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Abstract

AIM: To investigate the role of chemokine
receptor CX3CR1 in the repair of injured intestinal
epithelial cells by bone marrow mesenchymal
stem cells (BM-MSCs).

METHODS: BM-MSCs were cultured and
identified in vitro. Caco-2 cells were exposed
to tumor necrosis factor alpha (TNF-a) to
establish a cell model of injured intestinal
epithelium. Cells were divided into six groups:
BM-MSCs, Caco-2 cells, Caco-2 cells treated
with TNF-a, co-cultured BM-MSCs and Caco-2
cells, co-cultured BM-MSCs and Caco-2 cells
treated with TNF-q, and co-cultured BM-MSCs
and Caco-2 cells treated with anti-CX3CR1
and TNF-a. The expression of tight junction
proteins and mRNAs in Caco-2 cells, and
CX3CR1 protein and mRNA in BM-MSCs was
detected by immunofluorescence, Western blot
and RT-PCR.

RESULTS: We selected 100 ng/mL TNF-a for
48 h to establish the injured model, because
the expression of zonula occluden 1(ZO-1) and
Occludin was reduced significantly at this time
point (P < 0.05). The protein and mRNA levels of
Z0-1, Occludin and CX3CR1 had no significant
changes when BM-MSCs were co-cultured with
untreated Caco-2 cells, but increased when BM-
MSCs were co-cultured with injured Caco-2
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cells (P < 0.05). When CX3CR1 was blocked, the
protein and mRNA levels of ZO-1 and Occludin
decreased significantly.

CONCLUSION: CX3CR1 participates in the
repair of injured intestinal epithelial cells by
BM-MSCs.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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BHY: WATAAE T ZIRCXICRIAM B #
18] 7t T 4@ fie.(bone marrow-mesenchymal
stem cells, BM-MSCs)#% 2 % 41 £ & 4a fie,
EOEACR

Fik: kb BIA . S ZBM-MSCs. &
J ¥ 9% 3238 B T -a(tumor necrosis factor
alpha, TNF-o)4: 22 45 17 9% £ & 4a fet(colon
adenocarcinoma epithelial cell line, Caco-2)
E I B R RGAER . EI 5 A6 (1)%
#BM-MSCs#l; (2)%#46Caco-241; (3)Caco-
2+TNF-02; (4)BM-MSCs+Caco-241; (5)BM-
MSCs+Caco-2+TNF-a4l; (6)anti-CX3CR1-
BM-MSCs+Caco-2+TNF-a 48, #] A Transwell
BB & AR, BT LR KA.

Western blotZ 3¢ & & £RT-PCR 7 kx4
Caco-2_£70-1(zonula occluden 1), Occludinf=
BM-MSCs_ECX3CR1% & ZmRNA & ik K-

5 R %4100 ng/mL TNF-a 4k #2 Caco-2 48 fiel
48 hZ L MG AR JZ, %M Z0-140ccludin
K ik KB 2 HAK(P<0.05). £BM-MSCs5
AZHHCaco-2432 /BFZ0-1. Occludin
F2CX3CR1%& & ZmRNA# £ ik R %%,
mAEBM-MSCs5 % #Caco-23t3& 7 i,
Kk 38 A(P<0.05). FLBTCX3CR1E, ZO-1.
Occludin & ZmRNA & £ & 5 & [T 3T 48
YLRA 2, (P<0.05).

ZEi8: CX3CR1ALEBM-MSCsat & 3578 £ &
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5 K AT AR FLBA 2R Y, 487% T CX3CRIAESS A
5 Bk 18 AR T fm R st 2 5 b R e AR A

&5, X5 PO, KB, RImM. CX3CRINWBEEF
RTBREESHRE -RBEOTIN. BRENHELR
& 2015; 23(23): 3670-3682 URL: http://www.wjgnet.
com/1009-3079/23/3670.asp DOI: http://dx.doi.
org/10.11569/wcjd.v23.i23.3670

0515

RIEVERR . AP L. T E R Bk
LGP RS 0 2 A i 1 45 W) AN T O 1)
5, SRR RO RepnG, A 5
i . 5 G AiE AN 22 2% B 1) e R 0 25 A R 55
I REY, AR X IR TT R, 3T
RS IE N EE. B R A, i R 7R
T4l ffl (bone marrow-mesenchymal stem cells,
BM-MSCs)X %24l bR HAG1BE . L
PER . AR 8 A s S AE £ 2= AR H 3
K SZ AL S RT AR T ORIER. T 24 AL
B s 5, a7, EHE. BH
AN A G B 23 T 5 1A 78 T4 A )
WS T ARSI BIA Z 3 A Kk
PRI E R, S a7 R 4E S AR .
LR FH AC. CC. CXC. CX3C 44
WK, 2% M NCR. CCR. CXCR.

CX3CR. X T-WRFf e fb, K 1 B I 52 M4 A B4
F#EBM-MSCsIT % 2|52 15 78 4 2UR 54
M HBMAERE. KERD 51, 4ipiE
M2 F KRBT, CC. CXCI R LA
T EEEAES5H . HXFCX3CW K&
FRCAR 2B R IEAE R M IGHRE. CX3CZE H i
HRBICX3CRI-CX3CLIAEAE, MCX3CRIKIA

3671

SE SR 4810

VAl

W47 B 08

BM-MSCs & #
% wmate. Sk
JR Mk 58 AL,
EASZ R R
MBS A, T
AR sy E
BM-MSCs#4 £&
3B Fo B AR AR
B A, Ao TS
BM-MSCst4 &
2B AE A
17 A B BB R
ThE5 A, F2
FRAF AR
b K A 5 AR 4 2R
A BM-MSCs#j
S e A A

2015-08-18 | Volume 23 | Issue 23 |



B F. CCCRINEHEERTAREBE 2R CR4BIRsI0

W f6d

PR RN = 97
FhIL A B R AR
Ak 38 3% M 5 A by
PRIEIR B, do
IR H F-oy(tumor
necrosis factor
alpha, TNF-o) 4%
GG S
B F-xB(nuclear
factor-kB, NF-
«B)i# &4 4] ZO-
1(zonula occluden
1)#=Occludin®y &
ik 4, BM-MSCs
A 4% 2k JF- A B 1
% AfL Ao i 18 e o
AR BRI
Fh LB 145
LRS- RiRSE
ALK IRIE, 125F
RAMEF £
PeE R

J3aishideng®

WCJD | www.wjgnet.com

TEBM-MSCs3 M, #A L B fE 4R 1T CX3CRI
TEBM-MSCs& & 24l b B A i #2 b 2 15
KAFAER.

1 SRR

1.1 A4 s2a65h ¥k F SPF(Specific Pathogen
Free)JtfdfE. & Wistar KB, 145 £60-80 g, Iy
HZEF RS BB SR 3 0. Caco-248
Ji Ak ) B 3 [ A5 20 AR P B O (American
Type Culture Collection, ATCC). DMEM/F12
Rge%E . L-DMEM/F125; 955 . RPMI-1640
Brop k. JRE AB/EDTA 40 M I 1Ll
(Gibco, E[H). FA2FIMLiE (fetal bovine serum,
FBS)(PAA, BHiF]); DMSO(Sigma-Aldrich,
EHE)., PLRARMCD34- 7558 %t &R
(fluorescein isothiocyanate, FITC). CD29-
PE. CD45-PE. CD90-FITC. RTIA-PE.

RT1B-FITC(Biolegend, £[E). Transwell/N%E
(CORNING, #[H). FACSCaliburiii 2 4%
(BD, £H). HHNEMIEEILH F-o(tumor
necrosis factor alpha, TNF-a)(PeProTech, 3
E). %®PiOccludindifk. “RHLCX3CRIHL
. HPLGAPDHPUA . HRPARICILEHT &
IgG(Abcam, £ E). A&ITZO-1(zonula occluden
D¥ifk(Invitrogen, ). Western blothH3<
R D A L SR (R E,
), RNAiso Plus RNAZEHHUAH SR 5 -

PrimeScriPt I[85 —%cDNAS RIRF & K
SYBR Premix Ex Taq 1l %¢% € &PCRIAF
£i(TaKaRa, HA), %2 #PCRIV(APPlied
Biosystems 7300, & [H).

1.2 7%

1.2.1 BM-MSCstkor5 & 3 2R X 52
Wistar KR ACTE, BB E R E . k28,
F&10%MLiE FIDMEM/F1258 & 1 98 i e B
MR, R R, BB R,
37 C. 50 mL/L CO,}57%. 48 hififl, Ffi ARG
EEAR M, 455 40 i 25 B35 31180%-90% At & If, 1 -
2AEAREE TR, E A KR R AT 28 = AABM-
MSCsHEAT J5 2L SE 5.

HUAEK R 5 =/CBM-MSCs, HLK
YRR, VARG YR FE N 10%/mL, A
RHHRICCD29-PE. CD45-PE. RTIA-PE.
CD34-FITC. CD90-FITC. RTIB-FITC, #;
i 5 30 min, PEigk, It {SORS: W Ik 24 3% T Ak

3672

CRIA.

1.2.2 BM-MSCs & fig s 4m it 8 % 5 -4¢: £E100
mL & 10%I% RIL-DMEM/F 1255 788, TN
200 mmol/LW| 35250 ulL, 0.5 mol/L 1-F3&-3-
ST HEFENES 100 L, 40 U/mLJEE S 2550 plL, 1
mmol/LHIZEKFA100 pL, BCilp g7 T35 77
. K BM-MSCsHEFITE6 LR 15 7%, Rraiifas:
Kfae ja, B seis SRR R, 83 d
B, 8-12 dif, FHIMZT O getn, i N
SRR M RGLL g A

1.2.3 BM-MSCs @) /B 48 e % -5-4-4L: 7£100
mL % 10%IL7E ML-DMEM/F 1285 37, T
1 mmol/LHZEKFA10 uL, 1 mol/L H M BEREN 1
mL, 100 mg/mL4E4EZC 50 pLiR%s], % pHIE
1£7.3-7.4, BCil O H 75 355950 i BM-MSCs
FFEO LR S 37, frAiAE KARE 5,
NECE PR IR S IR, 3 A 14 dii A,
FHVon Kossa4etaid & jeth. Wase g
5 R TRLTER.

1.2.4 WFbRE bk 45 B A 6 2 5 5 10% 1M1
THEIRPMI-16405E 415777, 37 'C+ 50 mL/L
CO, 577 Caco-24H M. BRI, 1 2H i i 35
80% LA RS, 4%1 1 2468 R4, BUIRS
RIFHICaco-240 M1, 125X 10°/FLEEF T 75 FLHK
W, J53R24 WA, fR AN EESS 5] B Rl G
Jei, 43 BIIMNEHRE N0 50, 10041200 ng/mL
() 20 N TNF-o 87748 h, LA f#F 100 ng/mL
[ ELH NTNF-a2r A3 720, 12, 24H148 hl'*'7,
FIH S oLkl B % E B E A Z0- 1A K
ik, RT-PCR X Western blot$sz Ay & %5 4%
R HZO-1F10ccludinf & &K H @ a2 ik R
AR RE L. PRI TNF-ouff) foc AL R JEE
ANALERET (], AN R4 40 i 52 S ae 3 vk A I,
B R RE B b R A A A Y (g 3

1.2.5 Transwell/)s £ BM-MSCs 5 Caco-2 - 3% Fr:
FTHSERGIESZ100 ng/mL TNF-o kb 48 hoh#x
FEALFR A6, SEB6 43 N64L: (1) 4EBM-MSCs
H; (2)¥4liCaco-241; (3)Caco-2+TNF-o 2l (#6
154); (4) BM-MSCs+Caco-24H (31537 4);
(5)BM-MSCs+Caco-2+TNF-aZH (#1515 5 41);
(6)anti-CX3CR1-BM-MSCs+Caco-2+TNF-a 4]
(FELKT4H). K5Caco-2. TNF-ofilli#4/m Caco-2LA1 X 10°
AN BB TF A fLTranswel’N= K2, BM-
MSCs 156 LS pg/mL anti-CX3CRI1FLIAE
JEEE 1 hffanti-CX3CR1-BM-MSCs 4X10°
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R 1 SEEEPCRS YIS

SI¥2FR E5I(5'-3) T8 R/ (bp)
Z0-1 F: ACCTACCACCTCGTCGTCTG 128
R: CACTCTGTCTCCAGGTCCTTC
Occludin F: GACAGATTTGATGGAGGAC 265
R: GGCAATACCAAGCAGTTC
CX3CR1 F: GTCAACATCCTGGGCTTCG 226
R: CCCTCTTCATGCCACAACTAG
Human-g-actin F: CGTGACATTAAGGAGAAGCTG 501
R: CTAGAAGCATTTGCGGTGGAC
Rat—p-actin F: GCGTGACATTAAAGAGAAGCTG 500

R: AGAAGCATTTGCGGTGCAC

F: DS ¥, R: T3S ).

ANFL5 B E T Transwel/NE 2, 579724 h
WY, REVE AFIRNA, 23677755 R
SCHR[18].

1.2.6 LRGN EEEEZFAZO-1: g
T Caco-240 Ui 3%/, PBSIEYES min X 44K,
37 g/LHEEE 15 min, PBSIEYES min X 49K,
=& E A1 h, ZO-1(1 © 50), 4 CIERE,
PBSIE U5 I AFIT Chrid £ bt S Sz 58 e bt
&, 37 °C 1 h, PBSEYE, HiliE .

1.2.7 &KX E ERT-PCRAEM E F £ 4£70-1.
Occludin mRNAF=# 1L H F % 4R CX3CRI
mRNA# ok WY, #2070 &t e
PRHUSRNA, W8 5871 & 7 515 Blc DNA.
HU1 pL cDNAMIA20 L szi & BPCR
R FR, N2k AT: 95 C TAE 130 s; PCRY ™ HE(H
HA40MEFR): 95°C 55,58 °C 305, 72 °C 30 s;
ZO-1f10ccludinffi //Human-B-actin, CX3CR1
i FRat-B-actinfE N 2. 45 R FH2 U k.
e 20 S8 HOAS [ R 4H B 37k PCRIIW)
FPoanaL.

1.2.8 Western blot# A& % %&£ #Z0-1.
Occludinfe# L B F 2K CX3CR1# & G &
= AR EE IR, $EELEE B, BCAVENE &
. Z0-1%H8%SDS-PAGE, Occludin.
CX3CRIMHZGAPDH*H10%SDS-PAGE
HL YK 23 B8 I VR 5 ENCREE, 5% Mt e 0ok 1 1412
h, —HZO0-1(1 : 400). Occludin(l : 1500).
CX3CRI(1 : 500)F1GAPDH(1 : 1000), 4 C i
ik s, TBSTEEME, —Hi(1 : 2000) =R HH
2 h, Y, ECLIRE B, B{RL AlPhaView
P AT HEAT IR FEAE I E . 8 TSR R A 1)
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(H FIE A 2600 2 B -1 SHE) 5 X R (N 2 &
FIGAPDH 7 ¢ BEAA -1 S AE) W EUfE, 1931k
1EJE B H & AR A&, DO IR 4L B
(2R IR A BN, bR &2 TR IE SR 1
H If 8 AR R IE R 1L R, RS HOR
HEUR A M R 3R

Beit 338 SRHISPSS21.045 18473 b,
5 Limean £ SDHIFE R FE R, L4 LKA
BRI R T 2200 M, 1045 4L R B — 25 S L A
K. P<0.05 2% 5 BAA it 2% L.

2 FR
2.1 BM-MSCs# 3, ZRAAXER TEEX
B JEACBM-MSCs4l it 12 h)5 JFi6Z 5 G EE

BB AFIEAR, mméﬂiﬂ@ﬂzﬁﬁéﬂﬂﬂ@tﬂ%i@/l\
15 dfe F i A =AR IS KRIBAK, Bk
WARECEATHES, BA A M S CsTE A RHIE
(1A, B).

Mg B E W] 95.5% 140 il % 75C D90

MARIECDAS, 99.4%[1 41 il R IEC D297 A
FIECD34, 95.0% M AR ILRTIATAFKIL
RTI1B, X #t B JATHREU AR 1 9% 22 =
RIXAF 46 I BM-MSCs(2).
2.2 BM-MSCsw) g 5 4a L fe ik, B 40 B 04 i 5
S AEN—FZ B T4, BM-MSCsH A1
Z R0 S0 M o A RE FT, BT B AR B
BM-MSCs/E R 75 53 5 70 Re 40k
SR G I 248 e v 4 e, T 7 200 B v 2 O B
Yutnr, mﬁ%ﬂ?%%%”%ﬂﬂ@"ﬁwI'ZHID—]*I%QIHEI/%
(E10); i 4 iEVon Kossafe ik i & gef,
AR T SR B A4 R TRR(ET1D).

3673

SR CABIEEI0

WA # A E

A XK ILAK 9k
BM-MSCsxt %
M R L5 T AL
A EHER, &
AL T %k
CX3CRIA 5t
EA.
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1 BM-MSCSHSASRIES L. A: BM-MSCsTEA( %
100); B: ARIFFOME(x 200); C: HllEE (% 200), HLLOR
ORI N I BURG A NE R (85K BT7R); Dr BB A (%
200), Von Kossal e IR FEER TR (L), BM—
MSCs: ‘BB 785 T4,

2.3 KA TNF-au % %) 7 i A5 R £ R AR5 AR
2.3.1 RE&E(0. 50, 100%200 ng/mL)TNF-q
43 Caco-2%m fi: F R R ZO- 15 H &
ik, BB N ZO- 1 HE M MAE E, 0 ng/
mL TNF-afHZO- 114k (58 Nt 5%, Bk
S5, O M R AL BRIk IR TS . B A 50,

3674

A
<
=
[T
=)
A
O 10°
2 |
10° Fo1-LL QI-LR
0! 1.0% ‘ ‘ ‘ 0.0%
10 10° 10° 10* 10° 10° 107
CD45-PE-A
B 10’ [Q1-UL Q1-UR
0.1% 0.5% .
106 L
< 10° -
(@]
E
o 10° -
J
a
O 10°
10* Q1L Q1R
10 0.0% ‘ ‘ ‘ 99.4%
10' 10> 10° 10° 10° 10° 107
CD29-PE-A
C 10’ }Q1-UL © Q1-UR
0.0% 0 0.5%
10° el
< 10°
e
T 10* +
[an]
i
'n—‘ 10° -
2 |
10° Fo1-LL QI-LR
0! 4.5% ‘ ‘ ‘ 95.0%
10 10° 10° 10* 10° 10° 107

RT1A-PE-A

2 BM-MSCSTREHRMCAEN. A: CD45—PE, CDY0—FITC;
B: CD29—PE, CD34—FITC; C: RT1A—PE, RT1B—FITC.
BM—MSCs: ‘B[ H] 78 FT T 4mi.

1005200 ng/mL TNF-a¥k FE I, ZO-1%¢
e B FE I B % 55, H 10081200 ng/mL TNF-o
2 A0 AR 1 Z O- 175 )6 [ T 34 % 3 5 e
FIBIR(F3). Western blot4h 5B R, 76225,

59F137 kDafr AKX HIMZO-1. Occludin
MGAPDHZ . 50, 1002200 ng/mL4 50
ng/mLAM L, ZO-15 A KR IE XD
(F = 293.36, P<0.05). Occludin & [k
BIRZWIRALE = 216.73, P<0.05), SIKEFHK
#i. PCR%E B IR, 500 10042200 ng/mL4H#0
ng/mL4, ZO-1 mRNAMEIERZH IR F =
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3 RERETNF-ofEF48 hitCaco-24BIRBIZ0- 1B REINFRIEEN( x 200). A: 0 ng/mL; B: 50 ng/mL; C: 100
ng/mL; D: 200 ng/mL. TNF—a: RSN T—a. §kRz0-1EH.

140.00, P<0.05). Occludin mRNA )ik &1
B 2 Y/ (F = 1196.65, P<0.05)(E]4). mRNA L
HHEAKFE R, 1100 ng/mLAH 5200 ng/
m LA X B8 S 0 £ 1 ) S 00 9 2 (R 22 57 o 42
TR, TP ARRATIEA 100 ng/mL Ay i & b
AR E.

2.3.2 REBFE 0. 12, 244248 h)100 ng/mL
TNF-a4t # Caco-22m fit.: {4 HH TNF-a 100 ng/mL
AFECaco-24H 12, 24148 hm, Bl kBRI
8] (R IE K, ZO-1 52 5 58 FEMR IR SS, Wligk:
PORDR T 25 A T 32 T 7™ B, 4 i ) 8 e B 1
HEZA K] EL 22 i 24 (4] 5). Western blotilE5E,
100 ng/mL TNF-a4b#12. 24F148 h4H 50 ha
L, ZO-1(F = 115.49, P<0.05)F1OccludinE A
(F = 86.12, P<0.05) 1115 3241, 5 I [A] 4K
PCREGIM 45 LR, ZO-1(F = 35.73, P<0.05)F1
Occludin mRNA(F = 17050.91, P<0.05)1 £k
Bk, HoACER R A AR B, 22 R
Bt (E6). ixuegh MR RE -
PR ST BT, T TNF-o 100 ng/mLARFE
48 hoyFRAT T3k FH 1) d B Ah B 2% A1

2.4 MEBM-MSCs* % M Caco-269% "7 BM-
MSCs5Caco-23L3 3% Z20-1. Occludinff
FIETLFM. MIBM-MSCs 5% 4#iCaco-23L 5
F%J5, ZO-1. Occludin®k [ )R IE &R ZH
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Caco-22H¥J¥8 N = 12.77, P<0.05; ¢t = 14.71,
P<0.05); ZO-1. Occludin mRNA [{J ik & th
W = 7.40, P<0.05; ¢ = 13.02, P<0.05). i%
45 RIL7RBM-MSCsxf 3Z #iiCaco-2H & B AEH
(B}

2.5 MEAME F 2 HRCX3CRIFBM-MSCs
#-5 ZMCaco-2094E A S5 HAIBM-MSCs4l Lt
%, BM-MSCstCaco-23L55 95, CX3CRI%E
HAmRN AR RIEKFEFIE N, H2E 55
25 L TIBM-MSCs 5 %2 #iCaco-2 4L 8 7
Ji, CX3CRIE FHRIEHE N = 19.81, P<0.05),
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