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Abstract

AIM: To assess the therapeutic effects of cur-
cumin combined with mesenchymal stem cells
(MSCs) in the treatment of ulcerative colitis in
rats and to explore the underlying mechanisms.

METHODS: Ulcerative colitis was induced in
rats with 2,4,6-trinitrobenzene sulfonic acid
(TNBS). 40 male Sprague-Dawley rats were ran-
domly divided into 5 groups: a normal group,
a model group, an MSCs group, a curcumin
group, and a curcumin plus MSCs group. The
signs and symptoms of rats in each group were
observed, including vitality, diet, property of
stool and bloody stool. The severity of colitis
was assessed using gross morphological score
(GMS) and histopathologic damage score (HDS).
The percentages of Th17 and Treg lymphocytes
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in peripheral blood were determined by flow
cytometry. Expression of IL-17 and Foxp3 in the
colonic mucosa was detected by immunohisto-
chemistry.

RESULTS: Compared with the normal group,
the GMS and HDS were significantly higher in
the model group (0.00 £ 0.00 vs 4.63 = 0.74; 0.25
+ 0.46 vs 4.00 = 0.53, P < 0.01); the levels of Treg
in the peripheral blood and Foxp3 in the colon
tissue were significant decreased, and the levels
of Th17 in the peripheral blood and IL-17 in the
colon tissue were significantly increased in the
model group (8.01 £ 0.29 vs 1.16 £ 0.18; 9.50 + 1.60
vs 0.88 £ 0.64; 0.63 + 0.13 vs 4.56 + 0.21; 0.88 + 0.64
vs 7.75 £1.16, P < 0.01 for all). The GMS and HDS
were significantly lower in the treatment groups
than in the model group (4.63 £ 0.74 vs 2.12 + 0.64,
2.00 +0.53, 1.00 + 0.53; 4.00 + 0.53 vs 2.00 £ 0.53, 1.88
+ 0.83, 1.25 £ 0.46, P < 0.01 for all). The levels of
Treg and Foxp3 were significantly increased, and
the levels of Th17 and IL-17 were significantly de-
creased in the treatment groups compared with
the model group (1.16 + 0.18 vs 3.29 £ 0.18, 3.19
0.20, 5.00 + 0.19; 0.88 £ 0.64 vs 3.75 + 0.46, 4.00
0.92, 6.88 + 1.25; 4.56 + 0.21 vs 2.60 £ 0.15, 2.59 *
0.23, 1.52 + 0.21; 0.88 £ 0.64 vs 3.75 + 0.46, 4.00
0.92, 6.88 £ 1.25, P < 0.01 for all). Compared with
the MSCs group and curcumin group, the GMS
and HDS were significantly decreased in the cur-
cumin plus MSCs group (1.00 £ 0.53 vs 2.12 + 0.64,
2.00 £ 0.53;1.25 £ 0.46 vs 2.00 £ 0.53, 1.88 £ 0.83, P
< 0.05 for all). The levels of Treg and Foxp3 in the
combination treatment group were significantly
increased, and the levels of Th17 and IL-17 were
significantly decreased compared with monother-
apy groups (5.00 + 0.19 vs 3.29 + 0.18, 3.19 + 0.20;
6.88 £1.25v5 3.75 + 0.46, 4.00 £ 0.92; 1.52 + 0.21 vs
2,60 +0.15,2.59 + 0.23; 2.38 + 0.92 vs 5.00 £ 1.07, 4.62
£1.19, P <0.01 for all).

CONCLUSION: Curcumin together with MSCs
can decrease colonic mucosal damage and pro-
mote the repair of impaired mucosa in UC rats
possibly via mechanisms associated with regulat-
ing the balance of Treg and Th17 lymphocytes
and the relevant cytokines in colonic tissue.
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(marrow mesenchymal stem cell, MSCs)*} X &,
P4 B X (ulcerative colitis, UC)#9J7 5K,
FIRFTEE BT M17(T help cell 17, Th17) A&
A M T 28 fe(regulatory T cell, Treg)-T-#7 /& 2
o 64 AE JA AUH].

Fik: KA = A A K AR (trinitro-benzene-
sulfonic acid, TNBS)# 7 ) & X R UCKA | ¥
M- A 5L, R K B AT B (AL, ARA
20(B41), MSCs#i(C4L), £ % % 20(D4), £ %
F I AMSCsZL(E4R). MLIRA 2K RA94T A4
E AR IR B AR H L, F S KR SR
4(gross morphological score, GMS) % 3% 22 37
1%+ 4 (histopathologic damage score, HDS),
Ftif i A K 4 i AR (flow cytometer, FCM)#in]
A 4ATh17 % Treg & CD4' Téa et 3028 41
o, 9% 4. 2248 % (immunohistochemistry, IHC)#
MG A-F-17. Foxp3ie 4 Mh2asiel £ ik,

Z£R: (H)EEwaki, #2848 KAGMS.

HDS3 " 27+ %(0.00+0.00 vs 4.63+0.74;
0.25+0.46 vs 4.0010.53, P<0.01), Tregm {2
I ) o B 2 B 4L 0 kA 3 TR, Th1780 &
k¥ LR, 2 F A %I FEL(B.01£0.29 vs
1.1640.18; 9.50+1.60 vs 0.88+0.64; 0.63+
0.13 vs 4.56+0.21; 0.88+0.64 vs 7.75+1.16,
P<0.01); 2)5# A 481k, &% 77 AGMS,

HDS# ] A, 275 R %7 &L (4.63+
0.74 vs 2.1240.64, 2.0040.53, 1.00£0.53;
4.004+0.53 vs 2.00+0.53, 1.884+0.83, 1.25+
0.46, P<0.01); &% 77 4ATregm L F ik ¥ A 2
LA, mThl7miee £k %A TR, £57
A%t EN(1.16£0.18 vs 3.2940.18, 3.19
+0.20, 5.00£0.19; 0.88+0.64 vs 3.75+0.46,
4.0040.92, 6.88+1.25; 4.5640.21 vs 2.60+
0.15, 2.59+0.23, 1.52+0.21; 0.88+0.64 vs
3.75+0.46, 4.00+0.92, 6.88+1.25, P<0.01);
(3)BE A8 /7 4AGMS. HDS# 25404 77 L%
&(1.00+0.53 vs 2.1240.64, 2.00+0.53; 1.25
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+0.46 vs 2.0010.53, 1.8840.83, P<0.05), H
TregZm ek k3 R 3 Fifl, mThl7%m Mk ik
HRETIA, £2FA%+FE3L(5.00£0.19
vs 3.2940.18, 3.1940.20; 6.88+1.25 vs 3.75
+0.46, 4.00+0.92; 1.52+0.21 vs 2.6040.15,
2.5940.23; 2.384+0.92 vs 5.00+1.07, 4.62+
1.19, P<0.01).

it £ AP AMSCsht 2B ZUCK R
K BB TR BE A IS A, HA T R a9 AL
T #6598 Treg/Th17-F# A %.
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Pirf e ., AR B eI 2238 R A MSCs
XTUCHELRR UKV 7 VR, I i e — & )
UCK M Treg/Th1 78520, FREXUCIHIT B H]
AeAE FHALL.

1 R

1.1 ## FESPFZ & Sprague-Dawley(SD) K
B, PRJHE180-220 g, FHARIMES 2= Be s sE 5 h
LML TNBS K22 £ HSigmad r]; K
FITC-anti rat CD29. KE{PE-anti rat CD44, KX
FFITC-anti rat CD34, KRFITC-anti rat CD4,
KR PE-anti rat CD4, KR FITC-anti rat [/}
#%-17(interleukin-17, 1L-17), K{APC-anti rat
CD25, K PE-anti rat Foxp34#4JlJ [ Biolegend A
wl; G AU AR S A JE AR A
Foxp3Iie) H iy 1 48, 1L-17)1 H Abcam/A 7).
1.2 7

1.2.1 Sy 5 B AEA B & RS2 K BB HL >
S, B8, 43 IE R (AL, BB (B
41), MSCsZ(C4l), LI RM(DA), L RIS
MSCs41(EA). i KR A%ER36 h, 10%
IKA G (3.5 mL/kg) M i 56 IR K R, B 15
AIA6, BRI, FHE A2 mmPRERE AKX
AR IENLT 128 cmid, F5% =R R TE IR
#2100 mg/kg(TNBS)# T- 45K $1500 mL/L £ ¥
VEWG. TE AR B AR R s, 7 LA AR B b K
J1, 2 Je# K AR B 2-3 min, B 2543 T
1.2.2 MSCs# 5 & . 3#HA%EZ: SDARAEL
Tk BRI )5, B N750 mL/L Z 25 min, JCH
ZAF NBURE R, WE R ELA, FHPBS(&
10 JU/LE# £ 5100 png/LEE% )5 PE3-51K;
W B VP R 22 B, R R, VR
A HCRPMI 16405577 50 i i, AR 17128
L A AT, iR A R, AR
J 1000 r/min 2005 mini 3, BeRp TR,
H37 C. 5%CO M FM IR, 124 hfa H IR
SR IR IE, Je R AR W EE (1) 3 M 40 e, DS 4534
dRE MG IR IE IR, 3 IR M S Cs AR
5. N 9ERRICIPICD29. CD44. CD34¥t
&, M4 (Flow Cytometer, FCM)i3EA 14l
1.2.3 2:25: 3k24 bjE, 1C. EALK RBRIIKIE
AU KIMS Cs(7 26 5 77 4 52 2 U SCHR 8] 4
AR LRI 1 X 10°/mL 13, 44411 Rk
SR PBSH M LIK. MIERIEE 2RI, FERF
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D. BRSO mg/kegZ T EMDMS ORI i#E
B, RS0 5 TERBIIDMSOW R, HE4k7
d. JB7IRE 2524 h)g, BRIER B, 280 R HCK
AN A M2 mLATFCMIM e, [R) i35 BRER H A B
SEImA LA, W RN I A5 T, ok A3k
KB g A 2R, ABOARPESy, o3 B3 P47,
JHON FE B ] s i, A A e D)y, ATHE S £
a5 A AN,

1.2.4 MSCs#m %2 BUERIEFR IR NS
AR 40 B ) 5 A kT, e A AR Dy v E
CD29. CD44BH:484x, CD34B MRk FeFR, 1T
FCMIlll 5 % 7E 4 1.

1.2.5 R A —MR ot @A R4 FOOR R T
FRpR TR IRl %, RIS R ol 753,
HEEr . IEVE A ORI ST PR AR 10 A5 I RE AR
1.2.6 &M ek KA EEEEPYE 57k,
1745 B KAR T 25 B L GU0 B2 310 047

1.2.7 X gm Ao A 52 (D) FRECANZ 400 BT
M2 mLINPBSH2 mLAMRE G, W REMR
AR A ST 4 m Lk ELAN o) SR Y
(ERE2) 50 BHiRE), 2852000 r/minsKF &
020 min, E W H4ZE, B B F KOO L,
AL, WUk A4 LU, B A
AN R A L T (7 T A B 23 S R
FHii &), AV RERER A AN . 4R )5 HIPBS
VR PR, BE%2000 r/minL210 min, 5 )5 1]
RPMI 1640385 75504 41 AL 8 1 X 10°/m L1 41 fild
B (2)Th1 740 B il 2 : B mL40 M, 76
NP RE TR A2 uLEPMA. ionomycin.
BFAMRA R, & TEPE Y, 37 C, 5%CO,

L, JIAKERCDAEE G F30 min, JIA [ E
500 pL, 4 CEEEIFE20 min; PBSYELR, B0
(1200 r/min)5 min, 57 L3F. BHEAT, TG
#1.5 mL, #6155 min. 2> 976 & & HINAIL-17
PUR2 uL, BHEIEA), BEGHF H 30 min. PBSUERR,
B, TR, FCM_EML; (3)Tregdi o itoAa il
W SRBU 40 M P B S H ik, 1 M2 40 i 15 249 1 X
10°/mL, K IIA K CD4, KR CD2S, i
H30 min, JIAEEWS00 pL, 4 CTHEROLHEFH 20
min; PBSYER, 25/0:(1200 r/min)5 min, 7 5.
REIRA], AR5 mL, #5615 min. i
AFoxp3fT# A Pifkbric, 4 CEEYEIFF 30 min.
PBSPE, 20y, F AL, FCM_EAL.

1.2.8 2528471117, Foxp3#9 & ik: Fl 4
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1 MSCsREIMGHIRITRIA.

|
; 8§ sor
a0t 5 ‘. 401 ﬁ 40
e 0 -

10° 10° 10* O1o0 10 10°
CD44-PE

paxc] KEFED RIS RS
AR 0.00 +0.00° 0.25 +0.46"™
B/H 4.63+0.74 4.00+0.53
CH 2.12 +0.64™ 2.00 +0.53"
DA 2.00 +0.53™ 1.88+0.83"
EH 1.00 +0.53° 1.25+0.46°

°P<0.01 vs BH; °P<0.05 vs EZH. AZH: [EE2H; BZH: #&HU4H; C
4H: MSCs#E; D/H: ZEEA; B ZBREFSMSCs4H. MSCs:
SHEERHRTOR.

A2 SPYERTIN, A1Z30) J s 5 3% 1 B AT 1
G B RO AT LR IE 5, K T
TN3%H,0,. 10 minfH KT P35 VEL S AL,
PBS ML, 1FH M 7E =i~ 515 min, 3§
BRZ R ULVE, 53 51 Pt K RIL-17, Foxp3%
SREPUAR3T CHEE 1 hld Cib i, PBSHE;
IAEY Z A EPUR PR FIRFH 15 min,
PBSTRYE; 4 ik AL P BRI ) B o A 3%
9% 5 15 min, PBSY L, DAB 2 (42-5 min, 75
KREEYIE, BAME. T8 A4
HLBE N IEAT I

Bt 24038 K HISPSS13. 08 A HEAT S 12
PR PR B Mo EAE Y Fimean = SDFRIR.
PR 2L I L P e 5, 22 200 1) B e ) B0 IR 35 22
ST, P<0.05 0 ZE S B Gi i 245 L.

2 B8

2.1 MSCs#a %€ MSCsEIM R EMCD29.
CD44. CD34# MR IE 535 098.86%
98.33%. 0.43%([&I1).

2.2 RAM—RKRAEMARFE LT IEFLIRR
AN HERIER, JolETE M A, B A K B
/b, PR A LB R AE, AT S 3™ &, +
AR5 S AR I T U 0 i, KA MR U i, 7
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M1 120 | 0.43%

10° 10*
CD34-FITC

B Sk AR, SRRV ALL, 1B9T 41K
BRI B AT IR A O 3R 3% B2 iR T ALK
B AT L/ S e LA B A, ISR 24 S SR 3R T 4R
Ui, R IFAG I B R AU AT >
SRR, A LA M AE, T4 2R B2 R
Bl S B, R TR T UG ] T

2.3 K RE Wby KT S ZAF 4 RN
B £ o 6 W S 7S Mt K iy BE RS R R R B,
oy 4 W RER R, DRSS R R AL 2R R FG
L FZGNR YT ALK UL SRS, e, b
B RESE S, JoRNIE. BEE RTINS U
FRl K. SEERIYL LGS, VR 9T 4 45 W F
R BE S, WEOBRIK, ZRAHIT%E XL
(P<0.01). SHZyYihyr ALLLEL, B R IT 414G
WavE o A, 227 535 X (P<0.05). 5 I1EF
ML, KL KEVE 8T, =R A9t
2R (P<0.01)(FE D).

2.4 LR E RILF R IE R R A 4 4
U NRRHES RS, B3 IR, MR 40 o,
K DLRE R EE RS L i AR A ) R HE A 2
fil, T RS, R A RN J2 I = R
kg, KA R AR, B 5L AT WL B
F8; BT AR IR B R A e, S MR 2D,
T . 5 IE 6 AL LA, 4% %% 1903 T 45
BivEor BT, 2 55 Gtk L(P<0.01); 5
B LLER, #1097 AW R Y R I, 25
HYE T2 L (P<0.01); 5 H25¥ia)r A g,
BCE R TT AU BV 4y T %, ZRA Sk XL
(P<0.05). Jp3 22 VF 2 W 1, g 31 1 = 2.

2.5 AR Foxp3. IL-17#) &A1 L Foxp3#
325 1) B P 0 A DL 4 M 0 G 7 2 40 e, R
N2, DA A Al A% Rk T, BRI (AR
FRAE LR, TL-17 32 % WL TR b pz A il A 2
AE (IR EEL T R m 4T 55 8 P 40 B
v B A1, ] AL T 2R B 29 D 8 P 4 i B i
PN R A M 2R e, SRR AR . SR T A,

| BN
AR SR,
% F R AT
B ATERNL
J& 8 fLCD4 T2
o 6y # ik, B
KRR EFHFBR
AMSCsAHEF
CD4'Tm o T &
B KRAUC, &
W EEFE KA
MSCs & #7UC
W 2t Treg#=Th17
) # i dE X R R
7T Bk 69 HUH].
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. RIVBIRAANELZR (%) ANBBRLED)
Thi7 Treg IL-17 Foxp3
AR 0.63+0.13" 8.01+0.29° 0.88+0.64° 9.50 + 1.60°
BZH 4,56 +0.21 1.16+0.18 7.75+1.16 0.88+0.64
CH 2.60+0.15™ 3.29+0.18" 5.00 +1.07™ 3.75+0.46™
DA 2.59+0.23" 3.19+£0.20  462+1.19° 4.00+0.92°
EH 1.52+0.21° 5.00+0.19° 2.38+0.92° 6.88+1.25

°P<0.01 vs B “P<0.01 vs E£H. AZH: IEES4H; B4H: &HU4E; C4H: MSCs?H; D/E: =& R4,
BE: ZEERIXSMSCsA. IL: BNK; Th17: BN TARIR17; Treg: WM TBIE; MSCs: &

R T4e.

2 BEKRBHREBLIIA (HERE x 200). A: [EH2H; B: A, C: MSCSIAITAL, D: ZEZFIAITA; E: ZEEREMSCs
2H; F: GevtIAL 1 R 20 B 3: MSCSIRIT AL 4: EFR|AIGITAL 50 ZFRHCEMSCs4. MSCs: B8 B 7smT48iR.

SIEH ST AL LLRE, &% UIFoxp3 PHPERIE LA
PP, TL-17 B PR YA N 30, 22 53894
Giil 2 B X (P<0.05); SR i, #iRyrdl
Foxp3FH R IA AN £, TL-17BH 1HERIAIHH
Mgl 22 A it E X (P<0.01); S5H2y
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WiayT AL, WAV AF oxp3BH R IA A4
REg D, IL-17BAVEFAR AR B, 72 e 35047 42
TR L(P<0.01)(£2, 3, 4).

2.6 M ;Treg. Th17H7 ECD4' T4mA & 4k
EJIEH O B EOAR, AR & 4 Th1 740 i £ A o
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3
AL 1 EHAH; 2: BEELZH; 3: MSCSIEITAH; 4: 2 EIGITH; 5: WA MSCsZH. MSCs: S8ER75RT40iR.

L TF, Tregd M 43 R AHXS F B, 2R84 8001
R (P<0.01); SEERLILLER, #5741 Thl7
20 A T o LIS A N 98D, Tregdi M 1 43 ELIAI A
i, 25384 Ge ik 2F R X (P<0.01); 521
WHIT AL, BRA VAT AL Th1 740 B0 7 43 EL AR
B, Tregdl M & 43 LA D, 2 R gt
27 (P<0.01)(2).

3 11e

UCHE— PP RIAS A, DUIRYS B30 i £
JL9 Ry 2 BEREAR 1 28 % 45 W B I S R R J2 1
kAR S ARG, RN Fe e R 3
KRHYIN A ThURITh240 i W4
RAPHTAEUCH R ML Hh e EEEAE Y, 4R
Bt XU CKRFHLHIRT TR, FE TR
TECDA T M Hp A7 AE — L85 1 41 i I 3 (Tre g4
Jfd. Th1740 )5 UCH 35 0h B e R
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