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A28 K FAR T AR L LR T I A S 64 K B 4 I By b2 U B8 m LR SRR, Vs AR K IR RE S 2L, AR T MR 2A SR B4R 4y, o 7 IFN-
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Effects of vorinostat on immune function in rats with Sjogren syndrome

HU Dan', YUAN Ting*, DONG Zheng’(1. Dept. of Rheumatology and Immunology, Yuncheng Central Hospital
Shanxi Yuncheng 044000, China; 2. Dept. of Otolaryngology, Yuncheng Central Hospital, Shanxi Yuncheng
044000, China;3. Dept. of Ultrasound, Yuncheng Central Hospital, Shanxi Yuncheng 044000, China)

ABSTRACT OBJECTIVE To investigate the effects of vorinostat (SAHA) on immune function in rats with Sjdgren syndrome
(SS) by regulating interleukin-6 (IL-6)/signal transducer and activator of transcription 3 (STAT3). METHODS SS model was
constructed by complete/incomplete Freund’s adjuvant immune induction, and the rats with successful modeling were divided into
model group, SAHA low-dose, medium-dose and high-dose groups (25, 50, 100 mg/kg), and high-dose SAHA+IL-6/STAT3
signaling pathway activator group (100 mg/kg SAHA+0.05 mg/kg recombinant IL-6 protein), with 10 rats in each group. Another
10 healthy rats were collected as the control group. Rats in each group were intraperitoneally injected with the corresponding drug/
normal saline, once a day, for consecutive 2 weeks. The water intake (1 d) and saliva flow (10 min) of rats in each group were
measured, and the spleen index and submandibular gland index were measured; pathological changes in submandibular gland tissue
were observed. The serum levels of interferon-y (IFN-vy), IL-17 and IL-10 were detected, and the differentiation of T lymphocyte
subgroups in peripheral blood was also detected; the expressions of IL-6/STAT3 signaling pathway-related proteins in
submandibular gland were detected. RESULTS Compared with the control group, obvious focal infiltration of lymphocytes was
observed in the submandibular gland tissue of rats in the model group, and the number of acinar cells was decreased significantly;
the water intake, spleen index, pathological score of submandibular gland, serum levels of IFN-v and IL-17, and the ratios of
helper T cell 1 (Thl) and Thl7 as well as the protein expression of IL-6 and the protein phosphorylation of STAT3 in
submandibular gland were increased obviously (P<<0.05) ; the saliva flow, submandibular gland index, serum level of IL-10 and
regulatory T cell (Treg) ratio were obviously decreased (P<<0.05). Compared with the model group, the damage to the
submandibular gland in SAHA groups was relieved, the quantitative indexes were obviously improved in dose-dependent manner
(P<<0.05) ; recombinant IL-6 protein could reverse the improvement effect of SAHA on above indexes of rats (P<<0.05).
CONCLUSIONS SAHA can relieve the injury of submandibular gland and regulate its immune function in SS rats, which may be
related to inhibiting the IL-6/STAT3 signaling pathway.

KEYWORDS vorinostat; Sjogren syndrome; immune fun-
ction; IL-6/STAT3 signaling pathway
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T 25 G 1F (Sjogren syndrome, SS) F&— Fi i KA
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AR, SRR AL T AR AEY A ek B (R
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AR L R PRI R 7 L H SR B = A,
PR, 81 S e S I G ) B S e RS R Al , T R
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RT3 (vorinostat, SAHA ) &= —Fh I AR 2 25 14 i
LT (histone deacetylase, HDAC) il 57 , 4 —Fh B
A G EE I P AT AE BT AR, RT3 i g Yy R
B T IRAE /N B S S ™, BFSE 4R Y, 1A LA
% 6(interleukin-6, IL-6 ) & —Fh Z AN -, AT 25 4
YN ARAE i I AR R R B AR R, Az i
455 J5 TS AR 5 e 5 SO s TR AL K F- 3 (signal trans-
ducer and activator of transcription 3, STAT3) , #F— 1
2R AITE S, IR IL-6/STAT3 {5 53 I 5 Z
H B o 0 1 & AR R SR O, I AT sE M AILAA 1) e g
TIRE™ . MeAh B BEFEAR L TL-6 ] 3 i B0 STATS3 ok
75 S MERE AN PR A I T T o G BE DR A9 3 55 7 SS Y
KA RN HAE LR, BT, ARG
#t SS K FRUBEAY, #5% SAHA X H Az Dy fik ) 1L-6/STAT3
{5538 B A RZ A, LA R i 00 i I PR YA T T H (B 1 24
YRR

1 #7F#
1.1 FE{ES

AW FE BT 3B A AR AL 45 BX563 7Y 5 il BE ( H A
Olympus 28 F) ) \FACS U3 =04 A% (3 = BD 2 H) ) |
M2 #Y £ I 58 [ A1 1 ( 3¢ [ Molecular Device 23 & ) |
GENESYS 108 #1435 11 (32 [E Thermo Fisher Scien-
tific A Al ) \DYCZ-24K F Ly A (Fb st — AR A
PR/ F])  GelDoc Go HY5E i i 15 7 45 (36 [ Bio-Rad 2
FIDE
1.2 FEHBSIEH

SAHA J5 R} 25 (41 =98%, 155 F0080) Ity [ 4. 5t
TR ERHA R R BRZEFHO I (41 =98%,
775 92-13-7) Iy H 3£ 5] MedKoo Biosciences 23 1l ; #f [
AR5EAAE ] (485 D615-0100) | # & 5¢ A 7 (17 5
D614-0100) ¥4 [ BB SERERME A BRA 7] 5 KR 4l
IL-6 7 [ (IL-6/STAT3 {5 5l B I G 71, 525 RP-2186R )
4 H 3% [E Advanced BioMatrix 23 &) ; MMk H iR (BCA)
& (575 KL-X126) W [ L1 B A AR R A R
Al IIANE-JHL (HE) Y 23057 & (525 B-IR-R117) I H
IR S S R A R B A A BR A 7] 5 T4 % y (inter-
feron-vy , IFN-~y ) i 3K 42 322 W BfF 22 (ELISA) 170 & (9%
5 IKSW71076) 1 [ _Lifg S yiRHE A WA BR A Wl 5 TL-17
ELISA i % £ (155 EK-R36872) W [ I Mg A A= W B
HA R F]1IL-10 ELISA 457 & (585 CSB-E04595r-1)

TEZED 202445 35 5 10

WA A AR A MR A R B 4L 1 (PE) AR i
Bl CD4 LAk (5845 116006) | 541t 5 R ¢ % (FITC) b
O B CDAFL IR (155 130308) Wil 5 2R 11 (APC) FRic
B BLIFN-y 44 (575 505810) L FITC #Ric i B IL-17A
Pt (4545506908 ) 41t [ 35 E BioLegend 24 F ; PE fRic
A4 B SKAE TR B P3 (forkhead box P3, FoxP3) ik (575
12-5773-82) 4 [ 26 [ eBioscience 2\ ) 5 ft i IL-6,
STATS3 B 1k STAT3(phosphorylated STAT3,p-STAT3)
B-NLEN & 1 (B-actin) L4 (5555731 k ab9324 ,ab109085
ab76315,ab8227) ¥4I FH 95 [E Abcam A ] ; BAR 1 A1k
YIRS IC A 1L 2E BT %R 1eG — T (575 HZ131125-100) 11
A g sl A BR A Al

SPF 2 it SD K EL, 6~8 JAile , W ) AR E A9
BHEEA R AR, s A =18 AT UES  SCXK () 2022-
0062, A K EIAEE IR (22 £ 2)°C A 12 h GIETERE |
FHXTREE (55 +5) %M 5544 N 3%, B & MoK, ib
N PEMRSE 1R SRR IS 22500 . AR T R i Wi h
U BE R EE AR FR T B2t vE (415 DWLL2022014)
2 AL
2.1 HEBEIMEIRSETH

2 HRAH S SCHR 7 v F A SS AR, 50 HR BRUE Jes
5} 2% I L 2R RR I IS AR BE , T IC TR AT A3 LA
IR, VIR TR IR ER 2% vh R (PBS) 23K, BT 4 °)C T LA
2 000 r/min £5.0> 20 min, Y4 E 35 (RIG0 N R ) L fff
FHBCA 250 & & & 1, 40 A SE AR FR Y B IR
FEAE R AN AT A 2 2.5 mg/mL (B A2 TH 5
HEH25mg), mHhic MFLAA LA B, FK 0.7
K FERERBR B AN AR T i FLR A 0.1 mL #47
Bag2E ;s TOLBREE 14 K, 7 AR K FRUR SR AT &8 5 1
FLAI B 0.1 mL 3858 502 o 5 K B o /D ELA T B ]
D, B S B A, D R P RE AR AR T o 10 R
BR, TARFIEBAL BT S SRR A R K VR vt BB

P AR AR ) Y R B AR A, SAHAIK L =i 7l
M SAHA S FlE+EmHIL-6 4, 541 10 B, Hrp,
SAHAIL | e 771 2 20 K UM i v 23 25,50, 100 mg/kg
) SAHA (LI BEERACHEFD™ SAHA 1= 7 i+ F 41 1L-6
ZH R BRI i 1 5 100 mg/kg 1 SAHA F10.05 mg/kg (1) 5
ZH TL-6 £ 1 (3 LA BHER /K SR 70)™, X HE 2 FiAs 74 2
K R s S A AR A R K B LUK, 1S 2 JE] .
2.2 KERIRKEFERRENE

KWL ZY )G 24 h g k4R L d koK =, Bl
S5 2 4% 2H R U s 1 5 29% 1 B U - 400 PR TR, P s v B
B ZEFM S me/kg 15 T W 530 ;5 min J5 8 CFRE
) T A BRI R BT A IS R MR 5 10 miin 5, BRCHE AT
BR PR ARER T 22 B0 A K B 10 min (4 MRV U
2.3 ARBEHBBNE

AR K S R R VR A A S S, R 45 2 KRR
R E I T 5 29% 1 B G2 AR RR S, TR 32 B0 ik
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I, 78 FH s Bl AbSEA- AR B, F I 45 0F T B LE |
(NN O N W p RS A e YA R G
TR
24 KR TIFELRRETHNE

KA HE IR MER . B4R R T BRI 408 =, &
4% 2 TEWEE 2 24 h J5  A7TH A S U1 R (&R 3
wm) ; VIR 20 K, 54T HE e, il DA B 60
UL 5 L B A AR I AR s R AR T A b A T BT 4
Tk AR , 10 0 43 5 R EE R L A M= L 12 1 435 P
R 5L 40 6 3 i L A L A Sk 9 L A g kL L 2 2 435 14
WL AR kL 30 343 s > TSR AR At 10 4 01
2.5 KERIMEA IFN-y IL-17 . IL-10 7K 467
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FEURE 7 700 8 100 T 43 O SR8, DA A SRS 00 G 1 v
IFN-y.IL-17 .IL-10 K-,
2.6 KFRSME M T ik B 48 AaTE B 4340 15 L 46

KT A ARAGI . B2.37 50 441K BUE &
SR IAE &, 26 £ 1 DU ZFRPTEE o il 28 41 8 i 542 41
M, e[ 2 3 AL S #R e I 5 8 PE AR iC i CD4
LR Y FITC #ric 19 CD4 B 4% 20 it 2% 1fi A 11 44 2 20
min(4 °C) , ffi F§ APC #xic i IFN-y H & \FITC bric 19
IL-17A $iK S PE ARIC (19 FoxP3 HT A 4H i P 248 Jfa P 7
et 1 h(CERD A I A0 A3 S i i e €2 1 100 I
PEATHOHE 23 A [ 40 9 9 TFN-vy  IL-17A  FoxP3 Y {7 [ 1k
CD4 41l it 4 5 X 07 %8 B T 40 B2 1 (helper T cell 1,
Th1) . Th17 &5 T 40 (regulatory T cell, Treg) , 433!
ARG SN R
2.7 KR TIRALRFIL-6/STAT3 (S S @EBKEXER
iz

K Western blot 7450 . HUAS-2H K AT T B 2141
i i, DL RIPA 24 AE vk L FEBGEAR 1, L 12 000 r/min
B0 5 min, B, 8 BCA K57 &l 2 2 A &
J& AR K TS B 10 min A8 M L BUS E AE 1 (50
pg) AT 10% | ot JL A7 1R 410 - SR VR s T e 5 G L Uk 93
5 B B R AR R ORI L DL 5% BNE FLE A 2
h; VERR S L A TL-6 . STAT3 . p-STAT3 B-actin —t (Fi B
oA 43504 1:1 000,1:2 000,.1:1 000,1:1 000), F-4 °C
WEE L0 VRS, A N 1gG it (B B L 40
1:2000), TEEIFE 2 h; &b AO0E RO, & TH
W SAR G0 F A% . (8 FH Image TE4E%F H 898 H 13
KA AT E BT, DL IL-6 25 11 5 N2 B-actin [ 555
W PEAH H A 7R IL-6 85 1 19 235 K, LA p-STAT3 5
STAT3 £ 4 1Y 25715 K {8 LU (7R STATS 25 FH 1Y B iR
K
2.8 ZitFEFHIE

K SPSS 22.0 KX E AR AT g T b, THE T
B X + s KR, ZALIR] LR SRR 205 2200, iF—
AW HEESR H SNK-g /56, K56 7K E = 0.05,
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3 &R
3.1 SAHA X KRRk EFME R = R0
L0 B2 O, RSB 2 R B A K i 3 T e

RO B 2 AR AR (P<<0.05) 5 S AR 4 %%, SAHA 4571
2R BRI AROK 4 B 2 AT, Ml YR A 2 B 2 T
HA A A8 (P<0.05) 5 5 SAHA &7l & 41 th i,
SAHA = 5 i+ H 21 TL-6 41 K FRAKOK 2 8 35 T i, MRV
Wi B ERE(P<0.05), 4R WFEL,

K1 RAABHRKEMERREILE (x+s,n=10)

gt Pok/(gd) W g
pipiec 380043 24851293
fiAl] 5741052 8631092
SAHA [HIE4 49110504 14734163
SAHA I 4] 4421048 18.05+1.92
SAHA &4l 405044 2193£2.75%
SAHA i+ B4 1L-6 40 5584064 11051 1.46°
a: 50 ARALHEL, P<<0.05;b: SEIARIAL L4, P<0.05;¢: 5SAHA

1) B 41 W, P<<0.05; d: 5 SAHA WA i 41 HL 8, P<0.055¢: 55
SAHA R4 A, P<<0.05,
3.2 SAHA XX FRARAETEEY &7 T ARIE 2L A BN

5k BRAH Ph s, 55 A0 20 R B i) TG 50 0 35 T v
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A5 300  2H R U I S 5 o S RIS, 0 R R R
FTbE, HA RSO (P<<0.05) ; 5 SAHA Eifl 40
Fe5 , SAHA 125 771 42+ 5 2 1L-6 41 K B i) L 96 3 . 3%
Fhi A0 PR A SRR IR (P<<0.05) . SR ILER 2,
x2 BAKXBAIBAEISE . G TIRIEE FRIETES LR
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a: X RAL L3, P<<0.05;b: SAAIZ ILEL, P<<0.05;¢c: 5 SAHA
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I B s, 25 DL 1,
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WA BT (P<0.05), Z5RE2,
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B2 &JEKRSMNEIM Thl EEBIEFRE N E
F4 FBAKXRSMNEAMThL Th17 Treg EbBIEbEE (x + s,
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A Th H% ThITHL % Treg HLf %
A 442104 1514025 13824142
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SAHA 4] 5194057 2441027 1029+126
SAHA Fi 24l 4851048 1894021 12584123
SAHA Fijfl i+ AT IL-641 6.8310.69° 3154033 7854084
a: X BT A, P<<0.05;b: SR S, P<<0.05;¢: 5 SAHA

IR 4 21 He %5, P<<0.05; d: 5 SAHA 1 #8418, P<<0.055e: 5
SAHA R FIH4] i, P<<0.05,
3.6 SAHA Xt KRR & TARAL F IL-6/STAT3 5 S i@ B
HXEARIENZN

55X BRZH P AR ZE R BRUAST T IR ZH 2 IL-6 R
[ 2% 38 7K S A1 STAT3 88 11 B9 B iR Ak /K - 1 25 T+
(P<<0.05) ; SHERILH Ho#z , SAHA 4557 H 40 K BRUAT 1 R
ZH 2 IL-6 25 1119 26 I8 7K - Fl STAT3 45 [ A W R fk K
SR E A, HA R AR (P<<0.05) ;5 SAHA &
72 A, SAHA 55 7 1+ 4 TL-6 41 K BRI~ B4l
2 TL-6 25 [ 1Y 2 15 7K - 1 STAT3 25 H (1 B iR 1k /K -
¥ FE T (P<0.05), 453K 3. .35,
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1 1 1 v A% VI
1 X% RR2H; I A2 5 I . SAHAMRF 4 5 IV . SAHA I 4 5
V : SAHA S FIHE4H ; VI : SAHA = Al +H ZHIL-64H
3 BHAKXRM TIRALH IL-6/STATS {5 5 1 B 1H
XEBAFRIEHEIXE

FT5 FHHEKXRETIFELR G IL-6/STATS 5 518 B 15
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Eibl 1L-6/B-actin p-STAT3/STAT3
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SAHA i+ EATIL-641 1.03:+0.10° 087+0.09

a: 50 ARALHE, P<<0.05;b: SEIRIAL LA, P<0.05;¢: 5 SAHA

I3 4 4] b4, P<<0.05; d: 5 SAHA W I 4] L # , P<0.055¢: 5
SAHA B4 A, P<<0.05,
4 iFig
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|4 Treg He A4 845 Th17/Treg B9-F-4 , A i 4% [ &
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2% i T HRAEY . AWFIEEE R B, 2% rp i
SAHA T i) , SS K BRI T B 41 20993 L0 43 B J 0l
G ERVT 43 RK B | S 8 2 R AT DV O o
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SS 1 &AL [ A 58 A B B, Fob T 4S9 18
PR JRE SN RN 928 28 40 A e VR 51200 1) & A R e o
YIA O™, #5400, SS A 4 I Thl . Th17 i Fl
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CDA' THILH , 2 5 SS By &AM, WE5E48 L, Th17 Fil
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Treg 7F 4 AE AP S i HLAT AH S A A, Th 7 246 ffid v]
1o 43 AR S PR ARE Rl SR AR 02 1 A i RN B e 1)
S, T Treg ) A 38 1 30 5] Th17 b J3E 380055 Sk i %
IiE 2 I HEFE AN E Th17 1 Treg 09 8 2 F A, b ah,
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