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YKL40 potentially via activating the P38 pathway in decreasing

atherosclerotic plaque stability
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To the Editor: Atherosclerosis is the main pathological
feature of ischemic stroke, which remains a major cause
of disability and death worldwide.!'! Vulnerable plaque,
was characterized by ulceration, platelet activation, and
thrombosis, potentially leading to emboli detachment and
stroke.?! Vascular smooth muscle cells (VSMCs), a major
cellular component within lesions, can display pleiotropic
phenotypes, including osteogenic or inﬂammatory phe-
notypes, which may be harmful in maintaining advanced
atherosclerotic plaque stability.’) The modulation of the
function of VSMCs, including proliferation, migration,
and synthesizing the extracellular matrix (ECM) and
matrix metalloproteinase (MMP), is thought to markedly
affect plaque formation and vulnerability.[*l Therefore, it
is of considerable significance to drive harmful VSMCs
toward VSMCs having beneficial properties to strengthen
plaque stability and retard plaque development.

YKL40 is associated with atherosclerosis and serves as a
potential biomarker predicting the occurrence and clinical
outcome of carotid atherosclerosis. YKL40 messenger
RNA (mRNA) expression has been found to be signifi-
cantly elevated in human stable carotid plaques compared
with nondiseased arterial tissues and is even higher in
ruptured plaque.l! Also, YKL40 knockdown can decrease
plaque burden in partially ligated carotid artery of mouse
model, which indicates that YKL40 contributes to the
exacerbation of atherosclerosis.) However, the exact regu-
latory role of YKL40 and its downstream mechanisms in
VSMCs and atherosclerosis are largely unknown. Herein,
we explore the regulatory role of YKL40 in regulating the
function of VSMCs and atherosclerotic lesion stability.

In this study, primary human aortic vascular smooth
muscle cell (HAVSMC) was treated by adenovirus vector
overexpressing the YKL-40 gene or YKL40 recombinant
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protein. The capacity of proliferation, migration, and
synthesis of ECM and MMP was thereafter detected. On
the other hand, low density lipoprotein-deficient (Ldlr—/-)
mice were fed with a high cholesterol diet and received
the tandem stenosis surgery, after which recombinant
YKL40, YKL40 neutralizing antibody, or immunoglobulin
G (IgG) was intravenously administered. Finally, carotid
and aortic atherosclerotic plaques were collected for fur-
ther analysis. The detailed experimental procedures can
be found in the Supplementary materials and methods,
http://links.lww.com/CM9/B921.

First, we evaluated the exogenous role of YKL40 in func-
tional changes in VSMCs. The cell counting kit-8 (CCK-8),
5-ethynyl-2’-deoxyuridine (EdU) assays were used to
analyze cell proliferation. CCK-8 results showed that
human aortic smooth muscle cell (HASMC) viability is
significantly promoted after YKL40 treatment over time
(24 h P <0.05,¢=2.457; 48 h P <0.01, t = 3.946; 72 h
P <0.05, ¢+ = 2.471; Supplementary Figure 1A, http://
links.lww.com/CM9/B921). Moreover, the percentage
of EdU-positive cells was significantly increased in the
YKL40 group compared with control, which indicates
that YKL40-induces proliferation of HASMC (P <0.035,
t = 3.149; Supplementary Figure 1B, http:/links.lww.
com/CM9/B921). In addition, the cell scratch assay and
transwell assay were performed to evaluate the effects
of YKL40 on HASMC migration. Results showed that
the migration of HASMC was significantly induced by
YKL40 treatment compared with control (scratch assay,
P <0.05, ¢t = 3.605; transwell assay, P <0.05, t = 4.457,
Supplementary Figure 1C,D, http://links.lww.com/CM9/
B921). Additionally, after YKL40 treatment, the expression
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of MMP-1, 2, 3 was not significantly altered compared
with control, while MMP-9 expression was significantly
induced by YKL40 in HASMC (mRNA, P <0.05,
t = 4.057; protein, P <0.05, ¢ = 3.679; Supplementary
Figure 1E,F http:/links.lww.com/CM9/B921). We further
explored the effects of YKL40 on the expression of con-
tractile and synthetic markers. The results demonstrated
that the expression of contractile markers including
o-SMA (a-smooth muscle actin), smooth muscle 22-a
(SM22a.), calponin, smoothlin, and myosin heavy chain
11 were not markedly altered in HASMC treated with
YKL40 compared with control [Supplementary Figure 2,
http:/links.Iww.com/CM9/B921]. The above results
indicate that YKL40, as an exogenous stimulus, could
induce proliferation, migration, and MMP-9 expression
of VSMC, but without switching its phenotype.

We further explored the endogenous role of YKL40 on
VSMC function using adenovirus-YKL-40 or ad-negative
control (NC). The infection efficacy has been evidenced
by reverse transcription quantitative real-time PCR and
Western Blotting results, which demonstrated an approx-
imately 1.2 x 10-fold®’ and 1.0-fold elevation in mRNA
and protein expression of YKLA40, respectively, in VSMCs
(mRNA, P <0.001, £ = 10.79; protein, P <0.01, £ = 6.843,
Supplementary Figure 3, http:/links.lww.com/CM9/B921).
In accordance with VSMCs exogenously treated by recombi-
nant YKLA40, YKL-40-overexpressed VSMCs also exhibited
notably increased proliferation, migration, and elevated
MMP-9 expression without altering the expression of phe-
notypic markers [Supplementary Figures 4,5, http:/links.
Iww.com/CM9/B921]. The results indicated that YKL40
not only produces an external effect on VSMCs function,
but also acts as an internal factor regulating the capacity of
proliferation, migration, and matrix breakdown in VSMCs.
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We further elucidate the mechanism of YKL40-medi-
ated functional changes in VSMC. RNA sequence was
performed on HASMC infected with Ad-YKL-40 or
Ad-NC to explore the potential downstream media-
tors. The results of RNA sequence are demonstrated in
Supplementary Figure 6, http:/links.lww.com/CM9/B921.
The mitogen-activated protein kinase (MAPK) signaling
pathway is observed to be markedly altered and has been
previously demonstrated to be related to VSMC functional
changes. We further verified the bioinformatic results and
demonstrated that the phosphorylation level of p38 in
HASMC was significantly increased in the Ad-YKL-40
group compared with the Ad-NC group (P-P38, P <0.05,
t = 4.201; Supplementary Figure 7A, http://links.Ilww.
com/CM9/B921). The protein level of p38, p53, p-p53,
JNK, and p-JNK was not markedly changed upon YKL40
overexpression. It has been demonstrated that the MAPK
pathways plays a significant role in regulating the VSMC
functional changes. The above results indicated that YKL40
might promote the proliferation, migration, and MMP-9
expression in VSMC via activating p38 MAPK-mediated
actions.

Finally, to validate the role of YKL40 in atherosclerosis,
Ldlr-/- mice were subjected to tandem stenosis surgery
on carotid artery and injected with recombinant YKL40,
YKL40 neutralizing antibody, and IgG as control. The
administration and feeding panels are summarized in
Supplementary Figure 7B, http:/links.lww.com/CM9/
B921. Mice receiving recombinant YKL40 developed
larger necrotic core and decreased fibrous cap content
than those receiving IgG in carotid artery, whereas mice
neutralized with YKL40 antibody presented an opposing
effect compared with control [Figure 1]. Similarly, the
recombinant YKL40 group had a notable decrease in
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Figure 1: Verification of the in vivo effects of YKL40 modulation in carotid atherosclerotic plaque stability. Histological analysis, o.-SMA and MMP-9 immunostaining of carotid atheroscle-
rotic plaque in the YKL40-treated, YKL40-neutralized, and control IgG Ldlr—/-mice. Scale bar = 50 um, n = 5/group, *P <0.05, TP <0.01, ¥P <0.001. a.-SMA: a.-smooth muscle actin;
HE: Hematoxylin and Eosin; IgG: Immunoglobulin G; MMP-9: Matrix metalloproteinase-9; LdIr—/—: Low density lipoprotein-deficient; ns: Not significant; VSMC: Vascular smooth muscle cell.

1004


http://links.lww.com/CM9/B921
http://links.lww.com/CM9/B921
http://links.lww.com/CM9/B921
http://links.lww.com/CM9/B921
http://links.lww.com/CM9/B921
http://links.lww.com/CM9/B921
http://links.lww.com/CM9/B921
http://links.lww.com/CM9/B921
http://links.lww.com/CM9/B921
http://links.lww.com/CM9/B921

Chinese Medical Journal 2024;137(8)

fibrous content in carotid atherosclerotic plaque while the
YKL40 neutralizing group showed a significant increase
in the fibrous content compared with the IgG group
[Figure 1]. However, there was no difference in total
plaque area between the groups. The results indicated
that YKL40 modulation could pose a notable effect upon
plaque stability without intervening in the progression of
atherosclerosis. Furthermore, staining of a-SMA demon-
strated significantly more VSMCs in the carotid plaques
of mice injected with YKL40 neutralizing antibody
compared with control mice. YKL40-treated mice had a
nonsignificant decrease in VSMC content compared with
control IgG; however, the difference is remarkable between
the recombinant YKL40 group and the neutralizing group
(P <0.01, g = 7.003; Figure 1). MMP-9 levels were also
examined in plaques and the results showed that YKL40-
treated mice had a tendency of a larger MMP-9-positive
area compared with control IgG but the difference is not
significant. Conversely, YKL40-neutralized mice had a
nonsignificant opposing effect. Notably, YKL40-treated
mice had significantly higher MMP-9 content compared
with YKL40-neutralized mice (P <0.05, g = 4.845;
Supplementary Figure 7C, http:/links.lww.com/CM9/
B921), indicating that YKL40 could promote MMP-9
expression in vivo. Overall, the results indicated that neu-
tralizing YKL40 might be a viable and potent therapeutic
panel for enhancing plaque stability through affecting the
function of VSMCs.

Overall, our study found that YKL40 could promote the
proliferation, migration, and MMP-9 expression in VSMC
potentially via activating P38 MAPK signaling pathway,
thus decreasing atherosclerotic plaque stability. Neutral-
izing YKL40 may present a viable and potent therapeutic
strategy in enhancing atherosclerotic plaque stability.

WWW.Cmj.org

Funding

This study was funded by grants from the Specifically
Invited Professor of Oriental Scholar of Shanghai Colleges
and Universities Tracking Program (No. GZ2016008)
and grants from the National Natural Science Foundation
of China (No. 81870347)

References

1. Chen W, Li Z, Zhao Y, Chen Y, Huang R. Global and national
burden of atherosclerosis from 1990 to 2019: trend analysis
based on the Global Burden of Disease Study 2019. Chin Med ]
2023;136:2442-2450. doi: 10.1097/CM9.0000000000002839.

2. Xiong XD, Xiong WD, Xiong SS, Chen GH. Research progress
on the risk factors and outcomes of human carotid atherosclerotic
plaques. Chin Med ] 2017;130:722-729. doi: 10.4103/0366-
6999.201598.

3. Sorokin V, Vickneson K, Kofidis T, Woo CC, Lin XY, Foo R,
et al. Role of vascular smooth muscle cell plasticity and interactions
in vessel wall inflammation. Front Immunol 2020;11:599415. doi:
10.3389/fimmu.2020.599415.

4. Harman JL, Jorgensen HE The role of smooth muscle cells in
plaque stability: Therapeutic targeting potential. Br J Pharmacol
2019;176:3741-3753. doi: 10.1111/bph.14779.

5. Tsantilas P, Lao S, Wu Z, Eberhard A, Winski G, Vaerst M,
et al. Chitinase 3 like 1 is a regulator of smooth muscle cell
physiology and atherosclerotic lesion stability. Cardiovasc Res
2021;117:2767-2780. doi: 10.1093/cvr/cvab014.

6. Jung YY, Kim KC, Park MH, Seo Y, Park H, Park MH, et al.
Atherosclerosis is exacerbated by chitinase-3-like-1 in amyloid
precursor protein transgenic mice. Theranostics 2018;8:749-766.
doi: 10.7150/thno.20183.

How to cite this article: Wang C, Liu YD, Huan W, Wu JJ, Jin ], Zou SL,
Chen Y, Qu LFE. YKL40 potentially via activating the P38 pathway in
decreasing atherosclerotic plaque stability. Chin Med ] 2024;137:1003—
1005. doi: 10.1097/CM9.0000000000003038

1005


http://links.lww.com/CM9/B921
http://links.lww.com/CM9/B921

	p1003-CMJ-2022-2493
	YKL40 potentially via activating the P38 pathway in decreasingatherosclerotic plaque stability
	Funding
	References





