; lane
R, postreperfusion 60 min.




/NI RERIL - FEEER & cfos, cun 651

V. BERAREEEORE
INIGREIRIC BT B B E &R

BEAL - FEFREVRRE O /NGRS O B B A R LR 1, T2
HEE 2 B IR A WA LS, WENOBREIC BT b 3t
BRI TE L, Bl oMoy, 1022+ 14.8 & lEEe
DT0T7E76 LD FEIZED o7 (E2).

2. PRSI 384T B A A e pE

MR OIFIIC BT 52 EH AR SR I HEE TR L x
o727 (#3).

V. (R EFRVETE M= XD

2 IR T E O T O D A4 AT TUNEL T ets X 41
FzhS, BELIL - P BEURIECIIBERATT & By < WX L Re MR o> B A58
a7z (M7A, B). 1REI2BIT 2084 O TUNEL 415
MR OB AT, HEMEHEE H - FEREOTICRAE &
-7z (8).

VI. DNAHKTA{bDEAT

RELIM - FEREGRIECIIDNA S ¥ —H b b2y, WHBEET
RO b 72 (49)

E =

FRZ R S A R IR 125 | 5 58 C B IR1E L BHlifR
OFERIZL YV EEESIT 5, ZOEEDTHIED AT H kD
1%, BHIA OO L BEHOESHE G L 2bDEELS
nTwsd. —7, BIHHRIEFEED cfos & cyunid, FHIML - B
HETRBE IR I E AL S Y, B2 F 727 R b — oz 0o
WS L Tna EENTWAED, ZOFEMIZDWTIZRZARE
BENEG, F2C, AT, KM - FEREEICBTS
cfos & cun @iﬂﬂiﬂz‘fﬁﬂ)ﬁfﬁﬂ’ﬂfﬁ%%*ﬁa T L7z,

BRFFETIE, cfos & c;un @ mRNA D SEBUIBH ML - B %
552 E—=2 L5 —BHORET, WNEELLELTELE
63 & 448128 L TWz. cfos & cfun D mRNAZ I &
D YR E & R e A % RT-PCRI & IV THT o 72
2%, RT-PCRIEDEBBEFHRY % W IfERA/ — > 7oy
MECEL BEREADHERE -H LA L12LD, BRRIGHIZE
LT, R’I‘PCR‘&:%ﬁlb"f’}\%@ﬂﬁ“}ibﬂ"‘l-?ﬁ‘ b # AR O cfos
Eequn BInFORBEMHATHZELMETHLEEZ LN
B, Frz, IS mRNADVNMEREE O & 03%!511‘/76‘%%1:,[.‘. LTw3
PEMET A72012, PicFos &ficJun®/ 7 0 —F Ltk %
W TSI SR % - 72, R TIETO Gl o
D& LRt SR o720, I - FERETREC I bR A
Moot & MM, HR 1B G LLAL O M AR { Yeft 7.
ZOFERAL, DGO - HHEEREE D X0 IR MR AR
bE2ZF 52 L% RLTVA.

KIZ, cfos & cjun DIEPAL DB L DB HIE oML B EO
MABMET L7z, PCNAIZDNAKRY 29 —¥ s DfiBiER &
LC, DNABBEIHILE MO G U#%E & SHRE oM u
PHUZ I 599 kL= ) YEEEA T HWToRERE T
WEETH D, OB IMEMEEEERT —D0EEL &
NTWE9 JH - FEERRE I % PO I PCNA DS
BATHENN L 7278, ZAUIREIM - FEHEGT & S48 e C A A
ROeEs s, DNAOBHRPHES N Z L 2EKRLTWD
F72, MRBEEEO Y — 2713, cfos & cyun @mRNAfJ‘:@@J
RRTLEEMT L) BAT, [ - FERZ0SCHEDLN
72, 512, cFos & cJun EH O REMMEEIC X 2 BB

EPCNADEBHORER—F Ladh o7z, LA 2T, cfisk
cjun & mRNA OB FEH & RE O Fa: & T BRI L T
wiELhEHENE NS,

cfos & cjun DRBUIHIEEED 775 7 b OEFEA 2 R0 i fa s
ENHREEEHHELRBPREIH L L END & % \Z cfos & c-
Jun DBRFERI 7 RN -V 22 FETELENHELALN
BB OKRFGETIE, BEIM - FHEREO/NGICBIT BT E
— 3 AMfaoiit %, TUNELE% v C gz, F
72, AU = A VESIKENE® v CTAEREMNIZ DNAD BT
FALZ AT § 5 2 & TiTo 72, TUNEL#:DEI X, DNA®D3I-
OHRMmZE A F - dUTP L TAT# AW CHERT A L TH 5.
THRM=ZHRET L DT LDBEEL RV ETHO T
RETH D, F/oHMBPOT7T R~ AMBOREREEETY
PBHARTH B E SN TVED, F72, THO—-ZAF LD
BRIKEIEIL, DNAOX 7 LY — A M TOWT {L’E’»fy&;ij
THLDTEH Y™™ AL D ML - FEERAE/S T DNA
T —=NROLNAZ EHs, TUNELEIZFER - F@iﬁ(fﬂ
I2EBT7HF—2 2RO BB E BRI LTWA c‘:%x_[&
Mo, S50, TRV AMRLBEORETMOEETHS.
REFGEOMIBEETILT K b — ¥ AHRISHEDLERIZDOHFED
LNz L, BRI - FFREVERE CIIBEEH % I < U B e f
MauciBn o, 7R — 2 AMIEO R SR AR
IZAlzcFos b c-JunBEHDFEBENFEE ~FHLTEY, c-Fos
EcJunDERET RNV AFBEOMBEEHR T B2 &7
WRETHAH. —J, THRI—T AR, HiMmBE#L HEg
6093 E—2 &L LTz, B - BEREZO 7R b~ 2
faD3EBU, FRIMIC L BHUMERBEEIZL 2D DL HESH,
FERH 6050 ¥ — 7 IEFICHERBICEE SN 5 b5 EL
PERFIC L A EOHRTH L LEL BN, OB
cfos & cjun O mMRNA D — @MW O BEFHOBIZEREN TS
n, L& cFos & cJun & F OFEBERALIE TR b— 2 Aflao
FEHUERAL & —F L7z, T O ORRIX, cfos B & Vcgun D5
HETHRM—VAFELEOHFRESISIZMORBETEHDTH
%

=), B - BRERRAST R b — 2 AP S < R E, +
Lbh, %Fiﬁhﬁ%ﬁ’??%ﬁ BN EELHETH L7,
- FEEA R OB T CH 2 BE L 2l A o iz e, I
PEICE TR L 72 A AHRE oWl  2d He : & RS
&% . Garlick 5* D) EIHMPIZHW AT N 2T AV =T
OREAMET AR TH A, Picou 5H V0 Jiid, (CHER
EWTH DIRpaE, RINT Y E=7 5 WIS P~ 7 A
V=7 oy WET L HEBEYTH L, KT,
Garllckb@)J hE M THAR S N AR 2 Wl L7, ]

- RO/ MBS IR O & A AR I T ORR I B
VT DA BRI IR TE O, TR TR 2 IR A A AR 4 TR
L, ﬁi@ﬁ‘i)l‘i&é}ﬂ#l’tﬂ@ﬁﬁliﬁﬁi%ﬂd IHEETCHo. L
=T, AEOMRIL - FHEREORHASEOEMEILIZS cfosB &
U‘cmn@EMtﬁ‘ﬂ'ﬂ LTwabbk#ibhab,

Wb, AT, ANEoRmL - HiERHi, B5ERFTH
D cfos & cjun ﬁ‘mRNA}o LUEH L/"\Jvfﬁ% L, kv
TTRIF=VA, SHIEHGEMRESNE ZEZHL DRI
L7z, /MBEBIER OREIED cfos & cyun O mRNA DFEH 2 MR
TBHZET, BER OARTMEEE HMRS 0 E 222 FRRRE
FWHEMLLYBRIEAL, fid o CBEROEFLEFEIL



652 i

MBI EHTREL D I Lhb, REBHAOERIEHE IR
END,

] ]

JNIB O PRI - TR RS 12 B 1 A MBI 0 B K L EIEIED
BEARET 70,5 v MNBREO RN - BERERD cfos
L ocqun BRIFBHOWSEMER L BEOARIEERS [y
F— AMEORBE LA L, DTomRERL.

1. PRI - EFE I IEER T cfos & ciun O mRNAFERE
FHL, BElR1SSRTR, ThELEIEDN6.315L 44
fECTHhHoi.

9. FAM - FHEREEOMBIEFEEE, FER%S D 54k
MECHEBRICIAERICHML, B#%Z305 T
HD4ETHoTC.

3. [HIT - BEREONBEEOEEERILEE VTR
BEICBVT b RBICHARTHEL, BNk 2RNE R
A A L, EHERE M OMBER OB FIER
THolz.

4. BRIM - FREGA T, PAMEH & BRI 60 512 218
FETLTEN— Y ARBOTEELRED.

Pk Y, EEETFcfos & ciun DBEERD, MO
I - BEEBROT X F— Y AOFER L ZOBOBASHOEE
S LTWA I EAHELMIIENTL,

WAz s ey, Mg REZBY ELCEARZHEL -BERI
EEGAB/EAELTT. FHEOBRT IS, RAEENEL, #
R IB 0 F L7 SRR RS 4 T iR S ORTER RS2 6
WAL T, TEPELEGNEEES L 7 &R K ESEL
HETHBREERYF LR LOER REEES RS T A O ER
BHELET.

M, REIEOE SIS 07 B B AR EARS (1997, FH), E33M
ARSI 1997, KRB TRELL.

X B

1) Corner HD. Evidence that free radicals are involved in graft
failure following orthotopic liver transplantation in the rat-an
electron paramagnetic resonance spin tapping study.
Transplantation 54: 199-204, 1992
2) Ploeg RJ. Risk factors for primary dysfunction after liver
transplantation-a multivariate analysis. Transplantation 55: 807-
813, 1993
3) TFurukawa H, Todo S, Imventaraza O, Casavilla A, Wu YM,
Scotti FC, Broznick B, Bryant J, Day R, Startzl TE. Effect of cold
ischemia time on the early outcome of human hepatic allografts
preserved with UW solution. Transplantation 51: 1000-1004, 1991
4) Clavien PA, Harvey R, Strasberg SM. Preservation and
reperfusion injuries in liver allografts. Transplantation 53: 957
978, 1992

5) Jaeschke H, Farhood A, Smith CW. Neutrophils contribute
to ischemia/reperfusion injury in rat liver in vivo. FASEB ] 4:
3355-3359, 1990
6) Kubes P, Ibbotson G, Russel J, Wallace JL, Granger DN.
Role of platelet-activating factor in ischemia/ reperfusion-induced
leukocyte adherence. Proc Natl Acad Sci USA 84: 93289342, 1987
7) Hernandez LA, Grisham MB, Twohig B, Arfors KE, Harlan

&

JM, Granger DN. Role of neutrophils in ischemia/reperfusion-
induced microvascular injury. Am J Physiol 253: 699-703, 1987

8) Horgan MJ, Wright SD, Malik AB. Antibody against
leukocyte integrin (CD18) prevents reperfusion-induced lung
vascular injury. Am J Physiol 259: 315-319, 1990

9) Morgan JI, Curran T. Stimulus-transcription coupling in the
nervous system: involvement of the inducible proto-oncogenes fos
and jun. Annu Rev Neurosci 14: 421-451, 1991

10) Lau LF, Nathans D. Expression of a set of growth-related
immediate early genes in BALB/c 3T3 cells: coordinate
regulation with c#s and c-myc. Proc Natl Acad Sci USA 84: 1182-
1186, 1987

11) Ryder K, Lau LF, Nathans D. A gene activated by growth
factors is related to the oncogene v-iun. Proc Natl Acad Sci USA
85: 1487-1491, 1988

12) Rauscher FJ, Cohen DR, Curran T, Bos TJ, Vogt PK,
Bohmann D, Tjian R, Franza BR. Fos associated protein p39 is
the product of the jun proto-oncogene. Science 240: 1010-1016,
1988

13) Cohen DR, Curran T. fra -1: a serum-inducible, cellular
immediate-early gene that encodes a Fosrelated antigen. Mol
Cell Biol 8: 2063-2069, 1988

14) Goto S, Matsumoto I, Kamada N, Bui A, Saito T, Findlay M,
Pujik Z, Wilce P. The induction of immediate early genes in
postischemic and transplanted livers in rats. Its relation to organ
survival. Transplantation 58: 840-844, 1994

15) Mark ER, Mark SP. Differential gene expression in the
recovery from ischemic renal injury. Kidney Int 39: 1156-1161,
1991

16) Keith AW, Daryl JD, Nanette HB. Induction and nuclear
accumulation of Fos and Jun proto-oncogenes in hypoxic cardiac
myocytes. J Biol Chem 268: 16852-16858, 1993

17) Dragunow M, Young D, Hughes P, MacGibbon G, Lawlor
P, Singleton K, Sirimanne E, Beilharz E, Gluckman P. Is cjun
involved in nerve cell death following status epilepticus and
hypoxic-ischaemic brain injury? Mol Brain Res 18: 347-352, 1993
18) Smeyne RJ, Vendrell M, Hayward M, Baker SJ, Miao
GG, Schilling K, Robertson LM, Curran T, Morgan JL
Continuous cos expression precedes programmed cell death
in vivo. Nature 363: 166-169, 1993

19) Estus S, Zaks W], Freeman RS, Gruda M, Bravb R, Johnson
EM. Altered gene expression in neurons during programmed cell
death: identification of c-jun as necessary for neuronal apoptosis.
J Cell Biol 127: 1717-1727, 1994

20) Curran T, Franza BR. Fos and Jun: the AP-1 connection.
Cell 55: 395-397, 1988

21) Franza BR, Rauscher FJ, Josephs SF, Curran T. The fos
complex and fos related antigen recognize sequence elements
that contain AP-1 binding sites. Science 239: 1150-1153, 1988

22) Schiaffonati L, Rappocciolo E, Tacchini L, Cairo G, Bernelli-
Zazzera A. Reprogramming of gene expression in postischemic
rat liver: induction of proto-oncogenes and hsp 70 gene family. J
Cell Physiol 143: 79-87, 1990

23) Colotta F, Polentarutti N, Sironi M, Mantovani A. E




NG REIL - FRHERR & cofos, caunm 653

Expression and involvement of c+fos and csun protooncogenes in
programmed cell death induced by growth factor deprivation in
lymphoid cell lines. J Biol Chem 267: 18278-18283, 1992

24) Steiger E, Vars AE, Dudrick SJ. A technique for long-term
intravenous feeding unrestrained rats. Arch Surg 104: 330-332,
1972

25)  Garlick PJ, Millward D], James WP. The diurnal response
of muscle and liver protein synthesis in vivo in meal-fed rats.
Biochem J 136: 935-945, 1973

26) Stein TP, Oram-Smith JC, Leskiw M]J, Wallace HW, Long
LC, Leonard JM. Effect of nitrogen and caloric restriction on
protein synthesis in the rat. Am J Physiol 230: 1321-1325, 1976

27) Gavrieli Y, Sherman Y, Ben-Sasson SA. Identification of
programmed cell death in situ via specific labeling of nuclear
DNA fragmentation. ] Cell Biol 119: 493-501, 1992

28) Pujic Z, Matsumoto I, Yamataka A, Miyano T, Wilce P,
Induction of immediate-early, ornithine decarboxylase and
antizyme gene expression in the rat small intestine after transient
ischaemia. Life Sci 58: 2289-2296, 1996

29) Marterre WF, Kindy MS, Carney JM, Landrum RW, Strodel
WE. Induction of the protooncogene c+os and recovery cytosolic
adenosine triphosphate in reperfused liver after transient warm
ischemia: effect of nitrone free-radical spin-trap agents. Surgery
110: 184-191, 1991

30) Howard S, Yulong Z, Lorita D, John EE. Expression of c-fos
and c-un during hepatocellular remodeling following
ischemia/reperfusion in mouse liver. Hepatology 23: 1546-1555,
1996

31) Bengmark S, Brojesson B, Olin T. Development of
portosystemic shunt after subcutaneous transposition of the
spleen: an experimental study in the rat. Scand J Gastroenterol
Suppl 7: 175-181, 1970

32) Prelich G, Tan CK, Kostura M, Mathews MB, So AG,
Downey KM, Stillman B. Functional identity of proliferating cell
nuclear antigen and a DNA polymerase- ¢ auxiliary protein.
Nature 326: 517-520, 1987

33) Prelich G, Stillman B. Coordinated leading and lagging
strand synthesis during SV40 DNA replication in vitro requires
PCNA. Cell 53: 117-126, 1988

34) Jaskulski D, DeRiel JK, Mercer WE, Calabretta B, Baserga
R. Inhibition of cellular proliferation by antisense
oligonucleotides to PCNA cycline. Science 240: 1545-1546, 1988
35) Nichols AF, Sancar A. Purification of PCNA as a nucleotide
excision repair protein. Nucleic Acids Res 20: 2441-2446, 1992

36) Wijsman JH, Jonker RR, Keijzer R, Van De Velde CJH,
Cornelisse CJ, Van Dierendonck JH. A new method to detect
apoptosis in paraffin sections: in situ end-labeling of fragmented
DNA. J Histochem Cytochem 41: 7-12, 1993

37) Ansari B, Coates PJ, Greenstein BD, Hall PA. In situ end-
labeling detects DNA strand breaks in apoptosis and other
physiological and pathological states. J Pathol 170: 1-8, 1993

38) Cohen JJ. Overview: mechanism of apoptosis. Immunol
Today 14: 126-130, 1993

39) Cohen JJ, Duke RC. Apoptosis and programmed cell death
in immunity. Annu Rev Immunol 10: 267-293, 1992

40) Arends MJ, Wyllie AH. Apoptosis: mechanism and role in
pathology. Int Rev Exp Pathol 32: 223-254, 1991

41) Picou D, Taylor-Roberts. The measurement of total protein
synthesis and catabolism and nitrogen turnover in infants in
different nutritional states and receiving different amounts of
dietary protein. Clin Sci 36: 283-296, 1967

42) Golden MHN, Waterlow JC. Total protein synthesis in
elderly people. A comparison of results with [*N] glycine and
["C] leucine. Clin Sci Mol Med 53: 277-288, 1977

Overexpression of immediate early gene, c-fos and c-jun in the rat small intestine after ischemia/reperfusion
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Abstract

The sequential expression of c-fos and c-jun was compared with the patterns of three coexistent parameters in order to
investigate the mechanism of degeneration and regeneration of small intestine villi following ischemia/reperfusion (I/R). The
three parameters were 1) regeneration determined by immunohistochemical detection of proliferating cell nuclear antigen
(PCNA), 2) tissue protein synthesis rates determined by means of [°N] glycine, 3) programmed cell death determined with
the terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end-labeling (TUNEL) method. The expression of c-fos
and c-jun mRNA increased markedly 15 min after reperfusion, and was respectively 6.3 and 4.4 times higher than in controls.
PCNA expression was significantly elevated between 5 min and 4 hours, peaking at 30 min following reperfusion, and an
increase in protein synthesis rate was observed 2 hours later. Apoptotic indices showed a peak 60 min after reperfusion.
These results suggest that the overexpression of c-fos and c-jun following I/R in the small intestine correlates with
programmed cell death and subsequent cellular regeneration.



