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BE BHH: A4y £ DX(PDX) 2 £ KB X F £ (RA) K RAEAL 6436 77 48 A Zbuh) , & JL st PIBK/AKT/mTOR 45 5 i ¥4 64 %
), Fikadad g FaEHAF I RKRES HRTAERNFF RA KRR, 5% SD X A MAS A 4 48 34 BB 4(n=12): £ SD
XA RA 28(n=12):RA #8 X & ;487 & PDX & 3 20 (n=12,L-PDX %1 ): 4% 10 pgkg/d PDX i 77 ¢ RA BB X R ; H A &
PDX 4 #248(n=12,H-PDX) : 4% 20 wg/kg/d PDX & 75 89 RA #A K R, &K R A5 4 G, KA ELISA x4 m i F IgA.,
IgG . . IgM TNF-o IFN-y IL-4 Fo IL-10 ¢ 7K-F il i HAAEF 4 (HE ) Je &3 K RIRE T % K . 1843 g Atk F & &, Western blot
Mo g 20 22 PI3K . p-PI3K AKT . p-AKT . mTOR , p-mTOR . Bcl-2 . BaxLC3-I,LC3-II #= Becline-1 #4 % ik 258 : 55 RA 20483k,
L-PDX #i#= H-PDX 2084 % % X #5480 (AD#F 53 B E KA (P<0.05), X a2 8 SR SO AR I LR miasg Al 5
RA 284836, L-PDX 48 = H-PDX 2044 fo 7% IgA IgG F= IgM 4-F 3 54& (P<0.05). 5 RA Zi483t,L-PDX 41 4= H-PDX %14 fn 7%
TNF-a = IFN-y 7K-F ¥ Ak, IL-4 Fo IL-10 7K-F ¥+ 35 (P<0.05), 5 RA 41481k, L-PDX 484» H-PDX 20 K R BR & ¥ 7B BLLL L P 49
p-PBBK/PI3K . p-AKT/AKT . p-mTOR/mTOR #= Bcl-2 #7% & 483t £ ik 2 ¥ 4K, @ Bax LC3-II/LC3-1 #= Becline-1 5% & 483t £ ik
EHITFH(P<0.05), Z5iL: KH R AU PDX TH R R RA K RE K, HAUR 58 B k& @ feE L fifhik %.9% . 2] £ Th1/Th2
% # A74) PIBK/AKmTOR 12 5@ 354 %

FERE): £ RUB £ K49 F DXGB K &4 8; Th1/Th2 % 4 ; PIBK/Akt/mTOR 4% 5 18 %
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Effects of Protectin DX on PI3K/AKT/mTOR Signaling Pathway
in a Rat Model of Rheumatoid Arthritis*
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ABSTRACT Objective: To investigate the therapeutic effect and mechanism of protectin DX (PDX) on rheumatoid arthritis (RA) rat
model, and its effect on PI3K/AKT/mTOR signaling pathway. Methods: The RA rat model was induced by subcutaneous injection of
bovine type Il collagen and Freund's complete adjuvant. After modeling, SD rats were randomly divided into 4 groups: Control group
(n=12): normal SD rats, RA group (n=12): RA model rats, low-dose PDX group (L-PDX, n=12): RA model rats treated with 10 ug/kg/d
PDX, high-dose PDX group (H-PDX, n=12): RA model rats treated with 20 pg/kg/d PDX. After 4 weeks of treatment, the serum levels
of IgA, IgG, IgM, TNF-a, IFN-v, IL-4 and IL-10 were detected by ELISA. Rat ankle joint lesions were evaluated by hematoxylin and
eosin (HE) staining. The expressions of PI3K, p-PI3K, AKT, p-AKT, mTOR, p-mTOR, Bcl-2, Bax, LC3-I, LC3-II and Becline-1 in syn-
ovial tissue were detected by immunohistochemical staining or Western blot. Results: Compared with RA group, the arthritis index (AI)
scores of L-PDX group and H-PDX group were significantly decreased (P<0.05), and the infiltration of inflammatory cells, the degree of
cartilage destruction and the proliferation of synovial epithelial cells were reduced. Compared with RA group, the serum IgA, IgG and
IgM contents in L-PDX group and H-PDX group were all decreased (P<0.05). Compared with RA group, the serum levels of TNF-« and
IFN-vy in L-PDX group and H-PDX group were decreased, and the levels of IL-4 and IL-10 were increased (P<0.05). Compared with RA
group, the relative protein expressions of p-PI3K/PI3K, p-AKT/AKT, p-mTOR/mTOR and Bcl-2 in the synovial tissue of the ankle joint
of the rats in L-PDX group and H-PDX group were decreased, while the relative protein expressions of Bax, LC3-II/LC3-I and Becline-1
were increased (P<0.05). Conclusion: This study shows that PDX can effectively alleviate the symptoms of RA rats, and its mechanism is
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related to regulating B lymphocyte activation and humoral immunity, correcting Th1/Th2 imbalance, and inhibiting PI3K/Akt/mTOR sig-

naling pathway.
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FERIE &Y 46 (Rheumatoid arthritis, RA ) & —F L) &5 18
PESIE AR H B e tepints B ETIRR BT RA 1924
W F RGBS L) B AR BT RAFITRI AR (1
WAFTEFZ BERIVER], HAITH 2GR AP BEARTSEAL S 3 3
ity / 25 RGBT FL a4 TR AR R AL 1 (PI3K/AKT/mTOR )
A5 5 B R T 4 MO RS A L DA T W A G B
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B B FIRAIK RA BIRR FUR BIF A 2L A RE R A WS, BEsh,
il PI3K/AKT/mTOR {5538 % AT 0 il RA K B 4901 4t if 34
FE TN A0 M JE TR A e, {402 D(Protectin D,PD) — 1
R NHETR (Docose Hexaenoic Acid, DHA ) 78 IS i 48 i 10 /6
TESYNAEA T, 454712 DX (Protectin DX, PDX) AR 2 K i
R, B T BIPTARRRES), R SCHkHRGE , PDX AR
A TL-10 75 A 3CE A Y S8 AE , FFH0 B G 2 R BRUAY
BB B0, AP HEN PDX Rl fERIATT RA RIBTEZSY),
B, ARG T X RA KRB AIETAE A, IF0 8 T3
X PIBK/AKT/mTOR {55 B 52 , LAY RA FI6HYT SR 4L
EBEE 259

I pHR 5 % ik

L1 474

1.1.1 =gk PDX (871826-47-0,=98%) W12 [E Cay-
man 2w ;4 TRV L (F5881) W [ 36 [ Sigma A& ; 35 [C5E 4
23 (150497) W [ 3% F Chondrex /23 ) ;IgA ELISA X3 &
(KA2506) .1gG ELISA {5 & (KA2507 )l IgM ELISA i3] &
(KA2508) M H & % Abnova /3 m) ; TNF-a ELISA & 7| &
(ER1393) \IFN-y ELISA i3 & (ER0012) . IL-4 ELISA {5 &
(ER0041)#1 IL-10 ELISA &% & (ER0033) g [ 2t I JE B A= 4
BHEA AT IR AR 20 (HE ) Y2 5,355 £ (C0105S ) \RIPA
e (PO013B) BCA 4 vk B il i 157 &2 (P0010) . Quick-
Block™ % [4] # (TBSTw ) (P0231) . BeyoECL Plus (P0018M) Jl5)
HE = RAEYHEARDTEI; B (p)-PI3K (ab182651),
p-AKT (ab38449) p-mTOR (ab84400) Bcl-2 (ab59348) Bax
(ab32503 ) il B-actin(ab8226)— i FHAR i 4 1k 4 Bl (HRP ) 4
100 IgG —Hi (ab6721) 14 [ 35 [E Abcam /3] ; PI3K(4249)
AKT (4691) . mTOR (2983) LC3-I (4599) LC3-II (3868) .Be-
cline-1(3495)—4ilty 5 3£ # Cell Signaling Technology /] .
112 LIz 8 J8 4 M JC 5 8 W R K (SPF) 4
Sprague-Dawley(SD) K il (1K H 280~330 g) 28 R4 e K244
TR BB R g = SR (T UE S SYXK([B)2020-007).
KETE 24°C SS%AXREE (12 h/12 h SEREPR R R B Y SPF 4%
TR SR, AR .

1.2 Fi&
1.2.1 RAZYEEIEIINHHEEBFT 40 H SD KFLRA
SNPERAL, SEATRE AR 1B TR 5 30 Qg A 4% 1:1 i LR
A ekl s FL . S BIE R B R R AR =
RS 0.1 mL ZLF, 7 d RIS S IR ES Y 14d )5,
Wof e BRI AT 267 4 45 %k (Arthritisindex index , AT) 43, AT 1T
Ay FRNANTR 10 43 o /NEE ST BRI TCARAEFNEL 5 1 43 /N E
KATERBELTI ;2 43 /INBE DG B B2 ik 3 43 BROGTW LA R 2
BEAFRET P ;4 43 2R INLL PR B A . Al=4 FoREFK
Iy, B AR 1 K B IR 2280 . 40 HARI R, 2
37 HE T, o 1 IR BAAAEE MG , A TR 82550 .
% SD K FBEHLSY J 4 41 - X BB 2H (n=12) : IE# SD KF;
RA 4] (n=12):RA AR B ; fLHI & PDX &b 4 (n=12,
L-PDX 41 ): #2537 10 pg/kg/d PDX VA Y7 1 RA BALK R ; &5 5
i+ PDX 4bFfiZH (n=12,H-PDX): $% 3% 20 pg/kg/d PDX 657 Y
RA BHEIA B, PDX FH — F LTI (DMSO )i . BRI,
L-PDX 1 #1 H-PDX 21 K B 43 7l I J 3 4% 1 mL 10 A1 20
weg/kg/d i) PDX, XFHEZ1FN RA 2 K BUME s v BT 1 mL Y 5%
DMSO, £ KRIBRELLLA 23 4 JF
122 Mm% IgA.IgG 1 IgM BIIE  JRITP4R)E, S4RR
AR ETRLL , 250053 B9 MLV , SR A ELISA S Al i % IgA 1gG
A IgM 1B i, R v T A 4 IO S 1 1 lE A 7o
123 MFRERTFHNUE RITERE, KEIRIERMN, 2
DA LIS, R ELISA ¥4 1M ¥& H TNF-o JFN-y IL-4 1
IL-10 F7KF RGN 5 v A 42 RO ) S e R A5 184 7
124 FARBHL(HE)LEE  RITER)E, B K REET,
PBS PEi)E , HIEAR T, 4%Z S H [ & 48 h, 10%[#) EDTA
JUR A, o PR I K, — RSB B, A A3 S DDA 5 pum )
F b 1 he IS SRS YR TR ARE7E 37°C Yt 5 min, i
K w10 min, 767 1%ERBR ARG iR 1-5 s, K vhidk 10
min, ZJ5, VIR 5% s A g 4 1~3 min, 85 MK E A,
IR
125 RBAREE  IBITERE, B KB4, 4%%
R, A, PR S pm YT R . SR J5 R HOR
B BEORE IR o V)R 7E 3% AL A IR 15 min fH
W PN R AL R 1, PBS PRI 3 ¥R IMA 0.01 mol/L #r45
PR ENZE v (pHG6.0) J5  F4 U1 7 B R AR HFA EE 100°C, 4%
JERYI R 5%IE 5 1 2F i 6] 10 ming 485 431 F 1:500
TR p-PI3K . p-AKT il p-mTOR —$ifE 4 CHFF LK, H
K,UFFEZERE TS 1:500 780 HRP FRic i) 1gG 9 E
1 h, %85 H PBS ¥k 3 k. DAB &5, [ KKk, TR ARG =
Y FH R, BT RS T,
1.2.6 Western blot #iE B FRIAKE i 1 & 8 A D HIF
B RIPA Z4 i 24 Il 40, aad BCA B (e BE DU 5 3
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B E R I . [l 15% SDS-PAGE Hijk 43 B 4K 11 4%
F %] PVDF it b ¥ l57E QuickBlock™ #f 13 (TBSTw ) H %8
MR EF A 30 min, Jf7E 4C T 5 1:1000 # B PI3K p-PI3K
AKT p-AKT mTOR p-mTOR Bcl-2 Bax,LC3-1,LC3-II Becline-1
1 B-actin 1 MEE . SRIGTE TBST HFiki% 3 ¥k, MK 15 min,
FTOok, HFER S HRP FRCH) 1gG “Hire= il FFH 1 h,Jf
AT TBST Yk 3 ¥, 4K 5 min, 54E 7= A BeyoECL Plus it
5% 1 min, B-actin fENNBEH,
1.3 BUIRGITEN T

FA BRI i SPSS 22.0 #AFHEF T 40T . AIFSE P 3%
S AR GRS FR P bRk . (I
(N3 7 2534 S LSD KB IS LA Z A9 22 5. P<0.05 Fi
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Fig.1 Arthritis Index (Al) scores of rats in each group
Note: compared with control group, *P<0.05; compared with RA group,
"P<0.05.
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Fig.2 HE staining of ankle joints of rats in each group (100x )

2.2 PDX 3t RA KR IiE IgA . IgG #1 IgM 2220
AR TgA TgG Al IgM & kg5 R Bos . 5
Xof HRZLAH E, RA A K RIS H 1gA 1gG F1 IgM & wr ¥t =

(P<0.05). 5 RA #4141, L-PDX £ Al H-PDX £ BLAd il 3% o
IgA IgG Fil IgM e Y IRA%, 2 IR AR F IR (P<0.05) .
W 1,

£ 1 HEAKFRHME IgAJgG 1 IgM EE(xt 5)
Table 1 Serum IgA, IgG and IgM content of rats in each group (vt s)

Groups IgA (ng/mL) IgG (pg/mL) 1gM (pg/mL)
Control 16.83+ 0.72 23.05+ 1.00 21.87+ 0.83
RA 21.82+ 0.93* 27.84+ 1.36* 2533+ 0.92*
L-PDX 18.22+ 1.02* 24.07+ 1.35* 22.14+ 1.80°
H-PDX 15.79+ 0.53% 22.00% 0.95% 20.95+ 1.54%
F 122.172 55.257 24.498
P <0.001 <0.001 <0.001

Note: compared with control group, *P<0.05; compared with RA group, “P<0.05; compared with L-PDX group, P<0.05.

2.3 PDX X} RA KR IMi#&F TNF-a IFN-y IL-4 #1 IL-10 7K F &)

S

20 KUY L7 TNF-o JFN-y IL-4 1 IL-10 7K 46100 45
SRR, SXIRAAE H, RA 41K A9 M o TNF-o F1 IFN-y
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AKF-HF i IL-4 1 IL-10 JKF-HIREL (P<0.05). 5 RA 4HAH
L, L-PDX 41 A1 H-PDX 21 K B 13 o TNF- Fi1 IFN-y 7K

PIRAR, IL-4 F1 IL-10 /KB T,
IJ_II_J%% 20

IR B M (P<0.05)

*2 BEAKRKIMFE TNF-o [FN-y IL-4 F1 IL-10 7K F (5 5)
Table 2 Serum TNF-q, IFN-y, IL-4 and IL-10 levels of rats in each group (x* s)

Groups TNF-a (pg/mL) IFN-v (pg/mL) IL-4 (pg/mL) IL-10 (pg/mL)
Control 4391+ 5.01 36.71% 3.96 202.75+ 25.88 111.54+ 8.83
RA 207.39+ 23.90%* 184.34+ 18.47* 36.04% 6.07* 47.35+ 8.03*
L-PDX 120.07+ 18.38" 104.59+ 20.237 129.67+ 18.23* 77.26% 16.63*
H-PDX 83.42+ 12.63% 59.16 15.51% 161.16x 20.21% 89.51+ 11.63%
F 213.724 202.620 166.604 62.107
P <0.001 <0.001 <0.001 <0.001

Note: compared with control group, *P<0.05; compared with RA group, “P<0.05; compared with L-PDX group, “P<0.05.

2.4 PDX 3t RA KERER X7 B IEHR PIBK/AKT/mTOR 55
1 BRI R0

GaRE ALY (R S X IR AR HE, RA 21 KRR G 1 e
42 p-PI3K . p-AKT Fil p-mTOR AR K EHTE ., 5
RA #] A 1 ,L-PDX 1 #il H-PDX £ K 5B 56 35 15 Ik 4 22
p-PIBK . p-AKT # p-mTOR BHEZFiA7K F155%(K ., Western blot
FEAMTEE R, ST R, RA 2K SRR SE 1T W AR 4 21
1 p-PI3K/PI3K . p-AKT/AKT F1 p-mTOR/MTOR FY72E [ AH XS %
HETHE (P<0.05), 5 RA 41, L-PDX #1 f1 H-PDX 41k
BB OC T W OB 41 4 b Y p-PIBK/PIBK . p-AKT/AKT Fi
p-mTOR/mTOR [ #E (AT 63k i YRR, S Bk FE At o
fR(P<0.05), WK 3.
2.5 PDX X} RA K BRBEX T i8R AT RN

A AR BT IE I 20 1) Bel-2 Fl Bax [ &b
GEWRE R, 50T IBAUA H RA 41K BB OGS A b i
Bel-2 K [ AH X 2 1k i TH i, Bax 2 [ AH X 26 3k it FRAIR (P<0.
05), 5 RA Zi#f ., L-PDX 2 fl H-PDX 41 K fRUER <17 W 4
2 Bel-2 & IR FRIA R AL, Bax B B Rk BT,
H 2B B AR T 55 (P<0.05) . TR 4.
2.6 PDX 3f RA XFRIRX T8R800

A4 R BB G 1 AR 4 20 i) LC3-I/LC3-1 A1 Becline-1
(R AL R, S0 IRZLAR EE, RA 21K BRUBR & 1 W el
ZU ) LC3-I/LC3-1 Fil Becline-1 5 1A %] 32 ik S P FEK (P<0.
05), 5 RA i, L-PDX 2 1 H-PDX 21 K FRER G 15 ¥ B4
#Arh ) LC3-I/LC3-I Fl Becline-1 & [ AEX Rk ¥ FH 55, A
LB OB ETH 5 (P<0.05). WL S,
3 g

ABF5EH, 10 F1 20 we/ke/d i PDX 24524 4 JHJ5 ,RA KB
) AL PRy REAIG. HE Yo SEss, PDX 3 T RA KR
B L 2 G e RIS, Ff] T W L e A A | 3
SEZERUL] PDX W RER—FAYT RA IRILZY) . PDX g T
PP R AR, HoA SCER B &0ESE T PDX BT R PRk .
GPEVAT AR P, RA S —Fh H B e P , S0 2 &
LI RA B RPN T OB ik AN e B B a0,
PEHGE , M3 1gA IgM 1gG KV m Rk R E RA BFHH AL
TIHZIWI, KT 485 PDX IEYT RA B AT BERLE] , A

4L T PDX MU ERE A, 4558 878, PDX JRY7
FHRELT RA KBUMLT 1gA 1gG Al IgM & it C RIS EsRE A
F& Btk ELAH IS AL AMAOR S e bR R, AAFSE R, PDX 1]
REE LT B Ik L A0 M 5 AL A AT G B % RA

A SCERF W, Th1/Th2 A 251 RA e 5 19 &
FAREFALN  RA FE A ANE I LR B TP A9 Thl 4
PHF( TNF-o il IFN-y ) 7K -0 2 7, Th2 (7] Thl 54, K3
Thl WHEEIAM, 5EiT2] 1F Th1/Th2 2665 o] 4 308 RA B4
I AR, A5 7R, PDX JRYT B PR T RA RERm
7% Thl Z0fI A F (TNF-a Hl IFN-y)7KF {HF4 55 T Th2 41 H
F(IL-4 F1 IL-10) 7K, AT 1E T Th1/Th2 K45, T PDX
1 DHA 7E 8 IS B /R AT 25 40 & k™, i DHA B 5
T ZHM S E YT AE, 14N, DHA {2 kA1 AL RS SR /N B Th2 44
MasrAk, #0i Thl 4affd 534k, TP Th1/Th2 Legl=, i,
AW FEHEN PDX A gl a3 4] IF Thl/Th2 25 Mi7E RA &
PER PR E A

MR A RA A 2R EEI G 2 — 6] RA ¥ 540
A P RE A RA REIR™), PIBK/AKT/mTOR {553 B AE A=
PR RS F R XA AR K FNAETS AR T B R AR s
FEXEZE P, R R RA KRR MW B AN
PI3K/Akt/mTOR {553 M 5 5 0 , H H S 5 IR R
1A ES!, PIBK/AKt/mTOR {5538 [ (40 m AR E 5 v A
Y MOAE N A 2 B A B A, JE R A PR T, AR R,
PDX V&7 W E M H T RA K BB &9 15 B4 4
PI3K/Akt/mTOR {5 & il #3005, JFERAR TP T & A
Bel-2 ik, FHE TIRMT-E A Bax MRk, 1RG5 LR,
PDX n[ {2k RA BRI BN,

AHIFEIEFR Y], PDX JAYT W THm T RA KRBT i
21 27 v fi% LC3-II/LC3-1 1 Becline-1 % [4 % kK ., LC3-I-
I/LC3-I i Becline-1 J&Fi2% F WA EF 11, 32 %] mTOR #1514
=0, LC3 2 AWEbREY, AW, LC3-1 2R he —/ Nt
Z KA O LC3-11, LC3-1/LC3-1 Hu A T i 3 B [ 5 44 51 27,
Becline-1 J&f#HF A AR ATG6 RUMFLEIIRIIREA , 5
PI3K & HHE AR, B ZLIUEH Becline-1 25 17 H /N
RSB W AR TR A, I B W RN A BT IR R A
FHPN, 20 1 W — X I B1], FE I E LA, R SRR A
VR PR s DA B A R A H e A 1 e At
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Fig.3 Activation of PI3K, AKT and mTOR in rat ankle synovial tissue
Note: A: Immunohistochemical staining of p-PI3K, p-AKT and p-mTOR (% 400); B: Proteins of p-PI3K/PI3K, p-AKT/AKT and p-mTOR/mTOR Relative

expression; C: Western blot images; compared with control group, *P<0.05; compared with RA group, “P<0.05; compared with L-PDX group, “P<0.05.
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