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JiE K7 [I98 PR BE X - (tumor necrosis factor-a, TNF-a)« IL-6 1 IL-18] & £/ Jii [#17 5 i & E, (prostaglandin E,,
PGE,)- £ Jii & J& & H [#§-13 (matrix metalloproteinase-13, MMP-13) fil— %L % (nitric oxide, NO)] Fl 1gG ZHi ik (1gG
I 1gG2a) /KFo BhAh, 75 B35 R 18 9k B 45/ A A Thi7 40 bl 4] B Rl 57 1k % 3% DR 7 48 PR IR A 5 AITUA% 32 44 pt
(retinoic acid-related orphan receptor yt, RORyt) F1 1 & 4 A 1~ IL-17AIL-21 1 IL-22 7K, FEAK % o7 IL-17A /K-,
X I 5 /1L T Treg 48 I LU 51 B Ry 57t A% % 5 I8 7 SO ME R A1 P3 (forkhead box P3, Foxp3) Al Zh BE LA 7 IL-10.
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Morin inhibits the imbalance of Th17/Treg to alleviate
collagen-induced arthritis in mice
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Abstract: This study investigated the effect of morin, an active ingredient of the family Moraceae, on collagen-
induced arthritis (CIA) in mice, and explored the underlying mechanism from the perspective of recovering immune
balance. The collagen was used to induce model of CIA in mice, morin was administered by gavage, and arthritis index
(AI) score, imaging and histopathological changes of the paws and ankle joints, and the levels of proinflammatory
factors, proinflammatory mediators as well as the IgG class antibodies in serum were detected. In addition, the
frequencies of T helper 17 (Th17) and regulatory T (Treg) cells and the levels of relevant transcription factors and
functional factors in lymph nodes/spleen as well as the levels of interleukin-17A (IL-17A) and IL-10 in serum were
determined. The results showed that oral administration of morin significantly reduced the Al score, improved joint

swelling and bone damage, reduced the pathological score, and down-regulated the levels of proinflammatory factors
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[tumor necrosis factor-a (TNF-a), IL-6 and IL-15], proinflammatory mediators [prostaglandin E, (PGE,), matrix

metalloproteinase-13 (MMP-13) and nitric oxide (NO)] and IgG class antibodies (IgG and IgG2a) in serum. Moreover,

the percentage of Th17 cells, the expressions of Th17-specific transcription factor retinoic acid-related orphan receptor
yt (RORyt) and functional factors IL-17A, IL-21 and IL-22 in lymph nodes/spleen, as well as the level of IL-17A in
serum were down-regulated, while the percentage of Treg cells, the expressions of Treg-specific transcription factor
forkhead box P3 (Foxp3) and functional factors IL-10 and transforming growth factor-f (TGF-f) in lymph nodes/

spleen, as well as the level of IL-10 in serum were up-regulated. All animal treatments were approved by the

Animal Ethics Committee of China Pharmaceutical University and strictly followed the welfare regulations of

laboratory animals of China Pharmaceutical University. This study indicates the therapeutic effect of morin

on mice with CIA, and the mechanism is associated with the improvement of Th17/Treg imbalance, which

provides a theoretical basis for the clinical application of morin.
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A& /N R 1gG1 ELISA 57 & A1/ B 1gG2a ELISA ik
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(interleukin-17A, IL-17A) $i 44 | 7] % ¥ 55 & (allophy-
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B AT 51 iR % E, (prostaglandin E,, PGE,) 3% i 4 J& & 1
f##-13 (matrix metalloproteinase-13, MMP-13) ELISA i
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DAL, B850, WACER LIS 45 X8 /0 B BI04 R, B
Ja A, BUG I #E 4T micro-CT 134 8 BB 4, 11
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W, 137 °C.5% CO,%AF T E 5 he BEJa, IIAFITC
FRAC I/ B CD4 F4k, 4 °CHEEL I F 30 min. % [#H
5E &l AR 7 8 Ut B 45 BT A 77 ¥ 0\ Medium A 347
[ € o« T4 PBS 22 M b6 5 I\ Medium B 1 PE b

V=]
R LA

EMPT/NER IL-17A BUik, 4 °CEEIFE 1 h, R BES
J& & T HlYe PBS 22 it v, SR HH i =X 48 i R )
Th17 (CD4'IL-17A") 4 b 51

Treg ZH il LL 1 W i€ 78 FH & 10% JIf 2 1L i& 1)
RPMI-1640 $% 7% %= 5 & fr1 bk 2 41 g 23, I FITC
FRIC 3T/ B CD4 HiA& F1 APC ARIC I HT /D i CD25 47t
A, 4 °CHBEYEIF B 30 min. T4 ¥ PBS 28 ph il e 4% i
BN Foxp3 /4 53¢ R G 0,3 551 50 v 1Ry [ e /s B 7]
4 °CHEIGHEE 5 ho BT, IINBB B S2 p I (1%) Pek
UM, JEE B T MBS MO (1) e I PE FRIC I
Pr/h B Foxp3 Pufk, 4 °)ClEYEI H 1 ho FiA PBS 2%
R U 4 O R S SR H R 2N A R U SE Treg
(CD4"CD25 Foxp3”) 4il g Eb. 51

mRNA KM E B R 28 50k 2 45 AR
73 52 B RNA 4 Hi % 5% 0 cDNA. B )5, R H
Q-PCR £ ll 5 RORyt IL-17A . IL-21. IL-22. Foxp3.
IL-10 #1 TGF-B mRNA 7K. #H K 519 7 51 a1 & 1
Frs o
Table 1 Primers used in Q-PCR. RORyt: Retinoic acid-related

orphan receptor yt; IL: Interleukin; Foxp3: Forkhead box P3; TGF-4:

Transforming growth factor-$

Gene Sequence (5°-3")
[-Actin ATCACTATTGGCAACGAGCGGTTC

Forward

Reverse CAGCACTGTGTTGGCATAGAGGTC
RORyt Forward TACCCTACTGAGGACAGG
Reverse CCACATTACACTGCTGGCTG
IL-17A Forward TACCTCAACCGTTCCACGTC
Reverse TTTCCCAACCGCATTGACACA
IL-21 Forward TGGATCCTGAACTTCTATCAGC
Reverse CACGAGGTCAATGATGAATGTC
IL-22 Forward GCAGATAACAACACAGATGTCC
Reverse GTCTTCCAGGGTGAAGTTGAG
Foxp3 Forward TTTCACCTATGCCACCCTTATC
Reverse CATGCGAGTAAACCAATGGTAG
IL-10 Forward TTCTTTCAAACAAAGGACCAGC
Reverse GCAACCCAAGTAACCCTTAAAG
TGF-p Forward AGCTGCGCTTGCAGAGATTA
Reverse CAGCCACTCAGGCGTATCAG

BWitFFHE KA SPSS B AT HIRE 74, T
ERBUIIIME £ briEZE F+s) Bon. WAR ELECE
F e 556 77 7% 2 1 A LR one-way ANOVA 71k .
i 7 ARSI, Wk — 0 RS HR SR . P<0.05%
NHWENER.

HR

1 xHNFRARIE X5 RN R

1.1 SADLES B WE R, TYIR %G5
28 R ZEEE 41K, CIA/NRA 5 T RIAFIFR LRI,
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Figure 1 Effect of morin on the arthritis index (AI) score in collagen-
induced arthritis (CIA) mice. n = 6, ¥ + 5. P < 0.01 vs normal

group; P < 0.05, "P < 0.01 vs CIA group (model group)
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Figure 2 Representative photo and micro-CT imaging of the

paws and ankle joints
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R S OROKREAR 2 . BRAh, S (80 mg-kg) BE
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Figure 3  Effect of morin on the histological changes of ankle joints in CIA mice. Scale bars: 100 um. n = 6, ¥ + 5. P < 0.01 vs normal

group; P < 0.01 vs CIA group
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Figure 4 Effect of morin on the levels of proinflammatory factors, proinflammatory mediators and IgG
n=6,x+s. "P<0.01 vs normal group; ‘P < 0.05, "P<0.01 vs CIA group
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Figure 5 Effect of morin on the frequencies of Th17 and Treg cells in CIA mice. A: The frequencies of Th17 cells in mesenteric lymph nodes

(MLNs) and spleen; B: The frequencies of Treg cells in MLNs and spleen. n = 6, X 5. “P < 0.01 vs normal group; "P < 0.05, “P < 0.01 vs CIA group
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Figure 6

Effect of morin on the levels of Th17- and Treg-related factors in CIA mice. A: The mRNA expression levels of RORyt and

Foxp3 in MLNs and spleen; B: The mRNA expression levels of IL-17A, IL-21, IL-22, IL-10 and TGF-$ in MLNs and spleen; C: The levels
of IL-17A and IL-10 in serum. n = 6, X+ 5. "P < 0.05, P < 0.01 vs normal group; "P < 0.05, “P < 0.01 vs CIA group
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{0 20 RA BT R U, A I 70 0 368 3k 4 57 10 2 i
JR S RN BT B, HE— 20 B A SR (M R AE RA
BTG ). SRR, K (20.40.80 mg-kg!)
VEH R 2, TR R AR I S T B R T B0 BR O T
PPRTRER, H. 80 mg kg 0 2 HIME FH A5 B 4 24 K 4

KAF (2 mg-keg™) A

fERA KA R Fe ik A2 v, 3 #\ 9 CD4" T 4 fia /i
T G R R R R MEVE R . o, Thl7 48
Jf 52 % 5 K -F- RORyt W 4%, 18 I 43 WA IL-17A\IL-21 Al
TL-22 25, JSCTR A B 2T 44 240 it R [ 068 400 e 7 2 TL-6 A
TNF-o 55 SRE T, 5 RIS, H RS (ki 48
FRLTE B~ 38 5 MMPs 3%, 51 9CE FE IR . M,
Treg 4 i FL A7 G 28 J0 i) 355 14, W] 3@ ok B e B Ak 8 4y
IL-10 1 TGF-B 55 ) il ¥4 K 7, 5 $T 658 Th17 4 fu 7
PN 28 PR 4 B IR DB, R HE BT A6 AN 4 FF S R i 52 1R A
RS, BT & Th17/Treg “F %7 7 RA VA J7 H it
X, AT FU N G R T R B R T B R
/N CIA ML . BRI, St (80 mg-kg™) 1f
53 R Th17 4H A b A3 490 ) A 56 R 7 (9 3608 & 4y
W, 5% U Treg 40 Mo Lb 451, X6} Treg 1 5% K 1 1A K&
TR B B R EE R, REF AR TIKE CIA
/INBR R Th17 F1 Treg 28 il () ~F- 465 .

gk bRk, fE—E A EVEE N, REFEX/NR CIA A
A RUFHETT R, BALHIS 2058 Th17/Treg R iAH 5% o

e B 22NV 00 56 S R OIS TAF
INZ 5oy SR I6 A S LA BE R BT Sk IR 4 S AN 32
BT AR,

FIZE S AW SATATHLRAN NI LF 5P
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