Original article

Tinte Itinteang,1,2,3 Swee T Tan,1,2,3,4 Helen Brasch,2,5 Darren J Day1,2,3
< Additional figures are

published online only. To view
these files please visit the
journal online (http://jcp.bmj.
com).
1

School of Biological Sciences,
Victoria University of Wellington,
Wellington, New Zealand
2
Centre for the Study &
Treatment of Vascular
Birthmarks, Wellington Regional
Plastic, Maxillofacial & Burns
Unit, Hutt Hospital, Wellington,
New Zealand
3
Gillies McIndoe Research
Institute, Lower Hutt,
Wellington, New Zealand
4
University of Otago,
Wellington, New Zealand
5
Department of Pathology, Hutt
Hospital, Wellington, New
Zealand
Correspondence to
Professor Swee T Tan,
Wellington Regional Plastic,
Maxillofacial & Burns Unit, Hutt
Hospital, Private Bag 31-907,
High Street, Lower Hutt,
Wellington, New Zealand;
swee.tan@huttvalleydhb.org.nz
Equal senior authors: STT, DJD
This paper was presented, in
part, at the Royal Australasian
College of Surgeons’ Annual
Scientific Congress, Brisbane,
Australia, 11e16 May 2009;
the Australian and New Zealand
Vascular Anomalies Interest
Group Meeting, Melbourne,
Australia, 22 October 2009; the
New Zealand Association of
Plastic Surgeons’ Annual
Scientific Meeting, Auckland,
New Zealand, 21 November
2009; the 18th International
Society for the Study of
Vascular Anomalies Workshop,
Brussels, Belgium, 21e24 April,
2010; and the 8th Annual
Meeting of the International
Society of Stem Cell Research,
San Francesco, USA, 16e19
June 2010.
Accepted 26 July 2010
Published Online First
5 October 2010

982

ABSTRACT
Background Proliferating infantile haemangioma (IH) is
a tumour of the microvasculature composed
predominantly of immature endothelial cells. The origin of
IH is unclear, but it has been shown to express markers
of both endothelial and haematopoietic lineages, and
a role for endothelial progenitor cells in the aetiology
of IH has been suggested. Haemangioblasts are
precursors of both endothelial and haematopoietic
cells, and their characterisation has identified the
expression of cell surface and intracellular proteins that
collectively can be used for assigning a haemangioblast
phenotype.
Methods The authors used immunohistochemical
staining to characterise the expression of primitive
haematopoietic-associated proteins in proliferating IHs.
Results and discussion The authors show that the
cells forming the capillary endothelium express markers
associated with primitive haematopoietic cells.
Additionally, many of these cells express the
transcription factors brachyury and GATA-2, indicating
a primitive mesodermal origin. They hypothesise that the
immature capillaries in IH are derived from primitive
mesodermal cells with haemangioblastic differentiation
capabilities. The expression of primitive mesodermal,
endothelial and haematopoietic markers by the cells
forming the endothelium suggests that the immature
capillaries that predominate in proliferating IH are
a haemogenic endothelium phenotype, derived from
haemangioblasts.

INTRODUCTION
Infantile haemangioma (IH), a primary tumour of
the microvasculature, is the most common tumour
of infancy, affecting about 10% of white children. It
typically undergoes postnatal growth during
infancy (proliferating phase) characterised by
excessive angiogenesis, followed by spontaneous
involution over the next 1e5 years (involuting
phase) with continued ﬁbro-fatty deposition that
replaces the cellular elements up to 10 years of age
(involuted phase).1e3 Proliferating IH is composed
predominantly of immature endothelial cells1 with
a smaller component of myeloid haematopoietic
cells4 5 and mesenchymal stem cells.6 The lesion
consists of immature capillaries with tiny lumens
lined by plump endothelial cells with an outer
concentric pericyte layer, characterised by its
immunoreactivity (IR) for smooth muscle actin
(SMA).1 2
Endothelial progenitor cells (EPCs) have been
termed haematopoietic stem cells with an innate
ability to differentiate into mature endothelial
cells.7 There is increasing evidence of the presence
of an EPC population characterised by the expression of surface antigens CD133, CD34 and vascular
endothelial growth factor receptor-2 (VEGFR-2)8

within proliferating IH, with a signiﬁcant increase
in this population of cells in the peripheral blood of
affected patients.9 These EPCs have been presumed
to be recruited into proliferating IH and contribute
to the formation of the endothelial component of
this tumour.8 We have recently shown that the
expression of these EPC-associated markers is
localised to the endothelium of the immature
capillaries in proliferating IH10 and that these same
capillaries have a primitive mesoderm neural crest
phenotype.11
Haemangioblasts are precursors of both haematopoietic and endothelial cells that have been
shown to express brachyury,12 TAL-1,12 VEGFR-2,12
GATA-2,13 CD31,13 ACE14 and CD34.13 The
expression of brachyury,15 TAL-1,15 GATA-216 and
ACE14 on a subset of CD34+/VEGFR-2+ cells has
been proposed to delineate primitive precursors from
downstream EPCs. Previous reports describing the
expression of both haematopoietic and endothelial
markers in IH led us to investigate, in this
study, whether cells expressing markers consistent
with being haemangioblasts17 with the potential to
differentiate to cells of both the haematopoietic
and endothelial lineages, were present within IH.

METHODS
Biopsies of proliferating IH affecting the skin and/
or subcutaneous tissues (ﬁgure 1A) from 12
patients, aged 3e10 (mean 6) months, were
obtained according to a protocol approved by the
Wellington Regional Ethics Committee. The tissues
were formalin-ﬁxed and parafﬁn-embedded using
standard procedures. H&E and immunohistochemical (IHC) staining were performed on all
4 mm parafﬁn embedded serial sections. Routine
rehydration followed by antigen retrieval with
boiling 10 mM sodium citrate (Sigma-Aldrich, St
Louis, Missouri) was performed, and sections were
washed in Tris-buffered saline (TBS; 20 mM Tris
HCl buffer pH 7.6 containing 135 mM NaCl)
containing 0.1% Tween 20 (Sigma-Aldrich). Autoﬂuorescence was quenched with 0.5% sodium
borohydride (Sigma-Aldrich) prepared in TBS, and
the slides then blocked with 5% bovine serum
albumin (Sigma-Aldrich) prepared in TBS
containing 0.1% Tween 20.
Immunolabelling with primary antibodies
speciﬁc for antihuman brachyury, VEGFR-2, CD34,
CD45, ACE, GATA-2, CD133, TAL-1, CD34, CD31,
SMA
and
GLUT-1
(Abcam,
Cambridge,
Massachusetts) were performed overnight. Bound
antibodies were visualised by incubation with the
appropriate species-speciﬁc ﬂuorochrome-conjugated secondary antibody (goat antimouse Alexaﬂour 488 or chicken antirabbit Alexaﬂour 594
(Invitrogen, Auckland, NZ)) for 2 h, with the
exception of VEGFR-2 and GATA-2 which were
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detected with an antirabbit digoxigenin (Roche diagnostics,
Auckland, NZ) conjugate followed by an antidigoxigeninRhodamine (Chemicon, Sydney, Australia) conjugate. Slides
were mounted in Antifade Gold (Invitrogen) containing 49 ,6diamidino-2-phenylindole as counterstain prior to visualisation.
Parafﬁn sections of placental tissue were used as positive
controls for CD133,18 CD34,19 ACE20 and GATA-2.21 Negative
controls included staining of parafﬁn sections of tissue not
expected to be immunoreactive with the same series of antibodies (human uterine ﬁbroid), and also by omission of the
primary antibodies when staining selected proliferating IHs.
These controls showed the expected staining pattern consistent
with the previous reported speciﬁcity for the antibodies used.
Images were captured using a Leica TCS 4D confocal laserscanning microscope ﬁtted with a krypton/argon laser (Leica
Lasertechnik, Heidelberg, Germany).
J Clin Pathol 2010;63:982e986. doi:10.1136/jcp.2010.081257

RESULTS
Endothelium of proliferating IH expresses endothelial,
haematopoietic and primitive mesodermal markers
Proliferating IH tissue taken from all 12 patients in this study
showed typical characteristics on H&E sections (ﬁgure 1B).
Erythrocytes can be seen within the lumen of some (*) but not
all microvessels. The microvessels are composed of an inner cell
layer that lines the endothelium and an outer concentric pericyte
layer. Figure 1C clearly shows that the cells forming the endothelium are strongly immunoreactivity (IR) for CD34 (green),
whereas the cells that make up the outer pericyte layer shows IR
for SMA (red), as expected. The CD34 IR is restricted to the
lumen face of the cells forming the endothelium as has been
shown in other studies.22 Autoﬂuorescent erythrocytes can also
be seen in some vessels (*). GLUT-1 is an IHC marker used to
distinguish IH from other vascular anomalies.3 All samples
983
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Figure 1 (A) Ulcerated proliferating IH on the left mastoid region in a 4-month-old boy. (B) H&E section of this lesion showing immature capillaries
with a small lumen lined by plump endothelial cells. Erythrocytes can be seen within the lumen of some, but not all, of the microvessels (*). (C)
Endothelium of the immature capillaries, readily identified and distinguished from the pericyte layer by the expression of CD34 (green). The pericyte
layer, but not the endothelial cell layer, expresses smooth muscle actin (SMA) (red). (D) Staining for GLUT-1 (red) and CD34 (green). The endothelial
cell layer (staining green), but not the pericyte layer, expresses GLUT-1. (E) CD34+ cells (green) that form the endothelium are also immunoreactivity
(IR) for CD133 (red). (F) CD34+ cells (green) also express vascular endothelial growth factor receptor 2 (red). (G) Endothelial cells forming the
endothelium that express CD31 (green) and are also IR for brachyury (red). (H) Staining for SMA (red) identifying the pericyte layer, and ACE (green)
which is confined to the endothelium. ACE is expressed only by the cells of the endothelium and not by the pericytes. (I) CD34+ cells (green), also
express the haematopoietic transcription factor TAL-1 (red). Selected cells that show strong nuclear expression of TAL-1 are identified by white
arrowheads. (J) Staining for CD34 (green) and GATA-2 (red). GATA-2 is expressed by the CD34+ cells. (K) CD31+ endothelial cells (green) forming the
endothelium do not stain for the mature haematopoietic marker CD45 (red). CD45 IR is restricted to scattered cells within the interstitium (white
arrowheads). All images are counterstained with 49 ,6-diamidino-2-phenylindole (blue).
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TAL-1 was observed, with the cells forming the endothelium
showing the greatest IR for TAL-1 (white arrowheads). To
further support the presence of a primitive haemogenic endothelium, staining for GATA-2, a transcription factor expressed
early in haematopoietic development, was undertaken. As for
TAL-1, all proliferating IHs showed strong IR for GATA-2.
Staining of a representative sample is presented in ﬁgure 1J. IR
for GATA-2 (red) was seen in both the nucleus and cytoplasm of
the CD34+ (green) cells forming the endothelium. Supplementary ﬁgure 1J1eJ3 shows the separate staining for GATA-2 and
CD34 that more clearly demonstrate the cytoplasmic and
nuclear staining seen for GATA-2. Figure 1I,J shows that the
transcription factors TAL-1 and GATA-2, which have been
previously shown to identify primitive haematopoietic cells, are
expressed by the CD34+ endothelium and are consistent with
the data presented in ﬁgure 1G, H. Collectively, the data
presented in both ﬁgure 1 and supplementary ﬁgure 1 show that
the microvessels in proliferating IH express proteins associated
with a haemogenic endothelium.
Once we had detected primitive haematopoietic markers in
IH, we sought to determine whether the endothelium also
expressed more mature haematopoietic markers. Figure 1K
shows staining of a representative section for the mature
haematopoietic cell marker, CD45.24 Figure 1K shows a representative section stained for CD31 (green), and for CD45 (red).
The section shows the characteristic strong IR for CD31, as
expected. The white arrowheads indicate a selection of the
CD45 cells, all of which are in the interstitial space between the
CD31+ microvessels. IR for CD45, the mature myeloid cell
marker, was restricted to interstitial space and was not detected
on the endothelium of any of the proliferating IHs studied.
The speciﬁcity of the presented IR was conﬁrmed by staining
of placenta, which showed IR for CD34, CD133, ACE and
GATA-2 (supplementary ﬁgure 2AeD) while there was no or
minimal IR when staining of uterine ﬁbroid tissues was
performed as a negative control under identical conditions
(supplementary ﬁgure 2E, F). Similarly, omission of the primary
antibody when staining IH sections showed minimal IR
(supplementary ﬁgure 2G, H).

DISCUSSION
Haemangioblast had remained elusive until 1998, when its
presence as a common precursor for endothelial and haemopoietic cells was reported.25 Since its discovery, proteins associated with haemangioblast development have been described26
and subsequently used to identify cells with the same, or similar,
phenotype based upon the expression of transcription factors
and cell surface receptors. The nuclear transcription factor TAL-1
(also known as SCL) has been shown to be essential in specifying
the formation of haemangioblasts from the primitive mesoderm,27 and is also a key regulator of haematopoiesis.28 Similarly,
the zinc-ﬁnger transcription factor, GATA-2, has been shown to be
a tissue-speciﬁc transcription factor whose activity is essential for
cells with haematopoietic potential.29 The nuclear and cytoplasmic localisation of this transcription factor in the cells of the
endothelium that we report suggests that, although present, some
of this transcription factor is not active and therefore localised
outside the nucleus. The brachyury gene, also known as T, codes
for a transcription factor that is expressed by cells derived from the
primitive mesoderm,12 the cytoplasmic localisation of this transcription factor has been previously reported in early development.30 Haemangioblasts have previously been shown to express
VEGFR-2, ACE, CD133, CD34 and CD31. We report that the
J Clin Pathol 2010;63:982e986. doi:10.1136/jcp.2010.081257
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analysed showed IR for GLUT-1 (ﬁgure 1D, red) on the cells
lining the endothelium. The GLUT-1 IR is predominantly
localised to the lumen face of the cells forming the vessels.
Costaining with CD34 (ﬁgure 1D, green) generated an orange
colour where IR for both CD34 and GLUT-1 occurred. Supplementary ﬁgure 1D1eD3 shows the separated and overlayed
CD34 and GLUT-1 images presented in ﬁgure 1D.
To identify EPCs within the IH lesions, IHC staining for
VEGFR-2, CD34 and CD133 was undertaken, as this set of
markers has been shown previously to identify EPCs within the
circulation.7 8 All proliferating IH sections showed strong IR for
VEGFR-2, CD34 and CD133. Figure 1E, F shows representative
immunostaining for these markers. Figure 1E shows IR for CD34
(green) to identify the endothelial cells that also expressed the
haematopoietic stem cell marker, CD133 (ﬁgure 1E, red). IR for
CD133 is predominantly expressed on the CD34 cells, with
a few cells in the interstitium also staining for CD133. Notably,
the cells of the pericyte layer do not express CD133. Supplementary ﬁgure 1E1eE3 shows the CD133, CD34 and merged
images in separate panels to show more clearly that CD133 and
CD34 are expressed by the same cells that form the endothelium. Figure 1F shows IHC co-staining? for VEGFR-2 (red) and
CD34 (green). Expression of CD34 is restricted to the plasma
membrane on the luminal side of cells lining the vessels, as also
shown in ﬁgure 1CeE. Figure 1F shows that VEGFR-2 is
expressed by the CD34 cells that line the microvessel lumen.
Supplementary ﬁgure 1F1eF3 presents the CD34 and VEGFR-2
staining in separate panels and shows that VEGFR-2 is expressed
in both the cytoplasm and nucleus of the CD34 cells. The white
arrowheads in the merged images presented in ﬁgure 1F identify
cells that strongly express VEGFR-2 and show that these cells
are also CD34+. Collectively, the staining presented in ﬁgure 1E,F
shows that the endothelium expresses markers consistent with an
EPC phenotype.
As EPCs are derived from haemangioblasts,23 we sought to
investigate whether the endothelium was also immunoreactive
for the primitive mesodermal marker brachyury,12 and for
ACE, also called CD143.14 IR for these markers, in conjunction
with markers for EPC can be used to identify haemangioblasts.
Figure 1E, F shows staining of representative IH sections for
brachyury and ACE. All proliferating IH sections analysed
showed strong IR for ACE and brachyury. Figure 1G shows
staining for CD31 (green) and brachyury (red). IR for brachyury
was restricted to the cells of the endothelium, which also stained
for CD31. Supplementary ﬁgure 1G shows the separate staining
for CD31 and brachyury and demonstrates that IR for
brachyury is restricted to the CD31+ endothelial cells. Figure 1H
shows staining for ACE (green) and SMA (red). As shown
previously, SMA identiﬁes pericytes and does not stain the
endothelium (ﬁgure 1C). Figure 1H shows that IR for ACE is
localised to the endothelium and is absent from the interstitial
cells and pericyte layer. The staining presented in ﬁgure 1 G&H
supports the notion that the expression of haemangioblast
associated proteins in the endothelium of IH as being potentially
haemogenic.
It has been previously shown that haemangioblasts generate
haematopoietic cells through a haemogenic endothelium stage
and that the transcription factor TAL-1 is essential for the
establishment of a haemogenic endothelium.17 To conﬁrm that
the IR demonstrated in ﬁgure 1G, H identiﬁes a haemogenic
endothelium, staining for TAL-1 was undertaken and is
presented in ﬁgure 1I. All proliferating IHs show strong IR for
TAL-1 (red) on the CD34+ (green) cells that form the endothelium (ﬁgure 1I). Both nuclear and cytoplasmic staining of
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Take-home message
The expression of primitive mesodermal, endothelial and
haematopoietic markers by the cells forming the endothelium
of infantile haemangioma suggests that the immature capillaries
that predominate in proliferating lesions are a haemogenic
endothelium phenotype, derived from haemangioblasts.

to a haemogenic endothelium intermediate. We further propose
that the increased levels of circulating EPCs seen in patients
with IH are derived from the haemogenic endothelium de novo
and are released into the circulation.
The presence of the haemangioblast-derived haemogenic
endothelium in IH suggests that this tumour may be best
considered as a disorder of embryonic development, and that IH
is a disorder of primitive mesodermal differentiation and
proliferation. Our hypothesis is consistent with other studies
reporting the presence of cells expressing proteins associated
with embryonic haemangioblast progenitors in haemangioblastoma40. Our recent observation that this haemogenic
endothelium expresses a primitive mesoderm with a neural crest
phenotype10 11 may provide a clue for the segmental distribution of a subgroup of IH including those that constitute
PHACES (posterior fossa malformationsehaemangiomasearterial anomaliesecardiac defectseeye abnormalitiesesternal cleft
and supraumbilical raphe) syndrome.11 Given that neural crest
cells undergo extensive migration during embryonic development and that its derivatives are ubiquitous at birth, further
study may provide insights into the localised form of IH, either
single or multiple and/or extracutaneous involvement.
An understanding of the development of IH may not only
provide insights into haemogenic endothelium and downstream
human haematopoietic and vascular ontogeny but also provide
a novel human model for studying primitive haematopoiesis and
embryonic development in general.
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