W EZE G KPR 2026 4FE 2 H 45 47 45 2 ) https ://xuebao.smmu.edu.cn
e 176 - Academic Journal of Naval Medical University, Feb. 2026, Vol. 47, No. 2

DOI: 10.16781/j.CN31-2187/R.20240844 . % % .

BUFHETIEFEBINMEEFEZK

Lk, ME, ZLR, FHW, & 4
A R A PR e M B AR BR B A RE, IR 200092

(=] a6 B R L0 M 7 45 Ak i 8 v A 40 it 0 28 LA R A8 Ak, SR 36 7 o I A8 45 Ak R #0005
F ik SIWISEK. FF CSTBL/6T /N ERBEHL 2 o HRZH (CTL 40, RA S EIka st 4 &) Mesibd (M4, R
FHRRE I R R SR 4 J8, M ST 10 mg/kg 4EAER D, LTRSS 2 J& ) , S413 Ho R S40i  v5 f
FE/N B B KO LA A PR 2R ik . AR AR S 4 SRR R BT o LA Bt 43 o4 CTL 48 (% 10% FBS Fil 1% 7 %
Z ) DMEM K5 %% ) #1CM 40 (& 10 mmol/L 19 H I # 2 1 1 3 mmol/L CaCl, ) DMEM ¥55% ) , i it qPCR £
DA EE 1 BT P IR PP A I LA M R (R R ik . 46 % A6 T 0 JULZH AR Fh S04 R 3R 0 1) i R SR G AR B, 3 3 B2
JLI e 2 5 13 AT AN Ay 2 . X 2 2N B 3l kT 1 LA A Y 25 57 R SR i B R, G R EAGE ST A T 2
(GPSM2) V-1 AN FA TR AR iR, UNHF M B R Bk ad 2 GPSM2 -1 LA M % i) W 5 | AR T 52
& 3 (SIPR3) " FHWANAEAERL L. SOAEN S AR 100 R, S1PR3FH AN MG kit 72 -f MAPK
{550 S o R 1T D IR A 25 S — 5 E B S AL A ERK /2 BERR A3 . & EREAMET, A
S W LA A i GPSM2 -1 LA MO A% ] STPR3 -8 AN M AE R, 1k, $27m SIPR3 3 WLANMa s v A hdA 7 O 45 45
R

[RIA] FEUE; Ek; AANFELtT ; IRTFT; G B s SRR 25 WY 1 BERRNRSZ 1A 3

[BIAAX] DEE, Wi, %ok, & S0 T S Vi ug i r4E248 1040 (1], 18 E 5 R K224,
2026, 47 (2) : 176-184. DOL: 10.16781/j.CN31-2187/R.20240844.

Changes in subsets of vascular smooth muscle cells under calcification

MA Jingqing, LIN Yanjun, WU Yuanhao, LU Jingli, MENG Shu’
Department of Cardiology, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai 200092, China

[ Abstract | Objective To investigate the differentiation of vascular smooth muscle cells (VSMCs) during
calcification, and to seek the target for the treatment of cardiovascular calcification. Methods Animal experiment:
C57BL/6J mice were randomly assigned to control group (CTL group, fed with normal diet for 4 weeks) or calcification
group (CM group, fed with high-fat and high-purine diet for 4 weeks, intraperitoneal injection of 10 mg/kg vitamin D for 2
weeks), with 3 mice in each group. Single-cell transcriptome sequencing was used to evaluate the gene expression of mouse
aortic smooth muscle cells. Cell experiment: the primary rat smooth muscle cells were assigned to CTL group (cultured in
DMEM containing 10% fetal bovine serum and 1% penicillin) or CM group (cultured in DMEM containing 10 mmol/L
sodium glycerophosphate and 3 mmol/L CaCl,). The gene expression of smooth muscle cells was evaluated by quantitative
polymerase chain reaction and Western blotting. Results When smooth muscle cells changed from contractile phenotype to
osteoblast phenotype, 13 new cell subtypes were identified by single-cell transcriptome sequencing. Differential gene analysis
of smooth muscle cells between the 2 groups showed that the expression of G protein signaling modulator 2 (GPSMZ)+
smooth muscle cells changed the most. Pseudotime trajectory analysis showed that during the calcification process, GPSM2 "
smooth muscle cell clusters may transform into sphingosine-1-phosphate receptor 3 (SIPR3)" cell clusters, suggesting the
change characteristics of smooth muscle cells in calcification environment. Kyoto Encyclopedia of Genes and Genomes
analysis of SIPR3 " smooth muscle cell clusters showed that mitogen-activated protein kinase (MAPK) signaling pathway
was activated during calcification. Western blotting analysis further demonstrated that calcification environment stimulated
extracellular signal-regulated kinase (ERK)1/2 phosphorylation. Conclusion Under calcification condition, vascular smooth
muscle cells transform from the GPSM2" smooth muscle cell cluster to the SIPR3" smooth muscle cell cluster, suggesting

that the SIPR3 " smooth muscle cell cluster may serve as a target for the treatment of cardiovascular calcification.
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Fig1 Cluster analysis within smooth muscle cells under calcification conditions shows 13 cell clusters
A: Cluster analysis; B: Distribution of smooth muscle cells in the CTL group and CM group; C: Differential gene heatmap of smooth
muscle cell expression under calcification; D: Unsupervised clustering identified 13 different groups in smooth muscle cells; E:
Distribution of 13 subtypes of smooth muscle cells in the CTL group and CM group. UMAP: Uniform manifold approximation and
projection; NK: Natural killer; CM: Calcified group; CTL: Control group; FC: Fold change.
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Fig 2 GPSM2 " smooth muscle cell cluster is significantly down-regulated during calcification

A, B: Unsupervised clustering identified 13 groups in smooth muscle cells. Compared with the CTL group, GPSM2" smooth

muscle cells (cluster 1) in the CM group were down-regulated significantly. n=3, x*xs. C, D: GO (C) and KEGG (D) analyses of

differentially expressed genes in GPSM2" smooth muscle cells. GPSM2: G protein signaling modulator 2; CM: Calcified group;

CTL: Control group; ERK: Extracellular signal-regulated kinase; CellP.: Cellular processes; TNF: Tumor necrosis factor; cGMP-

PKG: Cyclic guanosine monophosphate-protein kinase G; EnvIP.: Environmental information processing; HumanD.: Human diseases;

AGE: Advanced glycation end products; RAGE: Receptor for advanced glycation end products; IL: Interleukin; OrgaS.: Organismal

systems; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes.
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Fig3 Pseudotime trajectory shows the transformation of GPSM2" smooth muscle cell cluster to SIPR3™ cell cluster
A: Pseudotime trajectory analysis showed the trend of changes in smooth muscle cells under calcification procedure; B: The changing trends
of 13 different clusters of smooth muscle cells during calcification procedure; C: GPSM2 " smooth muscle cell cluster switched to SIPR3 ™"

smooth muscle cell cluster under calcification. GPSM2: G protein signaling modulator 2; SIPR3: Sphingosine-1-phosphate receptor 3.
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Fig 4 Functional changes of S1PR3" smooth muscle cell cluster under calcification conditions

A, B: KEGG analysis of up-regulated (A) and down-regulated (B) differential genes in SIPR3 " smooth muscle cell cluster during the

calcification circumstances; C: Western blotting results showed that MAPK signaling pathway was up-regulated in rat VSMCs during

the calcification circumstances. SIPR3: Sphingosine-1-phosphate receptor 3; CellP.: Cellular processes; HIF-1: Hypoxia inducible

factor-1; cGMP-PKG: Cyclic guanosine monophosphate-protein kinase G; Rap1: Ras-associated protein 1; MAPK: Mitogen-activated

protein kinase; EnvIP.: Environmental information processing; EGFR: Epidermal growth factor receptor; HumanD.: Human diseases;

OrgaS.: Organismal systems; TGF: Transforming growth factor; HTLV- | : Human T-cell lymphotropic virus type I ; CTL: Control

group; CM: Calcified group; p-ERK1/2: Phosphorylated extracellular signal-regulated kinase 1/2; ERK1/2: Extracellular signal-

regulated kinase 1/2; RUNX2: Runt related transcription factor 2; KEGG: Kyoto Encyclopedia of Genes and Genomes.
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