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Flow cytometry
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Antibodies
Antibodies used

the GEO database under accession code "GSE180278 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE180278]", "GSE205587 [https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE205587]", and "GSE206927 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE206927]". The publicly
available RNA-seq data used in this study are available in the BioProject database under accession code "PRJNA562645 [https://www.ncbi.nlm.nih.gov/bioproject/?
term=PRJNA562645]", and in the ArrayExpress database under accession code "E-MTAB-7149 [https://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-7149/]",
and "E-MTAB-8077 [https://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-8077/"]. "GRCh38 [https://ftp.ebi.ac.uk/pub/databases/gencode/Gencode_human/
release_38/GRCh38.primary_assembly.genome.fa.gz]" and "GRCm38 [https://ftp.ebi.ac.uk/pub/databases/gencode/Gencode_mouse/release_M25/
GRCm38.primary_assembly.genome.fa.gz]" were used for the reference genome. All other relevant data supporting the key findings of this study are available
within the article and its Supplementary Information files or from the corresponding author upon reasonable request. Source data are provided with this paper.

The sample size was determined based on previous experiments of our group (https://doi.org/10.1161/CIRCRESAHA.118.312804, https://
doi.org/10.1161/CIRCULATIONAHA.120.046907), and previous studies reported by other groups working on valvular disease and
cardiovascular disease (https://doi.org/10.1161/ATVBAHA.112.300794, https://doi.org/10.1016/j.jacc.2005.09.049). We used the sample size
of the in vivo and in vitro experiments as n&3 individual samples for the proper statistical analysis to represent the sufficient reproducibility in
vivo and in vitro experiments. One exception is the experiment using murine valvular interstitial cell (VIC) culture, which was n=2, but 10 mice
pooled for each individual sample. We did not calculate sample-size calculations to predetermine the sample size.

The number of mice used in single-cell RNA sequencing was determined as for the visualization more than 5,000 cells in total. Based on this,
the number of pooled mice in each experimental group is as follows: C57BL/6J (n=30), Ldlr-/- (n=24), and Apoe-/- group (n=19).

Fig. 2: We failed to collect blood from one mouse of the PCSK9-AAV-infected group, therefore cannot produce lipid profile data in Fig. 2f, g.
Fig. 5k and Fig. 8a: In cell adhesion assay, samples that failed to appropriate whole-mounting on the slide were too hardly damaged to acquire
data, and therefore excluded from the analysis.

For the quality control to our scRNA-seq analysis, we applied these criteria: (1) mitochondrial genes < 10%. (2) gene counts range from 200 to
5,000.

All replication of experiments was successful, and the validation of cell clusters using immunostaining or RNA in situ hybridization was
faithfully confirmed the result of our scRNA-seq analysis. All data (except the data of Fig. 1g, which is n = 2) represent at least three
independent experiments unless otherwise stated. The number of replication of the experiment is provided in the respective figure legend.

In all experiments used in this study, the samples were divided randomly into each different group.

Blinding was not applicable because of the evident morphological differences between the test group and the control group, and in this
regard, blinding would not change the results in the data we collected.

Detailed information is described in the Materials and Methods section and Supplementary Information.

Alexa Fluor 488 anti-mouse CD206 (Clone: C068C2, BioLegend, # 141709, Lot: B174661)

PE anti-mouse CD64 (Clone: X54-5/7.1, BioLegend, # 139304, Lot: B191540)
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Validation

PerCP anti-mouse CD45 (Clone: 30-F11, BioLegend, # 103130, Lot: B236192)

PE/Cy7 anti-mouse/human CD11b (Clone: M1/70, BioLegend, # 101215, Lot: B176837)

Alexa Fluor 647 anti-mouse CD11c (Clone: N418, BioLegend, # 117314, Lot: B155267)

APC/Cy7 anti-mouse MHC class II (I-A/I-E), (Clone: M5/114.15.2, BioLegend, # 107628, Lot: B204231)

BV421 anti-mouse CD3 (Clone: 17A2, BioLegend, # 100228, Lot: B206350)

BV421 anti-mouse CD31 (Clone: MEC13.3, BD Biosciences, # 562939, Lot: 7306835)

FITC anti-mouse CD45 (Clone: 30-F11, BioLegend, # 103107, Lot: B293187)

PE/Cy7 anti-mouse F4/80 (Clone: BM8, BioLegend, # 123114, Lot: B200992)

APC/Cy7 anti-mouse/human CD11b (Clone: M1/70, BioLegend, # 101226, Lot: B222745)

PE anti-mouse CD140a (PDGFR-") (Clone: APA5, BioLegend, # 135905, Lot: B244566)

APC anti-mouse CD140b (PDGFR-#) (Clone: APB5, BioLegend, # 136007, Lot: B256343)

APC/Cy7 anti-mouse PDPN (Podoplanin) (Clone: 8.1.1, BioLegend, # 127417, Lot: B253982)

PE/Cy7 anti-mouse Ly6C (Clone: HK1.4, BioLegend, # 128018, Lot: B175615)

PE anti-mouse Ly6G (Clone: 1A8, BioLegend, # 127607, Lot: B268001)

APC anti-mouse CD115 (Clone: AFS98, BioLegend, # 135509, Lot: B211308)

BV421 anti-mouse/human CD11b (Clone: M1/70, BioLegend, # 101251, Lot: B190213)

FITC anti-mouse CD3 (Clone: 17A2, BioLegend, # 100204, Lot: B172039)

FITC anti-mouse CD19 (Clone: 6D5, BioLegend, # 115505, Lot: B256057)

FITC anti-mouse NK-1.1 (Clone: PK136, BioLegend, # 108705, Lot: B252424)

PE Rat IgG2a, % Isotype Ctrl Antibody (Clone: RTK2758, BioLegend, # 400508)

APC Rat IgG2a, % Isotype Ctrl Antibody (Clone: RTK2758, BioLegend, # 400512)

APC/Cy7 Rat IgG2a, % Isotype Ctrl Antibody (Clone: RTK2758, BioLegend, # 400523, Lot: B250268)

TruStain FcX™ (anti-mouse CD16/32) Antibody (Clone: 93, BioLegend, # 101320, Lot: B230968)

Anti-mouse/human PROX1 (Polyclonal, R&D Systems, # AF2727)

Anti-mouse CD36 (Polyclonal, R&D Systems, # AF2519, Lot: VYQ0220021)

Anti-mouse SR-B1 (Polyclonal, Novus Biologicals, # NB400-104, Lot: U)

Alexa Fluor 488 anti-goat IgG(H+L) (Polyclonal, Invitrogen, # A-11055, Lot: 1771339)

Cy3 anti-rabbit IgG(H+L) (Polyclonal, Jackson ImmunoResearch, # 711-165-152, Lot: 133645)

Anti-mouse CD68 (Clone: FA-11, Bio-Rad, # MCA1957)

Anti-mouse Vimentin (EPR3776, Abcam, # ab92547)

Cy3 anti-rat IgG(H+L) (Polyclonal, Jackson ImmunoResearch, # 712-165-153, Lot: 145787)

Alexa Fluor 647 anti-rabbit IgG(H+L) (Polyclonal, Invitrogen, # A-31573, Lot: 1964354)

HRP anti-rat IgG(H+L) (Polyclonal, Jackson ImmunoResearch, # 712-035-153, Lot: 136714)

Biotin anti-mouse MHC class II (I-A/I-E) (Clone: M5/114.15.2, BioLegend, # 107603, Lot: B189444)

Anti-mouse CD206 (Polyclonal, Abcam, # ab64693, Lot: GR3234777-1)

Anti-mouse/human PPAR$ (Clone: C26H12, Cell Signaling Technology, # 2435, Lot: 6)

Anti-mouse Endomucin (EMCN) (Clone: V.7C7.1, Abcam, # ab106100, Lot: GR3270374-5)

Alexa Fluor 488 anti-rat IgG(H+L) (Polyclonal, Invitrogen, # A-21208, Lot: 2092264)

Anti-human CD31 (Clone: WM59, BioLegend, # 303102, Lot: B280539)

Alexa Fluor 488 anti-mouse IgG(H+L) (Polyclonal, Jackson ImmunoResearch, # 715-545-151, Lot: 148532)

Anti-human PPAR$ (Clone: E-8, Santa Cruz Biotechnology, # sc-7273, Lot: K0520)

Anti-human GAPDH (Clone: 14C10, Cell Signaling Technology, # 2118, Lot: 14)

HRP anti-mouse IgG(H+L) (Polyclonal, BioLegend, # 405306, Lot: B329856)

HRP anti-rabbit IgG(H+L) (Polyclonal, Jackson ImmunoResearch, # 711-035-152, Lot: 139766)

All antibodies used in this study are commercially available and validated by the manufacturer of each antibody.

Alexa Fluor 488 anti-mouse CD206 (Clone: C068C2, BioLegend, # 141709, Lot: B174661): validated by manufacturer for species:
mouse; application: flow cytometry, immunohistochemistry.

PE anti-mouse CD64 (Clone: X54-5/7.1, BioLegend, # 139304, Lot: B191540): validated by manufacturer for species: mouse;
application: flow cytometry.

PerCP anti-mouse CD45 (Clone: 30-F11, BioLegend, # 103130, Lot: B236192): validated by manufacturer for species: mouse;
application: flow cytometry.

PE/Cy7 anti-mouse/human CD11b (Clone: M1/70, BioLegend, # 101215, Lot: B176837): validated by manufacturer for species:
mouse, human, cynomolgus, rhesus; application: flow cytometry.

Alexa Fluor 647 anti-mouse CD11c (Clone: N418, BioLegend, # 117314, Lot: B155267): validated by manufacturer for species: mouse;
application: flow cytometry, immunohistochemistry, immunocytochemistry.

APC/Cy7 anti-mouse MHC class II (I-A/I-E), (Clone: M5/114.15.2, BioLegend, # 107628, Lot: B204231): validated by manufacturer for
species: mouse; application: flow cytometry.

BV421 anti-mouse CD3 (Clone: 17A2, BioLegend, # 100228, Lot: B206350): validated by manufacturer for species: mouse;
application: flow cytometry, immunocytochemistry.

BV421 anti-mouse CD31 (Clone: MEC13.3, BD Biosciences, # 562939, Lot: 7306835): validated by manufacturer for species: mouse;
application: flow cytometry, immunofluorescence.

FITC anti-mouse CD45 (Clone: 30-F11, BioLegend, # 103107, Lot: B293187): validated by manufacturer for species: mouse;
application: flow cytometry.

PE/Cy7 anti-mouse F4/80 (Clone: BM8, BioLegend, # 123114, Lot: B200992): validated by manufacturer for species: mouse;
application: flow cytometry.

APC/Cy7 anti-mouse/human CD11b (Clone: M1/70, BioLegend, # 101226, Lot: B222745): validated by manufacturer for species:
mouse, human, cynomolgus, rhesus; application: flow cytometry.

PE anti-mouse CD140a (PDGFR-") (Clone: APA5, BioLegend, # 135905, Lot: B244566): validated by manufacturer for species: mouse;
application: flow cytometry.
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APC anti-mouse CD140b (PDGFR-#) (Clone: APB5, BioLegend, # 136007, Lot: B256343): validated by manufacturer for species:
mouse; application: flow cytometry.

APC/Cy7 anti-mouse PDPN (Podoplanin) (Clone: 8.1.1, BioLegend, # 127417, Lot: B253982): validated by manufacturer for species:
mouse; application: flow cytometry.

PE/Cy7 anti-mouse Ly6C (Clone: HK1.4, BioLegend, # 128018, Lot: B175615): validated by manufacturer for species: mouse;
application: flow cytometry.

PE anti-mouse Ly6G (Clone: 1A8, BioLegend, # 127607, Lot: B268001): validated by manufacturer for species: mouse; application:
flow cytometry.

APC anti-mouse CD115 (Clone: AFS98, BioLegend, # 135509, Lot: B211308): validated by manufacturer for species: mouse;
application: flow cytometry.

BV421 anti-mouse/human CD11b (Clone: M1/70, BioLegend, # 101251, Lot: B190213): validated by manufacturer for species: mouse,
human, cynomolgus, rhesus; application: flow cytometry.

FITC anti-mouse CD3 (Clone: 17A2, BioLegend, # 100204, Lot: B172039): validated by manufacturer for species: mouse; application:
flow cytometry.

FITC anti-mouse CD19 (Clone: 6D5, BioLegend, # 115505, Lot: B256057): validated by manufacturer for species: mouse; application:
flow cytometry.

FITC anti-mouse NK-1.1 (Clone: PK136, BioLegend, # 108705, Lot: B252424): validated by manufacturer for species: mouse;
application: flow cytometry.

PE Rat IgG2a, % Isotype Ctrl Antibody (Clone: RTK2758, BioLegend, # 400508): Isotype ctrl antibody, validated by manufacturer for
application: flow cytometry.

APC Rat IgG2a, % Isotype Ctrl Antibody (Clone: RTK2758, BioLegend, # 400512): Isotype ctrl antibody, validated by manufacturer for
application: flow cytometry.

APC/Cy7 Rat IgG2a, % Isotype Ctrl Antibody (Clone: RTK2758, BioLegend, # 400523, Lot: B250268): Isotype ctrl antibody, validated by
manufacturer for application: flow cytometry.

TruStain FcX™ (anti-mouse CD16/32) Antibody (Clone: 93, BioLegend, # 101320, Lot: B230968): validated by manufacturer for
species: mouse; application: flow cytometry.

Anti-mouse/human PROX1 (Polyclonal, R&D Systems, # AF2727): validated by manufacturer for species: human; application: western
blot, immunocytochemistry. Usage for immunofluorescence in mouse sample was reported in previous studies (doi:10.1038/
s41467-017-02796-3, doi:10.1172/JCI75395).

Anti-mouse CD36 (Polyclonal, R&D Systems, # AF2519, Lot: VYQ0220021): validated by manufacturer for species: mouse; application:
western blot, flow cytometry, immunohistochemistry.

Anti-mouse SR-B1 (Polyclonal, Novus Biologicals, # NB400-104, Lot: U): validated by manufacturer for species: human, mouse, rat;
application: western blot, flow cytometry, immunocytochemistry, immunofluorescence, immunohistochemistry.

Alexa Fluor 488 anti-goat IgG(H+L) (Polyclonal, Invitrogen, # A-11055, Lot: 1771339): validated by manufacturer for species: goat;
application: immunohistochemistry, immunocytochemistry, flow cytometry.

Cy3 anti-rabbit IgG(H+L) (Polyclonal, Jackson ImmunoResearch, # 711-165-152, Lot: 133645): validated by manufacturer for species:
rabbit; application: western blot, ELISA, immunohistochemistry, immunocytochemistry, flow cytometry.

Anti-mouse CD68 (Clone: FA-11, Bio-Rad, # MCA1957): validated by manufacturer for species: mouse; application: flow cytometry,
immunofluorescence, immunohistochemistry, immunoprecipitation, western blot.

Anti-mouse Vimentin (EPR3776, Abcam, # ab92547): validated by manufacturer for species: mouse, rat, human; application: flow
cytometry, immunocytochemistry, immunofluorescence, western blot, immunohistochemistry.

Cy3 anti-rat IgG(H+L) (Polyclonal, Jackson ImmunoResearch, # 712-165-153, Lot: 145787): validated by manufacturer for species: rat;
application: western blot, ELISA, immunohistochemistry, immunocytochemistry, flow cytometry.

Alexa Fluor 647 anti-rabbit IgG(H+L) (Polyclonal, Invitrogen, # A-31573, Lot: 1964354): validated by manufacturer for species: rabbit;
application: western blot, immunohistochemistry, immunocytochemistry, immunofluorescence.

HRP anti-rat IgG(H+L) (Polyclonal, Jackson ImmunoResearch, # 712-035-153, Lot: 136714): validated by manufacturer for species: rat;
application: western blot, ELISA, immunohistochemistry, immunocytochemistry, flow cytometry.

Biotin anti-mouse MHC class II (I-A/I-E) (Clone: M5/114.15.2, BioLegend, # 107603, Lot: B189444): validated by manufacturer for
species: mouse; application: flow cytometry. Usage for immunofluorescence in mouse sample was reported in the previous study
(doi: 10.1038/s41541-017-0007-7).

Anti-mouse CD206 (Polyclonal, Abcam, # ab64693, Lot: GR3234777-1): validated by manufacturer for species: mouse, rat, human;
application: immunohistochemistry, western blot, immunocytochemistry.

Anti-mouse/human PPAR$ (Clone: C26H12, Cell Signaling Technology, # 2435, Lot: 6): validated by manufacturer for species: human,
mouse; application: western blot, immunohistochemistry, immunofluorescence, chromatin immunoprecipitation.

Anti-mouse Endomucin (EMCN) (Clone: V.7C7.1, Abcam, # ab106100, Lot: GR3270374-5): validated by manufacturer for species:
mouse, human; application: immunohistochemistry, immunoprecipitation, flow cytometry, western blot, immunocytochemistry,
immunofluorescence.

Alexa Fluor 488 anti-rat IgG(H+L) (Polyclonal, Invitrogen, # A-21208, Lot: 2092264): validated by manufacturer for species: rat;
application: immunohistochemistry, immunocytochemistry, immunofluorescence.

Anti-human CD31 (Clone: WM59, BioLegend, # 303102, Lot: B280539): validated by manufacturer for species: human, african green,
baboon, cynomolgus, rhesus; application: flow cytometry, ELISA, immunocytochemistry.

Alexa Fluor 488 anti-mouse IgG(H+L) (Polyclonal, Jackson ImmunoResearch, # 715-545-151, Lot: 148532): validated by manufacturer
for species: mouse; application: western blot, ELISA, immunohistochemistry, immunocytochemistry, flow cytometry.

Anti-human PPAR$ (Clone: E-8, Santa Cruz Biotechnology, # sc-7273, Lot: K0520): validated by manufacturer for species: mouse, rat,
human; application: western blot, immunoprecipitation, immunofluorescence, immunohistochemistry, ELISA.

Anti-human GAPDH (Clone: 14C10, Cell Signaling Technology, # 2118, Lot: 14): validated by manufacturer for species: human, mouse,
rat, monkey, bovine, pig; application: western blot, immunohistochemistry, immunofluorescence, immunocytochemistry, flow
cytometry.

HRP anti-mouse IgG(H+L) (Polyclonal, BioLegend, # 405306, Lot: B329856): validated by manufacturer for species: mouse;
application: ELISA, western blot, immunohistochemistry.

HRP anti-rabbit IgG(H+L) (Polyclonal, Jackson ImmunoResearch, # 711-035-152, Lot: 139766): validated by manufacturer for species:
rabbit; application: western blot, ELISA, immunohistochemistry, immunocytochemistry, flow cytometry.
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Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals

Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Flow Cytometry

Plots

Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument

Software

Cell population abundance

Gating strategy

Ldlr-/- mice, Apoe-/- mice, and Ccr2-/- mice were obtained from The Jackson Laboratory. Male C57BL/6J mice were purchased from
SLC (Japan) or DBL (Korea). All mice were housed in the animal facility of Hanyang University under specific pathogen-free conditions
in a 12-hour light/12-hour dark cycle with controlled temperature (20-24°C) and humidity (40-60%), and supplied with a normal
chow diet and water ad libitum. All mice used in this study were male mice, and 8-10-week-old mice were gone on each experiment.

No wild animals were used in the study.

No field collected samples were used in the study.

All animal procedures were approved by the Institutional Animal Care and Use Committee (IACUC) of Hanyang University
(certification numbers: HY-IACUC-22-0027 and HY-IACUC-22-0029) and conformed to its regulations.

Tissue sections of human aortic valves from patients were used in this study. The state of samples: calcified, or non-calcified
was determined by gross anatomy, then further validated by the histological observation. Information of covariates [age, sex,
height, weight, comorbidity (hypertension and diabetes mellitus), and serum lipid profiles (total cholesterol, triglyceride, HDL,
and LDL)] is presented in the Supplementary Table 1.

For human aortic VEC isolation, human aortic valves from two patients were provided by The Catholic University of Korea,
Uijeongbu St. Mary's Hospital, and the information of patients is described in 'Human samples' section of Methods.

All donors are patients who went to surgery, recruited and managed by Yonsei Severance Hospital, Seoul National University
Hospital, and Uijeongbu St. Mary's Hospital. There was no selection bias.

Experiments using human samples in this study were reviewed and approved by the Institutional Review Board (IRB) of
Yonsei Severance Hospital, Seoul National University Hospital, and Uijeongbu St. Mary's Hospital. Human samples were
provided by Yonsei Severance Hospital (Seoul, Korea, IRB No. 4-2018-0813), Seoul National University Hospital (Seoul, Korea,
IRB No. 1104-122-360), and Uijeongbu St. Mary's Hospital (Uijeongbu, Korea, IRB No. UC19TIDE0142). All patients provided
informed consent, including to the publication of information that identifies individuals.

After euthanizing the mice with CO2, aortic valves were harvested and isolated into a single-cell suspension at 37 °C for 30
minutes by rotating incubation with Ca2+/Mg2+ DPBS containing collagenase II (1000 U/mL, Sigma-Aldrich, #C6885) and
DNase I (90 U/mL, Roche, #10104159001).

For analysis of blood monocyte, peripheral blood was obtained from the retro-orbital sinus of live mice, and 10µL of blood
was used for each sample. Red blood cells (RBCs) were lysed by RBC Lysis Buffer (eBioscience, #00-4333-57) according to the
manufacturer’s protocol.

FACSAria III (for cell sorting, BD Biosciences), FACSCanto II (for analysis, BD Biosciences)

FACSDiva (for data collection, v6.1.3, BD Biosciences), FlowJo (for data analysis, v10.5.3, FlowJo, LLC)

After debris exclusion, all live aortic valvular single-cells, without specific cell-type gating, were sorted. 64%, 61% and 48% of
cells in total cells (C57BL/6J, Apoe-/- and Ldlr-/- mice respectively) were live single-cells. And more than 97% of efficiency
showed via FACSDiva (BD Biosciences) program was monitored during cell sorting. Only dye for live/dead cell staining (Pl) was
used in cell sorting.

FSC-A/SSC-A for debris removal, FSC-A/FSC-W or FSC-H for single-cell gating. Pl or Zombie Aqua was used for live/dead cell
staining and gating. We utilized fluorochrome-conjugated antibodies [Anti-target name (fluorochrome)] : CD45 (PerCP or




