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number of capillary decreased and the adipose 
tissue increased. In the involuted phase, most 
of IHs turned into fibrofatty tissue with a few of 
microvessels (Figure 2). 

IHC staining

Perilipin A positive adipocytes increased with 
IH’s involution. In the involuting phase, there 
were some dilated capillaries in the clusters, 
and perilipin A expression at the margin of clus-

the margin. The involution of IH lasts for a long 
time, even more than five years. IH may invo-
lutes without any sequela, or with telangiecta-
sis and local hypertrophy. Figure 1 showed two 
cases treated in our clinic. 

H-E staining

In the proliferating phase, there were numerous 
capillary clusters in IH, arounded by a little of 
adipose tissue. In the involuting phase, the 

Figure 1. Clinical evolution of two cases of IH in the upper abdomen and left forearm.

Figure 2. Pathological evolution of IH. In the proliferating IH, there were numerous clusters composed of capillaries. 
In the involuting IH, the number of capillaries decreased and the adipose tissue increased. In the involuted IH, the 
tumor tunned into fibrofatty tissue with a few of microvessels. Scale bar: 200 μm.
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in the nuclei of the perivascular cells. And in  
the merged image of CD31 (red) and PPAR-γ 
(green), the expression alos was showed in a 
few of the nuclei of endothelial cells (Figure 4). 
The results suggested that PPAR-γ in IH was 
mainly expressed in the perivascular cells, and 
also in a few of endothelial cells.

ters, which indicated the adipogenesis here 
(Figure 3). 

IF staining

In the merged image of α-SMA (red) and PPAR-γ 
(green), the expression of PPAR-γ was located 

Figure 3. The expression of perilipin A in IH. Perilipin A expression increased with IH’s involution, indicating the ac-
cumulation of adipose tissue. In the involuting phase, there were the dilated capillaries in the clusters, and perilipin 
A expression at the margin of clusters (blue arrow), which indicated the adipogenesis here. Scale bar: 200 μm.

Figure 4. The expression of PPAR-γ in the proliferating IH. In the merged image of α-SMA (red) and PPAR-γ (green), 
the expression of PPAR-γ was located in the perivascular cells. And in the merged image of CD31 (red) and PPAR-γ 
(green), the expression alos was showed in a few of endothelial cells. Scale bar: 50 μm.
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Therefore, we think the perivascular MSCs in  
IH are pericyts in fact, which have the proagio-
genic properties [7] and take part in the vas- 
culogenesis and angiogenesis together with 
endothelial cells, but also maitain the multi-
differentiation potentials, including adipogenic 
potential. In IH’s involution, the apoptosis of 
endothelial cells leads to the collapse of capil-
laries and the shrinkness of tumor [4, 13]. 
Simutaneously, perivascular MSCs (also peri-
cytes) differentiate into adipocytes so heman-
gioma ivolutes into fibrofatty tissue finnally. 

PPAR-γ is an very important transcription factor 
controlling the adipogenic differentiation of 
MSCs. Hem-MSCs expressed PPAR-γ2 gene [2, 
10]. In this study, co-staining of PPAR-γ/α-SMA 
and PPAR-γ/CD31 showed that PPAR-γ was 
mainly expressed in the α-SMA(+) perivascular 
cells, also in a few of CD31(+) endothelial cells. 
The results was the further evidences that peri-
vacular MSCs (also pericytes) contributed to 
the adipogenesis in IH, which may be controlled 
by PPAR-γ pathway. QPCR showed the signifi-

QPCR

A significant and continous increase of PPAR-γ2, 
LPL, CEBPA genes’ expresssion was showed in 
IH’s involuting and involuted phase. Perilipin A 
gene’s expression increased in the involuting 
phase, and increased very significantly in the 
involuted phase (Figure 5). The enhanced 
expression of adipogenic-related genes was 
consistent with the accumulation of adipose 
tissue in IH’s involution.

Discussion

Although it’s so common in children, the patho-
genesis of hemangioma isn’t totally clear till 
now. The mutation of some genes, abnormal 
differentiation of stem cells/progenitor cells, 
changes of hormones, hypoxia, and many other 
factors have been reported to contribute to the 
occurrance of hemangioma [4]. In the early 
hemangioma, active vasculogenesis and angio-
genesis lead to the rapid growth of tumor. 
Unbalanced VEGFR1/VEGFR2 signals, altered 

Figure 5. The expression of adipogenic-related genes in IH. A of PPAR-γ2, 
LPL, CEBPA genes’ expression increased continously and significantly in IH’s 
involution. Perilipin A gene’s expression increased in the involuting phase, 
and increased very significantly in the involuted phase. *P<0.01, ** P<0.05.

ratios of pro- and anti-angio-
genic VEGF-A variants, and 
proangiogenic properties of 
pericytes are invovled [5-7]. 
The involution of IH is still a 
mystery. Decrease of growth 
factors [8] and downregula-
tion of anti-apoptotic genes 
[9] were observed in the invo-
lution, but we don’t know the 
real causes behind these 
phenomena. The accumula-
tion of fibrofatty tissue in IH’s 
involution indicates the adi- 
pogenesis during this period. 
Adipogenesis is one of the 
impetus of IH’s involution, 
and lead to its final outcome. 

Studies have showed that 
MSCs contributed to the adi-
pogenesis in IH [2]. MSCs in 
IH reside in the perivascular 
region [10]. In fact, Hem-
MSCs display the features of 
pericytes, such as the expres-
sion of α-SMA and PDGFR-β 
[11]. Studies have reported 
the multi-differentiation po- 
tential of the pericytes from 
many tissues or organs [12]. 
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cant increase of PPAR-γ2, LPL, CEBPA, and 
Perilipin A genes’ expression from the prolifer-
ating, involuting, to involuted phase. These 
genes play their roles in the serial steps of 
MSCs’ adipogenic differentiation [14, 15]. The 
enhanced expression of above genes was con-
sistent with the accumulation of adipose tissue 
in IH’s involution.

In recent years, the role of PPAR-γ in angiogen-
esis attracted the attention [16]. PPAR-γ ago-
nists, TZDs, can suppress the angiogenesis by 
inhibiting the chemotaxis of endothelial cells 
and promoting their apoptosis through Erk5 
activation [17]. PPAR-γ ligands can induce the 
growth inhibition and apoptosis through p63 
and p73 in tumor cells [18]. In this study and 
our previous study, PPAR-γ expression was 
observed in the endothelial cells in IH [10]. 
PPAR-γ pathway may also play a role in the 
apoptosis of ECs in IH’s involution. 

Our results indicated the possible role of 
PPAR-γ pathway in MSCs’ adipogenic differen-
tiation and ECs’ apoptosis, both of which lead 
to IH’s involution. So, can we treat IH via PPAR-γ 
pathway? Can PPAR-γ agonists, TZDs, be used 
to treat IH? Rationally, TZDs may induce ECs’ 
apoptosis and the sbusequent collapse of cap-
illaries, promote MSCs’ adipogenic differentia-
tion, and then accelerate IH’s involution. TZDs 
may become the ideal drugs for IH.

In summary, this study observed the adipogen-
esis in IH, located the expression of PPAR-γ, 
and detect the expression of adipogenic-relat-
ed genes. The results may be the priliminary 
evidences for the targeted therapy of IH via 
PPAR-γ pathway. In our future study, rosigli-
tazon, one of TZDs, will be used to investigate 
the potential of PPAR-γ pathway in the treat-
ment of IH.

Acknowledgements 

This work was supported by the National Na- 
tural Science Foundation of China (No. 812- 
72989). We thank Dr. Deguang Chen for his 
help in sample collection, and Xuan Wang and 
Ru-Song Zhang for their technical assistance.

Disclosure of conflict of interest

None.

mailto:yuansm@163.com


Adipogenesis and PPAR-γ in hemangioma

11602 Int J Clin Exp Pathol 2017;10(12):11596-11602

[16] Sun K, Huang R, Wu S, Chen Z, Deng S, Zhou J, 
Xie J. The pleiotropic effects of PPARs on vas-
cular cells and angiogenesis: implications for 
tissue engineering. Curr Stem Cell Res Ther 
2016; 11: 265-73.

[17] Biyashev D, Veliceasa D, Kwiatek A, Sutanto 
MM, Cohen RN, Volpert OV. Natural angiogen-
esis inhibitor signals through Erk5 activation  
of peroxisome proliferator-activated receptor 
gamma (PPARgamma). J Biol Chem 2010; 
285: 13517-24.

[18] Kim S, Lee JJ, Heo DS. PPAR-γ ligands induce 
growth inhibition and apoptosis through p63 
and p73 in human ovarian cancer cells. Bio-
chem Biophys Res Commun 2011; 406: 389-
95. 

[12] Crisan M, Yap S, Casteilla L, Chen CW, Corselli 
M, Park TS, Andriolo G, Sun B, Zheng B, Zhang 
L, Norotte C, Teng PN, Traas J, Schugar R, 
Deasy BM, Badylak S, Buhring HJ, Giacobino 
JP, Lazzari L, Huard J, Péault B. A perivascular 
origin for mesenchymal stem cells in multiple 
human organs. Cell Stem Cell 2008; 3: 301-
313.

[13] Jinnin M, Ishihara T, Boye E, Olsen BR. Recent 
progress in studies of infantile hemangioma. J 
Dermatol 2010; 37: 283-98.

[14] Hamam D, Ali D, Kassem M, Aldahmash A,  
Alajez NM. microRNAs as regulators of adipo-
genic differentiation of mesenchymal stem 
cells. Stem Cells Dev 2015; 24: 417-25.

[15] Casado-Díaz A, Anter J, Müller S, Winter P, Que-
sada-Gómez JM, Dorado G. Transcriptomic 
analyses of adipocyte differentiation from hu-
man mesenchymal stromal-cells (MSC). J Cell 
Physiol 2017; 232: 771-784.


