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Evidence for loss of heterozygosity of 5q in
sporadic haemangiomas: are somatic mutations
involved in haemangioma formation?

J N Berg*, ] W Walter*, U Thisanagayam, M Evans, F Blei, M Waner, A G Diamond,

D A Marchuk, M E Porteous

Abstract

BackgroundlAims—Haemangiomas are
common benign tumours of infancy that
consist of rapidly proliferating endothelial
cells. A locus for an autosomal dominant
predisposition to haemangioma has been
identified recently on chromosome 5q.
This study aimed to investigate loss of
heterozygosity on chromosomes 5 and 9 in

haemangiomas.
Methods—Sporadic proliferative phase
haemangiomas were microdissected.

Polymerase chain reaction amplification
and analysis of microsatellite markers on
chromosomes 5 and 9 was carried out.
Results—There was a significant loss of
heterozygosity for markers on chromo-
some 5q in haemangioma tissue, when
compared with either markers from chro-
mosome 5p (p < 0.05) or markers from
chromosome 9 (p < 0.05).
Conclusions—These results suggest that
haemangioma formation might be associ-
ated with somatic mutational events, and
provides evidence that a locus on 5q is
involved in the formation of sporadic hae-
mangiomas.

(¥ Clin Pathol 2001;54:249-252)
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Haemangiomas are tumours that consist of
proliferating endothelial cells. They affect
1-2% of neonates, manifesting within the 1st
few weeks of life." The endothelial cells in the
haemangioma, which are rapidly dividing,
form microvessels surrounded by pericytes.
Lesions pass through phases of rapid prolifera-
tion followed by apoptosis and involution.”’
Immunohistochemical studies suggest that the
expression of vascular endothelial growth
factor, basic fibroblast growth factor, and type
IV collagenase is associated with the endothe-
lial cell proliferation.” Most haemangiomas are
sporadic, but haemangiomas can also segregate
in families as an autosomal dominant trait, and
the locus involved has been identified at 5q31-
33.*° Most haemangiomas involute without
serious sequelae, but a small proportion cause
important or life threatening complications.
Lesions are usually single, but multiple lesions
can occur, usually arising close together.

We hypothesise that the rapid proliferation of
endothelial cells in haemangiomas is caused by
somatic mutation, which leads to the loss of
tumour suppressor gene activity. The same
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locus might be involved in both sporadic and
familial haemangiomas.

The demonstration of loss of heterozygosity
(LOH) is commonly used to identify chromo-
somal regions that have undergone somatic
mutation. Semiautomated quantitative detec-
tion of LOH wusing fluorescently labelled
polymerase chain reaction (PCR) products has
been described previously.®” To our knowl-
edge, no previous study has demonstrated
LOH in sporadic haemangiomas.

In our study, we obtained tissue from
sporadic haemangiomas in the proliferative
phase. Using microsatellite markers mapping
to chromosomes 5 and 9, we looked for LOH
events in microdissected tissue.

Methods

SAMPLE COLLECTION

Haemangioma tissue was collected from three
centres. Tissue from one centre was only avail-
able as archived paraffin wax blocks. For these
samples, the only clinical details available were
diagnosis and histology of haematoxylin and
eosin stained sections. Further fresh tissue was
obtained from two other surgical centres. For
these lesions, the four that amplified success-
fully were all in the proliferative phase and
located on the face (US1: boy with 1.5 cm
lesion beneath nose resected at 9 months of
age; US2: girl with 2-3 cm lesion on forehead
resected at 3 months of age; US3: girl with
2 cm lesion on lower lip resected at 5 months;
US4: girl with 1 cm lesion on right upper eye-
lid resected at 6 months of age). Individual
US4 was reported to have several haemangi-
omas.

MICRODISSECTION

Formalin fixed, paraffin wax embedded, me-
thyl red stained 10 um thick sections of
infantile haemangiomas in the proliferative
phase were obtained from three surgical
centres. After dewaxing with xylene, sections
were overlaid with 200 pl of microdissection
buffer (20 mM Tris/HCI, 1 mM EDTA,
0.05% Tween 20, pH 8.6). Under a dissecting
microscope, the region of interest was scraped
from the slide using a sterile disposable pipette
tip. For each lesion analysed, this procedure
was performed twice. To identify the genotype
expected in normal tissue from an individual,
matched DNA extracted from blood was avail-
able for some of the haemangioma samples.
Where no peripheral blood DNA was available
for analysis, the complete tissue sample from
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Table 1 Loss of heterozygosity (LOH) at chromosome 5 for each marker lesion combination in each of the haemangiomas (denoted UKI1, UK2, and

USi1-4)
Haemangioma sample number

Location UK1 UK2 US1 Us2 US3 Us4
Marker (cM) L1 L2 L1 L2 L1 L2 L1 L2 L1 L2 L1 L2
Markers from chromosome 5p
D5S2849 8 1.4 - 0.50*  0.25* - - 0.80 1.6 0.96 0.73 0.40* 1.2
D5S2505 13 1.2 1.6 - - - - - -
GATA 134B03 38 1.9 1.5 1.0 1.0 - - - - - - 1.0 0.89
D5S1470 49 - - 1.1 - - - - - - - - -
Markers from chromosome 5q
D5S1725 98 1.1 1.1 0.69 1.5 - - - - - - - -
D5S1453 123 0.74 0.99 1.4 1.5 - - - - - - - -
D5S2501 126 1.1 1.2 0.13* - 2.0* 2.2% - - - +inf* - -
D581505 140 0.89 0.32% 1.5 0.39* - - - - - - 0.22*  0.86
D5S816 149 2.4* 1.2 0.56 0.33* 2.6* 0.96 +inf* +inf*
D5S1480 158 - 0.6 19* 4.5% 1.5 1.4 - - - - - -
D58820 173 - - - - 3.57%  2.63* 0.70 2.1%
D5S1456 192 - - - - 0.95 1.7 0.40* 1.4 0.88 2.3%

The results for each of the two dissections (L1 and L.2) are given.

+inf, LOH was infinite owing to complete loss of one allele; —, the marker was uninformative or marker analysis was attempted but failed.
*LOH was greater than 2, denoting significant loss of the larger allele, or less than 0.5, denoting significant loss of the smaller allele.

The map location of each marker is taken from the Marshfield map set 8 from Research Genetics™.

Table 2 Loss of heterozygosity at chromosome 99 (qLOH) for each marker lesion
combination in haemangiomas US1-4

Haemangioma sample number

Location  US1 Us2 US3 Us4

Marker (cM) L1 L2 L1 L2 L1 L2 L1 L2
GATA62F03 0 054 1.3 1.1 - 1.6 - - 3.83*%
D9S925 11 0.91 0.56 1.3 - 2.3* 1.1 0.86 -
D9S922 63 - 0.69 0.66 — 3.3*%  2.2% 0.69 -
D9S910 92 1.3 1.2 - - - - - -
D9S934 117 1.0 0.82 1.0 - 1.2 - 0.73 -
D9S158 156 - - 1.7 1.1 - - - -

The results for each of the two dissections (L1 and L2) are given.

+inf, QLOH was infinite owing to complete loss of one allele; —, the marker was uninformative, or
marker analysis was attempted but failed.

*qLOH was greater than 2, denoting significant loss of the larger allele, or less than 0.5, denoting
significant loss of the smaller allele.

The map location of each marker is taken from the Marshfield map set 8 from Research Genetics™.

an independent section of the same lesion,
comprising skin, fatty tissue and lesion, was
removed into buffer as a control reaction to
give the expected genotype.

Buffer and tissue were transferred to a
microcentrifuge tube and incubated with 20 pl
of proteinase K (20 mg/ml) for 16 hours at
50°C, followed by heating to 100°C for 10
minutes to inactivate the proteinase K. Alig-
uots (2 ul) of this extract were subsequently
used for PCR amplification of markers.

MARKER ANALYSIS

Primers used were from Marshfield set 8,
obtained from Research Genetics™. Primer
sequences and marker maps are available via
the Marshfield Medical Research Foundation
web site (www.marshmed.org/genetics/). Prim-
ers were FAM, HEX, or TET labelled. PCR
amplification from 2 ul of DNA solution was

performed according to the manufacturer’s
recommended conditions in 96 well plates.
After amplification, products were run on an
ABI377™ sequencer and analysed using Ge-
neScan v2.02™ software. Markers clearly
showing the presence of two alleles in the con-
trol tissue, and with one or two alleles of the
correct size in the microdissection tissue
sample, were considered “informative” and
were analysed further. The ratio of the peak
areas of the smaller to larger fragment was cal-
culated for the control sample from the
individual, and for each of the two samples
from the lesion. These were designated ql
(lesion) or qc (control). Loss of heterozygosity
was taken as having occurred if gql/qc deviated
significantly (< 0.5 or > 2.0) from the expected
value of 1.°”7

STATISTICAL ANALYSIS

The number of markers showing LOH on
chromosome 5q was compared with the
number of markers showing LOH on chromo-
somes 5p and 9. Statistical analysis involved the
construction of a two by two table and the use
of the %’ test with one degree of freedom.

Results

Six proliferative phase haemangiomas were
successfully microdissected and amplified. In
total, 86 sample/marker combinations were
successfully amplified and were informative.
These data are shown in tables 1 and 2 and are
summarised in table 3. The total number of
LOH events identified on chromosome 5q was
compared with the number of LOH events

Table 3 Number of informative marker lesion combinations, and number of loss of heterozygosity (LOH) events seen for

each chromosomal location

No. of LOH evenzs (total number of informative combinations) Toral no. of
Chromosomal Total no. of informative informative LOH
location UK1 UR2 US1 Us2 Us3 US4 marker/lesion combinations events seen
9 0(9) 0 (6) 3 (6) 14 25 4
5p 0(3) 2(5) 02 02 0(2) 14 18 3
5q 109 49 3 (6) 1(4) 5(7) 5(8) 43 19%
Total 87 26

This information is given for each haemangioma successfully analysed, as well as for the total data set.
*A significantly greater (p <0.05) proportion of LOH events for markers on chromosome 5q than for markers on either chromo-
some 9 or chromosome 5p (using the ¥ test with 1 degree of freedom).
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identified in control markers from chromo-
some 5p. In a subset of lesions, markers from
chromosome 9 were analysed. This was
initially performed because the endoglin gene,
responsible for vascular dysplasia hereditary
haemorrhagic telangiectasia type 1 (HHT),
maps to 9q34, although we recognise that a
different pathological process is involved in
lesion formation in HHT.

Using the ” test, significantly more markers
showed LOH on chromosome 5q than on
chromosome 5p (p < 0.05) or chromosome 9
(p <0.05).

Examining data from individual lesions,
three haemangiomas showed LOH for three or
more markers tested on 5q. In these lesions
(UK2, US3, and US4), the LOH was distal to
D5S1453, although no distal limit to the region
of LOH on 5q was identified.

Discussion

We have demonstrated LOH for DNA markers
on chromosome 5q in a proportion of prolif-
erative haemangiomas. This suggests that
somatic mutational events on 5q have a role in
haemangioma formation.

Analysis for LOH is invariably complicated
by the contamination of tumour tissue with
normal surrounding tissue. The cut off point
used for the identification of LOH assumes
that the mutational event is seen in > 50% of
the cellular DNA sampled. The preferential
amplification of one (usually the smaller) allele
is a recognised complication of PCR amplifica-
tion from small amounts of DNA. However, in
the 19 LOH events seen on 5q, six of 19 events
involved loss of the smaller allele. Statistical
comparison of the number of LOH events seen
on 5q with those on 5p and chromosome 9 also
reduces this as a source of error.

The chromosomal regions showing LOH on
5q overlap with the candidate interval demon-
strated for hereditary haemangioma by Walter
et al,’ even though we recognise that the candi-
date interval published is very large, and that
different loci might be involved.

Our data are the first to suggest that sporadic
haemangioma is associated with somatic muta-
tion events. These data showing LOH involv-
ing a subset of markers on 5q, in association
with the identification of a locus for hereditary
haemangioma on 5q,” are suggestive of a
tumour suppressor gene for haemangiomas in
this region.

There are many loci within the overlapping
candidate regions, and several of these might
have a role in the control of endothelial cell
proliferation and differentiation. The vascular
endothelial growth factor receptor 3 gene
(FLT4) is mutated in hereditary lym-
phoedema,® although haemangiomas are not
reported as a feature in these affected families.
The platelet derived growth factor receptor f3 is
expressed in vascular smooth muscle cells, and
has a role in the recruitment of pericytes by
developing blood vessels.’

The interferon regulatory factor 1 (IRF1) is
a known tumour suppressor gene, which has
been shown to be involved in gastric cancer and
some forms of leukaemia."” However, no
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specific role for IRF1 in the endothelial cell has
been established. The SPARC (secreted pro-
tein acidic and rich in cysteine) gene encodes a
protein that is secreted by endothelial cells,
particularly after certain types of injury."
SPARC also has a role in bone matrix
formation. The fibroblast growth factor recep-
tor 4 and the fibroblast growth factor 18 also
map to the candidate region. All these genes
have been sequenced in individuals from auto-
somal dominant haemangioma families, but no
causative mutation has been identified in these
genes (J Walter, personal communication,
2001).

The endothelial cell proliferation that gives
rise to a haemangioma might be caused by the
complete loss of a gene that acts as an
endothelial growth suppressor. This situation
would be similar to that seen in the “two hit”
model for retinoblastoma.'? Under this model,
the high frequency of sporadic haemangioma
might be explained in two ways. Mutations in
the haemangioma predisposing gene could be
relatively common in the population, with the
“second hit” occurring relatively infrequently.
Alternatively, the region of chromosome 5q
containing the haemangioma predisposing
gene could be particularly prone to mutation in
endothelial cells.

This tumour suppressor model for the
formation of sporadic haemangiomas would be
consistent with the clinical presentation. Most
lesions arise in a single random location,
although occasionally multiple lesions arise
within a larger confluent area of skin. Dissemi-
nated haemangiomatosis can also occur. A sin-
gle lesion might arise from a mutation in a sin-
gle endothelial cell; multiple lesions would
arise from a mutation in an endothelial precur-
sor that multiplies to give multiple affected
endothelial cells within one region, or occa-
sionally throughout the body.

An alternative genetic model would be that
the function of the gene mapping to the
chromosome 5q locus might be particularly
sensitive to gene dosage effects. In this case,
either germline or somatic mutation leading to
haploinsufficiency for the gene would be suffi-
cient to predispose to haemangioma. Subse-
quent haemangioma formation would have to
be initiated by a localised environmental insult,
presumably arising in utero.

If loss of a tumour suppressor gene causes
proliferation, this does not explain why hae-
mangiomas usually undergo involution after
proliferation. This could be explained if the
proliferating cells subsequently differentiate, or
are subject to a limitation in the number of cell
divisions that they can undergo before apopto-
sis occurs. Even in the presence of a somatic
mutation, haemangioma proliferation and in-
volution will be influenced by growth factors in
the microenvironment and changes in circulat-
ing hormones at the time of birth and during
growth.

Our study provides further evidence that
there is a genetic component to the aetiology of
sporadic haemangiomas of childhood. Further
studies are required to refine the candidate
interval and identify the genes involved.
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