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Abstract Vascular endothelial growth factor (VEGF) i®xcluded [20]. Granuloma formation is the characteristic
a multifunctional cytokine, which has recently been réature of sarcoidosis and is thought to be a host re-
ported to enhance the activation and migration of morgponse to an unknown antigen. This substance is not de-
cytes through thdlt receptor in vitro, which are keystroyed by an acute inflammatory reaction and provokes
events in granuloma formation of granulomatous disenononuclear phagocyte activation [1]. The sarcoid gran-
ders and in sarcoidosis. Since activated macrophageswantha consists of various forms of activated macro-
monocytes are known to be involved in sarcoid granulghages (epitheloid cell, multinuclear giant cell) and acti-
ma formation in sarcoidosis, we investigated the expreated T-lymphocytes at the site of the disease activity.
sion of VEGF and its receptdit in 33 paraffin-embed- The activation of these cells is mediated by a number of
ded lung tissue biopsies of patients with pulmonary sgmphokines and soluble macrophage factors, but T-cells
coidosis. VEGF-mRNA was localized by nonradioactivare thought to regulate the recruitment of mononuclear
in situ hybridization, VEGF anfit expression were visu- phagocytes predominantly.

alized immunohistochemically. We found an increased Sarcoidosis is often associated with nongranuloma-
transcription and protein production of VEGF and aous microangiopathic lesions in various other organs
overexpression ofit in activated alveolar macrophageq;15]. Increased angiogenesis-inducing ability of activat-
in epitheloid cells, and in multinuclear giant cells of pued alveolar macrophages is found in bronchoalveolar la-

monary sarcoid granulomas. vage of patients with pulmonary sarcoidosis, but the fac-
i tor responsible has not been identified [14]. Berse et al.
Key words Vascular endothelial growth factofit: - reported an increased gene expression of vascular endo-
Pulmonary sarcoidosis - Activated macroptage thelial growth factor (VEGF) in activated alveolar mac-
rophages [3], but no data are available on VEGF expres-
Introduction sion in these cells or other activated forms of mononu-

clear phagocytes in sarcoidosis. In addition, it is reported
Sarcoidosis is a multisystem granulomatous disordertbét tumour-associated activated macrophages and acti-
unknown aetiology, which is found worldwide. The diag«ated peritoneal macrophages of patients with endome-
nosis is usually based on radiographic and clinical findgliosis have the capacity to initiate and enhance angio-
ings and supported by histological demonstration of sgenesis overexpressing VEGF [13, 21].
coid granulomas; other granulomatous diseases ofVEGF is a heparin-binding, dimeric gylcoprotein with
known aetiology, tuberculosis, berylliosis or sarcoid-like selective mitogenic effect on vascular endothelial cells
reaction associated with malignant tumours, should ibevitro and a direct angiogenic effect in vivo [6]. Differ-
ential splicing of a single gene transcript results in four
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range [8]. Recently, a possible role of VEGF in the r@EGF and normal lymph node tissue, for CD 68. Negative con-
cruitment and activation of monocytes has been reporf@d,ﬁ_ used all reagents except the primary antibody.

N . or nonradioactive in situ hybridization a digoxigenin-labelled
in vitro, mediated through tffé receptor [2, 5]. cDNA for human VEGF (a generous gift of Professor W. Risau,

We investigated 33 cases of pulmonary sarcoidoSifax-Planck-Institut fur physiologische und Klinische Forschung,
looking for increased transcription and/or production 8kd Nauheim, Germany) was applied. The cDNA probe for human
this potent angiogenic cytokine and its receffitoin ac- VEGF was a 520-bp fragment of clone VEGF 121 subcloned into

; ; ; EcoRI/BAM HI site of Bluescript KS [19]. The probes were la-
tivated alveolar macrophages or in other activated for{ﬁe ed by digoxigenin using the random primed oligolabelling meth-

of mononuclear phagocytes, such as multinuclear gig@tyith the Dig-Labeling Kit (Boehringer Mannheim, Germany).
cells or epitheloid cells, in sarcoid granulomas. We used a slightly modified in situ hybridization protocol de-
scribed by Wiethege [23]. Paraffin sections 4 um 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.
des were dewaxed in xylene and rehydrated in decreasing etha-
| concentrations (99 vol%, 90 vol%, 70 vol%, 50 vol%) in de-
Nized water. After washing in phosphate-buffered saline (PBS,
7.4) and dehydration in graded series of ethanol (30 vol%, 70
%, 90 vol% and 100 vol%), samples were air-dried and treated
sequential incubation as follows: 0.2 N HCI (20 min), double-

Materials and methods

Formalin-fixed and paraffin-embedded bronchoscopic (30) aﬁa
thoracoscopic (3) biopsy specimens from the archives of the Ing
tute of Pathology were investigated retrospectively in the pres
study. Biopsies were obtained by bronchoscopy or by open |
biopsy as part of routine clinical diagnosis in patients with cling;

cally and/or radiologically ‘suspected ~pulmonary sarcoidosigjjieq water (5 min), 0.125 mg/ml pronase (Serva, Heidelberg
There were 10 female and 23 male patients, their median age gr'many 10 min) 0.02 M gylcin (Merck Darmstadt Germany"
ing 39 years (range: 23-79). Two patients had previously histologg o) “y\vice PBS (30 s). Specimens were postfixed in 4% parafor-
ically confirmed sarcoidosis, and were rebiopsied because 0fjenyde/PBS for 20 min and washed in PBS (5 min). After in-
symptoms suggesting recurrence of the disease. None of the Paiion in 0.1 M triethanolamine, pH 8.0, Merck) containing

tients was receiving steroid treatment at the time of the diagnogisep added 0.25 vol% acetic anhydride for 10 min and dehydra-
The diagnosis of pulmonary sarcoidosis was based on clinical 4gf§ i serial alcohols (30 vol%, 70 vol%, 90 vol% and 99 vol%)
(symptoms, radiological signs) and histomorphologically Colye sections were air-dried. All steps were performed at room tem-

firmed by presence of sarcoid granulomas in haematoxylin-e0gil}at re and all solutions were treated with diethylpyrocarbonate

and elastica-van Gieson-stained sections [20]. . .(Sigma). For prehybridization, samples were covered with 300 pl
For comparison archival paraffin-embedded transbronchial bigp- rehybridization buffer solution containing 50% deionized

sy specimens that had no signs of pathological alterations and fagl- \iqe (Fluka, Germany), 0.3 M NaCl, 10 mM Tris pH 7.5, 10
also been obtained during diagnostic procedures were investigate NaHPQ, pH 6.8. 5 mM EDTA. 0.1x Denhardt's solution. 10

Specimens were analysed for VEGF expression with a rab iM dithiotreitol (Sigma), 0.25 mg/ml yeast tRNA (Sigma), 12.5%

polyclonal antibody against human VEGF (Santa Cruz, Calif),ansyifate (Pharmacia Biotech, Sweden), and 0.5 mg/ml salm-

which recognizes the 121-, 165- and 189-amino acid splice Vafsoerm DNA (Sigma) and incubated in a humid chamber for 2 h
ants of VEGF. Immunohistochemical staining for fliereceptor t_42° C. For hybridization, prehybridization mix was removed

was carried out using a rabbit polyclonal antibody raised again%nc-b slides were covered with 30 pl of hybridization solution, con-
carboxy terminal of the humdtt peptide (Santa Cruz, Calif.). Ac-§5iCing 1 ng digoxigenin-labelled cDNA probe/ml. The slides were

tivated macrophages and multinuclear giant cells were highlighted - .<; ; : h .
. ! ped, sealed with rubber cement and incubated in a humid
by a monoclonal mouse anti-CD 68 antibody (DAKO, Hambur hamber for 18 h at 42° C. After removal of the coverslips, slides

Germany). : . were washed twice in 50% formamide/2 xSSC (standard saline ci-
Immunostaining was performed using the alkaline-phosphgsie) 194 mercaptoethanol for 20 min at 44° C and in 2xSSC and
tase-anti-alkaline phosphatase method (APAAP) [7]. Sections;4."n 1xSSC for 20 min at 51° C. Finally specimens were rinsed

Hm thick were cut consecutively from formalin-fixed and paraffing, "3 \niy in PBS and covered with 30 pl of fluorescein-isothiocy-
embedded tissue samples, mounted on pajsin-coated slides oo (Boehringer Mannheim)-conjugated anti-digoxigenin anti-
and dried overnight at 58° C. Paraffin sections were dewaxed y diluted 1:20 in 5% normal sheep serum in PBS. Sections

xylene, rehydrated with graded concentrations of ethanol and, iz ; ; ; ; ; 3
nally washed in Tris-Buffer (pH 7.6) for 10 min. VEGF require&Vbre coverslipped and incubated in a light protected humid cham
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 buffEig. 1 Immunohistochemical staining f@k, C, E vascular endo+»
(pH 6.0) (Dako) in a microwave oven at 600 W for 5 min. Thikelial growth factor (VEGF) an@, H flt andB, D, F non-radio-
step was repeated four times. The following steps were finalizaetive in situ hybridization of VEGF mRNA in pulmonary sarcoi-
by an automated staining system, Dako TechMate 500. dosis.A Multinuclear giants cells and epitheloid cells stained pos-
Sections were incubated with the primary antibody solution fitive with anti-VEGF antibody, while stromal cells and lympho-
25 min at room temperature, using a working dilution of the antiytes did not react with anti-VEGF antibody. x480High signal
bodies 1:100 foflt, 1:200 for CD 68 and 1:400 for VEGF. Slidesntensity of VEGF mRNA in multinuclear giant cells and epithel-
were rinsed once in buffer (Puffer Kit, Dako). Ftirand VEGF oid cells. x625C Overview of an early granuloma with homoge-
immunostaining, sections were incubated with the secondary antous VEGF staining pattern. No detectable immunostaining in
body, a mouse anti-rabbit serum, in a 1:150 concentration (Dakoymal alveolar endothelial cells and stromal cells. xZDTran-
for 25 min at room temperature. Slides were rinsed in buffer (Pustripts of VEGF mRNA in an epitheloid granuloma. x3E2cti-
er Kit, Dako). Immunoreaction was demonstrated with the APAARted alveolar macrophages stained strongly positive for VEGF
Kit (Dako) according to the specifications of the manufacturer400.F VEGF mRNA signals in activated alveolar macrophages.
The secondary antibody was an alkaline phosphatase-labeNeddetectable signals of VEGF transcripts in alveolar endothelial
monoclonal calf antibody, and the bridging antibody a monocloralls or pneumocytes. Granuloma formation and an early granulo-
anti-calf mouse antibody. ma. x625.G flt Receptor expressed at a high level in activated al-
Sections were incubated with the chromogene alkaline-phesolar macrophages and in epitheloid cells, but centrally located
phatase substrate (Fast Red, DAKO) for 20 min at room temparadtinuclear giant cells stained negative with the #htntibody.
ture. Finally, sections were counterstained by Mayer’'s haematoky-Pulmonary sarcoid granulomas without alveolitis. Epitheloid
lin (DAKO) for 1 min, dehydrated in graded ethanol and covecells and a multinuclear giant cell showed a positive immunoreac-
slipped. For positive controls fetal kidney tissue was stained tan against aniflt antibody.



63




64

ber for 2 h at 37° C. After two washes for 10 min in PBS, spegierved in vascular endothelial cells. In total, 7 of the 33
mens were counterstained with 30 pl of propidiumiodide in P opsies stained positive fét.

(500 ng/ml; Boehringer Mannheim) for 5 min. After removal o . .
excess propidiumiodide washing with PBS for 10 min, slides were Twenty biopsy specimens were analysed for VEGF

dehydrated by a series of alcohol dilutions (70 vol%, 90 volo, g@nscript with nonradioactive in situ hybridization. Stro-
vol%) and air-dried. Finally, specimens were mounted in a glycenal cells, vascular endothelial cells and bronchial epithe-

ol/PBS solution, Citifluor (Plano, Germany) [11]. As negativlig| cells did not label positive for VEGF mRNA. In con-

controls, sections were hybridized with a digoxigenin-labell e ; ;
pBR322 DNA probe (Boehringer Mannheim). G’d’ast, cells containing high levels of VEGF transcripts

We used an epiluminated fluorescence microscope (Leitz, GErid- 1B, D) were identified as epitheloid cells by CD 68
many) for the evaluation. immunostaining. Multinuclear giant cells also showed

increased levels of VEGF mRNA (Fig. 10D). Many of
the activated alveolar macrophages near to the epitheloid
Results granulomas labelled strongly for VEGF mRNA (Fig. 1F)
and immunohistochemically showed a simultaneously
Expression of VEGF was established by the dark purjtereased production of the cytokine (Fig. 1E). Epithel-
reaction product obtained by the APAAP technique. Narid-cell-rich granulomas located in visceral pleura con-
mal bronchial epithelial cells, stromal cells and pneum@ined mRNA of VEGF in epitheloid cells, but none of
cytes showed no detectable VEGF immunostainirthe neighbouring mesothelial cells labelled positive for
Smooth muscle cells of pulmonary vessels, histiocyt8&GF mMRNA. No detectable signals were found either
and mucous glandular cells of the bronchial wall staine#d granulomas or in activated alveolar macrophages in
faintly with anti-VEGF antibody. In contrast, sarcoigontrol cases labelled with pBR322 DNA.
granulomas stained positive with VEGF immunostaining
(Fig. 1A, C). The reaction product was localized in acti-
vated alveolar macrophages of alveolar spaces (Fig. dHjcussion
multinuclear giant cells and epitheloid cells of sarcoid
granulomas (Fig. 1A, C), which were all labelled posbBarcoidosis is a systemic granulomatous disorder, nearly
tive simultaneously by anti-CD 68 antibodies (data nalways with pulmonary manifestations. Active pulmonary
shown). VEGF staining was localized intracytoplasmaarcoidosis is characterized by inflammatory alveolitis
tically in these cells. Lymphocytes showed no detectalaled epitheloid granuloma formation, which may progress
immunoreaction with anti-VEGF antibody. to fibrosis in 20% of the patients [18]. The sarcoid granu-
There was a heterogenous staining pattern of the alatina is composed of macrophages, monocytes, epitheloid
VEGF antibody in the three open lung biopsies. A varietglls, multinucleated giant cells, and activated T-lympho-
of staining intensities among granulomas was observeaytes. Epitheloid cells are derived and matured from cir-
the same biopsy. Subjectively the most intensive stainicigating monocytes with a higher capacity for extensive
was found in early, still epitheloid-cell-rich granulomagrotein synthesis than nonactivated monocytes or macro-
without fibrosis. Here the VEGF-staining pattern wgshages [16]. Activated macrophages from sarcoid pa-
more homogeneous than in mature epitheloid granulortiegts release a large amount of interleukin-1 and are thus
with multinuclear giant cells (Fig. 1A). In mature gramable to induce enhanced replication and activation of T-
ulomas the reaction product was visualized predominalythphocytes [10]. Otherwise, tumour-associated activat-
ly in multinuclear giant cells and epitheloid cells (Figed macrophages are known to be a major source of vari-
1C). Some granulomas were not stained by the amtirs cytokines that regulate angiogenic processes, such as
VEGF antibody and showed fibrotic features on elastiasic fibroblast growth factor or VEGF [12]. Although
ca—van Gieson staining. An increased expression sef/ere angiitis is associated infrequently with sarcoidosis,
VEGF was detected in pleural granulomas in open luagdothelial cell proliferation and neoformation of a dif-
biopsy specimens. Normal mesothelial cells showed fuse capillary network have often been found within and
detectable VEGF immunostaining near the granulonzaljacent to sarcoid granulomas. Meyer et al. reported an
Endothelial cells of microvessels near the granulomashanced angiogenesis-inducing capacity of macrophages
stained positive with the anti-VEGF antibody. separated from bronchoalveolar lavage (BAL) of patients
In total, 23 of the 33 specimens showed a positive imith pulmonary sarcoidosis. The effect was significantly
munoreaction against VEGF in granulomas and in alvegseater in BAL cells of patients with active than in pa-
lar macrophages of the associated alveolitis. In 10 casests with inactive sarcoidosis [14].
granulomas exhibited no VEGF staining, and 8 of theseWe found increased transcription and production of
simultaneously showed negative CD-68 immunostainingEGF in activated alveolar macrophages in inflammato-
Increased expression fif receptor was detected byy alveolitis associated with pulmonary sarcoidosis.
immunohistochemistry in activated alveolar macrddoreover, activated-matured forms of macrophages,
phages and in macrophage-derived cellular componesitsh as epitheloid cells and multinuclear giant cells,
of granulomas, such as epitheloid cells and multinucledrowed a high signal intensity of VEGF mRNA on non-
giant cells (Fig. 1G, H). Normal mesothelial cells, bromadioactive in situ hybridization. Overexpression of the
chial epithelium, and lymphocytes did not react positivgrowth factor could be illustrated in these cells by immu-
ly with the antiflt antibody, but a weak reaction was obrohistochemistry. In contrast, fibrotic, cell-poor granulo-
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mas were negative according to VEGF immunostaining. growth factor) gene is expressed differentially in normal tis-

i -deri sues, macrophages and tumors. Mol Biol Cell 3:211-220
Activated alveolar macrophages and monocyte-derive Clatss M. Gerlach H. Brett J. Wang F, Familletti PC, Pan

cellular elements of sarcoid granulomas, such as epithe'cg "olander Jv, Connolly DT, Stern D (1990) Vascular per-
loid cells and_ multlnucleqr giant cells, EXpre_SSGdﬂ]he _ meability factor: a tumor-derived polypeptide that induces en-
receptor at high levels simultaneously. In this context it dothelial cell and monocyte procoagulant activity, and pro-

has to be mentioned that we analysed only specimengnotes monocyte migration. J Exp Med 172:1535

: : - - s . Clauss M, Weich H, Breier G, Knies U, Rockl W, Walterberg-
from patients with active disease (clinical symptom§ er J, Risau W (1996) The vascular endothelial growth factor

and/or radio_logic_al signs). receptorflt-1 mediates biological activities. Implications for a
For the first time, our results demonstrated a coex- functional role of placenta growth factor in monocyte activa-
pression of VEGF andlt in pulmonary sarcoidosis. _ tion and chemotaxis. J Biol Chem 271:17629-17634

R ; ; ; Connolly DT, Heuvelman DM, Nelson R, Olander JV, Eppley
ghesgbflndlngs aré in gccorda”(?e W';Q/Erg‘é"?us re.por%BL, Delfino JJ, Siegel NR, Leingruber RM, Feder J (1989) Tu-
€sCribing an Increased expression o In activatéd gy vascular permeability factor stimulates endothelial cell

macrophages of various origins including malignant tu- growth and angiogenesis. J Clin Invest 84:1470-1478
mours and cases of rheumatoic arthritis [17]. VEGF ha& Cordell JL, Falini B, Erber WN (1984) Immunoenzymatic la-

. P . - alkaline phosphatase and monoclonal antialkaline phosphatase
nant tissues and is involved in the recruitment of mono- (APAAP) complexes. J Histochem Cytochem 32:219-229

cytes from the blood-stream into necrosis tumour aregsGruber BL, Marchese MJ, Kew R (1995) Angiogenic factors
[22]. Similarly, VEGF may have a dual effect in sarcoi- stimulate mast-cell migration. Blood 86:2488-2493
dosis, acting as a chemoattractant and activating agéngieiss JD, Papavassiliou E, Merrill MJ, Nieman L, Knightly JJ,

; : : ; _ Walbridge S, Edwards NA, Oldfield EH (1996) Mechanism of
for monocytes and also inducing proliferating of endo. dexamethasone suppression of brain tumor-associated vascular

thelial cells and angiogenesis within and adjacent to epi- permeability in rats. J Clin Invest 98:1400-1408

theloid granulomas. Its chemoattractive effect may initie. Hunninghake GW (1984) Release of interleukin-1 by alveolar
ate a large amount of circulating monocytes to aggregatemacrophages of patients with active pulmonary sarcoidosis.
in alveolar and in interstitial spaces of the lung. More; A ReV Respir Dis 129:569-572

| h bilitv-induci ff 1J. Johnson GD, De Noguera C, Aranjo JGM (1986) A simple
over, a vascular hyperpermeability-inaucing effect Of" method for reducing the fading of immunfluorescence during

VEGF may sustain this process, enhancing the migrationmicroscopy. J Immunol Methods 43:349—350
of cellular elements through the capillary wall. The oB32. Leek RD, Harris AL, Lewis CE (1994) Cytokine networks in sol-

i _ataini id tumors: regulation of angiogenesis. J Leukoc Biol 56:423-435

Eerved Ihete:j()gbeneltyt of the VE%F Stamm% ?-attemf T . McLaren J, Prentice A, Charnock-Jones DS, Millican SA, Miuller

€ explaine y a lemporary down-regulation or ir KH, Sharkey AM, Smith SK (1996) Vascular endothelial growth
QVOWth factor, by an uncharacterized mgchanl_sm to fin- factor is produced by peritoneal fluid macrophages in endometri-
ish the process. Whether or not the angiogenic effect ofosis and is regulated by ovarian steroids. J Clin Invest 98:482—-489

VEGEF is only a “side effect” of granuloma formation o#4- Meyer KC, Kaminski MJ, Calhoun WJ, Auerbach R (1989)

i ; ; ; ; . ; _ Enhanced capacity of bronchoalveolar lavage cells from pa-
is of pathophysiological importance in the fibrotic pro tients with pulmonary sarcoidosis to induce angiogenesis in

cess remains unclear. The simultaneously increfised yivo. Am Rev Respir Dis 140:1446—1449
receptor expression of activated macrophages and marso-Mikami R, Sekiguchi M, Ryuzin Y (1986) Changes in periph-
cytes suggests that VEGF may act throughfitheecep- eral vasculature of various organs of patients with sarcoidosis
tor pathway in granuloma formation — possible role of microangiography. Heart Vessels 2:129-139
. ’ 16. Muller K-M (1996) Sarkoidose — Pathologische-anatomische
_ Several steroids are known to decrease VEGF produC-gefynde. In: Sarkoidose — Fachbeitrage zum Krankheitsbild
tion directly [9]. The findings presented here may sup- auf dem Weg der Synthetik. Deutsche Sarkoidose Vereinigung,
port the hypothesis that the relevant effect of steroid Meerbusch, pp 72-98

i i i Nagashima M, Yoshino S, Ishiwata T, Asano G (1995) Role of
therapy in suppressing acute symptoms of sarcoIdo’glsvascular endothelial growth factor in angiogenesis of rheuma-

may be due to the down-regulation of VEGF expression ;i1 rthritis. J Rheumatol 22:1624—1630

of activated monocytes and macrophages. 18. O'Connor C, Odlum C, van Breda A, Power C, Fitzgerald M
. (1988) Collagenase and fibronectin in bronchoalveolar lavage
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