
&p.1:Abstract Vascular endothelial growth factor (VEGF) is
a multifunctional cytokine, which has recently been re-
ported to enhance the activation and migration of mono-
cytes through the flt receptor in vitro, which are key
events in granuloma formation of granulomatous disor-
ders and in sarcoidosis. Since activated macrophages and
monocytes are known to be involved in sarcoid granulo-
ma formation in sarcoidosis, we investigated the expres-
sion of VEGF and its receptor flt in 33 paraffin-embed-
ded lung tissue biopsies of patients with pulmonary sar-
coidosis. VEGF-mRNA was localized by nonradioactive
in situ hybridization, VEGF and flt expression were visu-
alized immunohistochemically. We found an increased
transcription and protein production of VEGF and an
overexpression of flt in activated alveolar macrophages,
in epitheloid cells, and in multinuclear giant cells of pul-
monary sarcoid granulomas.
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Introduction

Sarcoidosis is a multisystem granulomatous disorder of
unknown aetiology, which is found worldwide. The diag-
nosis is usually based on radiographic and clinical find-
ings and supported by histological demonstration of sar-
coid granulomas; other granulomatous diseases of
known aetiology, tuberculosis, berylliosis or sarcoid-like
reaction associated with malignant tumours, should be

excluded [20]. Granuloma formation is the characteristic
feature of sarcoidosis and is thought to be a host re-
sponse to an unknown antigen. This substance is not de-
stroyed by an acute inflammatory reaction and provokes
mononuclear phagocyte activation [1]. The sarcoid gran-
uloma consists of various forms of activated macro-
phages (epitheloid cell, multinuclear giant cell) and acti-
vated T-lymphocytes at the site of the disease activity.
The activation of these cells is mediated by a number of
lymphokines and soluble macrophage factors, but T-cells
are thought to regulate the recruitment of mononuclear
phagocytes predominantly.

Sarcoidosis is often associated with nongranuloma-
tous microangiopathic lesions in various other organs
[15]. Increased angiogenesis-inducing ability of activat-
ed alveolar macrophages is found in bronchoalveolar la-
vage of patients with pulmonary sarcoidosis, but the fac-
tor responsible has not been identified [14]. Berse et al.
reported an increased gene expression of vascular endo-
thelial growth factor (VEGF) in activated alveolar mac-
rophages [3], but no data are available on VEGF expres-
sion in these cells or other activated forms of mononu-
clear phagocytes in sarcoidosis. In addition, it is reported
that tumour-associated activated macrophages and acti-
vated peritoneal macrophages of patients with endome-
triosis have the capacity to initiate and enhance angio-
genesis overexpressing VEGF [13, 21].

VEGF is a heparin-binding, dimeric gylcoprotein with
a selective mitogenic effect on vascular endothelial cells
in vitro and a direct angiogenic effect in vivo [6]. Differ-
ential splicing of a single gene transcript results in four
protein isoforms (121, 165, 189 and 206 amino acids) of
the growth factor, with various biological activities. Two
high-affinity tyrosine-kinase receptors are identified for
VEGF in humans: KDR (or flk-1) and flt, which are ex-
pressed on vascular endothelial cells. Based on experi-
mental data, KDR is thought to be the major regulator of
angiogenesis, while flt is involved mainly in endothelial
organization in embryogenesis. VEGF enhances the mi-
gration of monocytes [4] and neutrophil granulocytes [2]
and is a chemoattractant for mast cells in the picomolar
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range [8]. Recently, a possible role of VEGF in the re-
cruitment and activation of monocytes has been reported
in vitro, mediated through the flt receptor [2, 5].

We investigated 33 cases of pulmonary sarcoidosis,
looking for increased transcription and/or production of
this potent angiogenic cytokine and its receptor flt in ac-
tivated alveolar macrophages or in other activated forms
of mononuclear phagocytes, such as multinuclear giant
cells or epitheloid cells, in sarcoid granulomas.

Materials and methods

Formalin-fixed and paraffin-embedded bronchoscopic (30) and
thoracoscopic (3) biopsy specimens from the archives of the Insti-
tute of Pathology were investigated retrospectively in the present
study. Biopsies were obtained by bronchoscopy or by open lung
biopsy as part of routine clinical diagnosis in patients with clini-
cally and/or radiologically suspected pulmonary sarcoidosis.
There were 10 female and 23 male patients, their median age be-
ing 39 years (range: 23–79). Two patients had previously histolog-
ically confirmed sarcoidosis, and were rebiopsied because of
symptoms suggesting recurrence of the disease. None of the pa-
tients was receiving steroid treatment at the time of the diagnosis.
The diagnosis of pulmonary sarcoidosis was based on clinical data
(symptoms, radiological signs) and histomorphologically con-
firmed by presence of sarcoid granulomas in haematoxylin-eosin
and elastica-van Gieson-stained sections [20].

For comparison archival paraffin-embedded transbronchial biop-
sy specimens that had no signs of pathological alterations and had
also been obtained during diagnostic procedures were investigated.

Specimens were analysed for VEGF expression with a rabbit
polyclonal antibody against human VEGF (Santa Cruz, Calif.)
which recognizes the 121-, 165- and 189-amino acid splice vari-
ants of VEGF. Immunohistochemical staining for the flt receptor
was carried out using a rabbit polyclonal antibody raised against a
carboxy terminal of the human flt peptide (Santa Cruz, Calif.). Ac-
tivated macrophages and multinuclear giant cells were highlighted
by a monoclonal mouse anti-CD 68 antibody (DAKO, Hamburg,
Germany).

Immunostaining was performed using the alkaline-phospha-
tase-anti-alkaline phosphatase method (APAAP) [7]. Sections 4
µm thick were cut consecutively from formalin-fixed and paraffin-
embedded tissue samples, mounted on poly-L-lysin-coated slides
and dried overnight at 58° C. Paraffin sections were dewaxed by
xylene, rehydrated with graded concentrations of ethanol and fi-
nally washed in Tris-Buffer (pH 7.6) for 10 min. VEGF required
proteinase K predigestion in a working solution of 0.4 mg/ml
(Dako) for 10 min at room temperature. For optimal retrieval of
the flt and CD 68 antigen, sections were boiled in citrate buffer
(pH 6.0) (Dako) in a microwave oven at 600 W for 5 min. This
step was repeated four times. The following steps were finalized
by an automated staining system, Dako TechMate 500.

Sections were incubated with the primary antibody solution for
25 min at room temperature, using a working dilution of the anti-
bodies 1:100 for flt, 1:200 for CD 68 and 1:400 for VEGF. Slides
were rinsed once in buffer (Puffer Kit, Dako). For flt and VEGF
immunostaining, sections were incubated with the secondary anti-
body, a mouse anti-rabbit serum, in a 1:150 concentration (Dako)
for 25 min at room temperature. Slides were rinsed in buffer (Puff-
er Kit, Dako). Immunoreaction was demonstrated with the APAAP
Kit (Dako) according to the specifications of the manufacturer.
The secondary antibody was an alkaline phosphatase-labelled
monoclonal calf antibody, and the bridging antibody a monoclonal
anti-calf mouse antibody.

Sections were incubated with the chromogene alkaline-phos-
phatase substrate (Fast Red, DAKO) for 20 min at room tempera-
ture. Finally, sections were counterstained by Mayer’s haematoxy-
lin (DAKO) for 1 min, dehydrated in graded ethanol and cover-
slipped. For positive controls fetal kidney tissue was stained for

VEGF and normal lymph node tissue, for CD 68. Negative con-
trols used all reagents except the primary antibody.

For nonradioactive in situ hybridization a digoxigenin-labelled
cDNA for human VEGF (a generous gift of Professor W. Risau,
Max-Planck-Institut für physiologische und klinische Forschung,
Bad Nauheim, Germany) was applied. The cDNA probe for human
VEGF was a 520-bp fragment of clone VEGF 121 subcloned into
the EcoRI/BAM HI site of Bluescript KS [19]. The probes were la-
belled by digoxigenin using the random primed oligolabelling meth-
od with the Dig-Labeling Kit (Boehringer Mannheim, Germany).

We used a slightly modified in situ hybridization protocol de-
scribed by Wiethege [23]. Paraffin sections 4 µm thick were ap-
plied to glass microscope slides, which had previously been im-
mersed in 2% TESPA (3-aminopropyltrietoxysilane, Sigma, Ger-
many) in acetone for 5 s and twice in acetone for 1 min each.
Slides were dewaxed in xylene and rehydrated in decreasing etha-
nol concentrations (99 vol%, 90 vol%, 70 vol%, 50 vol%) in de-
ionized water. After washing in phosphate-buffered saline (PBS,
pH 7.4) and dehydration in graded series of ethanol (30 vol%, 70
vol%, 90 vol% and 100 vol%), samples were air-dried and treated
by sequential incubation as follows: 0.2 N HCl (20 min), double-
distilled water (5 min), 0.125 mg/ml pronase (Serva, Heidelberg,
Germany, 10 min), 0.02 M gylcin (Merck, Darmstadt, Germany;
30 s), twice PBS (30 s). Specimens were postfixed in 4% parafor-
maldehyde/PBS for 20 min and washed in PBS (5 min). After in-
cubation in 0.1 M triethanolamine, pH 8.0, Merck) containing
freshly added 0.25 vol% acetic anhydride for 10 min and dehydra-
tion in serial alcohols (30 vol%, 70 vol%, 90 vol% and 99 vol%)
the sections were air-dried. All steps were performed at room tem-
perature and all solutions were treated with diethylpyrocarbonate
(Sigma). For prehybridization, samples were covered with 300 µl
of prehybridization buffer solution containing 50% deionized
formamide (Fluka, Germany), 0.3 M NaCl, 10 mM Tris pH 7.5, 10
mM NaHPO4 pH 6.8, 5 mM EDTA, 0.1× Denhardt’s solution, 10
mM dithiotreitol (Sigma), 0.25 mg/ml yeast tRNA (Sigma), 12.5%
dextransulfate (Pharmacia Biotech, Sweden), and 0.5 mg/ml salm-
on sperm DNA (Sigma) and incubated in a humid chamber for 2 h
at 42° C. For hybridization, prehybridization mix was removed
and slides were covered with 30 µl of hybridization solution, con-
taining 1 µg digoxigenin-labelled cDNA probe/ml. The slides were
coversliped, sealed with rubber cement and incubated in a humid
chamber for 18 h at 42° C. After removal of the coverslips, slides
were washed twice in 50% formamide/2 ×SSC (standard saline ci-
trate)/1% mercaptoethanol for 20 min at 44° C and in 2×SSC and
then 0.1×SSC for 20 min at 51° C. Finally specimens were rinsed
for 3 min in PBS and covered with 30 µl of fluorescein-isothiocy-
anate (Boehringer Mannheim)-conjugated anti-digoxigenin anti-
body diluted 1:20 in 5% normal sheep serum in PBS. Sections
were coverslipped and incubated in a light protected humid cham-
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Fig. 1 Immunohistochemical staining for A, C, E vascular endo-
thelial growth factor (VEGF) and G, H flt and B, D, F non-radio-
active in situ hybridization of VEGF mRNA in pulmonary sarcoi-
dosis. A Multinuclear giants cells and epitheloid cells stained pos-
itive with anti-VEGF antibody, while stromal cells and lympho-
cytes did not react with anti-VEGF antibody. ×400. B High signal
intensity of VEGF mRNA in multinuclear giant cells and epithel-
oid cells. ×625. C Overview of an early granuloma with homoge-
neous VEGF staining pattern. No detectable immunostaining in
normal alveolar endothelial cells and stromal cells. ×200. D Tran-
scripts of VEGF mRNA in an epitheloid granuloma. ×312. E Acti-
vated alveolar macrophages stained strongly positive for VEGF
×400. F VEGF mRNA signals in activated alveolar macrophages.
No detectable signals of VEGF transcripts in alveolar endothelial
cells or pneumocytes. Granuloma formation and an early granulo-
ma. ×625. G flt Receptor expressed at a high level in activated al-
veolar macrophages and in epitheloid cells, but centrally located
multinuclear giant cells stained negative with the anti-flt antibody.
H Pulmonary sarcoid granulomas without alveolitis. Epitheloid
cells and a multinuclear giant cell showed a positive immunoreac-
tion against anti-flt antibody. &/fig.c:
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ber for 2 h at 37° C. After two washes for 10 min in PBS, speci-
mens were counterstained with 30 µl of propidiumiodide in PBS
(500 ng/ml; Boehringer Mannheim) for 5 min. After removal of
excess propidiumiodide washing with PBS for 10 min, slides were
dehydrated by a series of alcohol dilutions (70 vol%, 90 vol%, 99
vol%) and air-dried. Finally, specimens were mounted in a glycer-
ol/PBS solution, Citifluor (Plano, Germany) [11]. As negative
controls, sections were hybridized with a digoxigenin-labelled
pBR322 DNA probe (Boehringer Mannheim).

We used an epiluminated fluorescence microscope (Leitz, Ger-
many) for the evaluation.

Results

Expression of VEGF was established by the dark purple
reaction product obtained by the APAAP technique. Nor-
mal bronchial epithelial cells, stromal cells and pneumo-
cytes showed no detectable VEGF immunostaining.
Smooth muscle cells of pulmonary vessels, histiocytes,
and mucous glandular cells of the bronchial wall stained
faintly with anti-VEGF antibody. In contrast, sarcoid
granulomas stained positive with VEGF immunostaining
(Fig. 1A, C). The reaction product was localized in acti-
vated alveolar macrophages of alveolar spaces (Fig. 1E),
multinuclear giant cells and epitheloid cells of sarcoid
granulomas (Fig. 1A, C), which were all labelled posi-
tive simultaneously by anti-CD 68 antibodies (data not
shown). VEGF staining was localized intracytoplasma-
tically in these cells. Lymphocytes showed no detectable
immunoreaction with anti-VEGF antibody.

There was a heterogenous staining pattern of the anti-
VEGF antibody in the three open lung biopsies. A variety
of staining intensities among granulomas was observed in
the same biopsy. Subjectively the most intensive staining
was found in early, still epitheloid-cell-rich granulomas
without fibrosis. Here the VEGF-staining pattern was
more homogeneous than in mature epitheloid granulomas
with multinuclear giant cells (Fig. 1A). In mature gran-
ulomas the reaction product was visualized predominant-
ly in multinuclear giant cells and epitheloid cells (Fig.
1C). Some granulomas were not stained by the anti-
VEGF antibody and showed fibrotic features on elasti-
ca–van Gieson staining. An increased expression of
VEGF was detected in pleural granulomas in open lung
biopsy specimens. Normal mesothelial cells showed no
detectable VEGF immunostaining near the granuloma.
Endothelial cells of microvessels near the granulomas
stained positive with the anti-VEGF antibody.

In total, 23 of the 33 specimens showed a positive im-
munoreaction against VEGF in granulomas and in alveo-
lar macrophages of the associated alveolitis. In 10 cases
granulomas exhibited no VEGF staining, and 8 of these
simultaneously showed negative CD-68 immunostaining.

Increased expression of flt receptor was detected by
immunohistochemistry in activated alveolar macro-
phages and in macrophage-derived cellular components
of granulomas, such as epitheloid cells and multinuclear
giant cells (Fig. 1G, H). Normal mesothelial cells, bron-
chial epithelium, and lymphocytes did not react positive-
ly with the anti-flt antibody, but a weak reaction was ob-

served in vascular endothelial cells. In total, 7 of the 33
biopsies stained positive for flt.

Twenty biopsy specimens were analysed for VEGF
transcript with nonradioactive in situ hybridization. Stro-
mal cells, vascular endothelial cells and bronchial epithe-
lial cells did not label positive for VEGF mRNA. In con-
trast, cells containing high levels of VEGF transcripts
(Fig. 1B, D) were identified as epitheloid cells by CD 68
immunostaining. Multinuclear giant cells also showed
increased levels of VEGF mRNA (Fig. 10D). Many of
the activated alveolar macrophages near to the epitheloid
granulomas labelled strongly for VEGF mRNA (Fig. 1F)
and immunohistochemically showed a simultaneously
increased production of the cytokine (Fig. 1E). Epithel-
oid-cell-rich granulomas located in visceral pleura con-
tained mRNA of VEGF in epitheloid cells, but none of
the neighbouring mesothelial cells labelled positive for
VEGF mRNA. No detectable signals were found either
in granulomas or in activated alveolar macrophages in
control cases labelled with pBR322 DNA.

Discussion

Sarcoidosis is a systemic granulomatous disorder, nearly
always with pulmonary manifestations. Active pulmonary
sarcoidosis is characterized by inflammatory alveolitis
and epitheloid granuloma formation, which may progress
to fibrosis in 20% of the patients [18]. The sarcoid granu-
loma is composed of macrophages, monocytes, epitheloid
cells, multinucleated giant cells, and activated T-lympho-
cytes. Epitheloid cells are derived and matured from cir-
culating monocytes with a higher capacity for extensive
protein synthesis than nonactivated monocytes or macro-
phages [16]. Activated macrophages from sarcoid pa-
tients release a large amount of interleukin-1 and are thus
able to induce enhanced replication and activation of T-
lymphocytes [10]. Otherwise, tumour-associated activat-
ed macrophages are known to be a major source of vari-
ous cytokines that regulate angiogenic processes, such as
basic fibroblast growth factor or VEGF [12]. Although
severe angiitis is associated infrequently with sarcoidosis,
endothelial cell proliferation and neoformation of a dif-
fuse capillary network have often been found within and
adjacent to sarcoid granulomas. Meyer et al. reported an
enhanced angiogenesis-inducing capacity of macrophages
separated from bronchoalveolar lavage (BAL) of patients
with pulmonary sarcoidosis. The effect was significantly
greater in BAL cells of patients with active than in pa-
tients with inactive sarcoidosis [14].

We found increased transcription and production of
VEGF in activated alveolar macrophages in inflammato-
ry alveolitis associated with pulmonary sarcoidosis.
Moreover, activated-matured forms of macrophages,
such as epitheloid cells and multinuclear giant cells,
showed a high signal intensity of VEGF mRNA on non-
radioactive in situ hybridization. Overexpression of the
growth factor could be illustrated in these cells by immu-
nohistochemistry. In contrast, fibrotic, cell-poor granulo-
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mas were negative according to VEGF immunostaining.
Activated alveolar macrophages and monocyte-derived
cellular elements of sarcoid granulomas, such as epithe-
loid cells and multinuclear giant cells, expressed the flt
receptor at high levels simultaneously. In this context it
has to be mentioned that we analysed only specimens
from patients with active disease (clinical symptoms
and/or radiological signs).

For the first time, our results demonstrated a coex-
pression of VEGF and flt in pulmonary sarcoidosis.
These findings are in accordance with previous reports
describing an increased expression of VEGF in activated
macrophages of various origins including malignant tu-
mours and cases of rheumatoic arthritis [17]. VEGF has
been found to be chemotactic for macrophages in malig-
nant tissues and is involved in the recruitment of mono-
cytes from the blood-stream into necrosis tumour areas
[22]. Similarly, VEGF may have a dual effect in sarcoi-
dosis, acting as a chemoattractant and activating agent
for monocytes and also inducing proliferating of endo-
thelial cells and angiogenesis within and adjacent to epi-
theloid granulomas. Its chemoattractive effect may initi-
ate a large amount of circulating monocytes to aggregate
in alveolar and in interstitial spaces of the lung. More-
over, a vascular hyperpermeability-inducing effect of
VEGF may sustain this process, enhancing the migration
of cellular elements through the capillary wall. The ob-
served heterogeneity of the VEGF-staining pattern may
be explained by a temporary down-regulation of the
growth factor, by an uncharacterized mechanism to fin-
ish the process. Whether or not the angiogenic effect of
VEGF is only a “side effect” of granuloma formation or
is of pathophysiological importance in the fibrotic pro-
cess remains unclear. The simultaneously increased flt
receptor expression of activated macrophages and mono-
cytes suggests that VEGF may act through the flt recep-
tor pathway in granuloma formation.

Several steroids are known to decrease VEGF produc-
tion directly [9]. The findings presented here may sup-
port the hypothesis that the relevant effect of steroid
therapy in suppressing acute symptoms of sarcoidosis
may be due to the down-regulation of VEGF expression
of activated monocytes and macrophages.
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