BRI R 2%k 2014 4F 10 H %5 19 #4555 4] Chin J Anat Clin, October 2014, Vol. 19, No.5

JT 240 A A TR 1 ) R S e R R %
/N U B R B O 4 1

FhEH RFE LAY x4k EEF TAEH EMNE x#mAk

(@ZE] B FEHF AR F (HGF) X 8 2tk AR 56 (SAP) /1N B 3 15 57 5 ) R 8
B EAE XU, ARG T AR R R e B e . Ak @RERER /MR 60 K, 3%
By LRI BLIE H X IE (NC) 41 10 H (SAP £ 25 HfI HGF 40 25 H ., BEREI &AM 66 48
g D-ZLER/K -, W 2R Bk EL 4 B I ML 2 it 4 2 A B 455 7 , 37 =X A e SR i B 400 e
HGHAR L, e A AL e ik A /N I Bess TS fb, Z5R SAP Ay D-FLRRME M (11. 17 +
1.90) mg/L,% NC 41(4.87 +0.73) mg/L Fl HGF 41 (7.30 +0.88) mg/L &, 2R ¥ H G273
(F=78.20, P <0.01), JBMR M & JBEobk CL &5 I NS0 | i JUE 200 B B85 5% 248 B A5 0 R SAP 41
(50% ,40/80) {5 NC 41 (14% ,7/50) F1 HGF 41 (29% ,29/100) (x* =7.427, x* =4.112, P {{¥] <
0.01) . JAZHRE I Bz 40 M3 5 45 % SAP 2% NC 411 HGF 41§ TR (F =42.71, P {5 <0.05),
HGF 205 NC 4 tb e I BT (P <0.01) , SAP 4/Nigkass T 4mie % (1. 26 £0.87) 4, fkF NC 41
( 2.16 £0.90) 41 HGF 41 (2.50 +0. 96)4\,%%1’9%%#M%>‘4(F=8.34, P (¥ <0.01), 4t

HGF W] {2 i B8 1 1 20 A X 14 5, A6 6K 7 T8 308 225 1 2 i T A TR RS N R, e Ak J AR % /N U
FHRSE R B o
[X8iA] SMBRER; B, FARAREF; T40H

Protective effect of hepatocyte growth factor on intestinal mucosal barrier following acute pancreatitis
in mice Sun Shanlin™ , Zhang Zongbing, Kong Lingshang, Liu Mulin, Wang Huaxue, He Xiandi, Jiang
Chongqiao, Liu Ruilin. ™ Master of Gastrointestinal Surgery, Bengbu Medical College, Bengbu 233030, China
Corresponding author; Liu Mulin, Departmeni of Gastrointestinal Surgery, the First Affiliated Hospital of
Bengbu Medical College, Bengbu 233004, China, Email; liumulin66 @ aliyun. com

[ Abstract] Objective To investigate the repair mechanism of hepatocyte growth factor (HGF) on
intestinal mucosal barrier dysfunction of the severe acute pancreatitis (SAP) mice, and to evaluate the effect
of intestinal stem cell on the repair mechanism of intestinal mucosal barrier dysfunction. Methods All
healthy male Kunming mice were divided into normal control (n=10), SAP (n=25) and HGF group (n =
25) by random location. Serum D-lactate was deteted by automatic biochemistry analyzer and ultraviolet
spectrophomotometry. The tissues of mesenteric lymph nodes, pancreas, liver, spleen and lung were
cultured to determined baceterial tranlocation. Intestinal mucosal epithelial cells proliferation index ( PI) was
analyzed by flow cytometry (FCM). The changes of intestinal stem cells in the crypt were observed by
immunohistochemistry. Results Compared to NC group (4.87 +0.73) mg/L and HGF group (7.30 =
0.88) mg/L, serum D-lactate was significantly increased in SAP group(11.17 £1.90) mg/L( F =78.20,
all P values <0.01). In comparison with NC group (14% , 7/50) , organ bacterial translocation in tissues
of mesteric lymph nodes, pancreas, liver, spleen and lung were significantly increased in SAP group(50% ,
40/80, x* =7.427, P <0.01), but lower in HGF group (29% , 29/100) than those in SAP group(50% ,
40/80, x> =4.112, P<0.01). Compared to NC group, PT was significantly decreased in SAP group( P <
0.01), but was higher in HGF group than those in SAP group, and was higher in HGF group than those in
NC group. Compared to NC group (2. 16 £0.90) , intestinal stem cell was significantly decreased in SAP
(1.26 £0.87), and was higher in HGF group (2.50 £0.96) than those in SAP (F =8.34, all P values <
0.05). Conclusions HGF can not only significantly reduce the injury of intestinal mucosa in mice with
acute pancreatitis but can also promote the proliferation of intestinal mucosal epithelial cells. Intestinal
mucosal permeability of SAP mice and organ bacterial translocation are degraded significantly after using HGF.

[ Key words] Acute pancreatitis; Intestinal barrier; Hepatocyte growth factor; Stem cell

DOI:10. 3760/ cma. j. issn. 2095-7041.2014.05.017

FGUH . ZREE DATRHITSE BITH (2008B009)

VEFZ AL : 233030 2804, IEIREE 2B 1 W AMEHB -8 A PN AR (IAE R BH T N R BEBE SR ) 5 s B2 2
— M EBE B B AMRE (RS ER AL A1 XUHOR ZEME XU AR ) |, SR B} (TR T 2f)

WAEVEH XHObk, Email :liumulin66@ aliyun. com



- 428 - HAERRF] S I R 2%k 2014 4E 10 A58 19 #4555 4] Chin J Anat Clin, October 2014, Vol. 19, No.5

T 48 i A= K [ T (‘hepatocyte growth factor,
HGF) & —Fh Z I ae 4 A+, 2 5 REE R i
P iy b e sl R b A Sy R A, R s b
R AT RS R A Y A 2R AR 2R (severe
acute pancreatitis, SAP) W 4 i Bh 15 5 1) fig
() B R PR, BIFSE R b e e A Ak BA
PV BRAE RS ARGE , 75 SAP S s I B I i
HGF 7K 7 34 5, HAE SAP S v iy /E 32 31 ¢
G ARSI B FERT HGF X 2k g i 46 /N B
RS B D RERR AT (4 18 S A FH KL, DA K i 18+
AR D1 52 P BRI

1 #MEETE

L1 S shy)

fERREMEE B T/ B 60 (I T 22 BLE B R
TE P L), Bk 8 JH R (22 £2) g, SR
RISERshYAE & 12 h, A hitfok.

1.2
LK 2 R | D-FL 1 PHLAR o & AL DY E % 94

RNase 705 [ 3% [E SIGAMA 7\ 7] ; HGF g [ 3£ H
PEPROTECH 72\ &]; % ¥t Fl musashi-1 g H 3£ H
CHEMICON 73 w5 EDTA 0 {3l 3k & @4k T.7;
Triton X-100 Iy [ 42358 5] BUR L A AL Py i bric 1L
Fhife IgG(H + L) W FIbmt h A2 &0 2 Al e
W b DU R A 2 ) 5 0 08 57 B LSS Bl Ll
T p e S ol ANE R IR NI /A IS
1.3 8 RS IT i

60 H/NERIRECFRIE AL /3 1L 3 41 - 1F % A8
ZH(NC 21) 10 H, F5E 2P AR R 41 (SAP 4)
25 H HGF 359740 (HGF 40)25 H. SAP 4. &%
Mizunuma" SAP il 4 75 1 K AR 4% 9 52 36 4% SR R AT
T, BT R B 20% L-AS 2 PRV W% 2 me/g IE K
PSR 2 YR ,2 IR IE PR 1 hy NC 41 IS N 2 YR 5
HLMARBRERN AR, 2 WHEM 1 h,
SAP 2 5 NC 0¥ TRIEST G 48 h ALK 5hY)
Bkt 26 H . HGF 41 . R H 5 SAP 21 [F] A 7 i il A
Hil# )5 HGF 150 pg/kg IS NFFEEHE A, T 48 h J5
REFESCH S Ok 46 T Se it R S sl

BHEE UK, AHESN.

1.4 PRI E s D-FLIR
141 §IE D-ZLEebnifEtiZe 4% D-ZLER PR EIA W
BE AN ) B2 2R A1), 7E 340 nm 5K Ab 132 O O B
{8, LA D-ZL B2 br o 15 WA [F) e BE (B R X, ARXT iz
JCEECR BN Y, RIS UEM L TR Y =aX + b,
Horra SR, b Oy y AREEREE "
1.4.2 N5 D-ZLERMEE TR RN BUS S 56/ BLUIR

BRI, ZbFE/INER, T 2500 10 min(2 000 r/min, &5
D42 13.5 em) ;B EJEIME 0.2 ml, A1 5. 8 mol/L
PCA 0.02 ml, Tligin =% ar HIRAIE VK 10 min,
250> 10 min(4 °C,3 200 r/min, 0242 8 cm) 3 B
WEEH FE(PFP) 25 0.1 ml, il 5. 8 mol/L KOH
I% pH 10 ~ 12, 2% IRA )5 0K 10 min, B0 10 min
(4 °C,3 200 r/min, B.0245 8 em) s BT AL
M FVE#R (NPFP)O0. 1 ml 732/E 2 45,4 0.05 ml, —%
HEEE, BRI ES . BAE 0. 15 ml
pH 9.5 4 2 g/L NAD" H AU B E4- B 10 05 B
A 0.05 ml D-LDH, 25 (41 0. 05 ml RZE K, B
37 CoKi 90 min, %5 FAETHE S , 78 340 nm Lb I E
FEREWOC . A D-FLRR AR e i £ A 05
SR D-FLRRWE
1.5 ZEAREBAISR

ToR AR T B 5 09 i 2 B0 2 4 B AR L
JIE MBI R ZH R, A3 A LU R RS F T 1 TR 4 A
B, HCE 35 ClRAE PR, 1557 48 h R, B
W RF-HR . SS BlR- AR A 1 Heo Rk b s i -F e
JCE 35 CHlAR G SR, 24 h 5 THEOR T A IE AR 40
PRIRS 0, 28 (4 TR 35 75 BH 1 JUE 2 1/ 400 T 5% 5 O 8 A
1) o HREAN G AR A B 4RF A TR AR AR B M8
KA
1.6 THRNARHE b He e FE 8 %L

SEFE/ NS, TCE A T IT IR, B2 S em 3T i
mIGLHE, RN Y 5 AR B K Pk 3 ~ 4 Ik
WA NI, 203 % U Z6 T 400 H 22 )5
8 B AR AT B O FH AR 3R K g, SRR 4 A
TEWE . AR b R AT AL P i e 5 . S PBS
BLLYEYE S min(4 °C L1 000 r/min, B5.002£42 8 cm)
3,300 wl & 10% /NS PBS B2 40 i, 52
¥ 5 min J5 A 700 pl Hi¥e FK B, 4 °C [ E
30 min, FA¥ PBS B> 5 min(4 °C,1 000 r/min,
B0 8 em) YRR 1 UKUS , A 400l Ak py e
Pl 4 C L, R AR AR Cellquest 4%,
AP B A A0 L A AL & L B 20 000 A FH 4 4
L, ] Modfit 2K B 2l 70 A 45 H 40 1 J 400 25 403 B
di e, THA RN b R 20 b S R B (PT) < P =
(S+G,/M)/(G,G, +S+G,/M)
1.7 e ARG I /)N i s 1 240 i

W25 em dmvi s A4 W BRI E N S,
10% A P22 o TSI R 19 Tk o A 1 SEaEA T
WAL ER A A SRS HEAT SR PT B Musashi-1 FpTYY
R A ARSI« A S 7 S A K A S5, T PBS
(pH 7.4t 3 W SRR AT 548 52 125 58 i It
&5 5 FH PBS st s S5k U1 R 1R 3% i AL S



BRI R 2%k 2014 4F 10 H %5 19 #4555 4] Chin J Anat Clin, October 2014, Vol. 19, No.5 - 429 -

W, PBS whf; FL & PBS, BE5k U1 A 1 i —41 T4
W (BT Musashi-1 BL4T) 5 i 1% 3R & P14 5 571
TR A) s 1 BEAR LB e =90 TR (R
B) s B 5K U) 5 m 2 ik e L ) DAB, G T W
£23 ~10 min; FRARRKE YL ; (ZHARFEW]) rh PR i
BR o NS IR MR P B 0 B IR
H M Musashi-1 BHPEANM, fRATEE T BEHLEEH 20 4~
/NIABRES , T Musashi-1 BRPEZ0 a5k, BOCHASE 1A
1.8 Giileeirik

] SPSS 17.0 Geit 3 i At o I A Bl
ERNES AT EFRIL x £ s Fm, RAAHE R
J5 22500, PR LU R ) g Ko THECRORHIY LA
KH Y K. LA P<0.05 NERAGIH#E X,

2 HE

2.1 SAP HIBLE /N —ME OB T 1

SAP il L5 AT UL/ RS A 2R BE , Rk, K ik
FHIE AR IR o SAP ZH i Af WAL 3 /N LRI 2
P& B i, IEYS , R R s 424t . NC 24 10 K
BT 5 SAP AH [ #55 6 ~ 48 h NILIET: 9 H, 17 1%
16 2 BT H 36. 0% (9/25) ; HGF 41 i #% 6 ~
48 hNFET- 5 H, 7776 20 1, 36 1= % 20. 0%
(5/25) o J&a 2 LHAFE /)N BB s BRE SE A A ) o
2.2 IfiVE D-FLIR ARG I K A0 M yE s A5 AL N
Fess T 4R M LA

Fr NC 21 HGF 2 /Mg Beoas T i i 5l 2= 55
TG E (P >0.05) 40,3 4G D-3LER %
R R AR s AR B s R A it R X (P 1E
¥1<0.05), WE1,

£1 3 4N 48 b s DR |
TR I P SR SRS BRI 5 T L e

W 13 D-FLAz Hﬁa‘sﬁ%tgém ANl
(mg/T) a5 5 4L T2k
NC#4 10 4.87 £0.73 4.95+2.24 2.16 +£0.90
SAPZ 16 11.17 +1.90° 2.84 +1.68" 1.26 +0.87°
HGF 4 20 7.30 £0.88%  8.82+2.03*  2.50 £0.96"
Ffi — 78.20 42.71 8.34
P — <0.01 <0.01 <0.01

HNC: IE 5 X IR SAP: TEE S JBE AR % s HGF : JFFAil i A= K I 75
5 NC 4 H#8,°P <0.01 ;5 SAP 4 [t #:, PP <0.01

2.3 YpEEEIRES R

220 /N BT U A2 4 35 PR 40 A R i
T BB T FEVD T TR 45 W 48 BR R Z% 18, Hodh LK
[ A TG R 32 3 4/ R R L 4 | J i i
JUE RE AN RE AR L 2, SR E AN
R SAP 414 NC 4101 HGF 4155 , Z R gt
SC(PAEY) <0.01),

R2 3H/NRAHL 48 h R E
AR

25 ¥ IR ANE: S
AR Bk TR MIN FUE W iR A A
NC 4 10 0 6 1 0 0 14% (1/50)
SAP4 16 12 15 9 3 1 50%*"(40/80)

HGF 41 20 4 16 8 1 0 29%"(29/100)

1 :NC: IEH X 8 SAP : 8 0E 20PEBEAR 4  HGF : R4 it A K 15
MLN . 7 IR L 45 ;5 NC 21 Hedss,** =7.427,P <0.01; 5 SAP 4
H#,"* =4.112,P <0.01

3 iFig

HGF 7£ 20 42 80 4FEAR M 5E 44 b i T 4t ifd
T RN FRAE A e . HGF 2 —Fh = 880 2 5504
LR 7, 2 220 i DNA 5 BRI B 5k A 03
] It BE RS AL E /N i b B 40 M 384 5, o 5ok 5 45 786
e . 4k HGF i HA H 5 Hopb A K PR T 10
TIRE, SR ANAAT R R A A A FH i 81 e
i ST HGF AL AT AR R g 1 3 1k 4T R RS
7 2 s Z MK L4, DT 2038 i B s Dy 6, LA
LG I & e (1 % e R AR S 3 i it
D-FLIRAR Ak W2 iy 18 1 375 P R o 4 1 155 2 0T 92 4
RSO 2, 25 3 R . HGF W] R&AIK i 18 38 325 1k F0 4
BN %, B F a8 HGF J5, HGF i 48 5 i B 1N
A T P SRR /D R R A 3 A SR AR 9 MDA
IKFEBEAG, 1T 4R Fh 26 0% R G i 8 421k ) 1
AR A3 e H RS ST Al TG 388 v, DT S
Mt —2 ke . WA ARG RIE , AT RERS I i 3%
PLAR T TL-10 7= A TR, Wl 40 R AR 9 i S I, L
HLEER] fE J& HGF i a1 5 IR £ E2 F1 IL-10 fy 7=
A BN LU R SR LS AR B R, L
TR B 9k A 175 R PR AR 1 VE A TG i 7 g L TL-6 (1) 7K
-, AT A3 T A AR o TP g i 1

WA BT GE , HGF i i HGF 2 {& (c-Met) %
FEAEW2AE R R R N RESE 2R s R N
BB HGF Fl c-Met 335 5404 , M
e Bt B ZH AR 05 , 6 T 56 5 4 A 43 0 HGF , HoAE
J AL s 22—, 5/ s A i -
ZAR o-Met 45 4 AT 42 2F /N B T 40 B K A 40 i 1
BTN FENTELB IR LH T A L T e A
Yl 52 it R v R b AN T D B 8 Y 3 i BB B B o2
WM A A EEAEN . N T A EA KR
Gy 54681, A 2407 XA AR, RIS FR I 2 24 Fnxed
FRpEsr5d . BRI AR 7 2T BRI F T4 i
A B T AN B B S . B R H
Musashi-1 . DCAMKL-1 \TERT 145 #iL Wnt {55 1 5t
LerS A el A pgdrak " > o ASLmhgh
F R, SAP B/ 20 B AR L 1 5 6 B2 B 0



- 430 -

HAERRF] S I R 2%k 2014 4E 10 A58 19 #4555 4] Chin J Anat Clin, October 2014, Vol. 19, No.5

A ATRESE Nl SAP Il BEIEIRAE e N R s
FEE R/ N T AR D . TR R OR
7 HGF BRI /i s T+ 4n i e W 3 o, 3
7 HGF n A3 it e /1 i 1 240 53 368 R 1 73 2R B
T EAZ A AR B AR Mg T
240 JHOAES o Xt R P SR A T 2 Y R A T ™ R A2 i
AR T R, T 24 /0N 1 48 L 32K 31— 7 80 i X AR
P332 B 2 A AR X FR 1 0 22, 30 i
FEBE AN B 7 AR DR 0 R A0 R 56 Ok 52 400 2
EIES

AWFFEAE S, 0 HGF S5 AT v AR 28 /)N

B B R R 405 , (8 R R I Bz 240 MO PO H 5, A

lI73EE]

375 P e g A 240 TR RS 57 %, AT D S P e

R/ BB A7 o

(1]

(2]

(3]

[4]

[5]

(6]

[7]

[8]

[9]

2 % x #t

Hanawa T, Suzuki K, Kawauchi Y, et al. Attenuation of mouse
acute colitis by naked hepatocyte growth factor gene transfer into
the liver[ J]. Gene Med, 2006, 8(5) :623-635.

Yanai R, Yamada N, Inui M, et al. Correlation of proliferative
and anti-apoptotic effects of HGF, insulin,IGF-1,IGF-2 ,and EGF
in SV40-transformed human corneal epithelial cells[ J].

Res, 2006, 83 (1) :76-83.

Exp Eye

Hoshiko S, Kawaguchi M, Fukushima T, et al. Hepatocyte growth
factor activator inhibitor type 1 is a suppressor of intestinal
tumorigenesis| J ]. Cancer Res, 2013, 73(8) :2659-2670.

Katz MS, Thatch KA, Schwartz MZ. Gene alterations and
intestinal mucosal changes following growth factor and omega-3
exposure in a rat model of inflammatory bowel disease [ J]. J
Pediatr Surg, 2013, 48(2) : 345-352.

FLA i, XIHObR, TRER S, 25 B B AR k-2 X R PRI R 26
/IN B T A L 00 T SR B SE AT [T ] o [ s L R
[£2%,2009,21(2) :103-106.

Ueda T, Takeyama Y, Hori Y, et al. Hepatocyte growth factor
increases in injured organs and functions as an organotrophic factor
in rats with experimental acute pancrea- titis[ J]. Pancreas, 2000,
20(1):84-93.

Mizunuma T, Kawamura S, Kishino Y. Effects of injecting excess
arginine on rat pancreas[ J]. J Nutr, 1984, 114(3) . 467471.
ZENI L2 T B, AR PN A R R A/ M R R
JEsEREIRELT]. Ah S E SR, 2002, 9(4) :205-207.
Brandt RB, Siegel SA, Water MG, et al. Spectrophotometic assay

[10

[

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

for D-Lactate in plasma[ J]. Analytical Biochemistry ,1980, 102
(1) :3946.
ZEnT, ZEANE, B, S IR DR T RR AT TPN KR/ 36 IR
SR MR N s B TR B S (D). i 0 5 0 9B 37, 1999, 6
(3) :144-146.
Marc G, Celeste C, Steven E, et al. The effect of hepatocyte
growth factor on gut mucosal apoptosisand proliferation, and
cellular mediators after severe traumal[ J]. Surg, 2005,138(3) ;
482-489.
Katz MS, Thatch KA, Schwartz MZ. Hepatocyte growth factor and
omega-3-enriched feeds have a synergistic effect on mucosal mass
in an animal model of inflammatory bowel disease[ J]. J Pediatr
Surg, 2012, 47(1) : 194-198.
ZERIL ZET L BN, E AN A K R XS R AR /D W
HERME S RERILT]. PEEBEREEIGE, 2007, 25
(1):532-535.
Tkizceli 1, Yurumez Y, Avsarogullari L, et al. Effect of
interleukin-10 on pancreatic damage caused by organophosphate
poisoning[ J]. Regul Toxicol Pharmacol, 2005,42(3) : 260-264.
Timmapuri SJ, Otterburn DM, Arafat H, et al. Hepatocyte growth
factor increases glucagon immunoreactivity in jejunal cells during
intestinal adaptation[ J]. J Pediatr Surg, 2006, 41(1) :150-154.
Jeschke MG, Bolder U, Finnerty CC, et al. The effect of
hepatocyte growth factor on gut mucosal apoptosis and
proliferation , and cellular mediators after severe trauma[ J]. Surg,
2006,139(6) :854-855.
May R, Sureban SM, Hoang N, et al. DCAMKL-1 and LGRS
mark quiescent and cycling intestinal stem cells respectively[ J].
Stem Cells, 2009,27(10) :2571-2579.
May R, Riehl TE, Hunt C, et al. Identification of a novel putative
gastrointestinal stem cell and adenoma stem cell marker,
doublecortin and CaM kinase-like-1, following radiation injury and
in adenomatous polyposis coli/multiple intestinal neoplasia mice
[J]. Stem Cells,2008,26(3) :630 -637.
Haegebarth A, Clevers H. Wnt signaling, lgi5, and stem cells in
the intestine and skin[ J]. Am J Pathol ,2009,174(3) :715-721.
Davies PS, Dismuke AD, Powell AE, et al. Wnt-reporter
expression pattern in the mouse intestine during homeostasis[ J |.
BMC Gastroenterol ,2008 ,2(8) :57.
Barker N, Van Es JH, Kuipers J, et al. Identification of stem
cells in small intestine and colon by marker gene Lgr5[J]. Nature,
2007,449(7165) ;1003-1007.

(W B :2014-01-30)

(AR - 5K )





