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Abstract

AIM: To investigate the role of SDF-1a/ CXCR4
axis in the therapeutic effects of lentivirus-
preconditioned bone mesenchymal stem cells
(BMSCs) for 2,4,6-trinitrobenzene sulfonic acid
(TNBS)- induced colitis in rats.

METHODS: BMSCs were isolated from
Sprague-Dawley (SD) rats and identified by
flow cytometry. Lentivirus transfection was
applied to over-express CXCR4/GFP (Ad-
CXCR4-BMSCs) or null/GFP (Ad-GFP-
BMSCs) in BMSCs. Thirty-two SD rats were
randomly divided into four groups (n = 8): a
control group, a model group, an Ad-GFP-
BMSCs group and an Ad-CXCR4-BMSCs
group. The rats were grouped to receive
various treatments by tail vein injections.
On day 1, colitis was induced by the TNBS
administration. On day 12, animals were
anesthetized and submitted to a laparotomy
under sterile conditions. The distal colon was
then opened longitudinally, slightly cleaned in
physiological saline for faecal residue removal,
and tissue samples were harvested and
analyzed for various studies.

RESULTS: One week after intravenous

administration, Ad-GFP-BMSCs failed to
colonize in the inflamed colon and had no
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beneficial effect in TNBS-induced colitis. Instead,
Ad-CXCR4-BMSCs signally ameliorated both
clinical and microanatomical severity of colitis.
Immunofluorescence and Western blot showed
that Ad-CXCR4-BMSCs migrated toward
inflamed colon was more efficient than Ad-GFP-
BMSCs. The therapeutic effect of Ad-CXCR4-
BMSCs was mediated by the suppression
of pro-inflammatory cytokines and STAT3
phosphorylation in injured colon.

CONCLUSION: Our data indicate that over-
expression of CXCR4 promotes the in vivo
mobilization and engraftment of BMSCs into
inflamed colon where these cells can function as
an anti-inflammatory and immunomodulatory
component of the immune system in TNBS-
induced colitis,

© 2016 Baishideng Publishing Group Inc. All rights
reserved.
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B Rt £iXCXCRAM F 8N 2K
T im AL 97 2,4,6- = A8 L K Bh B i S04 5

g XOHERLBEY B EAMER
P

FiE: AESDXRAFTHM T2 & FHE L
Ji T 4a e (bone mesenchymal stem cells,
BMSCs) i1 A m X b K% % . @it m
FH A2 BMSCs & ik GFP(green fluorescent
protein-GFP, Ad-GFP-BMSCs) & & & ik
CXCR4#GFP(Ad-CXCR4-BMSCs), 32 A
KB RAL(n = 8): THM., &
20, Ad-GFP-BMSCs#l. Ad-CXCR4-
BMSCsZi. R JATNBSH F 5 Itk 25 1 K,
R #WESTAd-CXCR4-BMSCs& Ad-GFP-
BMSCs. %771 wk, KE LML LRHITHE
F & Ao B 5 HT. PCRA M 45 17 3045 F
##&-y(interferon-y, IFN-y). AF &3R5 B
F-a(tumor necrosis factor o, TNF-a) &
A~#% (interleukin, IL)-64=1L-10#9mRNA %

1234

ik, Western bloti 4z 54 FF & 5%
# % T (signal transducer and activator of
transcription, STAT)-34=#BR ALSTAT-3%& &
ik, IR BACF e BB ACSTATI & &
FA.

LR At TG m, AL
IFN-y. TNF-o. IL-6421L-1049ymRNA %
ik B F ESH, STAT-3 A B BRALS TAT-3 49 %
G & E AR EF(P<0.05). ZA%E571 wk
J&, ABAF T AR 20, Ad-GFP-BMSCsZ1 kX &,
84 Ve JR K B ZE B R B AR E SR AT B A
K094 R, AB*T T AA-GFP-BMSCs4i, Ad-
CXCR4-BMSCsZH K £, 25 1 28 22 69 IFN-y.
TNF-a. IL-689mRNA % & 2 % F &, IL-10
#ymRNA % i& % % E(P<0.05); STAT3
BB BRACSTAT-3 RO AKX R EFTH
(P<0.05).

g5t i £ A CXCR4#BMSCs ¥ # i 1T 4%
KA PATIHR RE R EHRER X,
X TR ABMSCLE fRIBDAR A 7T S 44 32 %
&
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i, 75 FA T b B SRR A BT, &
0t TT AR B 3 O S B AN SO N B R IBD K
T3 B SR ERAIL AR ), A8E JORERER T B iE b
JE I T R, F) 2O0E 1 ISR A BE
# TG SVE Y ARG R G 2 R
4 R T I, Bl TR -y(interferon-y,
IFN-y). MEIRIEH F-a(tumor necrosis
factor o, TNF-a)« 41 % (interleukin, 1L)-2+
IL-6. IL-17. IL-4. IL-10. HLA-gfl#%%
A KR F-B(transforming growth factor-p,
TGF-B)*™. IX L4 g A 738 1 T A K 15
TSP K EE S T (signal transducer and
activator of transcription, STAT) K & 1% H.AEW)
. TIRe. STAT3TE R IR MIGRAT I o % B2 v 4
e AR Y, Bl v 2 n e gt e R
W STATFEIBDH #3{ IU1F M, £ ANSKIBD &
I 1 S5 7 98, STAT3# H IHL 538 21 (1) i iR
AU, e 5T R B S TAT37EIB DI # i
T o i 3 25 O B AR . FE A e gt
th, BATIESE T SDF-1/C X CRA$ A 4 2
i3k 1 FIACXCRA) B 8 7] 78 i 141 il (bone
mesenchymal stem cells, BMSCs) 7+ =
FLIRFHFR (2,4,6-trinitrobenzene sulfonic acid,
TNBS) %5 5 1 45 1 9 3 40 45 W i Ao B 305 %
TRBATK 38 Ik W 2 1B D& iz 564 240 i [ 1
Fik, BN RG T HBMSCsTERIT SE
B &5 o % P AE AR AL

1 MRRTSE

L1 AH 8-10/8# KiK32H ¢ SPFZSD K
B, ARBTE250 g+30 g, T H AL B T
P Hp O [VF AT IE S SCXK(%5F)2010-0057],
Lentivirus™" ™M Lentivirus ™" (Lg%
HLFEE A, GOSL29538); TRIzolZL i ( i3 =
RAEMFAR AT, iR STAT3 2 b B ik
(Abcam); RPN RBEELLSTAT3(Abcam); =F
PiflgG Hi(Beyotime); GoldviewtZ g Jekl
et E R AN A A, B %% 20 230 5
A& (B H RO R A w]);, 7KK
FIE LT (hematoxylin and eosin, HE) (i
S AL R EREA R A A, 76
(Nikon).

1.2 7%

1.2.1 S8 mAEy7: £1 wkihIMLIfE,
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32 A @ SDRBR B FENL 7 4l (n = 8): =
H4l. AL, Ad-GFP-BMSCs#4lflAd-
CXCR4-BMSCs. 7EREA LI I FEF, &R
LR KR IIDAT, &4 K R #0E o R s ki
BHAIT. R, B Adsh, HR3Ahs ¥
TNBSHE S L 4. HaR, Gk B KR4
W42 PBS. Ad-GFP-BMSCs(2X 10°/mL)&,
Ad-CXCR4-BMSCs(2X10°mL)%1 mL. %
1R, KEREEE24 b5 T REEHIIEF AR, s
IR e 45 iy IR = LR, AR 5 K i 45 W
BN T T, AR B AR K B b e 45 i, Wicde
3T 2 M. b — 4% B
Fi 8 e, ARy HFHE 6, BN
B A5 BE 27 AR s 53— B 0 b AR L BU R DK
IR ORAT 45 .

1.2.2 Western blot#&ml: ¥ 45 Fr A& 5 A 72
IVRETEE, FFIRIPAZMR N 78 43 2R U 4
IR EE 202, HARLME 13000 r/min, 4 C
10 min, B EIEIRIGEE I A 8 A B3I, B
FFE I F Y EFEATSDS-PAGEHLIK, &
SEHLEN100 V, FEA T BSIRE, 8 RN
150 'V, 4R i G2 i Hh V5 R R s R Bk
BRI E IS, &b Bk, RIEMarkert) T H
(1271, R Z T #30 min, BYANEER A
FER/NFIPVDF I FIJELR, PV DF IR AE H i
2 sfa, AR —&RIE T ENB &+ 10
min, SRJ5 LA AR (+)- (OB -1 40 -3 )5 U
4%-PV DF - 1§t -3 /2 IR 4R -3 47 - PR pR - R 1
HIAR ()P 22 B, F A8 o N BN IR 2 i, 4%
VK&, 75V, 1 he HE 5% IR Y5 TBST
B VR = IR BE K B AIPVDFRR2 h, S8R AP
-SSTAT3PUIAFIPL- AL STAT3, 4 Cid &, 4
J& o MM B bR 2E Pt Rl g-G i H BT I K
o .

1.2.3 RT-PCRA&M]: Wit 5[ Hlansk1. e
SRR A S RNA, FBRNA K3 4 2 [
A o\ 0GR SRR O B AT, R A
FEHEETHI RN A P, RNATS 5 5% 1k &
2 pL Total RNA. 1 pL Oligo dT(5 pg/pL)
1 uL. ddH,0 6 pLiR2IJE &0, 70 ‘CHIAS
min, 3 EHEAF]0 CUKAKBH 1 min, B0 )5
BN NPT pLEIRT B : 5 X RT
Buffer 4 uL. RNase 0.5 uL. M-MLV 1 uL.

dNTP(2.5 mmol/L)2 uL, ddH,0 3.5 pL. ¥i%%
SE2kAE: 42 °C 1 h, 70 °C 10 min, 75 %|cDNA.
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2H LS4 TS

IL-6 GTCTCGAGCCCACCAGGAACG AGGGAAGGCAGTGGCTGTCAAC
TNF-a TGGGTCCAACTCCGGGCTCA TGGAATCCTTGCCGGTGGCG
IFN-y ACAACCCACAGATCCAGCAC CCAGAATCAGCACCGACTCC
/IL-70 TTGAACCACCCGGCATCTAC CCAAGGAGTTGCTCCCGTTA
GAPDH GGGGCTCTCTGCTC CTCCCTG CGGCCAAATCCGTTCACACCG

IL: BATER; TNF-a: [PBIAER S ~a; IFN-y: FILE-y.

RT-PCR % B A& £ : SYBR premix ex taq 10 uL,
ETFW5I(5 pmol/uL) 1 pL, cDNA 1 pL,
ddH,0 7.5 uL; XM %A FAEHE9S 'C 15 s,
95 °C 5's, 60 C 30 s, 2:40ME¥. LLGAPDH
NWZ, HIL-6. TNF-a. INF-y. IL-10f7"
PRI e B, BEHCHE, 2 T ik AT
FHXT 8 &7 AT
1.2.4 ZAEALFHR: KA REHIN
S (SPIE): HWALAESE A, U, R
i, ZEEAKAL, B R IEE PR, %20,
3%H,0, Kif WIE LI E Al PBSTEER, 4H
S P, P PN SN S Yo 1E 85 1L 2 M 35 AT, 3
Bk 35 PH S TR 0 S bt SRR (L STAT3 £ 32
BEDLIE, 4 CHEE N IR, PBSYERE, NP,
HEFE, PBSIEE, DAB&EM, Jedi F R0,
FrBi i e, &M 4 b B, JRARS
Y, LA, BOKIRIELS s; MK TR,
THIRIEY, PR, R T Mg R
B LU =R, HEB B Image-Pro
Plus 6.01E1T B8 404, LA (iR e (o 4 iy
PH K.

St AR SRR AE imean £ SER
7N, PRULIA)ZE 7R ek i, 2 20 IR 35 502 7%
PR 2 7 2250 #, R FHSPSS18.045 v+ #1443t
17578, BAP<0.05 0 Z 5 A Giih 2= X

2 BR

2.1 Ad-CXCR4-BMSCsHAKTNBS # 3 #) 45 1
K8y KoE 4 G RT-PCREGII R B, 7E511
R, Gl 9 1K RS2 4045 I 3 A i g 96 R 7
UITFN-y. TNF-ofIIL-6.5% %80, it 24
ST Ad-CXCR4-BMSCsiaTT Ja W & 35 1 R B¢
TIFN-y(2.37%1.85 vs 5.01£2.23, P = 0.49,
KI1A). TNF-o(1.7440.84 vs 3.93+1.92, P =
0.03, EI1B)FIIL-6(3.71+2.63 vs 6.78+1.64,
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P =0.03, KIC)KmRNARKIL. [FK, MXHF
FERVAH BT R FIL-10/mRN AR IE N B &5
EIH(END). HREAE R Z, Ad-CXCR4-
BMSCsiGJ7 &, IL-10[imRNARIE % F I
TGt X (1.42£0.60 vs 1.27+0.45, P =
0.64).

2.2 Western blot& ix Western blot4s BB, 1£
FILR, & HH KB G AL L7 WA 2
STAT3 AR LS TAT3 5 R IE, W44 K
bR 20 45 W 8 7 STAT3 A R AL STAT3 2 4 #1
FRFIFRILN). REGEN Ad-CXCR4-BMSCs,
M34EAd-GFP-BMSCs, fit i % 1) T ISTAT3 !
BRI LSTAT3 & AR IE(H2).

2.3 fpmgies ki GBS TR
B, £ A4 il A Re R I B 2T
BN B BRI STAT3 R A% (0. MR,
TE AR 2 Hh e W %% 3 K L 1 B R (LS TAT3
HHEKIE, JFH FEE D TR B )Z A
H . it Ad-CXCE4-BMSCsIAIT, Witk
STAT3 & [ 1A W B 2 [ (1#]3). 1X Se 28 ik
BISTAT3 /T e 2 5 T TNBS 3 (145 1 ¢
I BRI FE.

3171E
E A7 36 A 1B DI R A 2 3% 5 BANMA, 18
WMWK MLEE NS5 T, 850 miE g
s S ARG R, 1EUR I H5 SR G s
XA ENBRT, FERICERBLK
JRR RN = 5B 4 A R AL B . b, 6
40,925 TH BB 1) 2R 1 SR IBD R A I 218 MERR Atk
BRI RO IBD AR 277 4 KR %
REAN MR T A SR 72 A, TP 2R K 980 4 T
2D i 1 R R T e, 0 A LI
AR IONE, W B A R
MSCsHH £ L he, AN S
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%l [ d :)53 g
& TRy T
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1
8l b 2.0
= T

6L )
% o B T
ey X
Wal T iole—
2+ 0.5
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1 2 3 4 1 2 3 4

1 BERFHIMRNARIAZE. A: INF-y; B: TNF-q; C: IL—6; D: IL—10. 1: [FH#2; 2: BRIZ; 3: Ad-GFP-BMSCs4l; 4:
Ad—CXCR4-BMSCsZ. "P<0.01 vs ZXFA4H; ‘P<0.01 vs Ad—GFP-BMSCsZH. GFP: 4} a7 /& 1; CXCR4: B VA T-21ik
4; BMSCs: ‘HH#H7E T TA01E; IFN—y: THEZR; TNF-o: MWEIATER F—a; IL: AR

1 2 3 4
STAT-3 e g e
A (LSTAT-3 ’“ —

2 STAT3RIBSBRILSTATIEBEARIA. 11 IEH4; 2: #Al
7H; 3: Ad—GFP—BMSCs?H; 4: Ad—CXCR4-BMSCsZH.

s LA 1, [E) Bl R R AR IMISCs
TEAA Y e VA 58 B 58 R /404 M AL, RAEPL R
PERY, Jf A8 i@ B B g i B2 fih, 5505w m]
Vo P T G 925 3 YT A 0 22 B I B 1 B A
GBI T/BIREE 4. DCAIE. NK
Jf &) 35 4 R A AR U A et e
M S Csla] 28 iE 2H 2R (1) V3 B fig J1 /2t EMSCss
J7 AR CRE, FRATRT I SRR SE: 5 Ad-
GFP-BMSCs# b2, R4i1EH FIAd-CXCR4-
BM S C s RE S 51 R VA 55T 9 0 45 i i A
I 553 Hh S 5 Tl 6 K R I RO R, R B
SDF-10/CXCR44#H{EBMSCs ! 5 T 32 Hi 11 45
J AL R A E . AEAHE F AT
BE— 57 T Ad-CXCR4-BMSCsiAJT 525
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PESE I S AE ML, IBDAISURMLH] 2 — 52
Zh IS R 40 A B A i A K Y A E A
MR 7% T B Thfg. BMSCsi £ R4
M, GRSt 2R A LA, BFSIBDR
HUEHE R RBMSCsRE RE S KAELE M,
R 3R 5 A0 M B S 4T, T R 4 i b
A 52 54 B e HBM S CshE
T R HE S Y DRGSR IR T SE IR RS
9. W2 ONIE S 2 B 28 A 5 R i S R
69 2% RE 4 L (G b PR I AR L B 5OR 4 A
EWEdii)2 5 TIBDMTNBSIE S 145 i %
(975 B A2 . TL-68 R IR B AF/E T RE 4G
P (1 [ 45 J2 3 7T LA T40 B R 27 e
KA IR AE R | TL-10%8 8% 3 i 411 41
TAHAE 50 2 i AR SROIR 48 i 7% Ak ok ok #5
FLRAMEHPY. Ad-CXCR4-BMSCsfg &1 T
WA 8 40 M B A0 R R A i TR
BMSCsfETNBs5 5 1145 117 % B A B 21
PUR R

STAT3TE £ it A= 4 2 3 72 (o B/ 42 9
T, YHARIZ 3. T 40 M R P P R BT B )
WOk P SRR P, STAT3 WAL A2 DL
1 8 A O % 7% 2 Al IR A N RRAE 1Y, % A
MU A A K E F(WIL-22. 1L-6.
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3 BIAEIRIAOBEBRILSTATIZRBRRIA( x 200). A: [EHH; B: B, C: Ad-GFP-BMSCsZH; D: Ad—CXCR4—

BMSCsZH.

IL-7. IL-1TRIINFZR&K)iFE S0 Ak 7o,
Western blot#®H]: STAT3/ETNBSH S 145
Jo 9% h B S AL, [EIRE R 458 HIAED S ST
Ssim R RIBDE L . STAT3 L2
FIB DY H i F2 S S ARG, — L T2
HSTAT3REW @ ITIL-6. IL-22FIL-24i% S
TEACR KA RE. FHIX 545 558 % 7] 5 )
NIBDIGIT IHE i AHIE Fe b A 13k — 25
WA T R ILS TAT3 I 40 A X I, FH1E45 W
FEZ, FEAE E R EREA )R, WER TR
B A . A, R E kS
Ad-CXCR4-BMSCs. STAT3 MR, STAT3
KIEEFFMK. XL REKHAI-CXCRS-
BMSCsH] Rl 4 5 T 2425 W, /-4 B
JZ B A JE A0, I A £ 3E i 40 ) 4 R R T
MISTAT3TE AL KIGIT 45 %%

R BT S e BT AR N T IR
BMSCs, #likiF 5 Ad-CXCR4-BMSCsHgfE B
AT RS 2 4 W, i AAE 5 45
i, BGETNBS - HI45 1 RAEIR. 7546, Ad-
CXCR4-BMSCsH] fig il i & Pt 48 Al G P 1
T DIRERIGYT LI MRS 9% X MEEE IR T RRSh
SDF-1a/CXCR4%#/EBMSCsIBDIA T HLHT
) JE BRI FE 1 0
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