
CD31 defines a subpopulation of human adipose-derived regenerative cells with 

potent angiogenic effects. 
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Supplementary Figure 1. 

 

  



Supplementary Figure 1. 

a. Representative flow cytometry plot of CD31+ selected ADRCs showing that 71.9% ± 13.2% of the 

CD31+ selected ADRCs (n=3) express the CD31 surface marker. The bivariate contour plot of 

recorded, gated events depicts the intensity of CD31-Vioblue antibody staining as a function of 

their forward scatter (FSC, indicating size). 

b. Relative mRNA expression of PECAM1, VWF, and ANGPT2 in freshly isolated ADRC, and the 

CD31+ and CD31- ADRC subsets, respectively, all normalized to four stably expressed 

housekeeping reference genes (B2M, TBP, PGK1 and HPRT1).  

 

  



Supplementary Figure 2. 

 

  



Supplementary Figure 2. 

a. Schematic representation of the workflow of the corpus cavernosum explant co-culture assays.  

b. Representative images of time-dependent sprouting from mouse corpus cavernous explants 

grown in EGM2 angiogenesis medium (initial setup using defined, optimal medium) for 4, 8, and 

15 days, respectively.  

c. Sprouting networks from corpus cavernous (CC) explants are divided into two concentric regions 

based on structural differences: 1) an unstructured area characterized by high cell numbers but 

low structural organization in proximity to the CC-explant, and 2) a well-developed area 

characterized with higher structural organization of tubes and establishment of mesh-like 

structures, located more distal to the CC-explant. The border between these two areas is indicated 

by a solid white line. Three uniform quadrants, in which the quantification of angiogenic 

parameters were performed, are indicated by black-lined open boxes.  

 

  



Supplementary Figure 3.   



Supplementary Figure 3. 

a. Relative mRNA levels of ANGPT2, ANXA2, DKK3, VIM, VWF, and PECAM1 in ADRC, and CD31- 

and CD31+ ADRCs after 8 days of co-culture with mouse aortic ring explants.  

The data was based on cells from one donor, and eight replicates for each of the three cell 

populations. To obtain sufficient material, two replicates were pooled in relation to RNA 

extraction and RT-qPCR performed (in technical triplicates) on the resulting 4 replicates per 

population. The mRNA expression was normalized to the expression of the reference genes B2M 

and TBP, based on the geNorm analysis performed in qBase+ (CV = 0.066, M = 0.191). Statistical 

analyses were performed using ordinary one-way ANOVA. Statistically significant p-values are 

shown in the figure panel. 

b. Relative mRNA levels of ANGPT2, ANXA2, DKK3, VIM, VWF, and PECAM1 in CD31- and CD31+ 

ADRC subsets cultured for 4, 8 and 15 days, respectively. The time course RT-qPCR data was based 

on cells from one donor, with 3 technical replicates for each time point. The mRNA expression 

levels were normalized to the expression of the housekeeping genes GAPDH and PGK1, based on 

the geNorm analysis performed in qBase+ (biogazelle) (geNorm CV = 0.151 and geNorm M = 

0.437). Data are presented as means of the 3 technical replicates. 

 

  



Supplementary Figure 4. 

 

  



Supplementary Figure 4. 

a. Sprouting cells from corpus cavernosum explant assays stain positively with the perivascular 

marker NG2; but not with the endothelial marker CD31, suggesting the presence of pericytes in 

the capillary-like structures.  

b. primary mouse pericytes (MCP) isolated from corpus cavernosum explants were stained with 

perivascular and endothelial markers. The top row shows that the cells co-stained for NG2 and 

DAPI, but not for CD31, making them non-endothelial and instead perivascular e.g., pericytes. This 

is further confirmed in the bottom row by positive co-staining of DAPI, SMA and PDGFR. Images 

were captured at 20x magnification and the scale bar 20 µM.  

 

  



Supplementary Figure 5. 

 

  



Supplementary Figure 5. 

Volcano plot representation of the differentially expressed proteins in the CD31+ ADRC vs CD31- 

ADRC conditioned media. The 14 significantly upregulated and 4 significantly downregulated 

proteins in the CD31+ ADRC vs CD31- ADRC conditioned media, as identified by individual t-tests 

with a p-value of 0.05, are indicated by red and blue colors, respectively.  

 

  



Supplementary Figure 6. 

  



Supplementary Figure 6. Dot plot of all marker genes used to establish the molecular identities 

of the 31 CD31+ ADRC clusters. 

Marker genes used to establish the identities of the endothelial cell (EC) subtypes (clusters 1-9) are 

depicted in bold red. Marker genes of immune cell (IC) subtypes are in bold blue (clusters 10-24), 

marker genes of perivascular mural cell (PC) subtypes are in bold green (clusters 25-27), and 

marker genes of adipose stem and progenitor cells (AC) are in bold black (clusters 28-31). 

Color saturation of a dot indicates the average gene expression level in positive cells, while dot 

size reflects the percentage of cells in each cluster expressing the gene. 

Abbreviations: AC: adipose stem and progenitor cells; EC: endothelial cells; IC: Immune cells; PC: 

perivascular mural cells; vSMC: Markers of vascular smooth muscle cells; CD16+: Markers of CD14-

/CD16+ non-classic monocytes; M2: Markers of M2-polarization of monocytes and/or 

macrophages; PVM: Markers of Perivascular Macrophages [83]; LAM: Markers of Lipid Associated 

Macrophages [83]. 
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Supplementary information S1:  

Characterization of non-endothelial single-cell RNA sequencing clusters C10-C31. 

Fifteen immune cell clusters (clusters C10-C24), representing 28.58% of all CD31+ ADRCs, were 

identified based on their expression of the canonical hematopoietic marker PTPRC (encoding 

CD45), and/or CD74 (HLA class II), and/or CD14 (Figures 6d-f), or additional markers of myeloid 

and lymphoid lineage (Supplementary Figure 6a-b). Four of these clusters (C10-C13) contained 

subsets of cells with high average expression of PECAM1 or contained high percentages of cells 

expressing PECAM1 at lower levels. Cluster C13 (7.59% of all CD31+ cells) has a larger subset of 

cells expressing PECAM1 at low levels (Figure 6b-f). Cells from this cluster further express CSF1R a 

marker of mononuclear phagocytes [1], AIF1 a marker of monocyte/macrophage lineage and 

dendritic cells subsets [2], and high levels of CD14 together with markers associated with M2-

polarization: MRC1, CD163, FOLR2, RNASE1, and genes expressed by perivascular macrophages: 

LYVE1, C1QA, SELENOP [3], indicating that these cells are classical CD14+ 

monocytes/macrophages. Cluster C10 (3.28% of all CD31+ cells) also has many cells expressing 

CD14 (84.8%) and CSF1R (60.4%), as well as the above-mentioned markers of M2-polarization and 

of perivascular macrophages. Although these genes are expressed at lower levels, the cluster 

appears to have some similarities with cluster C13 (Figure 6f). Interestingly, C10 also expresses the 

EC markers CLDN5, VWF, CD34, and CDH5 together with capillary marker genes, all at relatively 

low levels (Figure 6f). Given that 62.1% of the cells express LYVE1, which is also expressed by 

lymphatic ECs (LEC)s [4], we checked for expression of an additional pan-LEC marker PROX1, which 

is not expressed in cluster 10, ruling out that these cells are LECs (Figure 6f).  

PECAM1 is expressed at moderate levels in cluster C11 (1.53% of all CD31+ cells) that further 

express CSF1R indicating a phagocyte identity. Since C11 has no CD14-expression but expresses 



FCGR3A (CD16A) and HES4, this implies that these cells are non-classical CD16-positive monocytes 

as previously described [3]. In further support of this notion, the cluster also lacks expression of 

the marker of cytotoxic lymphoid cells (NKG7), that otherwise also express FCGR3A. A minor 

subpopulation expressing PECAM1 at low levels is present in cluster C12 (0.18% of all CD31+ cells). 

This cluster appears to be neutrophils, given that most of the cells express S100A8, S100A9, CXCL8 

(encoding IL-8), and CSF3R [5-8]. Subsets of cells in C12 further express S100A12 [9], FCGR3B, and 

CMTM2, which have all been reported to mark neutrophils as well [8].  

The remaining IC clusters (C14-C24) only have cells with low levels of PECAM1-expression, which 

generally represent minor subsets; Based on their expression of CSF1R, CD14, CD74, AIF1 among 

others, Clusters C14-C18 and C24 (7.79% and 0.61% of all CD31+ cells, respectively) were ascribed 

as subtypes of monocytes/macrophages (Figure 6f and Supplementary Figure 6a). Cluster C19 cells 

(0.14% of all CD31+ cells) appear to be conventional dendritic cells type 1 (cDC1) based on their 

expression of CD74 (Figure 6f) and HLA-D genes (not shown) at high levels together with 

previously reported cDC1-markers [3,10] (Supplementary Figure 6b). T cells could be allocated to 

Clusters C20-C21 (2.99% and 1.64% of all CD31+ cells, respectively) that both contain T cell 

subtypes expressing the pan-T cell marker CD3D. Cluster C20 further has expression of CD8A 

together with markers of cytotoxic- and natural killer [11] cells, indicating that this cluster is a 

mixture hereof (Supplementary Figure 6b). Cluster C22 (1.68% of all CD31+ cells) represents mast 

cells expressing CTSG, CMA1, and TPSB2 [12,13], and finally, cluster C23 (1.17% of all CD31+ cells) 

are B cells expressing CD79A, JCHAIN, and IGKC (Supplementary Figure 6b).   

8.77% of the CD31+ enriched cells were identified as perivascular mural cells (PC)s that grouped 

into three clusters (Clusters C25-C27) expressing RGS5, ACTA2, and TAGLN, as well as additional PC 

subtype markers, but not PECAM1. Due to their expression of PDGFRB, ABCC9, CSPG4 clusters C25 



and C26 appear to be enriched with pericytes, while cluster C27 represents vascular smooth 

muscle cells (Figure 6d-e and Supplementary Figure 6a).  

Finally, 15.72% of the CD31+ cells belong to the adipose stem and progenitor cells (ACs, Clusters 

C28-C31) expressing the pan-markers of ACs CFD, PDGFRA, and DCN (Figure 6d). Based on the 

expression of DPP4, CD55, and SFRP4, which are markers of adipose stem cells [14], Cluster C31 

(1.35% of all CD31+ cells) appears to contain the most stem-like cells (Supplementary Figure 6b). 

Notably, the vast majority of cells in this cluster do not express PECAM1, which is in contrast to 

cluster C29 (3.64% of all CD31+ cells), that contains a large subset of cells expressing PECAM1 at 

low to moderate levels (Figure 6B, 6E). 
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