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Introduction

Infantile hemangioma, a benign vascular tumor, is the most 
common tumor of childhood with up to 10% of neonates being 
affected.1-3 However, Caucasian, female, and premature infants 
have a higher risk of developing hemangiomas.4 These tumors 
are mostly cutaneous, present after birth, and follow a unique 
life cycle which starts with a rapid proliferation and then spon-
taneous regression.5 The life cycle consists of three phases. The 
proliferating phase is characterized by an immature vascular 
phenotype and lasts for approximately the first year of life. The 
involuting phase is 3 to 5 years in duration and exhibits a mature 
vascular phenotype. The involuted phase is reached by age 5 to 

8 and is characterized by collapsed vessels surrounded by fibro-
adipose tissue.5 There are two main hypotheses for the pathogen-
esis of infantile hemangioma, an intrinsic as well as an extrinsic 
one.5 We have recently shown that hemangiomas arise from stem 
cells that give rise to the main cellular constituents of the hem-
angioma, namely endothelial cells (ECs) and adipocytes.5 The 
same stem cells have also been shown to differentiate into vascu-
lar pericytes.6 These findings support the intrinsic hypothesis for 
hemangioma pathogenesis.

Hemangiomas are mostly small lesions and pose no serious 
threat to the wellbeing of the infant. However, some lesions have 
the potential to interfere with the child’s health depending on size 
and location.4,5 Currently, treatments for infantile hemangioma 
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Infantile hemangioma is a benign vascular tumor that affects 4 to 10% of neonates. a unique feature of hemangiomas 
is the natural lifecycle, whereby the tumor rapidly grows and then spontaneously regresses to a fibrofatty residuum. 
We have shown that hemangiomas are derived from mutlipotential stem cells (hemSCs), which differentiate into endo-
thelial cells during the early proliferating phase and into adipocytes during the later involutive phase. T-box 2 (TBX2) is 
a transcription factor involved in controlling cell-fate decisions, and is highly expressed during the proliferating phase 
of hemangioma development. We hypothesize that TBX2 expression would be high in hemSCs derived from human 
hemangiomas and inhibiting TBX2 would result in changes in hemSC differentiation potential. To test our hypothesis, we 
analyzed hemSCs for TBX2 mrNa and protein expression. We then used rNa interference and TBX2 overexpression to 
determine the effect of altering TBX2 levels on hemSC growth and differentiation. Our studies show that TBX2 is highly 
expressed in hemSCs compared with a panel of normal stem/progenitor cells and mature vascular cells. TBX2 knock-
down completely abolished adipogenic differentiation of hemSCs without significantly altering growth. Furthermore, 
overexpression of TBX2 led to enhanced adipogenic differentiation ability possibly through induction of C/eBPβ. From 
these findings, we believe that TBX2 is active in hemSCs and that TBX2 maintains adipogenic differentiation-competent 
state of hemSCs. These findings may be important in the development of better treatment options for hemangiomas to 
accelerate involution.
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consist of corticosteroids, interferon-α, propranolol, and surgery. 
However, due to the non-specific nature of these treatments, 
with the exception of surgery, there is the potential for adverse 
side effects, and thus there still exists a need for more specific 
therapies.7,8 In order to develop such treatments, specific regula-
tors involved in the hemangioma life cycle must first be identi-
fied. In a study by Ritter and colleagues,9 a large-scale analysis of 
potential regulators of infantile hemangioma was performed, and 
genes with increased expression levels in the proliferating phase 
compared with the involuting phase included T-box 2 (TBX2).

TBX2 is part of the T-box transcription factor family, which is 
important in embryonic development and cell cycle progression 
control. Specifically, TBX2 is involved in coordinating cell fate in 
certain tissues and studies have shown its overexpression in sev-
eral cancers.10 TBX2 seems to be an immortalizing gene in that 
it is able to repress cell cycle inhibitors such as p19ARF (mouse 
homolog of human p14 ARF) and p21WAF1/CIP1/SDI1.11

Due to the involvement of TBX2 in coordinating cell fate 
and its ability to inhibit cell cycle regulation, TBX2 may act as 
a regulator of infantile hemangioma. We have recently shown 
that hemangioma-derived stem cells (hemSCs) express platelet-
derived growth factor-B (PDGFB) which acts to regulate adi-
pogenesis (a process critical for hemangioma involution) in a 
cell-autogenous manner.12 In an attempt to identify the mecha-
nisms by which PDGFB regulates adipogenesis, we performed 
a mRNA-based screen for putative signaling factors and also 
identified TBX2 (unpublished data). Therefore, we aim to evalu-
ate the role of TBX2 in hemangioma in this study. We hypoth-
esized TBX2 expression would be high in hemangioma-derived 
primary hemSCs compared with normal stem/progenitor cell 

counterparts and disrupting TBX2 would result in changes in 
hemSC growth and differentiation.

Results

hemSCs show robust expression of TBX2. We first exam-
ined human hemangioma-derived stem cells (hemSCs) for TBX2 
expression and compared the cells to bone marrow-derived mes-
enchymal progenitor cells (bm-MPCs; used as normal stem/
progenitor cells). In addition, we analyzed endothelial progeni-
tor cells (derived from cord blood and adult blood; cbEPCs and 
abEPCs respectively) and mature human dermal microvascular 
endothelial cells (HDMECs). Using real time RT-PCR, we found 
that TBX2 mRNA is highly expressed in hemSCs (Fig. 1A). 
Expression of TBX2 mRNA was minimal in bm-MPCs and no 
detectable levels were seen in the cbEPCs, abEPCs, or HDMECs 
(Fig. 1A). After determining the expression of TBX2 in hemSCs, 
we wanted to examine the cellular localization of TBX2. Since 
TBX2 is a transcription factor, an active state should be indicated 
by nuclear localization. We stained hemSCs for TBX2 and show 
that TBX2 protein localizes to the nucleus (Fig. 1B).

To explore the possibility that TBX2 may be involved in 
hemSC adipogenesis, we first exposed hemSCs to adipogenic 
media for 7 d and assessed transcript levels of TBX2. The 
rationale was to understand the dynamics of TBX2 expression 
during the process of adipogenesis. We measured the degree of 
adipogenesis by analyzing specific transcription factors, which 
are necessary for differentiation12,13 (Fig. 2A). Our results show 
induction of both early transcription factors (C/EBPβ and δ) 
as well as late transcription factors associated with adipogenesis  
(C/EBPα and PPARγ2) when hemSCs were exposed to adipo-
genic (adipo) media (Fig. 2B). This induction was also associated 
with significantly higher levels of TBX2 mRNA (Fig. 2C and 
2D). This suggests that TBX2 may play a role in hemSC adipo-
genesis, which may involve regulating cell growth or induction of 
adipogenesis-specific transcription factors.

TBX2 knockdown has no significant effect on hemSC 
growth but completely abolishes adipogenesis. In order to 
understand the function of TBX2, we knocked down the expres-
sion using siRNA. HemSCs were transfected with either TBX2 
or control siRNA using electroporation, and subjected to real 
time RT-PCR to assess knockdown efficiency at 24 h follow-
ing transfection as well as at the endpoint of all experiments  
(day 7). TBX2 siRNA transfection led to a significantly reduced 
level of mRNA expression when compared with the control 
siRNA group at 24 h (data not shown) as well as at day 7 in nor-
mal growth media (approximately 85% reduction; Figure 3A). 
We first analyzed the effect that decreased levels of TBX2 had 
on the growth potential of the hemSCs. We determined total live 
cells and it was found that knocking down TBX2 did not have a 
significant effect on the growth of hemSCs after 24 h (data not 
shown) or at day 7 (Fig. 3B).

We next cultured hemSCs (transfected with control siRNA 
or siRNA against TBX2) in adipogenic media to assess the role 
in the differentiation process. After 7 d, negative Oil Red-O 
staining showed that TBX2 knockdown prevented adipocyte 

Figure 1. (A) analysis of TBX2 mrNa levels was performed in adult blood 
endothelial progenitor cells (abePC), cord blood endothelial progenitor 
cells (cbePC), human dermal microvascular endothelial cells (HDMeC), 
two different hemangioma stem cells (HemSC1 and HemSC2), and bone 
marrow mesenchymal progenitor cells (BM-MPC). T-box 2 was highly 
expressed in HemSCs compared with the other cell types [mrNa levels 
normalized to β-actin; representative data from 2 independent experi-
ments shown]. (B) Immunofluorescence staining was performed to con-
firm nuclear localization of TBX2 in hemSCs [TBX2 = green, arrow; DaPI 
nuclear dye = blue; insert shows higher magnification].
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differentiation in hemSCs (data not shown). Real time RT-PCR 
based quantitative assessment of adipogenesis showed that TBX2 
knockdown completely prevented induction of all adipogenesis-
specific transcription factors (Fig. 3C). Since adipogenic differ-
entiation was associated with elevated TBX2 levels (Fig. 2C), 
we measured whether significant reduction of the transcript 
levels were maintained in TBX2 siRNA transfected cells follow-
ing the 7-d differentiation assay. Our results show that TBX2 
mRNA levels were significantly reduced in the siRNA trans-
fected cells, although the knockdown was only at 40% (Fig. 3D). 
Furthermore, there were no differences in cell number when 
TBX2 siRNA transfected cells were cultured in adipogenic 
media (Fig. 3E).

TBX2 overexpression leads to induction of C/EBPβ and 
enhanced adipogenesis. To confirm the role of TBX2 in regulat-
ing hemSC adipogenesis, we overexpressed TBX2 and achieved 
approximately a 4-fold induction in TBX2 levels (Fig. 4A). 
Surprisingly, increased levels of TBX2 were not associated with 
changes in cell growth (Fig. 4B). However, when we exposed 
hemSCs overexpressing TBX2 to adipogenic differentiation 
media, lipid-laden cells were clearly seen even through regular 
microscopy (Fig. 4C). This enhanced adipogenic differentiation 
level was highlighted in the mRNA levels of adipogenesis-spe-
cific transcription factors (Fig. 4D). We also found that TBX2 
overexpression induces C/EBPβ even in normal growth condi-
tions (Fig. 4D).

Discussion

The salient finding of our study is that TBX2 is a regulator of 
adipogenesis in hemSCs. We found that inhibiting TBX2 com-
pletely normalizes induction of adipogenic differentiation with-
out altering cell growth. Conversely, overexpression led to basal 
induction of C/EBPβ and significantly enhanced adipogenesis. 
It is worthwhile to note the differences in TBX2 expression levels 
within the two different hemSC specimens that were examined 
(Fig. 1A). This was expected. Even though hemangiomas exhibit 
a predictable lifecycle, individual differences lead to slight varia-
tions in the timing of the different phases. We have previously 
shown that hemSCs express varying levels of insulin-like growth 
factor 2 and the level corresponds to the ability of hemSCs to pro-
duce leptin.14 These findings suggest that hemSCs from different 
phases and different time points would follow a hierarchical stage 
reflected by their biosynthetic ability and varying expression of 
different cell fate determining factors.

We had expected that because TBX2 is a cell cycle regula-
tor and an immortalizing factor in certain other tumors, it 
would positively regulate growth and proliferation.10,11 When 
we knocked down TBX2, we did note a slight decrease in cell 
growth, although this decrease is not statistically significant. It 
is possible that had the assay been continued over a longer time, 
it will have produced a larger disparity in cell numbers between 
the control and TBX2 siRNA groups. Another explanation could 

Figure 2. (A) Schematic showing the cellular and molecular changes accompanying adipogenic differentiation. Upon receiving adipogenic signals,  
C/eBPβ and δ are upregulated leading to induction of C/eBPα and PParγ2. (B) Induction of adipogenesis-specific transcription factors in hemSCs cul-
tured in adipo media (black bars) for 7 d as compared with cells in control media (white bars) [mrNa normalized to β-actin, * p < 0.05 compared with 
control media]. (C) TBX2 mrNa levels in cells exposed to adipo media [* p < 0.05 compared with control media]. (D) post-PCr products were run on 
agarose gel to confirm specific amplification.
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be the presence of various growth promoting factors in culture 
media. This is difficult to test, as serum-depleted (or reduced) 
media would lead to confounding variables and most certainly 
change cell growth and differentiation itself. We can, however, 
conclude that the primary role of TBX2 in hemangioma is related 
to cell differentiation. Supporting evidence also comes from our 
overexpression studies, which show non-significant effect on cell 
growth but highly enhanced adipogenic differentiation potential.

Unlike most transcription factors regulating stem cell phe-
notype whose knockdown leads to enhanced differentiation, 
TBX2 seems to regulate the differentiation competent state. We 
expected that knocking down the expression of TBX2 would 
allow the cells to complete adipogenesis at a faster rate than under 

control conditions; however, our results indicate the opposite is 
true. The fact that overexpression of TBX2 in hemSCs resulted 
in an increase in adipogenic markers supports the idea that TBX2 
maintains the differentiation competent state and is a positive 
regulator of adipogenic differentiation in hemSCs. Interestingly, 
when TBX2 was overexpressed in hemSCs our results show a basal 
induction of C/EBPβ. There may be an indirect link between 
TBX2 and adipogenesis that may not be restricted to hemSCs. 
Recent studies have shown that TBX2 interacts with retinoblas-
toma protein.15 It has also been reported that in differentiating 
cells retinoblastoma protein and C/EBPs share a physical inter-
action but only in actively differentiating cells.16 The C/EBP 
form identified in this report was C/EBPβ, same form that was 
induced in our TBX2 overexpressing cells. Together these studies 
show a possible link between TBX2 and C/EBPβ and provide 
insight into how TBX2 may positively regulate adipogenic dif-
ferentiation in hemSCs. As hemSCs are capable of differentiating 
into other cell lineages, such as endothelial cells, neuroglial cells, 
osteocytes, and chondrocytes,17It would therefore be interesting 
to evaluate the effect that TBX2 knockdown would have on the 
differentiation ability of hemSCs into these other cell lineages to 
determine if the effects of TBX2 are adipogenesis-specific.

Overall, our findings indicate that TBX2 is involved in the 
adipogenic potential of hemangioma stem cells. Most impor-
tantly, we have identified a potential mechanism through which 
infantile hemangioma may be targeted. Finding a way to manip-
ulate the link between TBX2 and C/EBPβ could provide a way 
to increase the involution rate of the tumor thereby decreasing 
the potential size reached and therefore decreasing risk of com-
plications caused by the tumor.

Materials and Methods

Hemangioma stem cell and other cell specimens. Proliferating 
hemangioma-derived CD133+ cells (hemSCs) were kindly pro-
vided by Dr. Joyce Bischoff (Children’s Hospital Boston). We 
have previously shown full characterization of hemSCs and cul-
ture conditions.17 Bone marrow-mesenchymal progenitor cells 
(bm-MPCs; isolated from bone marrow mononuclear prepara-
tions; 2M-125B, Lonza Inc.) were used as a control for hemSCs. 
Three endothelial cell types were also included: human dermal 
microvascular endothelial cells (HDMECs; CC-2516, Lonza 
Inc.), cord blood endothelial progenitor cells (cbEPCs) and 
adult blood endothelial progenitor cells (abEPCs), both isolated 
from mononuclear fraction (2C-150A, Lonza Inc.; and B2150-
01-50ML, US Biological) as shown previously.13 All cells were 
cultured in Endothelial Basal Media-2 (EBM2; Lonza Inc.) 
supplemented with 20% Fetal Bovine Serum (FBS; CA-95042-
112; Lonza Inc.), EBM2 SingleQuots (Lonza Inc.) and 1x anti-
biotic antimycotic media (CA45000-616; Mediatech Inc.) on 
fibronectin-coated (FN; 1 µg/cm2, FC010-10, Millipore) plates. 
All studies were conducted following approval by the Research 
Ethics Board at Western University, London, Ontario, Canada.

Real time RT-PCR analysis. Extraction of RNA, cDNA syn-
thesis and real time RT-PCR analysis was performed by following 
previous laboratory protocols.12-14 TBX2 primers were obtained 

Figure 3. (A) TBX2 mrNa levels in hemSCs after transfection with con-
trol or TBX2 sirNa after 7 d in normal growth media [data normalized 
to β-actin and shown relative to control sirNa; *p < 0.05 compared with 
control sirNa]. (B) effect of TBX2 knockdown on total live cell number 
at day 7. (C) TBX2 sirNa prevents induction of all adipogenesis-specific 
transcription factors [mrNa data normalized to β-actin; * p < 0.05 com-
pared with control sirNa transfected cells in control media; † p < 0.05 
compared with control sirNa transfected cells in adipo media]. (D) TBX2 
mrNa levels in cells exposed to adipo media for 7 d [*p < 0.05 compared 
with control sirNa]. (E) total live cell numbers following control or TBX2 
sirNa transfection and exposure to adipo media for 7 d.
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from Qiagen (QT00091266). All other primer sequences and 
sources are reported in our previous studies.12-14 mRNA levels 
were normalized to β-actin and the data was analyzed using rela-
tive quantity (ΔCT) with CFX Manager Software (Bio-Rad).

Immunofluorescence staining. HemSCs were plated at a 
density of 10 000 cells/cm2 on FN-coated chambered slides in 
complete EMB2/20% FBS media. Cells were fixed with 100% 
methanol and incubated with anti-TBX2 antibody (1:100 
dilution; sc-17880, Santa Cruz Biotech) for 1 h at room tem-
perature. Fluorescein-conjugated anti-goat secondary antibody 
(1:200 dilution; Vector Laboratories) was used for detection. 
Counterstaining with DAPI nuclear dye (Vector Laboratories) 
was performed and Fluoromount K 024 (Diagnostic BioSystems) 
was used for mounting the slides. Images were taken using the 

Olympus BX-51 microscope (Olympus Canada In.) equipped 
with a Spot Pursuit digital camera (SPOT Imaging Solutions).

Transfection of hemangioma stem cells. HemSCs were 
grown in complete EBM2 media to subconfluence. The day 
prior to the transfections, the media was replaced with antibi-
otic/antimycotic-free media. Twenty-four hours later, the cells 
were trypsinized and then transfected with either TBX2 siRNA 
(sc-38469) or control siRNA (sc-37007) using electroporation 
(Neon® Transfection System, Life Technologies). For siRNA 
transfections, we used the following protocol: 1400v, 20 ms, 2 
pulses. Knockdown efficiency was determined at 24 h post-trans-
fection or at day 7 using real time RT-PCR. For TBX2 overex-
pression, we transfected hemSCs with transfection ready TBX2 
full-length cDNA in pCMV6-XL5 (SC125962, Origene) using 
1600v, 20 ms, 3 pulses.

Figure 4. (A) TBX2 mrNa levels following TBX2 cDNa overexpression in hemSCs cultured in normal growth media for 7 d after transfection [* p < 0.05 
compared with control transfection]. (B) effect of TBX2 overexpession on cell growth as measured at day 7. (C) Phase contrast image of control trans-
fected cells, cells transfected with TBX2 sirNa, and cells transfected with TBX2 cDNa cultured in adipo media for 7 d [insert shows higher magnification]. 
(D) TBX2 overexpressing cells were induced to differentiate using adipogenic media for 7 d, at which point they were analyzed for C/eBPβ, C/eBPδ,  
C/eBPα, and PParγ2 expression levels to determine degree of adipogenic differentiation. a significant increase in all adipogenesis-specific genes was 
seen in hemSCs with TBX2 overexpression compared with control transfected cells [*p < 0.05 compared with control transfected cells in control media; 
†p < 0.05 compared with control transfected cells in adipo media].
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Cell activity assays. Post-transfection, the growth of hemSCs 
was assayed by measuring total live cell number with Scepter 2.0 
Automated Cell Counter (Millipore). To assay adipogenic dif-
ferentiation, hemSCs (with or without transfection) were plated 
at a density of 40,000 cells/cm2 in Dulbecco’s Modification of 
Eagle’s Medium (DMEM; Mediatech Inc.) supplemented with 
10% FBS (control media) or with StemPro® Adipogenesis 
Differentiation media (adipogenic media; A10070–01, Life 
Technologies Inc.). After 7 d, cells were subjected to staining 
with Oil Red-O (O0625–25G; Sigma-Aldrich) to identify adi-
pocytes and RNA isolation and subsequent real time RT-PCR 
for the purpose of quantifying adipogenesis-specific markers (C/
EBPβδ, C/EBPδ, C/EBPα, and PPARγ2) and thus adipogenic 
differentiation.

Statistical analysis. The data were expressed as means ± 
SEM. Differences were determined using ANOVA with post hoc 

Bonferroni’s correction. P values < 0.05 were considered statisti-
cally significant.
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