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[ ABSTRACT | Aim To investigate the mechanism of interleukin-35 (IL-35) in atherosclerosis, we observed the in-
fluence of 1L-35 in atherosclerosis progression and the serum level variation of its related inflammatory factors, interleukin-
10 (IL-10) , transforming growth factor B ( TGF-B) and IL-17, by establishing the animal models of atherosclerosis in
ApoE™™ mice. Methods 24 ApoE™" male healthy mice (8 weeks old) were randomly divided into three groups: con-
trol group, atherosclerosis group and IL-35 treatment group (every mouse received intraperitoneal injection of IL-35 (1.2
mg/kg, qd) after providing basic food for a week). Control group were provided basic food, the other two groups were
provided fatty food to establish the animal models of atherosclerosis. The blood specimen and aorta vascular tissues were
collected after 16 weeks. Hematoxylin-eosin staining was used to observe the atherosclerotic plaque formation, and intima-
media thickness was investigated. ~Expression of IL-10, TGF-B and IL-17 in aortic arteries was detected by immunohisto-
chemical staining. Enzyme-linked immunosorbent assay ( ELISA) method was used to detect the expression level of IL-
10, TGF-B and 1L-17 in mice serum. Results Compared with the control group, atherosclerotic plaque in atheroscle-
rosis group was obviously formed, and the intima-media was obviously thickened (P <0.01), the expression of IL-10 in
aortic arteries were significantly increased( P<0.05) , while no changes were found in the expression of TGF-B in aortic ar-
teries( P>0.05) , and the serum levels of IL-10 and TGF-f were significantly decreased ( P<0.05), the expression of IL-

17 in aortic arteries and the serum levels were significantly increased (P<0.05). Compared with the atherosclerosis
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group, atherosclerotic plaque in IL-35 treatment group were improved, and the intima-media was obviously thinned ( P<

0.01), the expression of 1L-10 and TGF-B and the serum levels were significantly increased ( P<0. 05) , while the expres-

sion of IL-17 and the serum levels were significantly decreased (P<0.05).

Conclusion IL-35 may retard the patho-

genesis of atherosclerosis by down-regulating the levels of inflammatory chemokines 11.-17, up-regulating the levels of anti-

inflammatory chemokines IL-10 and TGF-3.
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Figure 1. HE staining and IMT of aortic arteries in each group of mice(400x)
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Figure 2. Expression of IL-10, TGF-f and IL-17 in aortic arteries in each group of mice(400x)
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Figure 3. Mean density of IL-10, TGF-f and IL-17 in aortic

arteries in each group of mice

2.3 REEETF IL-10,TGF-B K IL-17 ZE/NR M iF
By 7k

SJIEF X FRALAH L, Sl ks AR R Ak 2 1 38 T
10 Fl TGF-B 7Kl A TL-17 K- E T+ 5 5
SRR RERE AL 2H 85, 1L-35 T iH i 3 1L-10 F0
TGF-B KB T, IL-17 K B 3 (A%, 22 51
BAGHE X (P<0.05;% 1),

F 1. HEEEF IL-10, TGF-B & IL-17 ZE = /MR M1 iE i
IKE (x+s,ng/L)
Table 1. IL-10, TGF-$ and IL-17 levels in each group of

mice (x+s,ng/L)

| n IL-10 TGF-B IL-17
s oo i 8  182.58+3.97 120.79+4.95 49.41£2.53
FIIKHEFERELAL 8 106.60+9.01°  83.49+2.18"  65.10+1.86°

IL-35 FHigH 8 197.87+10.24" 142.00+4.80" 54.21x1.07"

a i P<0.05, 5IEH M A A L ;b S P<0.05, 5 3 ik ok ke A Ak 40
A,

3 1 i

SR REREAL I Z N RS 5 IR A A2 i

H AL i o 50 4 B A, {876 30 ok of A A 0 A8 3k
TR 25 A B B 247 0] DAAS I 380 4 SAE 200 Jif A0 4R i A
JBt , $R 7 SRAE S5V 7 B ok o8 A Al Ak 454 Bisf 30 357 ke 3]
HEVEH,

1L-35 il BN 1L-12 RG240 E 7, &
i EBI3 il IL-12p35 P44~ W7 JE 44 B 1) 5% 3Rk, 5
IL-12 1L-23 IL-27 LR 2H % 1L-12 F > 10-35
TE/NE & Treg 4 A A0 HA R, XT Treg 40 A& 4% 41
HlThRe A mEAEM, HAE ZFgm  & PR AE
o AR B, 5609 A S 1L-35 7K 71
A, HL5 HAR P R AE KO Je BEBR (0 A R e M
5K UESE TL-35 75 3 bk o B A AL o e oA E Y
PATERD,

AR SRS EE T 2l ko A A Ak 2 A 1 G R
L BEHIE % A BT O R B G, P e S B 8 0 R
FLUIL-35 THUE, 53 Pk AL i A 240 1L, BEHUE
SRR BT TORRAZ 4, P 6 v S A= 9l B, 1568 T1-35
FLA G 5% B K e R AL HE R 00V X BEHRIE 1
TP 5 P R JELA B S A A

LR KT 542 R B 2 i 5 800 R ORE N AE
SR RERE 1k B & 2E & R R R A AR Y
Hh SR PR [ A A B A FH AT DA R R TR 7 5 4
SR (6] - A7, 10-35 . 1L-10 Al TGF-B 3 2 &
TR Treg 20 H S0 784 43 1 1) EL A5 B R AE FH A6 40 i 1
T EBCR M I VR Oy i B EEAE,
TR IL-10 [ TGF-B J2 Treg 4H Mg % #5417 1 v 7K 41
JRLIE B ) = S 40 A PR, [R] T A B B A e
P | BRI AR 2 43400 1] 20 Jokoks A A8 Ak T B i ot 2 v
HAFEZMEM, IL-17 J& Th17 400 0EE 6 40 i 5
T, HE A SRSk A RE N BT
KA AR B BRI RE R AL K A kR i AR R 117
AT DL 75 5 B 20 O PN R L I A
JLAH B B4 355 Ak, T 22 b 40 it IR 1 S B8 R S BT
TR 2 50 ok 56 A A L 18 0 B, () B TL-17 38 1T
S ECBEH ) B 380 LA K AR E 1l /N 1 R A AR
a2 IR B Bk 28 A AR Y RN AR &
PO TL-35 MR —Fh i 5 76 R IE DT R VE Y
[F] I, 38 ) LASE 5 87 IL-10 \ TGF-B #1 IL-17 By /K
SEAERFT A R S5 02 98 PR () 1) P

ARSI 3E A3 A A E ST IL-35 T3 ApoE™ ™ /MR
Sk RERE T E R, 25 5 % B 1L-35 Wl T sl ks
RERE Ak g A5 AR 52 T) Aot A 00 A 56 8 JE TR 7 1L-10
TGF-B Fl IL-17 By 7K V-, 3 1 fo 28 4 2Lk 24 Y o vk
KB, sk RERE b4 /s BUMLAE BE 1L-10 1L-17 ik
Hm, TGF-B ik K W] B e 42, 7 UL IL-35 + il



338

ISSN 1007-3949 Chin J Arterioscler, Vol 24 ,No 4,2016

J& ,IL-10 [ TGF-B 7 I 45 BEF TR /K- b 3 T, IL-17
IO 25 AR, 38 5 ELISA ¥ % P 30 fhk ok ke £ 4k
/NI IL-10 TGF-B 7KV i AL, i 1L-17
KV BETHE, T LA IL-35 T35, /NS 1L-10,
TGF-B /K- & 3 T+, M3 1L-17 7K F 8 E B AL,
AT BEAE H T E /DN B2 ok ok A A A 95 A8 i A 44
WM PR 800, £ 56 3 2 {EAE 3l ik ok
FERE AL EE S A28 v JR) 3 A E RV o, PR IR 7 5
I 58 PR - A7 , 5 4 56 SCR R B AR — 3 AR SR
Pl 1L-35 5 1L-10 \ TGF-B . IL-17 Z [A] A HAFE FH#
Wi S Jok e A A R AR ) RIS TL-35 W] s i bRt
RHF 1L-10 F1 TGF-B, T IME R K+ 1L-17 BYKF-
Y5 RAE P[] (1) A

25 b AR ANE ST 1L-35 T 7 ApoE ™ /N3N
kRS RERE AL 1 R | Bl ik ok A A A5 A8 W i ek | TL-
10 TGF-B ik M, 1L-17 2635 F I, 3878 1L-35 $1
Sl ik ks 68 AL HL T 7T g 5 LR 45 1L-10 \ TGF-B J¢
1L-17 KA 5, {H B F 3l ko #F 58 16 T2 1 pL i 52
%% 11L-35 B sh ik ks #F 1 AL 7 0T BB 38 ¥ B Ho A AL
il X HBRABFFE AT B Ry B 1k 3 Ik it A A b B2 ALk

i,

[ &% 30K ]

[1] Ross R. Atherosclerosis: an inflammatory disease [J]. N
Engl J Med, 1999, 340, 115-126.

[2] Collison LW, Workman CJ, Kuo TT, et al. The inhibitory
cytokine IL-35 contributes to regulatory T-cell function[ J].
Nature, 2007, 450(7169) : 566-569.

[3] Niedbala W, Wei XQ, Cai B, et al. [L-35 is a novel cyto-
kine with therapeutic effects against collagen-induced ar-
thritis through the expansion of regulatory T cells and sup-
pression of Th17 cells [ J]. Eur J Immunol, 2007, 37
(11): 3 021-029.

[4] Wirtz S, Billmeier U, McHedlidze T, et al. Interleukin-35
mediates mucosal immune responses that protect against T-
cell-dependent colitis [ J ]. Gastroenterology, 2011, 141
(5): 1 875-886.

[5] Lin Y, Huang Y, Lu Z, et al. Decreased plasma IL-35 lev-
els are related to the left ventricular ejection fraction in cor-
onary artery diseases [ J]. PLoS One, 2012, 7 (12):
€52 490.

[6] & i, FMEAE, XURHT, S5 5O 8 3 H 240/
FR-35 KPRl PRI SCBIHRIT [T ] e PR 1L A 0 3
2014, 30(1) ;. 81-84.

(71 2 5K, £ 4%, A&, % 24 i 23180 3 ko
RERE TE R B AL SN EI T T 4080 55 Bh itk T 40 17
PR R ()], S B AE L R, 2013, 21(4):
299-304.

[8] Zhendong Liu, Yingxin Zhao, Fang Wei, et al. Treatment
with telmisartan/rosuvastatin combination has a beneficial
synergistic effect on ameliorating Th17/Treg functional im-
balance in hypertensive patients with carotid atherosclerosis
[J]. Atherosclerosis, 2014, 233 291-299.

[9] BREM, B B, XIRA, & shbkokreitfo ) U Bk
T 4 17 A E T A0 S e R AR ALERIBESE ()],
D MERAE, 2013, 41(5) : 416-421.

[10] Wang L, Gao S, Xu W, et al. Allergic asthma accelerates

atherosclerosis dependent on Th2 and Th17 in apolipopro-
tein E deficient mice[ J]. J Mol Cell Cardiol, 2014, 72
20-27.

[11] Wilson MS, Madala SK, Ramalingam TR, et al. Bleomycin
and IL-lbeta-mediated pulmonary fibrosis is IL-17A
dependent[ J]. J Exp Med, 2010, 207(3) : 535-552.

[12] Christian E, Roland K, Sultan C, et al. Inhibition of
proinflammatory cytokine IL-17 reduces atheroscleroticlle-
sion development in ApoE™" mice[ J]. Circulation, 2007,
116(8) ; T_145-11_ 146.

[13] Christian E, Lili C, Sultan C, et al. Pathogenic mecha-
nisms of IL-17 in atherogenesis in vivo and in vitro studies
[J]. Circulation, 2008, 118(3) . S_310.

[14] Nada P, Athanassios V, Sang HL, et al. Increased ather-
osclerotic lesions and Th17 in interleukin-18 deficient
apolipoprotein E-knockout mice fed high-fat diet[ J]. Mol
Immunol, 2009, 47, 37-45.

[15] Devang NP, Carter AK, Steven RB, et al. Interleukin-17
stimulates C-reactive protein expression in hepatocytes and
smooth muscle cells via p38 MAPK and ERK1 /2-depend-
ent NFkappaB and C/EBPbeta activation [ J]. J Bio
Chem, 2007, 282, 27 229-238.

[16] Zhang S, Yuan J, Yu M, et al. IL-17A facilitates platelet
function through the ERK2 signaling pathway in patients
with acute coronary syndrome[ J]. PLoS One, 2012, 7
(7): €40 641.

(Mo FSH)



