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Abstract Infantile haemangioma (IH) is the most frequent
childhood tumour. Although it is benign and self-limiting,
severe complications can arise due to localisation and fast
tumour growth. Management and therapy of IH has changed
greatly after 2008 with propranolol. However, the pathogen-
esis remains elusive. This update provides an overview of all
possible mechanisms currently considered. We discuss the
possibility that several mechanisms act together, although
local hypoxia seems to be important. Clinically, in about half
of the cases, an IH is preceded by an anaemic macula (local
ischaemia) or a so-called precursor lesion. Laboratory findings
indicate stabilisation and an increased transcription activity of
hypoxia-inducible factor 1 alpha (HIF1«), leading to up-
regulation of its downstream target genes (such as vascular
endothelial growth factor (VEGF)), which normally occurs in
cases of hypoxia.

Conclusion: Three main hypotheses have been proposed,
namely (1) the theory of tissue hypoxia, (2) the theory of
embolization of placental endothelial cells and (3) the theory
of increased angiogenic and vasculogenic activity.
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Abbreviations
BNIP3 Bcl-2/adenovirus E1B kilodalton-interacting
protein (BNIP) family member 3

CA-IX Carbon anhydrase IX

GLUT-1  Glucose transporter 1

HIF1o Hypoxia-inducible factor 1 alpha
HIF2x Hypoxia-inducible factor 2 alpha
IDO Indoleamine 2,3-dioxygenase
IGF Insulin-like growth factor

H Infantile haemangioma

MMP9 Matrix metallopeptidase 9
mTOR Mammalian target of rapamycin
mTORCI mTOR complex 1

pAKT Phosphorylated v-akt murine thymoma

viral oncogene homolog 1
pS6 Phosphorylated S6 protein

ROP Retinopathy of prematurity

SDF1«x Stromal cell-derived factor 1 alpha

TNF-« Tumour necrosis factor alpha

VEGF Vascular endothelial growth factor
VEGF-A  Vascular endothelial growth factor A
VEGFR  Vascular endothelial growth factor receptor
Introduction

Reported incidences of infantile haemangioma (IH) vary
greatly, but in any case, it is the most frequent childhood
tumour, with incidences of 5-10 % up to 20 % in prematurely
born infants [11, 15, 12]. These tumours occur predominantly
in the Caucasian population [37]. IHs follow a typical course:
they arise within the first few days to weeks after birth and
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most [H grow exponentially for up to 6 to 9 months. Hereafter,
regression follows, by approximately 10 % per year [34].
Thus, most IHs have gone at the age of 10 years but a scar
can remain [4]. Although IHs are benign and self-limiting,
severe complications may arise due to localisation and accel-
erated tumour growth [22]. Figures 1, 2, 3,4, 5, 6 and 7 show
several different [Hs. Despite extensive literature (especially
after 2008), the pathogenesis is still not clear [46]. This update
provides an overview of mechanisms that are currently being
considered, and some aspects of these theories are discussed.

In a proliferative IH, rapidly growing endothelial cells form
blood vessels. Increased apoptosis of endothelial cells in the
involution phase leads to regression of blood vessels.
Eventually, the thick multilaminated basement membrane sur-
rounding the endothelial layer is replaced by adipocytes in
fibrous tissue [9]. Furthermore, a considerable increase in the
number of mast cells during the involution phase may alter the
balance of angiogenic factors, thus promoting regression [44].
The empirically based current therapy aims to induce/
accelerate the natural involution process [9]. Systemic pro-
pranolol induces quick therapeutic responses and has made
corticosteroids and all other treatment options obsolete [29,
49]. However, propranolol has potential side effects and
sometimes must be used for 1-2 years (own experience). As
topical use has limitations as well, we are still searching for a
better alternative. Propranolol and corticosteroids both act on
factors induced by hypoxia-inducible factor 1 alpha (HIF1cx)
as a result of local hypoxia [20, 49], supporting a crucial role
of local hypoxia in IH. A better understanding of the patho-
genesis may improve targeted therapy options in the manage-
ment of IH. The therapy of IH will be discussed in part II
which will appear in the next issue [25].

Characteristics of proliferating versus involuting IHs [30]

IHs consist of multipotent stem cells (CD133+), immature
endothelial cells (CD31+), pericytes (SMA+), dendritic cells
(factor XIIla+) and mesenchymal cells (with adipogenic po-
tential). During the proliferative phase, endothelial and

Fig. 1 Precursor lesion before development of an infantile haemangioma
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Fig. 2 Infantile haemangioma in the active (proliferative) phase

interstitial cells express a marker of proliferation, namely the
antibody MIB-1. Furthermore, CD3 1+ endothelial cells are
clonal and express a particular phenotype: indoleamine 2,3-
dioxygenase (IDO), LYVE-1, merosin, CCR6, glucose trans-
porter 1 (GLUT-1), antigen Lewis Y (Ley), antigen FcyRII,
and CD15. This phenotype changes over time with the matu-
ration of endothelial cells (see Fig. 8). However, GLUT-1
stays positive and therefore can discriminate between IHs
and other vascular malformations [32, 39]. During involution,
endothelial cells express caspases, which are known
markers of apoptosis. Simultaneously, there is an increase
in the expression of markers of maturation and activation of
endothelial cells such as HLA-DR and ICAM-1 (CD54).
Mesenchymal cells differentiate into adipocytes at this stage.
Moreover, in a recent report, it was concluded that apoptosis is
prevented in proliferative IHs by an up-regulated autocrine
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Fig. 3 Infantile haemangioma with both deep swelling and a superficial
component
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Fig. 4 Alarming infantile haemangioma: risk for eye abnormalities

vascular endothelial growth factor (VEGF)/VEGF receptor 2
(VEGFR?2) signalling loop. VEGF also activates the survival-
promoting PI3K/Akt pathway. Activation of Akt in turn stim-
ulates the expression of anti-apoptotic proteins, such as Bcl-2.
Thus, the up-regulated autocrine VEGF loop promotes
IH-derived endothelial cells survival via regulation of the
PI3K/Akt/Bcl-2 pathway [26].

Hypotheses

Many mechanisms have been considered to explain the devel- Fig. 6 Infantile haemangioma in the involutive phase

opment of [Hs. Three competing hypotheses are currently being

considered, which are, however, not mutually exclusive [23]: 3. Increased angiogenic and vasculogenic activity.
1. Tissue hypoxia Tissue hypoxia seems to be the most powerful inducer of
2. Embolization of placental endothelial cells angiogenesis (and vasculogenesis). A relation was found

Fig. 5 An infantile haemangioma with ulceration and great risk of
permanent deformity Fig. 7 Haemangiomatosis
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Fig. 8 Pathophysiological mechanisms at a cellular level in the course of
infantile haemangiomas: a stem cell (CD133), under hypoxic conditions
resulting in the activation of the HIF pathway and overexpression of

between placental hypoxia and IHs [16]. Also, the relationship
between low birth weight and IH and the association between
ROP and IH points to hypoxia [17].

As a less important hypothesis, genetic involvement has
been proposed [51].

Hypoxia

Local hypoxia may be involved in the pathogenesis of IH [5,
14, 28, 33]. In 50 % of cases, the skin is blanched (precursor
lesion) at the site where an IH will eventually develop,
supporting the idea that local ischaemia is important. A hyp-
oxic environment triggers stabilisation at the protein level of
the transcription factor HIF 1o [52]. HIF 1 ¢ in turn stimulates
transcription of downstream target genes such as Bcl-2/ade-
novirus EIB kilodalton-interacting protein (BNIP) family
member 3 (BNIP3), carbon anhydrase IX (CA-IX), GLUT-
1, pAKT, pS6 and VEGF [6]. These target genes might be
regulated either directly by HIF 1« signalling or by hypoxia-
induced regulation of mammalian target of rapamycin com-
plex 1 (mTORCT1) signalling [1]. mTORCI is a key player in
the mTOR pathway, a protein complex with a central role in
regulating cellular metabolism, driven by growth factors, nu-
trients as well as hypoxia (Fig. 9). Deregulation of the mTOR
pathway may lead to disorganised growth [53]. As macro-
phages secrete pro-angiogenic molecules such as TNF-o¢ and
interleukin-1, they are also thought to be involved in the
evolution of IHs [9, 28, 43]. Of all theories proposed, the
hypoxia theory seems to be attractive, given the anaemic
macula (precursor lesion) often seen and the endothelial
cell origin of IHs (cells typically growing under hypoxic
conditions) [24]. It is known that the target genes (VEGF,
GLUT-1, etc.) can also be stimulated by hypoxia via hypoxia-
inducible factor 2 alpha (HIF2¢) (alone or in combination
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VEGF, multiplicates and differentiates into endothelial progenitor cells
(CD31+), mesenchymal cell precursors of adipocytes and pericytes.
Based on Fig. 6 of the article of Léauté-Labréze et al. [30]

with HIF1 ), with the same result [18, 42, 45]. HIF1 is a
heterodimer of two proteins: HIF1 & and HIF1 3. HIF2« forms
a functional heterodimer with HIF1f3, resulting in the HIF2
complex, which activates transcription from the same DNA
recognition sites as HIF 1. This activation is stimulated under
hypoxic conditions [18, 42, 45]. Circulating bone marrow-
derived endothelial progenitor cells form new blood vessels in
ischemic tissues using mediators regulated by HIF1«.
Mobilization is enhanced by VEGF, MMP9 and oestrogen,
whereas homing is secondary to localized expression of
SDF1 [28].

Placental origin

The placental theory is attractive because it would explain the
programmed life cycle of IH. IH might represent benign
metastases originating from the placenta or other cells that
proliferate in areas of low oxygen tension, such as the “end
artery, vascular dead end” sites occurring in embryonic fusion
planes [36]. Therefore, placental embolization is thought to
play a causative role [2, 50]. Chorionic villus sampling has
been associated with an increased incidence of IHs [13].
GLUT-1 is strongly expressed in [Hs, but not in other vascular
malformations; GLUT-1 is also expressed in the placenta.
Furthermore, IHs and the placenta also express other molecular
markers such as merosin, laminin, Lewis Y antigen, FcyRII,
IDO and IGF-2 [40, 41]. It has also been noted that placenta
and IH have high levels of genetic similarity when compared
with other vascular tumours and normal structures [3].
Therefore, it has been hypothesized that IH precursor cells
originate from the placenta, although subsequent molecular
genetic investigations revealed no evidence for maternal-
foetal microchimerism [23]. This, however, does not rule out
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Fig. 9 Simplification of the interaction between the hypoxia-inducible
factor (HIF) pathway, the mammalian target of rapamycin (mTOR) path-
way and several factors, resulting from local hypoxia into endothelial cell
proliferation (proliferative infantile haemangioma). Explanation: hypoxia
triggers stabilisation at the protein level of the transcription factor hypoxia-
inducible factor 1 alpha (HIF1¢). HIF 1« in turn stimulates transcription of
downstream target genes such as those encoding BNIP3, CA-IX, glucose

the possibility of the placental origin of IH tissue because the
placenta is predominantly foetal in origin.

Increased angiogenic and vasculogenic activity
Vasculogenesis versus angiogenesis [19]

Both vasculogenesis and angiogenesis have been proposed as
mechanisms contributing to the neovascularization in IH.
Vasculogenesis is the de novo formation of blood vessels from
stem cells. It was long believed that this occurs in foetal life
only. Angiogenesis on the other hand is the growth of new
blood vessels from pre-existing vessels, which includes mi-
gration of endothelial cells.

The group of Greenberger found in 2008 that mesenchymal
cells, isolated from proliferative IHs using CD133-coated mag-
netic beads, are capable of differentiating into endothelial cells,
pericytes (perivascular cells) and adipogenic lineages [19].
When implanted into immune-deficient mice, these IH-derived
stem cells formed GLUT-1-positive vessels. Greenberger et al.
[20, 21] therefore concluded that vasculogenesis is an important
mechanism underlying IH genesis. Khan et al. found evidence

transporter 1 (GLUT-I), phosphorylated protein kinase B (pAKT), phos-
phorylated S6 protein (pS6) and vascular endothelial growth factor
(VEGF). These target genes can be regulated either directly by HIF1x or
by hypoxia-induced regulation of mammalian target of rapamycin complex
1 (mTORCI) signalling. mTORCI is a key player in the mTOR pathway, a
protein complex with a central role in regulating cellular metabolism,
driven by growth factors and nutrients as well as hypoxia

that CD133-selected [H-derived stem cells recapitulate human
IH in a murine in vivo model [27]. This did not work with TH-
derived endothelial cells. Clonal IH-derived stem cells produced
human GLUT-1-positive microvessels and, after a while, also
human adipocytes. These results demonstrate that TH-derived
stem cells are the cellular precursors of THs. Similar results were
found by Xu et al. [54].

In the proliferative phase, the blood vessels are small and
the endothelium is plump and metabolically active, suggesting
an immature phenotype. Mulliken et al. have shown that IH-
derived endothelial cells form capillary-like tubes in vitro
[38]. Boye et al. showed that [H-derived endothelial cells are
clonal and therefore suggested that they arise from a common
precursor [10]. First, IH-derived stem cells differentiate into
endothelial cells due to (local) hypoxia (vasculogenesis).
Because of juxtacrine signalling between IH-derived
endothelial cells and IH-derived stem cells via Jaggedl
signalling through the Notch pathway, IH-derived stem
cells differentiate into pericytes [8]. There are many
pericytes in the proliferating phase, and they appear to under-
g0 a maturation process concurrently with the endothelial
cells. Recently, it was found that pericytes in IH are
pro-angiogenic [7]. This triggers angiogenesis.
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Other factors

E-selectin, normally found in inflammatory skin, can also be
found in proliferating IHs and its expression decreases in
involuting IHs [48]. In another study, Smadja et al. found
evidence that «6-integrin is increased in proliferating IHs
and expressed by [H-derived stem cells [47]. This expression
is decreased in involuting IHs. Integrins are receptors impor-
tant for cellular adhesion to extracellular matrix and to other
cells. Furthermore, a6-integrin is also involved in angiogen-
esis and is required to form vascular networks in vitro. Finally,
hormonal influences may be involved. Oestrogen receptors
are also expressed by IH-derived endothelial cells, and stim-
ulation with oestrogen increases proliferation, migration and
survival of endothelial cells [9, 28]. Genetic influences may
contribute as several patients with IHs show a considerable
loss of heterozygosity for markers in a region of chromosome
5q [31, 51]. The evidence, however, is not conclusive and
could not be confirmed in bigger studies.

Treatment based on pathogenesis: rapamycin [21, 35]

Treatment, if necessary, is usually with propranolol nowadays.
Before 2008, corticosteroids were the traditional first-line
therapy. Pointing at side effects and non-responders to therapy
(especially in the case of corticosteroids), Greenberger et al.
make a plea for additional therapies that will shorten treatment
duration or may even prevent problematic IHs from forming
[21]. In their murine model, they tested rapamycin, which is an
inhibitor of the mTOR pathway. They concluded that
rapamycin suppresses vasculogenesis in vivo, that self-
renewal and multi-lineage differentiation are disrupted by
rapamycin, that rapamycin leads to mesenchymal maturation
and impaired vasculogenic potential, and that rapamycin stim-
ulates regression of pre-existing vessels formed from TH-
derived stem cells. Another option is the monoclonal antibody
bevacizumab, which, however, has never been tested in IH [9].

Overall conclusion

The pathogenesis of infantile haemangioma remains elusive.
There are currently three competing hypotheses which are,
however, not mutually exclusive: (1) the theory of tissue
hypoxia, (2) the theory of embolization of placental endothe-
lial cells and (3) the theory of increased angiogenic and
vasculogenic activity. Local hypoxia is important: laboratory
findings indicate stabilisation and an increased transcription
activity of hypoxia-inducible factor 1 alpha (HIF1 ), leading
to up-regulation of its downstream target genes (such as
vascular endothelial growth factor (VEGF)), which normally
occurs in cases of hypoxia.
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