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[ Abstract]  Objective To observe whether the IL-23/Th17 inflammatory pathway is involved in the development
of calcific aortic valve disease, and whether secukinumab can delay the progression of calcific aortic valve disease by
inhibiting this pathway. Methods  Forty-seven mice were divided into a blank control group, model group, and

secukinumab group according to the random number table method. The blank control group was fed normal chow, while the
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model group and secukinumab group were fed pro-calcification chow for 16 weeks to establish a calcific aortic valve disease
model. After intervention with secukinumab for 4 weeks, peak flow velocity changes in the aortic valves were detected
under Doppler ultrasonography in all mice. Relevant indexes were determined by hematoxylin and eosin staining, Von
Kossa staining, immunohistochemical staining, ELISA, and qPCR. Results Compared with the model group, the
secukinumab group showed significantly reduced peak flow velocity (P<0.05) and serum IL-6, IL-17, and IL-23 levels
(P<0.05) in the aortic valve. Compared with the secukinumab group, the model group’ s leaflet thickness was
significantly increased, and there were more calcium deposits. Immunohistochemical result showed that macrophage
infiltration (P<0.05), IL-17A (P<0.05) and IL-23 (P >0.05) levels in the valve leaflets were reduced in the
secukinumab group compared with the model group. PCR result suggested that the expression of STAT3, BMP-2, and a-
SMA mRNA was significantly lower in the secukinumab group than the model group ( P<0.05). Conclusions The IL-23/
Th17 inflammatory pathway is involved in the pathogenesis of calcific aortic valve disease. The inflammation, fibrosis,
osteogenic differentiation, and calcification of mouse valves were alleviated after intervention with secukinumab, which may
delay disease progression by inhibiting the IL-23/Th17 inflammatory pathway.
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Table 2 Aortic valve peak flow velocity in various groups of mice at different times
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Figure 1 HE and Von Kossa staining of aortic valve tissue
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Figure 2 Immunohistochemical staining of macrophages, IL-17A, IL-23 in aortic valve tissue
£3 SU/MNG 1L-6 IL-17 1 1L-23 KT (2s)
Table 3 Serum IL-6, IL-17 and 1L-23 levels in mice of each group

21 51 25 6 R IR 2] A PE AT U BT A
Groups Blank control group Model group Secukinumab group
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0 525 XTI, * P<0.05; SERIZAAI, *P<0.05,

Note. Compared with blank control group, *P<0.05. Compared with model group, *P<0. 05.
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Figure 3 Expression ploidy of mRNA for lesion formation-associated proteins in the aortic valve

mRNA FIRfEE BN (P<0.05) , A FEATJLEAPT 28, Notch 38 B AR Y7 #EL A5 . 55K 85 11— 11 IncRNA
ZH 1Y STAT3 mRNA FikfEEUEAR R B 20 /0 (P< HI19 .miRNA-34a RANKL; %5 — 25 | 3 bk ok AT fk 5E
0.05) MR AGTF RS IE R a(Lp(a) ) (HTER 4L

BMP-2 J2id b ibrak, 2R B/R, 5510 MM EEE K 9 M (PCSK9) | 3 i Cla & M
ST ARAIAR L, BERIZH A9 BMP-2 mRNA FIAEHH S (MGP) ZHZUE A i S( Cathepsin S) | Sortilin; 55 =
HIN(P<0.05) , SR b, FUEAILRBTAN  Z8 A SC AT v M S 1 R IR AL (sGC) |
BMP-2 mRNA FiAf540 Z9 /0 (P<0.05) , P2Y RUSPRAZAAR 2 3 SR A W AR 4 B 0 ST 2 A y

a-SMA E N TR i RE R 45 (PPAR-y) KIS PEBS IR L 5412 0K 1 (NPT1) LEE
R BRI ) o-SMA mRNA Fk 8 as (AR IR SBERR/SHNER (INSP6) | IKEEIK A 4 (DPP-4) ;58
AR (P<0.05) , A EA BG4 /NRE U3, G 8 B2 AR 5. i A ok R 1321k 2
a-SMA mRNA 75k fif B0 20 ) G 08/ (P< 0 U5 2 2B 524K BRI BE4E I K & FHF
0.05), NBFETFHRIAIT CAVD WU E 8 B —E e
HE BRI EAIRIT CAVD WG R 254, Rt XF
F CAVD BARHLHI I FR R H AR EE

AR, CAVD T AR XU R BS993 15 ol A ik CAVD AN FRIA A S B AT 05 186 4 117 & A= 1 7 B
] G i AL 0 U R S5 05, PRI e, R & CAVD A SIESUTRUE R, MR 2 R E 400 3308 15 45
KA F L] SRS LERIR T O e s N I RAER N BEZE T CAVD JE B 25 A 845, X
Xt CAVD (N, A F T HREZS I BB 8 PRk R ERR T EmEEMIEMY, 1L-23 il
w, TL-17 76538 SO AT JCBEVE 2 WO 2 2 I 2 Tl

CAVD 5k RERE AL ORI A 2L M fe MR N S 09 AR , 38 I 1 80 W) <3 ) 22 Fh
6 R 2R, Qe s 0 s LR L R O > IS, ROE RN (AN s Bk RERE AL AR |
BEA —E AL AL (BRI S ARG BEA R MERD ) L, Jr 4 H BT VR Z BT 1L-
R RE, EEh bl RS Ll X ish /1 23/Th17 BIGRBFSE, 1L-23/Th17 88 T35 H &
SN EKE REMAEREZER D BEFRMK RBEERRE A BRI AL 123 2R
% e B I B VT 2 2 W2 i g MPR T, S I A R S DR A0 L A e
ko e B AL M0 W AR BB A 25 B, B R ANIEMEE N IEYE G S, SRSl Th7 40 A4 fE AN A
CAVD B M LW B cEER" . X FHB 74 IL-17A IL-17F IL-6 IL-22 I TNF-o' ', 1L-17
5% CAVD WRYTHE A, KRBT 40 4 K658 —  BEZEMWIEN B, ELRIE T Thi7 404, i IL-

3 itig



84 Hh ] AR PR 22 24 7 2024 4F 8 45 34 445 8 1 Chin J Comp Med, August 2024, Vol. 34,No. 8

17A 2 IL-17F 4L, 7T DL e S 32 AR 45 6 ) ot
o7 L 290 B R TR R B T A PR I35 b R A i
fifi G RE R F K F BT B K — R IV RAE Y i
CD4'T 41 & Th17 B RTIARZIM, TGF-B . 1L-6 Al IL-
21 SEA] A0S T Ik T 20 B 42 3 ThO 2 ffd 1) Th17
R A 434k, TS 2 Th17 40 B 1L-23 B S,
J& Th17 4NfRaE Y38 2 6 B f B ;> 78
Th17 405 ki B, RORyt 2 5 g e et 4 7 57 I
FTZ—, 51L-17 £ [FZ5 T ZF A 5 GBI %
PR IL-23 M Th17 ZIEAMLE S5 BNE S
e Je STAT3 #i& ALt RORyt Kik¥Gm, JfF H 5
1L-17 JE R 29 RORE 454 A3 Th17 40
SRR IL-17C, [FF 5 1023 454 )5 19 Th17 20
JH BEASIE 1 TNF-o N2 NF-kB 18 5655 22 U 38 430k 1L-
17 ik — 2 518 RAE R & 4P, JAK2-STAT3 %
i 3 [ P A 1 20 T ) 43 AR B A, 3 B3 ik
AL T (0 TL-6, TL-8 25 1 3% 35 5 250 i 45
i, JF £ = A0 M Ah 56 R ES AR UT B R W T
%i[ﬂ—ﬂ] .

FEF DL AHIE S 3 I AR 85 0 1R R 3R N BROK
#E37 CAVD A 7 R B B 45 7 ) 2 45 JC SRt
T CAVD /NRL, 4558 &P, £ CAVD #5581/ B
1 1L-23/Th17 483 i rhAHSC I 3Rk 3 mr , FLbE
Y SEAENE 22 | IR AL 9 STAT3 . BMP-2, a-SMA &
ML H TL-6 TL-17 TL-23 K349 T8, I e 28
A R 8 Eh DORR, Ud W45 AL g B rh 1L-23/Th17
YN I B IS I R B TR R R A R E 4T
el BB A LS, R BOSE CAVD /N B
A7 a] PEAT JCBAHT iy T 300, /0N B 3 3l Dk e e £ 1 37
R K 1L-6 1L-17 (1L-23 £7 Fr B, 36 b B2 48 1Y
G 2 i S 5 ER DOk /b | R 23 0 SR % e AR 1)
RIE LFHEAL U oAb SES A0 1 035 P 2 | 1
B ) 23 U BT AT RERELIEE T 1L-23/Th17 JAE i #%
TR T RAE RN, SELE T RS AL i kAR . T B
JETE IL-23 5 Th17 945G )5, STAT3 # 3% 4k i fiff
RORvyt 26153401, 20 Th17 40 M B K 1L-17A
IL-17F IL-6 IL-22 fl TNF-a %5 R %EH T, IL-17A 4
JiE A T8 4 TL-17RA Fl IL-17RC 5 = RIKE &
BAHAES, LA R0 20 7™ A 40 1L-6 S5 42 4% 241 Hfd
R 7, SO AR AR i F2 I 04 & A=, AT T bR o A 5
fk, WE AU EAGIVE R IL-17A 65, o7 DLk
PRI 255 A0 L N T TL-17A ) TG B 340 137 10-17
/b AT R TL-23 A T RIEG T 46 1k

A% Th17 , A E—2E4MH T 1L-17 IL-6 \ TNF-« FRE
i IRGE T — FRBNIAE R, AT BE SR 11-17
WG T JAK2-STAT3 {5515 5, DT 5 SO A5 41 il
HNEE A 3R KA DU AT IL-6 . BMP-2 #2383 5,
LI 240 7 s 2 F0 2 2l DO A5 R0 3 1Y) 495 A e
T EAELE, SRR ARE B B A AR AR G, B
T4 T V7 Ak R B i 5 1k 78 B, TN U i o HEAE
CAVD RIMEHECEE 7 it gtk M1 B 4
MfE oy B AF A T CAVD Y 5 W 40 i 3 BE, 76
CAVD i & g st o, JF AW B 51 & RAE ik
JNE , DT A8 34 4 928 200 32 R s ik J . M1
W 210 i 1T 3 2k 3 b TNF-o F1 IL- 1B 412 48 40 it A
T2 2T YAl AR A VIC B LG 2T 4 40 i 2% 3% OF
o P | FEAE A 43 TL-6 41 1 2 146 1 UL 4F 4 4
L 1) o5 A AR A, DT A5 R R DA 27 A b 5
AL

ARIFGTRMAFAE— SR R, 5 —, AR5 A
CAVD WAL BA — & 2ZES, E =, T/>
B B IO R 20 83 /N, FEAS S 85 /0 R AT R
BNl sy, 55 =, CAVD Hui{h & A #tdE L ik
ST ARG IO B X R

1245 A 1k, CAVD XfF ANFEk BiAT & —Fh k%
PEPI , 2 AR B 2 M A SR A R RO I
TR FMGIT 24, B8 O IE 9 P g ik e sl il 3
UG ET2hY , (A e & ZMBEE MRS, &
T BR B LW AF T 1IL-23/Th17 RIEE K S 5
CAVD 78 1 # , {H )& 1L-23/Th17 44 % T H
PRBLHIAS T 205 A S0 00 R R I UE, Rl P22
X} CAVD BT BBk i i, AR A AN A ok —
REXTHE A T AT A AR, TR 3 R A A RL
IRITZIY), 1 CAVD BB KA,

SE Lk

[ 1] GO A S, MOZAFFARIAN D, ROGER V L, et al. Executive
summary; heart disease and stroke statistics—2013 update: a
report from the American Heart Association [ J]. Circulation,
2013, 127(1) . 143-152.

[2] VANDERVENCF, WUP]J, TIBBITTM W, et al. In vitro 3D
model and miRNA drug delivery to target calcific aortic valve
disease [J]. Clin Sci, 2017, 131(3) . 181-195.

[ 3] NIGHTINGALE A K, HOROWITZ J D. Aortic sclerosis: not an
innocent murmur but a marker of increased cardiovascular risk
[J]. Heart, 2005, 91(11) . 1389-1393.

[ 4] PELTONEN T, OHUKAINEN P, RUSKOAHO H, et al.

Targeting vasoactive peptides for managing calcific aortic valve



o [ H A PR 2 275 2024 4E 8 A5 34 %45 8 ] Chin J Comp Med, August 2024, Vol. 34, No. 8 85

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

disease [J]. Ann Med, 2017, 49(1): 63-74.
BAUMGARTNER H, FALK V, BAX J J, et al. 2017 ESC/
EACTS Guidelines for the management of valvular heart disease
[J]. Eur Heart J, 2017, 38(36) : 2739-2791.
OSNABRUGGE R L, MYLOTTE D, HEAD S J, et al. Aortic
stenosis in the elderly: disease prevalence and number of
candidates for transcatheter aortic valve replacement; a meta-
analysis and modeling study [J]. J Am Coll Cardiol, 2013, 62
(11): 1002-1012.

THADEN J J, NKOMO V T, ENRIQUEZ-SARANO M. The
global burden of aortic stenosis [ J]. Prog Cardiovasc Dis, 2014,
56(6): 565-571.

MONCLA L M, BRIEND M, BOSSE Y, et al. Calcific aortic
valve disease; mechanisms, prevention and treatment [ J]. Nat
Rev Cardiol, 2023, 20(8) : 546-559.

NEWBY D E, COWELL S J, BOON N A. Emerging medical
treatments for aortic stenosis: statins, angiotensin converting
enzyme inhibitors, or both? [J]. Heart, 2006, 92(6): 729
-734.

XU D, FU J, JIN L, et al. Circulating and liver resident CD4"
CD25" regulatory T cells actively influence the antiviral immune
response and disease progression in patients with hepatitis B [ J].
J Immunol, 2006, 177(1) . 739-747.

SALLUSTO F, LANZAVECCHIA A. Human Thl7 cells in
infection and autoimmunity [ J]. Microbes Infect, 2009, 11
(5): 620-624.

ALY, AR A 2 - 17 A DR R R A ) 3 3 B AL A 5T
[J]. "hAesLgsbR G, 2019, 36(3) : 571.

HUANG L D. Interleukin-17A deficiency alleviates the progress
of aortic valve calcification in ApoEf/’ mice [ J]. Chin J Exp
Surg, 2019, 36(3): 571.

VON STEBUT E, REICH K, THACI D, et al

secukinumab on endothelial dysfunction and other cardiovascular

Impact of

disease parameters in psoriasis patients over 52 weeks [J]. J
Invest Dermatol, 2019, 139(5) : 1054-1062.

TANDON I, JOHNS S, WOESSNER A, et al. Label-free optical
biomarkers detect early calcific aortic valve disease in a wild-type
mouse model [ J]. BMC Cardiovasc Disord, 2020, 20( 1) ; 521.
SR, XN 5 A 32 3l RO S /s RS 7R H 5 B
WEoEsERE [J]. A AR B A, 2020, 30(11): 133-
139, 145.

ZONG Y H, LIU X C. Comparison and applications of mouse
models in research on calcific aortic valve disease [J]. Chin J
Comp Med, 2020, 30(11): 133-139, 145.
NIEPMANN S T, STEFFEN E, ZIETZER A, et al.
murine wire-induced aortic valve stenosis model mimics human

Clin Res

Graded

functional and morphological disease phenotype [ J].
Cardiol, 2019, 108(8) : 847-856.
COTE N, MAHMUT A, BOSSE Y, et al. Inflammation is
associated with the remodeling of calcific aortic valve disease
[J]. Inflammation, 2013, 36(3): 573-581.
CAPOULADE R, CLAVEL M A, DUMESNIL J G, et al.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Insulin resistance and LVH progression in patients with calcific
aortic stenosis: a substudy of the ASTRONOMER trial [ J].
JACC Cardiovasc Imaging, 2013, 6(2): 165-174.

LINDMAN B R, MERRYMAN W D. Unloading the stenotic path
to identifying medical therapy for calcific aortic valve disease:
barriers and opportunities [ J]. Circulation, 2021, 143(15) .
1455-1457.

KRALER S, BLASER M C, AIKAWA E, et al. Calcific aortic
valve disease: from molecular and cellular mechanisms to medical
therapy [J]. Eur Heart J, 2022, 43(7) : 683-697.

MARTIN M, MOTTA S E, EMMERT M Y. Have we found the
missing link between inflammation, fibrosis, and calcification in
calcific aortic valve disease? [ J]. Eur Heart J, 2023, 44(10) :
899-901.

SCHINOCCA C, RIZZO C, FASANO S, et al. Role of the IL-
23/1L-17 pathway in rheumatic diseases: an overview [ J]. Front
Immunol, 2021, 12 637829.

PATEL D D, KUCHROO V K. Th17 cell pathway in human
immunity : lessons from genetics and therapeutic interventions
[J]. Immunity, 2015, 43(6) . 1040-1051.

IVANOV 1 I, ZHOU L, LITTMAN D R. Transcriptional
regulation of Th17 cell differentiation [ J]. Semin Immunol,
2007, 19(6) . 409-417.

BETTELLI E, CARRIER Y, GAO W, et al. Reciprocal
developmental pathways for the generation of pathogenic effector
TH17 and regulatory T cells [ J]. Nature, 2006, 441(7090) .
235-238.

VELDHOEN M, HOCKING R J, ATKINS C J, et al. TGFbeta
in the context of an inflammatory cytokine milieu supports de novo
differentiation of IL-17-producing T cells [ J]. Immunity, 2006,
24(2) . 179-189.

HUBER M, BRUSTLE A, REINHARD K, et al. IRF4 is
essential for [L-21-mediated
stabilization of the Th17 phenotype [J]. Proc Natl Acad Sci U S
A, 2008, 105(52) : 20846-20851.

WILSON N J, BONIFACE K, CHAN J R, et al. Development,

induction, amplification, and

cytokine profile and function of human interleukin 17-producing
helper T cells [ J]. Nat Immunol, 2007, 8(9) : 950-957.
MORISHIMA N, MIZOGUCHI I, TAKEDA K, et al. TGF-B is
necessary for induction of IL-23R and Th17 differentiation by IL-
6 and 1L-23 [J]. Biochem Biophys Res Commun, 2009, 386
(1): 105-110.

IVANOV I I, MCKENZIE B S, ZHOU L, et al. The orphan
nuclear receptor RORgammat directs the differentiation program of
proinflammatory 1L-17" T helper cells [ J]. Cell, 2006, 126
(6): 1121-1133.

XIA L, TIAN D, HUANG W, et al. Upregulation of IL-23
expression in patients with chronic hepatitis B is mediated by the
HBx/ERK/NF-kB pathway [ J]. J Immunol, 2012, 188(2) .
753-764.

KATSUYAMA T, COMOGLIO F, SEIMIYA M, et al. During
JAK/STAT  coordinates cell

Drosophila  disc  regeneration



86

o AR PR AR 2R AR 2024 4F 8 HAE 34 BE 8 1

Chin J Comp Med, August 2024, Vol. 34 No. 8

[33]

[34]

[35]

proliferation with Dilp8-mediated developmental delay [J]. Proc
Natl Acad Sci U S A, 2015, 112(18) ; E2327-E2336.

VOSS A, BODE G, KERKHOFF C. Double-stranded RNA
induces 1L-8 and MCP-1 gene expression via TLR3 in HaCaT-
keratinocytes [ J]. Inflamm Allergy Drug Targets, 2012, 11
(5): 397-405.

LUO Y P, ZHOU H, KRUEGER J, et al. The role of proto-
oncogene Fra-1 in remodeling the tumor microenvironment in
support of breast tumor cell invasion and progression [ J].
Oncogene, 2010, 29(5) : 662-673.

HJORTNAES J, BUTCHER J, FIGUEIREDO J L, et al

Arterial and aortic valve calcification inversely correlates with

osteoporotic bone remodelling: a role for inflammation [J]. Eur

[36]

[37]

[38]

Heart J, 2010, 31(16) : 1975-1984.

ANSTINE L J, HORNE T E, HORWITZ E M,
Contribution of extra-cardiac cells in murine heart valves is age-
dependent [J]. J Am Heart Assoc, 2017, 6(10) : e007097.
LI G, QIAO W, ZHANG W, et al. The shift of macrophages

et al.

toward M1 phenotype promotes aortic valvular calcification [J]. J
Thorac Cardiovasc Surg, 2017, 153(6) . 1318-1327.

GRIM J C, AGUADO B A, VOGT B J, et al. Secreted factors
from proinflammatory macrophages promote an osteoblast-like
phenotype in valvular interstitial cells [ J]. Arterioscler Thromb

Vasc Biol, 2020, 40(11) : €296-e308.

( Yc#5 B #7)2024-03-26

(LBF 7T R)

[5]

[8]

BPE. 2040 4EBRITHHT A0 G118 55% [N]. BEITHR,
2022-10-13(B02).

GUAN Y Q. The number of new liver cancer cases worldwide will
increase by 55% in 2040 [ N]. Medical newspaper, 2022-10-13
(B02).

CHEN B, ZHOU S, ZHAN Y, et al. Dioscin inhibits the invasion
and migration of hepatocellular carcinoma HepG2 cells by
reversing TGF-B1-induced epithelial-mesenchymal transition [ J].
Molecules, 2019, 24(12) . 2222.

BER, WP, BRI, & BHHUE X HepG2 JH 15 240l 1Y
BRI HIAE L], AR & AR HE, 2021, 37(8): 62~
66, 213.

LIANG Y Q, HUANG Q, CHEN L K, et al. Inhibitory effects of
dioscin on the proliferation of HepG2 cells [ J]. Mod Food Sci
Technol, 2021, 37(8) : 62-66, 213.

R, B, BRI, 4F. FBUL X TN Bel-7402 A
WEE P40 LO2 BEFE AR T Rysgmd [J]. hE R4
i, 2021, 31(3): 30-35.

[10]

[11]

LIANG Y Q, HUANG Q, LIANG T J, et al. Proliferation and
apoptosis of dioscin in Bel-7402 and LO2 cells [ J]. Chin J Comp
Med, 2021, 31(3): 30-35.

AR, IR LA S B-catenin 5 5435 9 40 4
AT EIBLIRIATSE [ D], Sk thEBERIR, 2022,

LI 'Y X. The effect and mechanism of natural product
wedelolactone inducing apoptosis of colorectal cancer cells by
targeting B-catenin [ D ].  Shenyang: China Medical
University, 2022.

MA Q, YU J, ZHANG X, et al. Wnt/B-catenin signaling
pathway-a versatile player in apoptosis and autophagy [ J].
Biochimie, 2023, 211, 57-67.

TONG Q, YI M, KONG P, et al. TRIM36 inhibits tumorigenesis
through the Wnt/B-catenin pathway and promotes caspase-
dependent apoptosis in hepatocellular carcinoma [ J]. Cancer Cell

Int, 2022, 22(1) . 278.

(%5 B #3)2024-03-01



