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Abstract
Objective
To investigate the expression of vascular endothelial growth factor (VEGF) and its vascular and lymphatic receptorsin
skin in systemic sclerosis (SSc) compared to systemic lupus erythematosus (SLE), Raynaud’s phenomenon (RP) and
normal healthy control skin.

M ethods
Saining was performed using rabbit anti-human antibodies in DAKO TechMate™ Horizon staining robot programmed for
the biotin-streptavidin protocol.

Results
VEGF was sporadically and weakly expressed in normal skin, but in spite of vascular damage in diseased skin, VEGF
expression was only slightly upregulated. In contrast, its vascular receptors VEGFR-1 (FIt-1) and VEGFR-2 (Flk-1), were
clearly upregulated. Finally, the lymphatic VEGFR-3 (FIt-4) receptor was also upregulated in diseased skin and ectopical-
ly expressed also in blood vessels. Negative staining and positive sample controls confirmed the specificity of the staining.

Conclusion
The imbalanced expression of VEGF and its vascular receptors suggest that the compensatory efforts to angiogenesis fail
in Sc, in part due to insufficient local production of VEGF, which was low compared to VEGFR expression. Thisis
compatible with the recent observations on the lack of a3+ newly formed blood vesselsin SSc skin. Since micro-
vascular angiogenic stimuli normally induce first VEGF and then VEGFR, these findings also suggest that the angiogenic
cascade isturned on, but there is a defect in the finalisation of its effects. Normalization of angiogenic cascade in SSc
could provide a future therapeutic target.

Key words
Systemic sclerosis, angiogenesis, lymphangiogenesis.

Clinical and Experimental Rheumatology 2002; 20: 641-646.



VEGF expression and angiogenesisin SSc/ Z. Mackiewicz et al.

Supported by the Finnish Center for the
Advancement of Technology, the Academy,
Helsinki University Finnish Central Hospi-
tal (Evo Grant), Finska Lakaresallskapet,
Finland, the Sgrid Juselius Foundation,
and Ministery of Higher Education of
Lithuania.

Please address correspondence to:

Prof. Y.T. Konttinen, Biomedicum Helsinki,
P.O. Box 700 (Haartmaninkatu 8),
FIN-00029 Helsinki University Hospital,
Finland.

E-mail: Yrjo.Konttinen@helsinki.fi
Received on October 11, 2001;

accepted in revised form on June 4, 2002.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2002.

Introduction

Vascular involvement in systemic scle-
rosis (SSc) iswell documented and has
been known since the earliest descrip-
tions of the disease. SSc is character-
ized by more or less specific microvas
cular changes such as “bushy” capillar-
ies, hemorraghes and thrombosis grad-
ually leading to diminished numbers of
capillary blood vesselsin affected sites,
accompanied by fibrosis in the dam-
aged area. The first target for vascular
deterioration in SSc is endothelium (1,
2). Gradual vascular damages and
blood vessel loss are among the most
important components of the pathogen-
esis of SSc (1). The observation that
SSc patient sera contain a factor cyto-
toxic for human endothelial cells was
an important key to understanding the
vascular changes (3, 4).

During the course of SSc also potent
stimuli of angiogenesis are produced
(5-8). VEGF and its three tyrosine
kinase receptors (VEGFR1-3) are cen-
tral molecules in the regulation of an-
giogenesis (9,10). Although VEGF is
but one member of a family also com-
prising placenta growth factor PIGF,
VEGF-B, VEGF-C and VEGF-D, it is
the one, which is upregulated by hy-
poxia and/or hypoglycemia (9). VEGF
stimulates angiogenesis and lack of it
leads to the elimination of surplus blood
vessels via vascular regression. Thus,
VEGF adjusts the vascularity of tissue
to its metabolic demands by an upregu-
lation or downregulation of angiogene-
sis. However, the status of VEGF with
respect to its receptors in SSc are not
clear enough yet (1, 11).

The aim of this paper was to analyze
expression of VEGF and its receptors

in skinin patients suffering from SScin
comparison to systemic lupus erythe-
matosus (SLE), Raynaud’'s phenome-
non (RP) patients and healthy controls.
We wanted to elucidate, whether the
hypovascularity in advanced SSc is due
to low/insufficient production of angio-
genic stimulus (VEGF status) or lack
of responsiveness of the endothelium
(VEGFR status).

Patients and methods

Patients and biopsies

Forty patients (Table ) were examined
clinically at Vilnius University Red
Cross Hospital before a biopsy was ta-
ken. All patients were hospitalized and
gave their informed consent. Patients
with SSc (12) and SLE (13) met the
classification criteria established by the
American College of Rheumatology.
All SSc patients had the diffuse form of
systemic SSc. Six of the SSc patients
had pol yarthralgias, 4 esophageal dys-
motility, 2 cutaneous ulcers, 2 heart in-
volvement and sicca symptoms. None
of the patients in this series had severe
renal involvement or pulmonary hyper-
tension. Capillaroscopy was not avail-
able. Patients with RP had had charac-
teristic symptoms and no clinical or
serological evidence of connectivetis-
sue disease (14). The healthy control
skin samples were taken from patients
in Surgical Department. Skin speci-
mens were obtained from forearm skin.
All biopsies were fixed in formalin and
ethanol and embedded in paraffin.

Antibodies

The antibodies were purchased from
Research Diagnostic Inc. (Flanders, NJ).
The affinity purified 1gG fractions of

Table I. Clinical characteristics of systemic sclerosis patients, comparators and controls

studied.

Condition No. of Mean aget Sex Duration of disease!
patients M/F

Scleroderma 9 475+ 6.0 (29-54) 0/9 6.6+54 (1-21)

SLE 10 40.3+ 6.8 (25-63) 2/8 8.6+ 5.7 (1-20)

RP 9 39.1+ 7.4 (25-53) 0/9 59+ 4.7 (1-20)

Control* 12 51.3+13.0 (22-61) 11 -

lyears,mean * standard error of the mean, followed by range. SLE:systemic lupus erythematosus; RP:
Raynaud' s phenomenon; M: male; F: female. * Surgery Department patients, who did not suffer from

any systemic diseases.
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the antisera were used in the following
concentrations: rabbit anti-human
VEGF (RDI-VEGF N2abr) 2 pg/ml,
rabbit anti-FLT-1 (human/rat/mouse)
RDI-FLT1 CabR 2 pg/ml (recognizes
VEGFR-1), rabbit anti-FLK-1 (human/
rat/mouse) RDI-FLK1CabR 4 pg/ml
(recognizes VEGFR-2),and rabbit anti-
FLT-4 (human) RDI-FLT4CabR 0.5
pg/ml (recognizes VEGFR-3).

I mmunohistochemistry

After extensive washing in 10 mM
Tris-HCI buffred 0.9 M saline, pH 7.5
(TBS), sections were processed in
DAKO TechMate™ Horizon instru-
ment according to the instructions of
DAKO ChemMate Detection Kit for
the detection of VEGF and its receptors
VEGFR-1 (FIt-1), VEGFR-2 (Flk-1),
VEGFR-3 (FIt-4). Briefly, five pm
thick paraffin sections were mounted
on DAKO Capillary Microscope slides
(TechMate™, Dako, Glostrup, Den-
mark), deparaffinized in xylene and
rehydrated in a graded ethanol series
and washed in 10 mM phosphate-buf-
fered, 0.9 M sdine, pH 7.4 (PBS). To
reveal hidden epitopes, sections were
pretreated with agueous 0.4% pepsin in
0.1 norma HCI for 30 min a +37°C
followed by extensi ve washing in TBS
and preincubation in the primary anti-
bodies for 90 min at +37°C in humidi-
fied chambers. After that the dides
were washed with washing buffer and
installed in DAKO TechMate™ Auto-
mated Immunostainer 500. All dides
were automatically stained by the fol-
lowing protocol at +22°C: 1) the prima
ry antibody, diluted with DAKO Chem-
Mate™ antibody diluent, for 25 more
minutes. 2) secondary antibody con-
taining both biotinylated goat anti-rab-
bit IgG and bictinylated goat anti-
mouse 1gG antibodies for 30 minutes.
3) peroxidase block for 25 minutes. 4)
peroxidase-conjugated streptavidine 3
times for 3 minutes. 5) HRP Substrate
Buffer and finally 6) substrate working
solution containing 3,3'-diaminobenzi-
dine tetrahydrochloride (ChemMate™
detection kit) for 5 minutes. Between
each step, the sections were washed
with DAKO ChemMate™ washing
buffers 3 times and dried in absorbent
pads. Finaly, al sections were dehy-
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drated in an increasing ethanol series,
cleared in xylene, and mounted in syn-
thetic mounting medium (Diatex, Beck-
ers Industrifarg, Méarsta, Sweden).
Normal rabbit 1gG was used at the
same concentrations as and instead of
the primary antibodies as negative stain-
ing controls. Consecutive sections were
counterstained with hematoxylin or |eft
without counterstaining.

Microscopic assessment and
documentation

Microscopic assessment was done
using alow light-charge screen mount-
ed with a 12-hit PC digital image cam-
era (SensiCam, Kelheim, Germany) on
aLeitz Diaplan light microscope (Wet-
zler, Germany). The whole section
areas were analyzed. Two independent
observers did the analysis, after a joint
training session, with practically same
results, without knowledge of the
patient’ s diagnosis or clinical data. The
number of positively staining vascular
profiles was graded subjectively to 0 =
no profiles; + = very few profiles;, + =
few profiles; ++ = moderate numbers
of profiles; and +++ = high numbers of
profiles. A similar scale was used for
VEGF, VEGFR-1, VEGFR-2 and
VEGFR-3. This scoring system did not
take the intensity of staining into con-
sideration, but some comments are
made also on the intensity of stainingin
the Results section. Photos were made
by digital processing and color printer.

Results

VEGF

Our data of immunohistochemical
staining showed that there were only
very few or generally a total lack of
VEGF immunoreactive profiles in
adult control skin. The number of
VEGF immunoreactive profiles was a
slightly higher in SSc and SLE than in
Raynaud’ s phenomenon and in healthy
control subjects, in this ranking order
(Table I1). When expressed, VEGF was
present in the epidermis and in its
derivatives, and in media and adventitia
of some dermal blood vessels (Fig. 1a).
Blood platelets and some stromal cells
were occasionally VEGF positive.

Vascular VEGF receptors (VEGFR-1
and VEGFR-2)

Structures displaying VEGF receptor
staining were usually much more com-
mon than those displaying staining for
the VEGF itself (Table I1). Microvascu-
lature of the skin in SSc, SLE and RP
patients displayed moderate numbers
of VEGFR-1 positive vascular profiles
(Fig. 1b), whereas blood vesselsin sub-
jects with normal skin only had a few
positively stained profiles, although
some patients at some sites displayed
moderate numbers of VEGFR-1 posi-
tive vascular profiles. There were few
or even moderate numbers of VEGFR-
2 immunoreactive profiles in skin
microvasculature in SLE, RP and SSc,
but very few or at most few such pro-
files in the normal control skin (Table

Tablell. Expression of vascular endothelial growth factor VEGF and its receptors in skin
biopsies in systemic sclerosis, systemic lupus erythematosus (SLE), Raynaud’ s phenome-

non and healthy controls.

Condition VEGF VEGFR-1 VEGFR-2 VEGFR-3
(=FLT-1) (=FLK-1) (=FLT-4)

Scleroderma +/+ ++ + ++ [ +++
(n=9

SLE +/+ ++ ++ ++
(n=10)

Raynaud’s phenomenon 0/+ ++ +/++ ++
(n=9)

Headlthy controls* 0/+ +/++ +/+ +/++
(n=12)

Score value: 0 = no immunostained profiles; + = very few profiles; + =few profiles; ++ = moderate
number of profiles; +++ = high number of profiles. * Surgery Department patients not suffering from

systemic diseases.
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). Also VEGFR-2, like VEGFR-1,
was in dermis localized to microvascu-
lar endothelium (Fig. 1c).

Lymphatic VEGF receptors
(VEGFR-3)

VEGFR-3 immunoreactive profiles
were seen in moderate or high numbers
in dermisin RP, SSc and SLE, in this
ranking order. Control skin samples
contained few or moderate numbers of
VEGFR-3 immunoreactive profiles
(Table Il). Surprisingly, some vascular
profiles were labeled in VEGFR-3
staining (Fig. 1d). This was confirmed
by demonstration of VEGFR-3 immuno-
reactive profiles, which in consecutive
sections were shown to be PAL-E reac
tive blood vessels rather than lymphatic
vessels (data now shown; see also
Paavonen et al., in press).

Saining controls and other
observations

At the IgG concentrations used for stain-
ing, negative staining controls were
totally negative and, thus, confirmed
the specificity of the staining. Even in
patients and a sites, where vascular
and/or lymphatic profiles lacked VEGF
staining, the skin and its appendices
stained positively for VEGF, which
served as an internal, positive staining
control. Usually VEGF and its recep-
tors were positively/more strongly
stained at sites with local inflammatory
cell infiltrates. Staining of consecutive
sections showed that many VEGFR
immunoreactive vascular profiles were
VEGF negative. We did not observe
any apparent differences in VEGF or
VEGF receptor expression as a func-
tion of disease duration in SSc or any
of the other rheumatic diseases ana-
lyzed except for the hypovascularity,
loss of dermal papillae and dermal
fibrosis seen in advanced SSc skin. Si-
milarly, there were no apparent correla
tions between the extent of teleangiec-
tasiae or other clinical characteristics
and VEGR or its receptor expression.

Discussion

Angiogenesis refers to sprouting or
splitting of capillaries from pre-exist-
ing vessals. In adults, angiogenesis is
usualy limited to female reproductive

Fig. 1. Immunohistochemical localization of VEGF and its receptorsin skin in systemic sclerosis.

A. Very few and faintly staining VEGF; immunoreacti ve blood vessel profiles (arrows) in skin in sys-
temic sclerosis. Some cells of epidermis and stroma are also immunoreactive. ep = epidermis. Counter-
stained with hematoxylin. The original magnification x250.

B. Immunolocalization of VEGFR-1 (FIt-1) in skin in systemic sclerosis. Moderate numbers of posi-
tively staining vascular profiles can be seen (arrows) in the papillary and reticular layers of the dermis.
Counterstained with hematoxylin. The original magnification x250.

C. Immunolocalization of VEGFR-2 (FIk-1) in skin in systemic sclerosis. Some VEGFR-2 immunore-
active vascular profiles have been marked with arrows. Counterstained with hematoxylin. The original

magnification x250.

D. Immunolocalization of VEGFR-3 (Flt-4) in skin in systemic sclerosis. High numbers of VEGFR-3
immunoreactive lymphatic and blood vessels (arrows) can be seen in dermisin systemic sclerosis. The

original magnification x250.

system, wound healing and tumourige-
nesis (9,10). The stimuli normally dri-
ving quiescent microvasculature to an
activated, angiogenic state are hypoxia
and hypoglycemia. Because VEGF is
induced by these two gtimuli, it has
been suggested to represent the cou-
pling factor between the local tissue
needs/supply of oxygen and glucose on
one hand and the angiogenesis or vas-
cular regression (pruning) on the other
hand. Indeed, it seems that VEGF is
perhaps the most potent multifunction-
a cytokine reprograming endothelial
cell gene expression towards angiogen-
esis (9, 10), whereas lack of it induces
apoptosis of the endothelial cells and
regression of surplus blood vessels.
Due to vascular damage (1,15-17), hy-
povascularity (18,19) and low transcu-
taneous oxygen tension (20, 21), one
would expect strong and extensive

induction of VEGF in SSc skin (22, 23)
and, thus, many VEGF immunoreactive
profiles. However, our findings demon-
strate that induction of VEGF is rela-
tively weak so that the VEGF immuno-
reactive vascular profiles are few in
SSc skin. In comparison to VEGFR
immunoreactive responder cells the
VEGF producer cells were very few,
which would prevent effective para-
crine communication between VEGR
producing cells and its target endothe-
lia cells. Finaly, the hypovascularity
developing in advanced SSc clearly
demonstrates that the compensatory
mechanisms responsible for the main-
tenance and/or sprouting of new ves
sels fail in SSc. Insufficient induction
of VEGF might be responsible for this
failure to maintain the skin micro-
vasculature in SSc.

Defective angiogenesis and/or mainte-



nance of already formed microvessels
might not exlusively be due to lack of
VEGF, but mainly to unresponsiveness
of the endothelial cells to its program-
ming effects. Because VEGF effects on
blood vessels are mediated via two
tyrosine kinase receptors, namely
VEGFR-1/FIt-1 and VEGFR-2/Flk-1
(10), it was of interest to assess the
VEGFR phenotype of microvascular
endothelia cells in SSc skin. In con-
trast to VEGF immunoreactive vascular
profiles, which were only few or very
few, these two VEGFR immunoreac-
tive vascular profiles were present in
relatively high numbers. This was true
when VEGFR immunoreactivity was
compared to healthy control skin (i.e.
induction compared to normal skin) or
to VEGF expression (i.e. the VEGFR
ligand). These findings suggest that the
lack of maintenance and/or angiogene-
sisin SScis not caused by lack of tar-
get cell responsiveness: their VEGFR
positive phenotype indicates that they
would be susceptible to VEGF effects
would VEGF be present. Interestingly,
usualy VEGF and VEGFR are both
upregulated by hypoxia and, further-
more, VEGF is induced before
VEGFR. Therefore, the very presence
of VEGFR expression suggests that the
angiogenic cascade is turned on, but
that there is a defect in VEGF epxres-
sion rather than in the VEGFR expres-
sion. Interestingly, newly formed
“immature” blood vessels, in contrast
to mature blood vessels with well-
developed periendothelial cells, are
particularly sensitive to VEGF depriva
tion (24). In accordance with these
findings, we have recently shown that
such newly formed, aVb3 integrin
receptor positive blood vessels are al-
most totally lacking in SSc skin (Kont-
tinen et al., submitted). As to VEGF/
VEGFR status, SSc was relatively sim-
ilar to SLE and RP, which suggests that
there are some SSc specific but as yet
undefined factors, which contribute to
loss of microvasculature in SSc skin in
the long term. The observation that SSc
patient sera contain a factor cytotoxic
for human endothelia cells may be an
important clue (4).

In contrast to VEGFR-1 and VEGFR-2,
VEGFR-3 is largely restricted to lym-
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phatic endothelium (25). The state of
the lymphatic vessels affects interstitial
edema, accumulation of pro-inflamma-
tory/pro-fibrotic stimuli and lympho-
cyterecirculation. We found VEGFR-3
expression in some lymphatic vessels,
but also in vascular profiles. Thisfind-
ing is compatible with our recent find-
ings, which suggest that also in inflam-
matory synovitis blood vessels may
undergo transformation to an embryon-
ic VEGFR-3 positive phenotype lead-
ing to an ectopic VEGFR-3 expression
also in blood vessels as recognized
with staining using PAL-E and laminin
antibodies (26).

The expression of VEGF and its recep-
tors in SSc skin and plasma needs fur-
ther attention (23). Confounding fac-
tors include medication, platelet-
derived VEGF and other angiogenic
stimuli. Nonsteroid anti-inflammatory
drugs (NSAID) inhibit angiogenesis
through direct effects on endothelial
cells, and inhibition of both COX-1 and
COX-2 play a pivota role in this pro-
cess (27). Alpha-granules of blood
platelets contain VEGF and anti-
inflammatory drugs interfere with the
process of VEGF discharge (28). The
effect of local oxygen tension on endo-
thelial and periendothelial cells need to
be assessed.

Taken together, our observations on
VEGF and VEGFR-1, -2 and -3 expres-
sion in skin suggest that the loss of
microvasculaturein SScis explained in
part by lack of VEGF, not its receptors.
It would seem that this would make
SSc an amenabl e target for VEGF ther-
apy, because 1) VEGF production is
defective (with respect to VEGFR ex-
pression), 2) the target cells express
VEGFR and 3) the vascular endotheli-
um is easily accessible via the blood
circulation. Such therapies are already
being developed for cancer treatment,
tissue engineering and other purposes
(29-32).
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