PO Box 2345 Beijing 100023, China
Fax: +86-10-85381893
Email: wcjd@wjgnet.com www.wjgnet.com

World Chin J Digestol 2005 March 1;13(5):621-625
WRE A BN ZE ISSN 1009-3079 CN 14-1260/R
2005 R R B BRF RS

o B #h A %7, BASIC RESEARCH *

HEKRRANSZZEMEX /NG _EFARRAT & PCNA RIZR

A

RFEFH, T UL I 1§ BRAF B

REE, T4, IME, P REAKFE W EERILA

AT E%ET 110004

SERA, PREHKES ZWEERBEA TTERMET 110004
BS TEHEAXFE _RWEERTCEEET TTHAMT 110004
2FEE, &, 1965-03-13 4, STHEENA, NIE, 1987 FHEERARZA
R, 1992 FFOPEEN RSN TIFR ALY, 2002 THEERNASES
B 8IFEFEEI, BEIEEME) L NESIEBRIEERNHAR.
HEHG B AR BEHEL TSR E, No. [2001]345

T f RN 3ME, 110004, ISTEEBH=15E36S, PEENAZE_
EER) LR sunm@cmu2h.org

E31%: 024-83955572

WisBHE3: 2004-11-23 B HHR: 2004-12-08

Effect of endotoxemia on enterocyte
apoptosis and PCNA expression in
baby rats

Xiu-Qing Wu, Hong Wang, Mei Sun, Qing-Jie Lv, Zhuo Zhou

Xiu-Qing Wu, Hong Wang, Mei Sun, Department of Pediatric, the Sec-
ond Affiliated Hospital of ChinaMedical University, Shenyang 110004,
Liaoning Province, China

Qing-Jie Lv, Department of Pathology, the Second Affiliated Hospital of
ChinaMedical University, Shenyang 110004, Liaoning Province, China
Zhuo Zhou, Central Laboratory, the Second Affiliated Hospital of China
Medical University, Shenyang 110004, Liaoning Province, China
Supported by the Scientific Research Foundation of the Ministry of
Education to Personnel Returned from Abroad, No. [2001] 345
Correspondence to: Dr. Mei Sun, Department of Pediatric, the Second
Affiliated Hospital of ChinaMedica University, 36 Sanhaojie, Shenyang
110004, Liaoning Province, China. sunm@cmu2h.org

Received: 2004-11-23 Accepted: 2004-12-08

Abstract

AIM: To investigate the effect of endotoxemia on enterocyte
apoptosis and proliferation in baby rats, to provide theo-
retical evidence for anti-apoptotic or growth-promoting
therapy.

METHODS: The model of endotoxemia of baby rats was
established by intraperitoneal injection of either saline
(control) or endotoxin (4 mg/kg of Escherichia coli
lipopolysaccharide). 4 cm lower ileum was collected at O h
(control group only), or within 10 min after dead (endotoxin
group only), 2,4, 6, 24, and 72 h after injection respectively.
The pathologic changes of small intestine villus were ob-
served by hematoxylin-eosin (HE) staining. Apoptotic cells
were detected by terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labeling (TUNEL) staining and
proliferating cell nuclear antigen (PCNA) expression was
measured by immunohistochemistry staining.

RESULTS: Apoptotic activity in each endotoxin group was
significantly higher than that of control group (37.4 + 7.1,
44.1+9.3,46.6+8.2,54.7+9.0,45.3+7.2and 33.9+6.1
vs 0.02 £ 0.01, P<0.01 respectively). PCNA expression
in each endotoxin group was significantly lower than that
of corresponding control group (P<0.05). The markedly
increased apoptosis index started from 2h after injection
of endotoxin, and increased continually there after, peaked
at 24 h, retrieved to the level of 6 h at 72 h. The signifi-
cantly decreased PCNA expression was found from 2 h
(30.2+8.3vs 74.6 £ 16.2, t = 6.874, P<0.01) after injection
of endotoxin, reached the lowest level at 4h (21.4 £ 6.7 vs
74.6 £ 18.7,t=7.566, P<0.01) and 6h (23.9 + 14.7 vs
73.6 +13.7,1=6.999, P<0.01), retrieved to the level of 2 h
at24 h (35.8+11.4vs 76.3 £ 11.8, t = 7.010, P<0.01),
and did not get normal at 72 h (59.6 + 18.0 vs 78.7 + 16.9,
t=2.185, P = 0.046). Apoptosis index (33.9 £ 6.1) and
PCNA expression (20.2 + 9.2) in dead group were close
to those of 2 h and 4 h after injection of endotoxin
respectively. Comparison was made by the time points
between ratios of PCNA expression and apoptosis index
in the same hours. It was found that the ratios of endot-
oxin group (0.8+0.3,0.5+0.1,0.5+0.3,06+0.2,1.3+
0.3, and 0.6 = 0.2 respectively) were significantly lower
than that of control group [(3.2 + 0.8) x 10%-(3.7 £ 0.7) x
10®] (P<0.01), and that the ratio of dead group was close
to those of 4, 6, 24 h after injection of endotoxin group,
and it was approximately the lowest level.

CONCLUSION: Enterocyte apoptotic activity is increased
and PCNA expression is decreased during endotoxemia
in baby rats, and the imbalance between apoptosis and
proliferation is one of the pathologic mechanisms of gut
barrier impairment during severe infection.

Key Words: Endotoxemia; Enterocyte; Apoptosis; Prolif-
erating cell nuclear antigen; Baby; Rats

Wu XQ, Wang H, Sun M, Lv QJ, Zhou Z. Effect of endotoxemia on
enterocyte apoptosis and PCNA expression in baby rats. Shijie
Huaren Xiaohua Zazhi 2005;13(5):621-625

fifi &
B FT 404 KRR A i 2 2 LR ol 9 A



622 ISSN 1009-3079 CN 14-1260/R

HRENBVAE 2006383 1H £13%5 SE58

ARG, AR T RARIG A0S T PRI AR

FHik: AR HEEG me/ke K HAT A IS £ 48)ipd) &40 4 K
RN AL mEER, REEARERip AR, 5
P IEHE 0 h(R RT3 4R ST 5 10 min( A TR T X
A&y, 2, 4, 6, 24, 72 hI4 cm &HEH,
HE # &R mIL T, BT Kb ARit ik
(TUNEL)A&W g Bk ey aa el =, SR uies s
RN E KNG A an i B R (PCNA) B Rk

ZER: N AR BRI S kLR s A TR 43 I
RE TR A A 374 + 71, 441 £ 93, 466 + 82,
54.7 + 9.0, 45.3 + 7.2, 33.9 + 6.1 vs 0.02 + 0.01,
P<0.01), PCNA & ik 38 RAK T 2t B4R (P<0.05).7£ N
FEIGE2h LR A I EOR R e, KA T 2E K,
BHIE e, T 24 hik &Y%, 72 hik B %) 6 h#9K-F:PCNA
#ERiXT2h (30.2 + 83 vs 74.6 + 16.2, t= 6.874,
P<OO R HEAk, 4 h (21.4 + 6.7 vs 74.6  18.7,
t=7.566, P<0.0)A6h (23.9 + 14.7 vs73.6 * 13.7,
£=6.999, P<0.01)i&ZA&KTF, 24 h (35.8 + 11.4 vs
76.3 + 11.8, ¢+ = 7.010, P<0.01)tk A %) 2 h ¢§K-F,
72 h (59.6 + 18.0 vs 78.7 = 16.9, t = 2.185, P =
0.046<0.05)4% K iX B iEF SL T4 4m AR T35 40(33.9 £
6.1)F2 PCNA %% (202 + 9.2y 52N AF 45 2 h
Fod hog 4 5 B — Bt ] 5 49 PCNA R X 5w pe A =
Fe A B AT IR R L, W AR (SR A
0.8+ 0.3, 0.5+ 0.1, 0.5+ 0.3, 0.6 £0.2, 1.3 £
0.3, #2 0.6 £ 0.2)8 AL T EF[(3.2 £ 0.8) X 10° —
(3.7 + 0.7) x 10°(P<0.01), i fib iz AL
4, 6, 24 h ¥, T RAKE.

G SRR N AL s L R A R e,
PCNA Fik AR, @M ok i3 A 2 8] o T #ak
BT F RS 0 I T B SR JR FE AL 2 — .

REEE: MR M7 b 52 0HE; ;38 A BB U S 4
KR

SFEE, U I, BERRA, B=. I KEASRIVEN/) W7 - RERET
K PCNA RIABIZI0. ERENBUIRE 2005;13(5):621-625
http://www.wjgnet.com/1009-3079/13/621.asp

0 5l

FEE B ) LRHE EEE H T BRI AT IR L TR 2
—, HRIE NS A B I 0 B R T BE AR B
DIMISE, WERMEMELHIE. BhEEL. KIE
R U BT BERR, K E AN B R SO E
HEIMIE, MENEUREEN, EE3RET-™. 4
PAT-TERG AR TR RN S W b B — AL RR, 32k
ROV T AR L B 525 A RE A FF R 5 b e sk B2
MR TR . D AT S AN E R
i J5E i e T R A P10 2 ARG T e

SRFIAN A BUPY B B, /B 2 40
1 A L HUR (PONA) P2k AT 3 A5 L, LA
I P R LA B BRI, 4 B0 1
AT SRS AR

1 HRIFSE
1.1 M4 18 HETEH K Wistar KR, A7,
HIE 22-40 g, HEEILFEETE, B EEFRK
S IR B SE R s R ML AN R
HAFNGTRA, A48 H, ¥k 6 MIACEERN
BRVENKIZET R, NERAEFR60 K, B
W HUE TR R ARSI TR, N ARUES B, JETo A
HE8H). WEFERANER (K EKZ 8, Signa
AEFEED) 4 mg/kg ip'™, WUHKE R4 g/L, H
AT R K AR X BB AT (RS 41) AEBEEE7K 1 mLl/kg
ip. BASY TS E LR CLURFXTE4L, Ao
ROOTHR) BUAESE 10 min (W ERRAIET ), 2, 4,
6, 24, 72 h 6 KA S &BENLEL 8 K, 100 mL/L 7K
GAME4 nl/kg ip BREE, APENAVEER, TR
YET WL ALTE, BUZHmEI 4 om, FHUKER K BEVE I B
NEHREY, 0.1 mol/L PBS ERHIK 40 g/L £
KPR A e R, FAANAE, Uik,
1.2 Fsk  HE BEOCE T ME /N 50 E i B2 1L
0 B0 T BRI A SR A R iR id i (TUNEL) , A5 &
FH DU B A TR A PR A w424, d2 Ui B 1520 58
AT, HA AP BER BRI 0. 01 mol /LT IR
ZEE (pH6. 0) H, FE AW 2 min, 155 min, P35
W1 min, JBCE ARG M0 A TR RN AT
TA0 . BT B U DOAR I 28 PR AR, AN I A i e A
MR M. PCNA 1R IE M Sz A 23Uk 5 07k 0E ,
RAE R RN L EAEY TRERA RS, —h
1160 /NPT -PCNA, & Ut B H 715 AE. Mtz 4
A EF B IR 4 PONA BHPESRIA. LL PBS A —HifE
B TERRE. N MetaMoph/C-5050/BX41 (UIC/
Olympus, US/JP) BB G R4, Mkl 61
LT IEAT 00T . BB R 400 X 10040 g
TS, LAAT F5 2ERR X PONA TR Fa8 JEAT BH A 4%
R AR R R AN e, AR e
B)T5 2 —3R7 TR 4 R BUSEAE A Rk U 1A
it H SPSS11. 0 Goil- i BikAT, A
FORHER H mean & SD R IR, A 1A LR H 7 25t
MILSD % (7 Z55) I IE ¢k OF Z2A485%) , X0. 05
MERFEERX.

2 BR
WHRAZYITEL)E 30 nin HEER. #2301 WG



j==}
>~

8. F AFEASASRIVEY/) 7 ERAIRE T K PCNARIAEIZI0

623

817 Y

‘.'; "' 'i. I-f
et ™ "

i "ll i = _'_f

r

ML

B /NBBTUNEL R, x 400. A: IEE; B. AEZXRiIpG4h, CAETRIpG24 h; D: AFER ip T

HOLREYS . FERE. PR 4-6 h HILDE. DO
B8, A, BEWNE, 5129 224 h 2950
A, J8YE. BEMRERS:, REAK, WEEid, XNFET:3
Hore hRE TS, EK. PR, T
TET. THRAHR WL RR, 3 d NI REM KR, 1
HE L6008 T UES, WERA/ M2 h RIS
SHE, fE4, 6, 24, T2 h KIET-AHE LA A R
TR B T8 s N B S IE &

21 I wmeAT WERip F/NEHZ, W
PEAn 2, LA OhEm A . & Ta) S 40 f e
SRR 3744+ 7.1(2 h), 44.1+9.3(4 h),
46.6 +£8.2(6 h), 54.7+9.0(24 h), 45.3 £ 7.2
(72 )M 33.9+ 6. 1(FLTD), AR R 0. 02 +
0.01(/0.01) (1)

2.2 I PCNA Rk B F 5 A 44089 i IEH /D
M2y, Mtz PONA BHIE (IR Z, i, VT
BN WER ip 5D AZ, Mk PONA FHE
e B B>, WE R ip J52 h PONA FIRIAHEH 2
B (¢ = 6.874, £<0.01), 4-6 hiE THRE(t =

=1 B PCNA RERHESFTEHAVLEN = 8, mean £ SD)

7.566, P<0.01, ¢t = 6.999, /X0.01), 24 h
Btk & (¢ = 7.010, P<0.01), 72 h RIKEH|EH
(t = 2.185, P = 0.046<0.05), ZET-2H PCNA {5
SRR A (¢ = 7.152, /X0.01). AE#E4 PCNA
REESF T E L 8% T 1E% (/0. 01), 3t
THMESANEEHA 424 h iR (E 1L, E2).

3 e

FEE B ) LRHE EEE H T BRI AT IR L TR 2
T AIER LR AN 2. DTSR, WU
WRAT BEEZEgE S, Wik, A%, HA
T3 0B 40 8 A= B ) R 7 R e P T BB A
LI T Bl — AR AR BR, AR
B HOLEN S 40 B, R 8 ) B I R AL
NBEUE B ICIRURE B R A2 T i B s 5 A B AR . SR 40
P8 T2 (TUNEL) AW SIE BH , - #h4E K B P9 85 25 TIUEE I /)
o 0 PR SR A T R T . P EE 4 1 T BN
RE L ARETEENHES TRA, E7E
EHEERN(/K0.01), FHFEF2 h LE4i

mE yaps| 2h 4h 6h 24 h 72 h Dead

PCNA WiRA 74.6 + 16.2 74.6 + 18.7 73.6 + 13.7 763 + 11.8 78.7 £ 16.9 73.0 £ 18.7
AEEAH 30.2 + 8.3° 21.4 + 6.7" 23.9+14.7° 358 + 11.4° 59.6 + 18.0 20.2 + 9.2%

PCNA/ BT B WIRA(x 10°) 3.2+08 35+ 06 3308 35+ 09 36+ 07 3.7 %07
AEEAH 0.8 + 0.3f 0.5+ 0.1 0.5 + 0.3 0.6 + 0.2 13 +03 0.6 + 0.2

2P<0.05 vs L-24 h; °P<0.01 vs L-72 h#H; °P<0.05 vs L-2 h¥H; °P<0.01 vsL-2 h4H; ‘P<0.01 vsL-72 h4A.



624 ISSN 1009-3079 CN 14-1260/R

HRENBVAE 2006383 1H £13%5 SE58

B2 NNpeBElRE, x 400. A IEE;B: REXRIpG2h C: AFERIpG®T; D: REXRIPF72 h.

B BT, BEAE N RIRE R, T HOR W
. #24 hikEg, 72 hJEKEZRI6 h KKF,
AL A MA TR S 2 h 2 4.

WA MR (proliferating cell nuclear
antigen, PCNA) MAFHIEH, £ —FENEBR,
ST A BG AR I I 7 1K) DNA SR -G RE R B 1, TR IR
VB 4N 39 A B AR S 1, AR Bt 2 5 % 41 i ) 381 )
W L R REH, AEERA SRR SN R
F L 40 PONA I RIA B BAR T XA, ZRA
WEEN(/K0.05), NEHEip/52 h PCNARIA
BEA IR, 4-6 hiz THIK, 24 h AHKE, A
72 h IR E BN E R K, SETo4H PONA R IA N2
AR 87, W MR /Mg bR 4 AR A4
TUETI, T B BTN AR S, B A T X e
WAL RIS BT AR B E TR, BT — RS
for D BE RS L. I 5 DU Y — ST o AR I 4 SR
gﬁ[a 11714]‘

LA T2 B BT RE RO REIR T 1 (AL
TR S BPE T 2 [ B 58 R AR Wb, AR IR,
WER R MIESL T A A TR A B B, W
AT A0 O T — > e b ok iy &8 e e 5 4 )45 7 1R
FERAGEHY,  BEA i 20 2R 5 R i 50 B IR T4 3 A
ST IR, RHAE 3 mo Z AL FAEK
REMBIRE, Hpammeeiga oy, Fit
01 PG A SZ A RS BN B K B 8 A AR Ak B 3
YER, AZETZ4I) PONA SRIATE & T AR B IESE T
XL O TSR A BV T2 AT RN R

AIOR PONA & 5 T HE B b BT LA, &I
WERANLES R T ER, Br72 hif /0. 05
ZHh, HABAMAELE /0. 01 JET- A {E S A &
R 4-24 hMILEBEGE, L ERAER, 1
W RSB S. 72 h J5H I EE T EA,
EARIEIER . BMEREIRKRITNE R 2
RAEMEANTRG 24 hZW, 72 h FIETRD,
E3hY 'S o Dy e S R SEAR AT . 1Z0P 5T e, /N
AR M A 5 0 T TR RO P AR R H B T
UMK, Bl 24 h WAETEZ, 72 hRZET XM
g, HRBEATRE R« (1) P #52 MUAE 5 30 AN 73
i T, RN ARG A R A, 0K T
BrRELitey, SnTheelats, KEME AL N E N 5
RN, BE AT ThBERERS, H 25", (2) k%
P DIRERERG I 4R SE, RE BRI/, I B A R AR
JRIA R S8 SO R VAR R Y, ERE R T R
5% 31 WL R T B A R B R L (3) L
AR T A0 M A DA Ml 5 R ) 5 e {0
AL T BT AR o 2oh WL 6 ) P BRI 7
LA 2.
EREGRIER, GRS A # R IE N Mg b
PR MR TE n, PONA RIAFRAS, AT 54
VB ERY P T HA ™ B SR I 5 o A A D BT 7
Z— SEOUTRIE R A RR T R 4 R E TR R
FE, T AT BE A B R T A0 A A 5 0 T T A A
WIRERE. ASBE T VAT /N L™ RGN Y T 158
{38 251007 W i D RE R b 4R 11t T BRI,



SHB, T MEASASEDENY/ N7 ERAIRET M PCNARIABIRID 625

10

11

12

13

14

15

16

17

ZENH

ks NLE g S MERRSE GRS, hESH
JLBZeE  2001;16:2-5

Szabo I, Tarnawski AS. Apoptosis in the gastric mucosa:
molecular mechanisms, basic and clinical implications. J Pysiol
Pharmacol 2000;51:3-15

Tarnawski AS, Szabo |. Apoptosis-programmed cell death
and its relevance to gastrointestinal epithelium: survival sig-
nal from the matrix. Gastroenterology 2001;120:294-299
Wang L, LiJ, Li Q, Zhang J, Duan XL. Morphological changes
of cell proliferation and apoptosis in rat jejunal mucosa at
different ages. World J Gastroenterol 2003;9:2060-2064
Sukhotnik I, Mogilner J, Krausz MM, Lurie M, Hirsh M, Coran
AG, Shiloni E. Oral arginine reduces gut mucosal injury caused
by lipopolysaccharide endotoxemia in rat. J Surg Res 2004,
122:256-262

Alscher KT, Phang PT, McDonald TE, Walley KR. Enteral
feeding decreases gut apoptosis, permeability, and lung in-
flammation during murine endotoxemia. Am J Physiol
Gastrointest Liver Physiol 2001;281:G569-576

Behrns KE, Schrum LW, Que FG. Apoptosis: cell death by
proteolytic scalpel. Surgery 1999;126:463-468

Piguet PF, Vesin C, Donati Y, Barazzone C. TNF-induced
enterocyte apoptosis and detachment in mice: induction of
caspases and prevention by a caspase inhibitor, ZVAD-fmk.
Lab Invest 1999;79:495-500

Ezaki T, Yao L, Matsuno K. The identification of proliferating
cell nuclear antigen (PCNA) on rat tissue cryosections and its
application to double immunostaining with other markers.
Arch Histol Cytol 1995;58:103-115

Sheen-Chen SM, Ho HT, Chen WJ, Eng HL. Obstructive jaun-
dice alters proliferating cell nuclear antigen expression in rat
small intestine. World J Surg 2003;27:1161-1164

HHER, Ws, R, Z=EE, RIEE, B9, 20ER. E5900
JZRENE b 2 A T R S A A AR IR R IR AR AL RA 9T . ARSI
Zuts 1999;22:124-127

Varedi M, Chinery R, Greeley GH Jr, Herndon DN, Englander
EW. Thermal injury effects on intestinal crypt cell prolifera-
tion and death are cell position dependent. Am J Physiol
Gastrointest Liver Physiol 2001;280:G157-163

FArA, S, A, 2200, $hEE, Sk, ST, BT
AR IR IS SET R, R SR
2000;8:429-431

T, B FEREIE, B, £, AR, RIEE7 TR
IR S S . e AR 2000;8:1251-1254
Evans SM, Ashwood P, Warley A, Berisha F, Thompson RP,
Powell JJ. The role of dietary microparticles and calcium in
apoptosis and interleukin-1p release of intestinal macrophages.
Gastroenterology 2002;123:1543-1553

Monack DM, Navarre WW, Falkow S. Salmonella-induced
macrophage death: the role of caspase-1 in death and
inflammation. Microbes Infect 2001;3:1201-1212

Sukhotnik |, Khateeb K, Krausz MM, Sabo E, Siplovich L,
Coran AG, Shiloni E. Sandostatin impairs postresection intes-
tinal adaptation in a rat model of short bowel syndrome. Dig

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Dis Sci 2002;47:2095-2102

Paris F, Fuks Z, Kang A, Capodieci P, Juan G, Ehleiter D,
Haimovitz-Friedman A, Cordon-Cardo C, Kolesnick R. En-
dothelial apoptosis as the primary lesion initiating intestinal
radiation damage in mice. Science 2001;293:293-297

Sileri P, Morini S, Sica GS, Schena S, Rastellini C, Gaspari AL,
Benedetti E, Cicalese L. Bacterial translocation and intestinal
morphological findings in jaundiced rats. Dig Dis Sci 2002;
47:929-934

Husain SS, Szabo IL, Tamawski AS. NSAID inhibition of Gl
cancer growth: clinical implications and molecular mecha-
nisms of action. Am J Gastroenterol 2002;97:542-553

Sun Z, Wang X, Wallen R, Deng X, Du X, Hallberg E, Andersson
R. The influence of apoptosis on intestinal barrier integrity in
rats. Scand J Gastroenterol 1998; 33:415-422

Abreu MT, Palladino AA, Arnold ET, Kwon RS, McRoberts JA.
Modulation of barrier function during Fas-mediated apoptosis
in human intestinal epithelial cells. Gastroenterology 2000;119:
1524-1536

Keefe DM, Brealey J, Goland GJ, Cummins AG. Chemotherapy
for cancer causes apoptosis that precedes hypoplasia in crypts
of the small intestine in humans. Gut 2000;47:632-637
Rollwagen FM, Yu ZY, Li YY, Pacheco ND. IL-6 rescues
enterocytes from hemorrhage induced apoptosis in vivo and in
vitro by a bcl-2 mediated mechanism. Clin Immunol Immunopathol
1998;89:205-213

Wildhaber BE, Yang H, Teitelbaum DH. Total parenteral nu-
trition-induced apoptosis in mouse intestinal epithelium:
modulation by keratinocyte growth factor. J Surg Res 2003;
112:144-151

Lightfoot E Jr, Horton JW, Maass DL, White DJ, McFarland
RD, Lipsky PE. Major burn trauma in rats promotes cardiac
and gastrointestinal apoptosis. Shock 1999;11:29-34

Cinel I, Avlan D, Cinel L, Polat G, Atici S, Mavioglu I, Serinol
H, Aksoyek S, Oral U. Ischemic preconditioning reduces in-
testinal epithelial apoptosis in rats. Shock 2003;19:588-592
Wolf SE, Ikeda H, Matin S, Debroy MA, Rajaraman S, Herndon
DN, Thompson JC. Cutaneous burn increases apoptosis in
the gut epithelium of mice. J Am Coll Surg 1999;188:10-16
Gallagher AM, Gottlieb RA. Proliferation, not apoptosis, alters
epithelial cell migration in small intestine of CFTR null mice.
Am J Physiol Gastrointest Liver Physiol 2001;281:G681-687
Que FG, Gores GJ. Cell death by apoptosis: basic concepts
and disease relevance for the gastroenterologist. Gastroenter-
ology 1996;110:1238-1243

Jones BA, Gores GJ. Physiology and pathophysiology of
apoptosis in epithelial cells of the liver, pancreas, and intestine.
Am J Physiol 1997;273(6 Pt 1):G1174-1188
Ramachandran A, Madesh M, Balasubramanian KA.
Apoptosis in the intestinal epithelium: its relevance in normal
and pathophysiological conditions. J Gastroenterol Hepatol
2000;15:109-120

MacFie J, O’Boyle C, Mitchell CJ, Buckley PM, Johnstone D,
Sudworth P. Gut origin of sepsis: a prospective study inves-
tigating associations between bacterial translocation, gastric
microflora, and septic morbidity. Gut 1999;45:223-228

hit % Tk RET



