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Prophylactic administration of all-trans retinoic acid alleviates inflammation in rats with
collagen-induced arthritis
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Abstract: Objective To investigate the effects of prophylactic administration of all-trans retinoic acid (ATRA) in relieving
inflammation in a rat model of collagen-induced arthritis (CIA). Methods Female Wistar rats (6 to 8 weeks old) were randomly
divided into normal control group, solvent control group, and prophylactic ATRA treatment (0.05, 0.5, and 5 mg/kg) groups.
All the rats except for those in normal control group were subjected to subcutaneous injection of type II collagen and
incomplete Freund adjuvant in the tails to induce CIA, followed by injection on the following day with saline, corn oil or
different doses of ATRA 3 times a week. The arthritis index (AI) scores, histological scores, serum levels of TNF-a, IL-17A, and
IL-10, and expressions of proteases related with cartilage damage were evaluated. Results On the 15th day after the primary
immunization, the Al scores increased significantly in all but the normal control groups; the scores increased progressively in
all the 3 ATRA groups but remained lower than that in the solvent control group, which was stable over time. The rats in the 3
ATRA groups showed obvious pathologies in the knee and ankle joints, but the semi-quantitative scores of pathology damage
showed no significance among them. Compared with those in solvent control group, the serum IL-17A and TNF-a levels
decreased, serum IL-10 level increased, and the expressions of ADAMT-4 and MMP-3 proteins decreased significantly in the
knees in the 3 ATRA groups. Conclusion ATRA can reduce the production of TNF-a and IL-17A and increase the production of
IL-10 to alleviate the inflammation in rats with CIA. ATRA may delay the progression of RA by correcting the imbalance of
Th1/Th2 and Th17/Treg.
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Fig.1 Hindlimb joints of a normal rat (A) and a CIA rat (B).
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Tab.1 Changes of arthritis index over time in different groups
(n=8)

Group 15 days 18 days 21 days
Normal control group 0.00+0.00 0.00+0.00 0.00+0.00
Solvent control group 7.30£1.13*  7.45+1.43* 7.7£1.89*
ATRA low-dose group 3.89+3.89°  4.44+3.36"  4.78+3.07**
ATRA middle-dose group ~ 5.75+2.92 6.38+2.77¢  6.75+2.55*
ATRA high-dose group 4.45+4.37°  5.00£3.95"  5.64+4.34™

*P<0.05 »s normal control group; “P<0.05 »s solvent control group; “P<
0.05 vs 15 d; *P<0.05 vs 18 d.

S

"k

H2 ARBEHTELBHELE

2.3 BHBES

HE YL (4 R 2s FIRTHIRLH I BROC TS th e sk, 56
R THT R ST P TR I 5 AR T2 PR RAL 759
Xof HEZH ] DT A2 26 A | VAR 28 ) g T TEA T A
MAFES , BRIC T 2F n] DA s, SC T B0 T
%, AT WLAER I, KR AU ™ AR R,
ST R /N s ATRA R FIHR 2 T s
FURTRRLH AR, ST PO TIZSH I E 3 ] DLREs A /0
MAEES , D E A ZUCT TR N A58 , BROCTTHE

T3 B E PR B B A B A SUE K
IR IR X /N (B 2) o

Fig.2 HE staining of the knee joints (upper panel) and ankle joints (lower panel) of the rats (Original magnification: x40). A, F:
Normal control group; B, G: Solvent control group; C, H: ATRA low-dose group; D, I: ATRA middle-dose group; E, J: ATRA

high-dose group.
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Tab.2 Effect of ATRA on joint pathological damage scores (11=8)

Group Masakazu score of keen ~ Masakazu score of ankle ~ Synovitis score of knee  Synovitis score of ankle
Normal control group 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00
Solvent control group 2.08+£2.28* 5.58+2.01* 1.25£1.60* 3.75%£1.33*
ATRA low-dose group 1.81+0.92* 4.31+£1.79* 0.93+0.32* 2.81+1.46*
ATRA middle-dose group 1.81+1.51* 4.8742.24* 1.31+1.03* 3.68+1.81*
ATRA high-dose group 1.61+1.83* 3.72+1.75* 1.00+1.14* 2.56+1.21*

*P<0.05 vs normal control group; “P<0.05 s solvent control group.
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Fig.3 Effect of ATRA on protein expression in the rats (x40).
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Tab.3 Effect of ATRA on cytokine levels (1=8)

Group L-10 IL-17A TNF-a
Solvent control group 107.66+33.06 4.00+0.83 97.69+4.78
ATRA low-dose group 159.36+35.68" 3.31+0.90 85.93+4.61"
ATRA middle-dose group 108.23+14.55 3.01+0.80° 95.07+17.18
ATRA high-dose group 153.90+39.46" 2.82+0.72° 84.25+7.31"

*P<0.05 vs solvent control group.
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Tab.4 Effects of ATRA on protein expressions (absorbance) of the rats' knee joint (n=8)

Group ADAMT-4 MMP-1 MMP-3 TIMP-1
Solvent control group 0.10+0.005 0.087+0.003 0.11+0.005 0.16+0.007
ATRA low-dose group 0.09+0.007 0.088+0.001 0.10+0.011 0.16+0.050
ATRA middle-dose group 0.10+0.010 0.087+0.001 0.096+0.001" 0.16+0.040
ATRA high-dose group 0.10+0.005 0.09+0.001" 0.11+0.005 0.16+0.006
*P<0.05 vs solvent control group.
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Tab.5 Effects of ATRA on protein expressions (absorbance) of the rats' ankle joint (1=8)

Group ADAMT-4 MMP-1 MMP-3 TIMP-1

Solvent control group 0.11+0.007 0.087+0.001 0.11+0.01 0.16+0.005

ATRA low-dose group 0.10+0.010 0.086+0.001 0.11+0.007 0.16+0.005

ATRA middle-dose group 0.10+0.060 0.087+0.002 0.11+0.012 0.16+0.004

ATRA high-dose group 0.10+0.007 0.087+0.001 0.13+0.012° 0.16+0.007

*P<0.05 vs solvent control group.

3 Wig

CIAKEBARLEN k) 2 —F P RA S,
M BARZ A2 RA B 20 FMA IR G B R AE
CIA K RBAGE T B ™A A B g sOv; , I
SEWRME A PEPC TP, RS C 15
SIS T CIA K FUSEAY 3l i 75 RATE U 6 1
ATRAXHERK R T 1100, 9T ATRAXT RATE 111
TVE AL SEad A, AR B RAEIR B
W, 2N AR B E 2 BRI, 5 Zhang
FERE AR, BRI H ATRA %]
SRR B AVESSHIC ARG R, HEASAnde, 45
TSI T ATRAXT RASERA TR PRI A

CIARSRY ) 1) B AR A A T8 S T 24
CDAF MBI, T ANAEIE Tb B AH S A PR 7 7= A 2
RA K E Kbl 2 — . WF I, & e 4n i
S ARAE AT IL-17 IL-10 . TNF-a%5:4E RATE it
P R PEE AR, IL-10 22 A S
T FEVR PR o U5 3 2 2 B IR AT I Th2 46 i
Foxp3+Treg 2 g, AT LA ] 155 0k 200 At 43 0% 1L-23, 1]
IL-237E Th17 /-y 4if so e rh s s BRI, 1L-17
ST IUN RT, v DI Skt T 4 ARG
Y, FESHYSEEG R, IL-17 BYAFH CHLA AT B i 2% i
CIA BT RAER , R E 8 R - T
PGSR N T RYFEA™ . TNF-af& RA &L e
BERIE AN Tz —, B Th 400506 , 75 RA M
A TR RIS B 9O0E O R FF B AR, 7E

AT, FeAi 1% B ATRA £ 540 1L-10 Ay F A 7K
HEM, IL-17 AR TNF-alfy 25K 80, S B2
L 2E A GeT2e S R IAFR TR T ATRAXT CIA
TR B A PR IR 1) 28 i FH T BB 41 0F LA R Bl v
ThU/Th2 fITh17/Treg Jffiifi X %4545 Kowk., Yuji
G S5 R — 2 (ARG E AN, ATk
B, AN [ 30) 2 X6 AS ) 2 P PR s 2 A DX 3] 4,
ATRAE . E5 FIEZH 4] 1L-10  TNF-af 38 15 1 5150
X HREH A 25 S8 i b2 S i R g 22 55 ese
SO SO A IL-17A Y R R AA UL S AE . AT
AEJE: P ATRA X FEEEAH G 5 M R - HAT WU U B
YRR AR R L O 2R, HAR R AL 1 AN B
1, T — R

FERRWBIET R, A S T 5 T e
T, X Bi v A TR IR . R EFoT
ADAMTS Fl MMPs 75 RA Y4 H i o A 5501 o
Wi i % REAEH >, ADAMTS-47EH TR
I E TS, EABIFSE T, B nl L&
P76 RAE RN & S BRCTT B 5652 2, HAA o
NS ™ H . ATRA 540 ADAMT-4 (/2K 1
FEIRIKT- RS RRZH 34 I . b3 (HAETROCTY |
ATRAGHI LB I IR A BT T I, 28 7E RAE
J5 T R L I 0] B ATRA ] 75— 58 FEEE | 4 41
ADAMTS-4 X} 8 FH R B AR . AFIE 4 R W
7, CIA K MMP-3 1 85 (H 2k B g (H7E G
A5, ATRA H751) 520 MMP-3 [ 285 1 3 AR 57 % R



http://www.j-smu.com

J South Med Univ, 2017, 37(2): 172-177

< 177 -

AT, SRR sT 4 R — 8, R ATRA X
MMPs/TIMPs 2 5 A 1 7E 14 24 1IEAE R, (HRCRAS
M

25 L PTR  TER RSO TT RIE U, ATRAE 12
IL-10 f8 4300 , FEAM A TNF-a, IL-17A 2542 48 K 71943
We, T REAE—E R FAIE T Th1/Th2 J2 Thi7/Treg %k
i, NI CIATR BROCTT R LI AAE RNV

S

(1] /N, SRR, W/, 45, JRIFZEIXGEICT S AR R A7 Bt
WFTRIARGEN ). R EE A4, 2013, 13(3): 300-7.

[2] Mclnnes IB, Schett G. The pathogenesis of rheumatoid arthritis[J].
N Engl J Med, 2011, 365(23): 2205-19.

[3] Trentham DE, Townes AS, Kang AH. Autoimmunity to type Il
collagen: an experimental model of arthritis[J]. J Exp, 1977, 146
(3): 857-66.

[4] Falgarone G, Semerano L, Rulle S, et al. Targeting lymphocyte
activation to treat rheumatoid arthritis[J]. Joint Bone Spine, 2009,
76(4): 327-32.

[5] Zhou X, Hua X, Ding X, et al. Trichostatin differentially regulates
Th1 and Th2 responses and alleviates rheumatoid arthritis in mice
[J]. J Clin Immunol, 2011, 31(3): 395-405.

[6] Mucida D, Pino-Lagos K, Kim G, et al. Retinoic acid can directly
promote TGF-beta-mediated Foxp3(+ ) Treg cell conversion of
naive T cells[J]. Immunity, 2009, 30(4): 471-2.

[7] Pino-Lagos K, Guo Y, Noelle RJ. Retinoic acid: a key player in
immunity[J]. Biofactors, 2010, 36(6): 430-6.

[8] Boissier MC. Cell and cytokine imbalances in rheumatoid synovitis
[J]. Joint Bone Spine, 2011, 78(3): 230-4.

[9] Miyabe Y, Miyabe C, Nanki T. Could retinoids be a potential
treatment for rheumatic diseases [J]? Rheumatol Int, 2015, 35(1):
35-41.

(10] B, HHFAHE, R 7, 45, AU CIA K UM IE s 4 Al
T PR ARNARSCE RSB 3], FUNRF241 BRAERR, 2016,
47(4): 479-84.

[11] EAH N EYRIFFE SRR RO RSB mRITFE [ D). 1)1,
2006.

[12] Roth A, Mollenhauer J, Wagner A, et al. Intra-articular injections of

high-molecular-weight hyaluronic acid have biphasic effects on
joint inflammation and destruction in rat antigen-induced arthritis
[J]. Arthritis Res Ther, 2005, 7(3): R677-86.

[13] Holmdahl R, Andersson M, Goldschmidt TJ, et al. Type 1l Collagen
Autoimmunity in Animals and Provocations Leading to Arthritis[J].
Immunol Rev, 1990, 118: 193-232.

[14] TR SERGEIET S A SIS BT N HPP (1], Seashiless,
2011, 28(4): 57-9.

[15] Zhang P, Han D, Tang T, et al. The destruction evaluation in
different foot joints: new ideas in collagen-induced arthritis rat
model[J]. Rheumatol Int, 2009, 29(6): 607-13.

[16] Feldmann M, Brennan FM, Maini RN. Rheumatoid arthritis [J].
Cell, 1996, 85(3): 307-10.

[17] Raychaudhuri B, Fisher CJ, Farver CF, et al. Interleukin 10
(IL-10)-mediated inhibition of inflammatory cytokine production
by human alveolar macrophages [J]. Cytokine, 2000, 12(9):
1348-55.

[18] Kimura A, Kishimoto T. IL-6: Regulator of Treg/Th17 balance[J].
Eur J Immunol, 2010, 40(7): 1830-5.

[19] Yoshimatsu H, Okazaki F, leiri I, et al. Mechaism of the 24 hour
rhythm of tumor necrosis factor-alpha formed by onset of
rheumatoid arthritis[J]. Chronobiol Int, 2014, 31(4): 564-71.

[20] Kwok SK, Park MK, Cho ML, et al. Retinoic acid attenuates
rheumatoid inflammation in mice [J]. J Immunol, 2012, 189(2):
1062-71.

[21] Nozaki YJ, Yamagata T, Sugiyama M, et al. Anti-inflammatory
effect of all-trans-retinoic acid in inflammatory arthritis [J]. Clin
Immunol, 2006, 119(3): 272-9.

[22] 75 4. DDR2 VA MMP-13 5153 FHLHI B H S 2R 48
KA R MDITED]. SEPUZEEE A, 2008.

[23] Glasson SS, Askew R, Sheppard B, et al. Deletion of active
ADAMTSS5 prevents cartilage degradation in a murine model of
osteoarthritis[J]. Nature, 2005, 434(7033): 644-8.

(24143007, AR S S0 A G S 2R T RATDCH Tt
[J]. "PAEIGPREEIMZ%A5: FiFRR, 2013, 7(10): 4485-8.

[25] Yamamoto K, Murphy G, Troeberg L. Extracellular regulation of
metalloproteinases[J]. Matrix Biol, 2015, 44-46: 255-63.

(i 22 1)



