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Original Article 
PDGFR-β (+) perivascular cells  
from infantile hemangioma display the  
features of mesenchymal stem cells and show  
stronger adipogenic potential in vitro and in vivo 
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Abstract: Infantile hemangioma, a common benign tumor of infancy, grows quickly in the first year of life, and then 
regresses slowly to fibrofatty tissue in childhood. The accumulation of fibrofatty tissue in hemangioma involution 
indicates adipogenesis during this period. Perivascular cells (PCs) from multiple organs display multi-lineage dif-
ferentiation, including adipogenesis. So we supposed that PCs in hemangioma may contribute to the adipogenesis 
in the involution. In this study, PDGFR-β (+) PCs was isolated from hemangioma tissue (hemangioma-derived peri-
vascular cells, Hem-PCs) by fluorescence-activated cell sorter. In vitro, Hem-PCs showed fibroblast-like morphology. 
Immunofluorescence staining and flow cytometry showed Hem-PCs expressed MSCs markers CD105, CD90, CD29 
and vimentin, pericyte markers α-SMA and PDGFR-β, stem cell marker CD133, and the adipogenic transcription 
factor PPAR-γ, but not hematopoietic/endothelial markers CD45, CD34, CD31, and flt-1. In vitro inductions con-
firmed multi-lineage differentiation of Hem-PCs, especially strong adipogenic potential. Then a murine model was 
established to observe in vivo differentiation of Hem-PCs by subcutaneous injection of cells/Matrigel compound into 
nude mice. The results showed Hem-PCs differentiated into adipocytes in vivo. To the best of our knowledge, this 
is the first study reporting the isolation of multipotential PDGFR-β (+) PCs from hemangioma, and observing their 
adipogenic differentiation in vivo. PCs may be the cellular basis of adipogenesis in hemangioma involution, and may 
be the target cells of adipogenic induction to promote hemangioma involution. 
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Introduction 

Infantile hemangioma (IH), a common benign 
tumor of infancy with higher prevalence in 
females, grows quickly in the first year of life, 
and then regresses slowly to fibrofatty tissue in 
childhood [1-3]. Although most IHs tends to 
regress spontaneously, rapid growth of the pro-
liferating hemangioma may lead to hypertro-
phy, hemorrhage, ulceration or even abnormal 
hemodynamics and subsequent congestive 
heart failure. So, how to prevent the prolifera-
tion of hemangioma and accelerate its involu-
tion still remains a clinical challenge. 

A unique character of hemangioma in involu-
tion is the accumulation of fibrofatty tissue, 

which indicates adipogenesis during this period 
[1]. The mechanism of this phenomenon isn’t 
totally clear till now. Mesenchymal stem cells 
isolated from hemangioma (hemangioma-
derived mesenchymal stem cells, Hem-MSCs) 
[4] had the potential of adipogenesis in vitro. 
CD133 (+) multipotential stem cells (Hem-SCs) 
have the features of MSCs and recapitulate IH’s 
evolution in an immunodeficient mouse model 
[5]. The latest studies show that perivascular 
cells (PCs) are the source of MSCs in multiple 
organs, including the skeletal muscle, pancre-
as, adipose tissue, placenta, umbilical cord, 
brain, and dermis [6-10]. In the former study 
[11], we observed that MSCs in hemangioma 
also resided in the perivascular region, and 
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Figure 1. Culture of perivascular cells (PCs) from hemangioma. 
A: PDGFR-β (+) PCs selected by FACS are fibroblast-like and grow 
confluent in 1-2 weeks. B: The growth curve shows that the dou-
bling time of PCs is 2~3 days, similar to that of HUVECs, shorter 
than that of hBM-MSCs and fibroblasts.

most of the cells expressed PDGFR-β, a marker 
antigen of pericytes. 

In this study, we isolated PDGFR-β (+) PCs from 
both proliferating and involuting hemangiomas 
(hemangioma-derived PCs, Hem-PCs) by fluo-
rescence-activated cell sorter (FACS). The anti-
gen profile of Hem-PCs was examined and the 
multipotency was tested in vitro and in vivo. 
The results suggested that PCs from hemangi-
oma displayed the features of MSCs and 
showed stronger adipogenic potential in vitro 
and in vivo. They may be the cellular basis of 
adipogenesis in hemangioma involution. 

Materials and methods

Isolation and culture of PCs from hemangioma

Six fresh IH samples in the proliferating phase 
and three in the involuting phase were obtained 
from Children’s Hospital and Jinling Hospital in 
Nanjing, China under a human subject’s proto-
col approved by the Committee on Clinical 
Investigation. Informed consent  was  obtain- 
ed according  to  the Declaration of Helsinki. 
Samples were rinsed in phosphate-buffered 
saline (PBS), minced, and digested with 0.2% 
collagenase A (Sigma-Aldrich) at 37°C for one 
and a half hours. The tissue was homogenized 
and filtered through 70-μm cell strainers (BD 
FalconTM) to get a single-cell suspension. Red 
blood cells were lysed in ammonium chloride 
(Promega Corp.), labeled by FITC-conjugated 
mouse anti-human PDGFR-β antibody (LS-
C38281, Lifespan), incubated at 4°C for 20 
min, washed, and resuspended by L-DMEM 

/10%FBS. Then, PDGFR-β (+) PCs were select-
ed by FACS. The selected cells were cultured in 
DMEM-L/10%FBS supplemented with 1 × PG 
(100 U/ml penicillin, 100 μg/ml gentamycin). 

MSCs from bone marrow and fibroblasts from 
children’s foreskin were obtained according to 
the literature [12, 13]. Human umbilical vein 
endothelial cells (HUVECs) were obtained com-
mercially (ATCC). They were cultured by DM- 
EM-L/10%FBS supplemented with 1 × PG.

Immunofluorescence staining 

Cells at passage 3~5 were digested by 0.25% 
trypsin solution and plated on cell culture cov-
erslips (Cosmobrand). On the second day, cells 
were fixed by 4% paraformalde, washed by PBS, 
incubated with the first antibodies mouse anti-
human CD105 (MS-1290, Thermo Scientific), 
α-SMA (Ab7817, Abcam), vimentin (MS-129, 
Thermo Scientific), CD31 (M0823, Dako), CD34 
(MS-363, Thermo Scientific), CD45 (MS-1846, 
Thermo Scientific), desmin (MS-376, Thermo 
Scientific) antibodies, and rabbit anti-human 
CD133 (ab19898, Abcam), PPAR-γ (BS1587, 
Bioworld Technology), flt-1 (RB-1527, Thermo 
Scientific) antibodies, followed by the second 
antibodies Alexa Fluor® 555 donkey anti-
mouse IgG antibody (A-31570, Invitrogen) or 
Alexa Fluor® 488 donkey anti-rabbit IgG anti-
body (A-21206, Invitrogen), and counter-
stained with DAPI (D-21490, Invitrogen). 
Fluorescent images were taken with a fluo-
rescence microscope (BX51, OLYMPUS), 
equipped with a digital microscope camera 
(ProgRes MFcool, JENOPTIK) and image analy-
sis system (IMSTAR KARYO, IMSTAR).
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Figure 2. Antigenic marker profile of Hem-PCs. Flow cytometry (A) and immunofluorescence staining (B) show that 
Hem-PCs and hBM-MSCs uniformly express CD105, CD90, CD29, and vimentin, not CD31, CD45, CD34 and flt-1 
(data not showed). PDGFR-β and α-SMA are expressed in most Hem-PCs, rarely seen in hBM-MSCs. Both Hem-PCs 
and BM-MSCs express CD133 on the membrane and PPAR-γ in the nucleus. Only vimentin expression is seen in 
fibroblasts. Scale bar: 50 μm.
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30 cycles with the following temperature pro-
files: 95°C for 5 min (initiation; 45 s/cycle  there-
after); 56°C  for 30 s  (annealing); and  72°C 
for 30 s  (extension). Size of the PCR products 
was examined by running 5 μl products on 3% 
agarose gel.

Multi-lineage differentiation of Hem-PCs

For the induction of adipogenesis and osteo-
genesis, cells were plated on cell culture cover-
slips (1101-020, Cosmobrand) and induced by 
adipogenic media (DMEM/10%FBS, 5 μg/ml 
insulin, 1 μM dexamethasone, 0.5 mM isobu-
tylmethylxanthine, 60 μM indomethacin, and 1 
× PG) and osteogenic media (DMEM/10%FBS, 
10 mmol/L β-glycerophosphate, 1 μM dexa-
methasone, 100 umol/L antiscorbic acid, and 
1 × PG). The medium was changed every 3 
days. After induction for 14 days, cells were 
stained with Oil Red O (O0625, Sigma-Aldrich) 
and Alizarin red (A5533, Sigma-Aldrich) to 
detect adipocytes and osteoblasts, respective-
ly. Chondrogenesis was induced in a “pellet” 
culture system with revision [17]. In summary, 
the freshly trypsinized cells were placed into 15 
ml polypropylene tubes, centrifuged to form the 
“pellets”, and cultured in the chondrogenic 
media (DMEM/10%FBS, 1 × ITS-A, 1 μM dexa-
methasone, 100 umol/L antiscorbic acid, 10 
ng/ml TGF-β1, and 1 × PG) for 21 days. Pellets 
were harvested, fixed by 10% buffered formal-
dehyde, paraffin imbedded, sliced into 5 μm 
sections, and stained by Alcian blue dye 
(A9186, Sigma-Aldrich).

Comparison of adipogenesis between Hem-
PCs and hBM-MSCs

Hem-PCs and hBM-MSCs were plated on the 
culture coverslips in six-well culture dishes at 1 
× 104 cells/well. When cells reached 80% con-
fluence, adipogenic induction was initiated by 
the medium above. On the day 7 and 14 after 
induction, the coverslips were taken out, and 
Oil Red “O” staining was performed to observe 
the cytoplasmic lipid in cells. A bright-field 
microscope equipped with a digital camera 
(DS-L1-5M, Nikon, Japan) was used to observe 
the staining, and 10 pictures were taken ran-
domly for each coverslip. The software “Image 
Proplus 6.0” was used to analyze the area of 
positive staining in each picture. The cells 
before induction were used as the control.

Table 1. Antigen profile of Hem-PCs, hBM-
MSCs, and fibroblast
Marker Hem-PCs hBM-MSCs Fibroblasts
CD105 + + -
CD90 + + -
CD29 + + -
Vimentin + + +
PPAR-γ + + -
CD133 + + -
α-SMA + ± -
PDFGR-β + - -
Desmin - - -
CD45 - - -
CD34 - - -
CD31 - - -
flt-1 - - -

Flow cytometry 

Cells at passage 3~5 were labeled with FITC-
conjugated mouse anti-human PDGFR-β (LS-
C38281, Lifespan), CD31 (ab27333, Abcam) 
antibodies and PE--conjugated mouse anti-
human CD90 (12-0909, eBioscience), CD29 
(12-0299, eBioscience) antibodies. The isotype 
controls included FITC-conjugated mouse IgG1 
(11-4714, eBioscience) and PE-conjugated 
mouse IgG1 (12-4714, eBioscience). Flow 
cytometry was performed on a BD  FACScan. 
Data were analyzed by FlowJo software.

Reverse transcriptional PCR (RT-PCR)

Total RNA was extracted from Hem-PCs, hBM-
MSCs, and fibroblasts using Trizol total 
RNAisolation kit (KGA1203, Keygen, Nanjing, 
China). Purity of the RNA samples was assessed 
by determining the optical density (OD) at 260: 
280 nm. cDNA synthesis and PCR reaction 
were performed using RT-PCR kit (KGA- 
1303, Keygen, Nanjing, China). The primers  
for PPAR-γ2 gene included a forward  
primer (5’-CAGGAGCAGAGCAAAGAGGT-3’) and 
a reverse primer (5’-TCAATGGGCTTCACA- 
TTCAG-3’). The primers for OCT-4 gene included 
a forward primer (5’-GTGGAGGAAGCTGACAA- 
CAATG-3’) and a reverse primer (5’-GGGCC- 
AGAGGAAAGGACACT-3’). The primers for inter-
nal control β-actin gene included a forward 
primer (5’-GTCACCAACTGGGACGACATG-3’) and 
a reverse primer (5’-GCCGTCAGGCAGCT- 
CGTAGC-3’). All reactions were performed for 
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Figure 3. Expression of PPAR-γ2 and OCT-4 gene. A: RT-PCR shows that PPAR-γ2 
gene expression is seen in both Hem-PCs and hBM-MSCs, not in fibroblasts. 
OCT-4 gene is expressed in Hem-PCs, weakly in hBM-MSCs, not in fibroblasts. 
B: Semi-quantitatively analysis by “Image J” indicates that Hem-PCs express 
PPAR-γ2 gene and OCT-4 gene more strongly than hBM-MSCs. PCs from involut-
ing hemangioma had stronger expression of PPAR-γ2 gene and similar expres-
sion of OCT-4 gene compared with that from proliferating hemangioma.

In vivo murine model of adipogenesis 

The animal model was established as described 
previously with minor modifications [5]. All 
experiments were carried out with 1.5 × 106 
cells/150 μL Matrigel per animal. Hem-PCs 
were trypsinized, counted, and resuspended in 
phenol red-free Matrigel (BD Biosciences). The 
cells/Matrigel mixture was injected subcutane-
ously into the back of 6-week-old, male athy-
mic nu/nu mice (n = 4/group; Jinling Hospita
l, Nanjing, Jiangsu, China). Hem-PCs/Matrigel 
plugs were harvested at 1, 2, 4, and 8 weeks, 
fixed in 4% formaldehyde, paraffin embedded, 
and H-E stained to observe the structure of the 
plug. Immunohistochemistry staining was car-
ried out to detect the expression of perilipin A, 
and human nuclear antigen in the plugs. The 
first antibodies included goat anti-human perili-
pin A antibody (ab61682, Abcam), and mouse 
anti-human nuclear antibody (MAB1281, 235-
1, Millipore). MaxvisionTM HRP-polymer anti-
mouse IHC kit and DAB kit (Maixin Biotech- 
nology, China) were used according to the man-

ufacturer’s instructions. hB- 
M-MSCs/Matrigel compo- 
und was used as the con-
trol in the parallel study. 

Statistics 

Statistics was performed 
with Microsoft® Office Ex- 
cel. Data were expressed 
as mean ± SD and analyzed 
by Student’s two-tailed t 
test where appropriate. Diff- 
erences were considered 
significant at P < 0.05. 

Results

Culture of PCs from hem-
angioma

PDGFR-β (+) PCs were iso-
lated from both proliferat-
ing and involuting hemangi-
omas. Hem-PCs were mor- 
phologically fibroblast-like, 
grew to confluence in1-2 
weeks (Figure 1A), and 
were trypsin passaged at 
the ratio 1:3. After pas-
sage, the cells grew quickly. 

The growth curve showed that the doubling 
time of the cells was about 2~3 days, which 
was similar to that of HUVECs, but shorter than 
that of hBM-MSCs and fibroblasts (Figure 1B). 
The cells remained their morphology at the 
13th passage. 

Antigenic marker profiles of Hem-PCs

Flow cytometry (Figure 2A) and immunofluores-
cence staining (Figure 2B) showed that Hem-
PCs and hBM-MSCs uniformly expressed the 
MSC markers CD105, CD90, CD29, and vimen-
tin, not the hematopoietic/endothelial markers 
CD45, CD34, CD31 and flt-1. The expression of 
pericyte marker PDGFR-β and α-SMA was 
observed in most Hem-PCs, and very low in 
hBM-MSCs. The expression of stem/progenitor 
cell marker CD133 was observed on the mem-
brane of both Hem-PCs and hBM-MSCs, and 
the adipogenic transcription factor PPAR-γ in 
the nuclei. Only vimentin was expressed in 
fibroblasts. PCs from proliferating hemangioma 
had similar antigenic marker profiles with that 
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Figure 4. Multilineage differentiation of 
Hem-PCs. A: An in vitro induction confirm 
the multilineage differentiation of Hem-
PCs and hBM-MSCs, including adipocytes 
(Oil Red O staining), osteoblasts (Alizarin 
red staining) and chondroblasts (Alcian 
Blue staining). B: Both Hem-PCs and hBM-
MSCs differentiate into adipocytes in the 
adipogenic medium. C: Analysis of “Image 
Proplus 6.0” shows that the staining area 
of Hem-PCs on day 7 is larger than that of 
hBM-MSCs without statistically significant 
difference. And the staining area of Hem-
PCs on day 14 is significantly larger than 
that of hBM-MSCs, suggesting stronger ad-
ipogenic potential of Hem-PCs than that of 
hBM-MSCs. Scale bar = 50 μm. 

from involuting hemangioma. The antigenic 
marker profiles of the three kinds of cells are 
summarized in Table 1.

Expression of PPAR-γ2 and OCT-4 gene

PPAR-γ is an important transcription factor in 
promoting adipogenesis and plays a key role in 
the adipogenic differentiation of preadipocytes 
and mesenchymal stem cells. OCT-4 is a mem-
ber of the POU transcription factor family, which 
is important for stem cells to maintain their plu-
ripotency and self-renewal ability. In this study, 
RT-PCR showed that PPAR-γ2 gene was 
expressed by both Hem-PCs and hBM-MSCs, 
not by fibroblasts. OCT-4 gene was expressed 
by Hem-PCs, weakly expressed by hBM-MSCs, 
not by fibroblasts (Figure 3A). Semi-
quantitatively analysis by “Image J” indicated 
that Hem-PCs expressed PPAR-γ2 gene and 
OCT-4 gene more strongly than hBM-MSCs 
(Figure 3B). PCs from involuting hemangioma 
had stronger expression of PPAR-γ2 gene and 
similar expression of OCT-4 gene than that from 
proliferating hemangioma. 

Multilineage differentiation of Hem-PCs

As expected, our in vitro induction tests con-
firmed the multipotency of Hem-PCs. In adipo-

genic differentiation, the expression of oil red 
O-stained cytoplasmic lipid was observed on 
day 7 and increased on day 14. Alizarin red 
staining showed mineralization in the extracel-
lular matrix, suggesting the osteogeic differen-
tiation (Figure 4A). Hem-PCs also differentiated 
into chondroblasts. Alcian blue staining showed 
glycoprotein in the extracellular matrix in the 
pellets of Hem-PCs on day 21 (Figure 4A). hBM-
MSCs also showed multi-lineage differentiation 
(Figure 4A). Fibroblasts did not display any of 
the differentiations tested. 

Hem-PCs have stronger adipogenic potential 
than hBM-MSCs

Both Hem-PCs and hBM-MSCs had multipoten-
cy in vitro. Stronger expression of PPAR-γ2 gene 
of Hem-PCs than that of hBM-MSCs suggested 
that Hem-PCs might have stronger adipogenic 
potential than hBM-MSCs. To confirm this, 
Hem-PCs and hBM-MSCs were induced by 
adipogenic medium for 7 and 14 days, stained 
with oil red “O” to detect cytoplasmic lipid 
(Figure 4A), and analyzed the area of red stain-
ing with “Image Proplus 6.0” Software. The 
results showed that the staining area of Hem-
PCs on day 7 was larger than that of hBM-
MSCs, though the difference was not statisti-
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Figure 5. In vivo murine model of adipogenesis of Hem-PCs. A: Establishment of the animal model. B: H&E staining 
shows adipogenesis in the Hem-PCs/Matrigel plugs. Immunohistochemistry staining of perilipin A shows positive 
staining in all Hem-PCs/Matrigel plugs. The most intensive expression of perilipin A is seen in the plug at week 2. 
C: hBM-MSCs/Matrigel plugs did not display adipogenesis, and finally developed into fibro-connective-like tissue. 
D: Human nuclear antigen is expressed in adipocytes of the Hem-PCs/Matrigel plugs, fibroblasts of hBM-MSCs/
Matrigel plugs, and hemangioma tissue, but not in the mouse heart. Scale bar: 100 μm.
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Figure 6. Possible evolution of hemangioma cells. Hem-SCs may contain two subpopulations, the CD133 (+) 
PDGFR-β (-) subpopulation and the CD133 (+) PDGFR-β (+) subpopulation (PCs). CD133 (+) PDGFR-β (-) cells may 
differentiate into EPCs/ECs, and initiate vasculogenesis/angiogenesis with pericytes originating from CD133 (+) 
PDGFR-β (+) PCs. In early hemangioma, active vasculogenesis/angiogenesis lead to rapid tumor growth. In heman-
gioma involution, EPCs/ECs become apoptotic and disappear, whereas PCs/pericytes differentiate into adipocytes 
so the microvessels in hemangioma are ultimately replaced by fibrofatty tissue.

cally significant. On day 14, Hem-PCs showed 
significantly stronger staining than hBM-MSCs 
(Figure 4B, 4C). 

Hem-PCs differentiated into adipocytes in vivo

To observe the in vivo differentiation of Hem-
PCs, cells were mixed with Matrigel and subcu-
taneously injected into the back of immunodefi-
cient mice. Hem-PCs/Matrigel plugs were 
removed 1-8 weeks after transplantation 
(Figure 5A). H-E staining showed a number of 
adipocytes at week 1, with abundant extracel-
lular matrix; at week 2, there were more adipo-
cytes, with reduced extracellular matrix; and at 
weeks 4 and 8, mature fat tissue developed 
(Figure 5B). To observe adipogenesis in Hem-
PCs/Matrigel plugs, immunohistochemistry 
staining of perilipin A (one of adipose differen-
tiation related proteins) were performed. The 
results showed positive staining in all Hem-
PCs/Matrigel plugs. The most intensive expres-
sion of perilipin A was detected in the plug at 
week 2, suggesting active adipogenesis during 
this period (Figure 5B). 

In the parallel study, hBM-MSCs/Matrigel was 
implanted into the immunodeficient mice. No 
adipocyte was observed in any of the hBM-
MSCs/Matrigel plugs. Instead, they finally 
developed into fibro-connective-like tissue 
(Figure 5C). 

To identify the origin of the cells in plugs, human 
nuclear antigen in the Hem-PCs/Matrigel plugs 
and hBM-MSCs/Matrigel plugs was stained, 
using the proliferating hemangioma as the pos-
itive control and the mouse heart as the nega-

tive control. The expression of human nuclear 
antigen was observed in the adipocytes of 
Hem-PCs/Matrigel plugs, the fibroblasts of 
hBM-MSCs/Matrigel plugs, and hemangioma 
tissue, but not in the mouse heart, confirming 
that the cells in plugs were human-derived, not 
host-derived (Figure 5D).

Discussion

In this study, we isolated PDGFR-β (+) PCs from 
proliferating and involuting hemangiomas by 
FACS. Hem-PCs expressed both MSCs and peri-
cytes markers, displayed multilineage differen-
tiation in vitro, especially the strong adipogenic 
potential. In the immunodeficient mouse model, 
Hem-PCs differentiated into adipocytes. 

There are a number of stem/progenitor cells 
isolated from hemangioma, including endothe-
lial progenitor cells (Hem-EPCs) [14], mesen-
chymal stem cells (Hem-MSCs) [4], and CD133 
(+) stem cells (Hem-SCs) [5]. Among them, 
Hem-SCs have been widely reported [5, 15-20]. 
Hem-SCs displayed multi-lineage differentia-
tion in vitro [5]. In an immunodeficient mouse 
model, microvessels appeared in Hem-SCs/
Matrigel plugs, and finally regressed into adi-
pose tissue [5]. Hem-SCs displayed both vascu-
logenesis/angiogenesis and adipogenesis in 
the animal model, indicating that they could dif-
ferentiate into several subpopulations of cells, 
which initiate the vasculogenesis/angiogenesis 
firstly, and transfer to adipogenesis secondly. 
As expected, further study confirmed that Hem-
SCs differentiated into GLUT (+) endothelial 
cells [18] and pericytes/smooth muscle cells 
[17] in vitro and in vivo.
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PDGFR-β (+) Hem-PCs in our study also 
expressed CD133 and showed multilineage dif-
ferentiation in vitro. But in the animal model, 
Hem-PCs displayed only adipogenesis, no vas-
culogenesis/angiogenesis. So we think that 
CD133 (+) PDGFR-β (+) Hem-PCs are a subpop-
ulation of CD133 (+) Hem-SCs. They may be the 
intermediate cells between Hem-SCs and 
mature pericytes, such as the progenitor of 
pericytes or immature pericytes. Another sub-
population of Hem-SCs was CD133 (+) PDGFR-β 
(-) SCs. They may differentiate into EPCs and 
ECs. In early hemangioma, pericytes originating 
from CD133 (+) PDGFR-β (+) PCs and EPCs/ECs 
originating from CD133 (+) PDGFR-β (-) SCs ini-
tiate vasculogenesis/angiogenesis and lead to 
the rapid growth of tumor [21]. The abnormality 
of VEGF signaling pathway may be related to 
the abnormal active angiogenesis [22, 23]. In 
hemangioma involution, EPCs/ECs become 
apoptotic and disappear [24-26], whereas PCs/
pericytes remain in situ and differentiate into 
adipocytes, so that the microvessels in heman-
gioma are ultimately replaced by fibrofatty tis-
sue (Figure 6).

PPAR-γ is an important transcription factor in 
promoting adipogenesis and plays a key role in 
the adipogenic differentiation of preadipocytes 
and mesenchymal stem cells [27-30]. The study 
of Tang [31] found that white fat progenitors 
(PPAR-γ-expressing cells) resided in the mural 
cell (PDGFR-β-expressing cell) compartment of 
the adipose vasculature. They found that 
PDGFR-β (+) cells from adipose tissue differen-
tiated adipocytes in nude mice and the adipo-
genesis was stimulated by thiazolidinediones 
(TZDs), the agonist of PPAR-γ. In contrast, 
PDGFR-β (+) cells isolated from other organs, 
such as kidney, did not display such potential 
and were unresponsive to TZDs. Their results 
suggest that not all PDGFR-β (+) cells from dif-
ferent tissues had the adipogenic potential 
[31]. Our study observed that PDGFR-β (+) PCs 
from hemangioma strongly expressed PPAR-γ, 
and differentiated into adipocytes in vitro and 
in vivo. We suppose that TZDs, such as rosigli-
tazone, may be potential drugs for IH, which 
may promote the adipogenesis of PCs and 
accelerate hemangioma’s involution. 

In conclusion, PDGFR-β (+) Hem-PCs expressed 
both MSCs and pericytes markers, displayed 
multilineage differentiation in vitro, especially 

strong adipogenesis, and differentiated into 
adipocytes in an immunodeficient mouse 
model. Our results indicated that PCs in hem-
angioma were specific MSCs with strong adipo-
genic potential, which might be the cellular 
basis of adipogenesis in hemangioma 
involution.
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