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Granulomatous lung inflammation is characterized by
the accumulation of mononuclear phagocytes leading to
the formation of discrete structures, composed of a central
core of epithelioid cells, occasional multinucleated giant
cells and a surrounding rim of lymphocytes, macrophages,
fibroblasts and connective tissue [1]. These granuloma-
tous lesions are typical of lung diseases such as sarcoido-
sis, extrinsic allergic alveolitis (EAA), and tuberculosis
(TB). In the end stages the cellular elements of the granu-
lomas are gradually replaced by collagen, resulting in a
pattern of fibrosis that is indistinguishable from the end
stages of nongranulomatous fibrotic lung diseases [2].
While an increase in collagen type I and III occurs as part
of the process [3, 4], little is known about changes in other
extracellular matrix (ECM) components such as prote-
oglycans and glycosaminoglycans in granulomatous lung
diseases and how they compare with changes in nongranu-
lomatous lung inflammation.

Proteoglycans are a group of glycoproteins that each
consist of a core protein covalently linked to a variable
number of negatively charged glycosaminoglycan chains.
Proteoglycans have a number of biological functions in
the ECM, including influencing tissue mechanics, tissue
water homeostasis, cell adhesion, cell migration, and the
biological activities of several growth factors [5]. We have
recently localized proteoglycans and the glycosamino-

glycan hyaluronan in the normal adult human lung and
in nongranulomatous lung conditions, such as idiopathic
pulmonary fibrosis (IPF), the adult respiratory distress
syndrome (ARDS) and bronchiolitis obliterans organiz-
ing pneumonia (BOOP) [6]. Our data showed that the
proteoglycan versican was a consistent and abundant
component of the characteristic lesions of each of these
conditions. Versican deposition appeared to be an early
event in the repair process and early collagen synthesis
was localized to myofibroblasts in versican-rich, collagen-
poor domains. We hypothesized that versican is associat-
ed with the process of collagen synthesis resulting from
chronic inflammation. In this study we investigated the
association between proteoglycans and collagen synthesis
in granulomatous lung diseases.

Materials and methods

Patients

The studies were performed on lung tissues entered into
the University of British Columbia Pulmonary Research
Laboratory tissue registry during the period 1977–1993.

Proteoglycans in granulomatous lung diseases. E.S. Bensadoun, A.K. Burke, J.C. Hogg,
C.R. Roberts. ©ERS Journals Ltd 1997.
ABSTRACT: In nongranulomatous fibrotic lung conditions, we have recently shown
that early collagen synthesis by myofibroblasts occurs in an extracellular matrix rich
in the proteoglycan versican. We hypothesized that versican is associated with the
process of collagen synthesis resulting from chronic inflammation. In this study, we
examined the localization of proteoglycans and collagen in the granulomatous lung
conditions, sarcoidosis, extrinsic allergic alveolitis (EAA) and tuberculosis (TB).

Tissue from individuals with sarcoidosis (n=6), EAA (n=4) and TB (n=2) was exa-
mined for glycosaminoglycans and collagen using histochemistry, and for versican,
decorin, biglycan, hyaluronan, type I procollagen and α-smooth muscle actin using
immunohistochemistry.

The results showed that in sarcoidosis, EAA and TB, the rim of connective tissue
surrounding granulomas contained glycosaminoglycans and collagen, and that gly-
cosaminoglycan staining corresponded to localization of versican. Versican-rich zones
contained myofibroblasts that stained intracellularly for type I procollagen. Hyaluro-
nan was found diffusely throughout the matrix. Decorin was localized intracellularly
in the epithelioid cells of granulomas and some myofibroblasts.

We conclude that the deposition of versican is specific to the early remodelling
process in both granulomatous and nongranulomatous lung diseases. In both forms of
lung fibrosis, regardless of the nature of the driving inflammatory process, collagen
synthesis takes place in a versican-rich provisional matrix. These results suggest that
versican may influence the progression of the repair process following many different
types of lung injury.
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Cases with a histological diagnosis of sarcoidosis (n=6)
and EAA (n=4) were entered into the study after infec-
tious aetiologies were excluded. Lung tissue was also
obtained from two patients with confirmed Mycobacte-
rium tuberculosis infection.

Two of the six cases of sarcoidosis were asymptoma-
tic and had normal pulmonary function tests (PFTs) while
the remaining four cases had symptoms and PFTs show-
ing either restriction, a reduction in diffusing capacity, or
both. Radiographically, four cases represented stage III
disease and two cases stage II disease. Clinical data for
these patients are summarized in table 1. The EAA cases
had symptoms of 1–6 months duration and the three pa-
tients with available PFTs all had restrictive defects. None
of the sarcoidosis or EAA patients were taking steroids at
the time of their open lung biopsies.

Histology

All lung tissues were fixed in buffered formalin, em-
bedded in paraffin and serially sectioned at a thickness of
5 µm. Individual sections were stained with: haematoxylin
and eosin (H&E) to visualize the overall architecture;
alcian blue to visualize glycosaminoglycans; and picrosir-
ius red to visualize collagen. All sections for histochemi-
cal and immunohistochemical staining were processed
and stained concurrently.

Antibodies for immunohistochemistry

A rabbit polyclonal antibody to human versican was
generously provided by E. Ruoslahti and R. Le Baron of
the La Jolla Cancer Center [7]. Rabbit polyclonal anti-pep-
tide antibodies to human decorin (LF-30) [8] and bigly-
can (LF-51) [9] were kindly donated by L.W. Fisher of
the National Institutes for Health (NIH) (Bethesda, MD,
USA). Cells actively synthesizing type I collagen were
localized using a rat monoclonal antibody to the amino-
terminal end of human type I procollagen (Chemicon Inc.,
Temecula, CA, USA). A mouse monoclonal antibody to
alpha smooth muscle actin (α-SMA) (1A4) (Sigma Chem-
ical Co., St Louis, MO, USA) was used to detect the pres-
ence of myofibroblasts [10]. All antibodies were used at
empirically determined optimal dilutions [6] in Tris-buff-
ered saline, pH 7.5 containing 2% bovine serum albumin
(TBS-BSA) (ICN Biochemicals, Cleveland, OH, USA).

Immunohistochemistry

Sections for immunostaining with versican, decorin and
biglycan were dewaxed and then pretreated for 30 min at
37°C with 1 U·mL-1 chondroitinase ABC (Sigma) in 0.1
M Tris-HCl, 50 mM calcium acetate, 0.01% BSA, pH 7.3.
This procedure increases staining by all three proteogly-
can antibodies [6]. Sections were then blocked with 10%
normal goat serum in TBS-BSA for 1 h followed by a 2 h
incubation with the primary antibodies at the following
dilutions: versican (1/250), decorin (1/200) and biglycan
(1/500). Type I procollagen immunostaining required a
pretreatment with l% trypsin (Sigma) in TBS for 20 min
at room temperature, after which sections were blocked
with 10% normal rat serum in TBS-BSA for 1 h and incu-
bated for 2 h with the primary antibody at a dilution of 1/
500. Sections to be stained for α-SMA were blocked with
10% normal rabbit serum in TBS-BSA for 1 h followed
by a 2 h incubation with the primary antibody at 1/500.
Negative controls were incubated with equivalent concen-
trations of either normal rat serum or mouse immunoglob-
ulin (Ig)G in place of the primary antibodies.

After incubation with the primary antibodies, all sec-
tions were washed and incubated for 30 min in a 1/20
dilution in TBS-BSA of either goat anti-rabbit IgG (Sero-
tec, Kidlington, UK), goat anti-rat IgG (Caltag Laborato-
ries Inc., San Francisco, CA, USA), or rabbit anti-mouse
IgG (Dako, Glostrup, Denmark), as appropriate. Sections
were then washed and the primary antibody-secondary
antibody complexes were localized by incubation for 30
min in a 1/50 dilution in TBS-BSA of the appropriate
alkaline phosphatase-immunoglobulin conjugate (i.e., al-
kaline phosphatase rabbit IgG conjugate (Serotec), alka-
line phosphatase rat IgG conjugate (Serotec) or alkaline
phosphatase mouse IgG complex (Dako)). Napthol-AS-
BI-phosphate/new fuchsin (Sigma) was used as an alka-
line phosphatase substrate to visualize the antibody-target
complexes as a red precipitate.

Localization of hyaluronan

Hyaluronan was localized in tissue sections using the
hyaluronan-binding protein, link protein, which was puri-
fied from bovine nasal cartilage, biotinylated and used
according to techniques previously described [6]. Briefly,
sections to be stained for hyaluronan were blocked for 2 h
in TBS-BSA and incubated for 4 h with 200 µg·mL-1 bio-
tinylated link protein in TBS-BSA at room temperature.

Table 1.  –  Clinical data for sarcoidosis patients

Patient
No.

Age
yrs

Sex Duration of
respiratory symptoms

Radiographic
stage

Pulmonary function
tests

1
2
3
4
5
6

78
37
29
62
52
28

M
M
F
F
M
F

Asymptomatic
Asymptomatic

12 months
2 months
2 months
6 months

III
III
II
II
III
III

Normal
Normal

Mild restrictive defect
Mild restrictive defect, reduced TL,CO

Normal TLC, reduced TL,CO

Normal TLC, reduced TL,CO

M: male; F: female; TLC: total lung capacity; TL,CO: transfer factor of the lung for carbon monoxide. Radiographic staging system:
stage 0: normal chest radiograph; stage I: hilar and/or mediastinal adenopathy without parenchymal involvement; stage II: hilar and/or
mediastinal adenopathy with parenchymal involvement; stage III: parenchymal involvement alone.
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These sections were washed and incubated with 1 in 100
streptavidin conjugated to alkaline phosphatase (Pierce,
Rockford, IL, USA) in TBS-BSA for 1 h at room tempera-
ture. The alkaline phosphatase was developed using naph-
thol-AS-BI-phosphate/new fuchsin (Sigma) as a substrate.

After incubation of sections with alkaline phosphatase
substrate, all sections stained were counterstained with
Gill's haematoxylin, dehydrated in ethanol, mounted in
Entellan (BDH Chemicals, Toronto, Ontario, Canada) and
examined by light microscopy.

Results

Sarcoidosis

The histology revealed single and coalescing non-necro-
tizing granulomas, adjacent to which the interstitium was
minimally thickened by an inflammatory infiltrate (fig.
1A). Alcian blue staining showed abundant gly-
cosaminoglycans in the rim of loose ECM around the gran-
ulomas. The central core of epithelioid cells and the
adjacent interstitium did not stain for glycosaminoglycans
(fig. 1B). Immuno-staining for specific proteoglycans
showed that versican was present in the outer rim of ECM
but not in the ECM of the central core, in areas of dense
collagen staining, or the adjacent interstitium. Versican
staining was highly concor-dant with glycosaminoglycan
staining (fig. 1C). In contrast, normal human adult lung tis-
sue stains minimally for glycosaminoglycans or versican,
using the same techniques [6]. A concentric pattern of col-
lagen deposition was noted within the versican-rich rim
around the granulomas (fig. 1B). Hyaluronan was abundant
throughout the ECM surrounding granulomas, the ECM of
the central core and in the thickened interstitium (fig. 1E).
The ECM stained minimally for decorin or biglycan, but
the ECM in areas of dense collagen deposition stained
more intensely for decorin and biglycan (not shown).
Intense intracellular staining for decorin was seen within
the epithelioid cells of the   central core, and in some myofi-
broblasts, alveolar macrophages and epithelial cells (fig.
1D). Cells within the versican-rich zone were positive for
α-SMA (fig. 1F) and type I procollagen (fig. 1G) which
identified them as myofibro-blasts synthesizing type I col-
lagen.

Extrinsic allergic alveolitis

The cases of EAA were characterized by patchy inter-
stitial pneumonitis, minimal fibrosis, and loosely formed
granulomas (fig. 2A). Alcian blue staining demonstrated
glycosaminoglycans within the thickened interstitium (fig.
2B) and in the rim of ECM surrounding well-formed gra-
nulomas (not shown) in a pattern similar to that seen in
sarcoidosis. In the thickened interstitium, versican locali-
zation was concordant with glycosaminoglycan staining
(fig. 2C). Versican-rich areas within the thickened intersti-
tium and around granulomas showed minimal collagen
staining (fig. 2B), but cells positive for type I procollagen
and α-SMA were seen within the versican-rich zones (not

shown). Hyaluronan was present throughout the inter-
stitium. The ECM showed minimal staining for decorin
and biglycan, although, decorin was found intracellularly
within epithelioid cells of granulomas, in myofibroblasts
and in some epithelial cells, in a pattern similar to sar-
coidosis (not shown).

Tuberculosis

The histology showed granulomatous inflammation
characterized by the presence of caseous necrosis in some
of the granulomas (fig. 2D), glycosaminoglycans (fig. 2E)
and versican (fig. 2F) co-localized to the rim of ECM sur-
rounding the noncaseating granulomas in a pattern similar
to that seen in sarcoidosis. Noncaseating granulomas
showed diffuse staining of the ECM for hyaluronan, intra-
cellular localization of decorin within epithelioid cells,
deposition of collagen within the outer rim of granulo-mas
and staining for α-SMA and type I procollagen (not
shown) in a pattern similar to that seen in sarcoidosis.

The localization of versican, mature collagen fibres and
sites of synthesis of type I procollagen showed considera-
ble similarities in the granulomas of the three diseases
studied. The ECM surrounding the granulomas contain-
ed glycosaminoglycans and collagen, and histochemical
localization of glycosaminoglycan in all cases corres-
ponded to localization of the proteoglycan versican. In the
ECM surrounding granulomas in all three diseases, myo-
fibroblasts in a versican-rich matrix stained positively
for type I procollagen. Whereas versican-rich ECM con-
tained little collagen by histochemistry, these areas appe-
ared to be sites of collagen synthesis. Conversely, areas of
dense collagen contained little versican. This pattern sug-
gests transient expression of versican, as type I collagen
synthesis occurs in the matrix surrounding developing
granulomas. There is a spatial and temporal association
between versican proteoglycan expression and type I col-
lagen synthesis in all three diseases.

Discussion

This study demonstrates that the ECM deposited
around developing granulomas in sarcoidosis, EAA and
TB is glycosaminoglycan-rich, and that these glycosamin-
oglycans co-localize with the hyaluronan-binding proteo-
glycan, versican. Hyaluronan co-localizes with versican,
suggesting that this matrix may contain hyaluronan and
versican as a macromolecular aggregate. These versican-
rich areas contain myofibroblasts that stain positively for
type I procollagen. Dense collagenous areas contain little
versican. We conclude that in granulomatous fibrotic lung
diseases, myofibroblasts synthesize collagen within a spe-
cialized ECM rich in versican. Our observations suggest
that versican is removed from the matrix concomitant
with collagen organization rather than being incorporated
into collagen fibres. These findings extend our studies in
nongranulomatous lung fibrosis, in which we showed a
similar spatial and temporal association between versican
proteoglycan expression in the matrix and cellular synthe-
sis of type I procollagen [6].



2734 E.S. BENSADOUN ET AL.

Fig. 1.  –  Proteoglycan localization in sarcoidosis. A: haematoxylin-eosin stain showing single and coalescing non-necrotizing granulomas composed
of a central core (CC) of epithelioid cells, multinucleated giant cells (arrow) and an outer rim (OR) of connective tissue, lymphocytes and myofibrob-
lasts; B: alcian blue-picrosirius red stain showing glycosaminoglycans (blue) localizing to the outer rim of connective tissue while collagen (red) is
seen in a concentric pattern within the surrounding rim; C: serial section with (B) showing the co-localization of versican (red) with glycosaminogly-
cans in the outer rim; D: intracellular staining for decorin is seen within the epithelioid cells (arrow) of the central core of the granulomas; E: extracel-
lular staining for hyaluronan is seen within the extracellular matrix (ECM) of the central core, the ECM of the outer rim and the adjacent interstitium;
H: high power view of the outer rim of connective tissue showing alpha-smooth muscle actin positive (red) myofibroblasts (arrow); G: the correspond-
ing field showing myofibroblasts (arrow) positive for type I procollagen (red). Internal scale bars: panels A–E, 100 µm; panels F and G, 50 µm.
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Fig. 2.  –  Proteoglycan localization in extrinsic allergic alveolitis (A, B, C) and in tuberculosis (D, E, F). A: haematoxylin-eosin stain showing inter-
stitial pneumonitis with no granulomas seen in this field; B: alcian blue-picrosirius red stain showing glycosaminoglycans (blue) localizing to the
thickened interstitium with minimal collagen (red) deposition seen within the interstitium; C: same field as in (B) showing the localization of versican
(red) in the thickened interstitium; D: haematoxylin-eosin stain of the granulomas lesions from a case of tuberculosis showing caseous necrosis
(arrows) and a granuloma without caseation (inset); E: alcian blue-picrosirius red stain of the noncaseating granuloma seen in panel A inset, gly-
cosaminoglycans (blue) are seen in the outer rim of connective tissue and collagen (red) staining is seen in a concentric pattern similar to that of sar-
coidosis; F: same field as in E showing the co-localization of versican (red) to the same area as the glycosaminoglycans. Internal scale bars: panels A–
C, E and F, 100 µm; panel D 300 µm, inset panel D 200 µm. 
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Versican is a large chondroitin sulphate-containing pro-
teoglycan produced by smooth muscle cells and fibro-
blasts [5]. Versican has been shown to be expressed
transiently at sites of mesenchymal cell differentiation in
skeletal development [11] and in arterial walls, early in
atherosclerosis [12], consistent with functions associat-
ed with proliferation, migration and matrix synthesis by
connective tissue cells. Though the exact function of ver-
sican is not known, there is evidence for a number of puta-
tive functions for  versican. The N-terminal region of the
core protein of versican binds hyaluronan [7], and versi-
can's structure is similar to that of the hyaluronan-binding
proteoglycan aggrecan, which forms the hydrated mat-
rix of cartilage [5, 13]. Thus, versican may influence the
water content of the ECM at sites of early remodelling,
and may facilitate the formation of an open oedematous
matrix in which cell migration and proliferation occur.
Versican inhibits the adhesion of a number of cell types
to the matrix [14, 15], a property that may facilitate cell
migration or changes in architecture at sites of remo-
delling. Additional functions for proteoglycan-bound gly-
cosaminoglycans are likely. The binding and localization
of a number of cytokines, growth factors and enzymes is
well established for heparan sulphate. It is possible that
chondroitin sulphate bound to versican may participate in
analogous interactions, though this remains to be studied
[5]. Although the exact role of versican in lung repair
remains unknown, our results are consistent with a func-
tion for versican in the cell biology of myofibroblast pro-
liferation and/or collagen accumulation common to both
granulomatous and nongranulomatous lung conditions.

Hyaluronan is distributed throughout the ECM in sar-
coidosis, EAA and TB resulting in a diffuse pattern analo-
gous to that seen in the lesions of the nongranulomatous
conditions: IPF; ARDS; and BOOP. These findings are
consistent with studies demonstrating increased hyaluro-
nan levels in the bronchoalveolar lavage fluid of patients
with sarcoidosis [16], EAA [17], ARDS [18], IPF [19]
and experimental bleomycin-induced alveolitis [20]. The
synthesis and deposition of hyaluronan in experimental
bleomycin-induced fibrosis is an early event which pre-
ceeds collagen deposition [20] and is related to the early
inflammatory response following lung injury [21]. Hya-
luronan is thought to play a role in regulation of fluid
balance within the interstitium [22, 23] which in inflam-
matory conditions may lead to an open oedematous mat-
rix which facilitates cell migration, Cell migration may be
faciltated by the binding of specific cell surface receptors
to hyaluronan [24] as occurs in healing wounds [24]. The
hyaluronan receptor CD44 is expressed on pulmonary
macrophages and epithelial cells [25].

In granulomatous lung conditions we found that the
small leucine-rich proteoglycan decorin is found prima-
rily intracellularly within epithelioid cells and some mac-
rophages, myofibroblasts and bronchial epithelial cells.
We have previously shown similar intracellular localiza-
tion of decorin in the nongranulomatous conditions IPF,
ARDS and BOOP [6]. Decorin is a small interstitial pro-
teoglycan which is usually found in close association
with collagen fibrils [26, 27], has been shown to influ-
ence collagen fibrillogenesis in vitro [28], and is believed
to be directly involved in collagen deposition. Unlike ver-
sican, decorin appears to be a component of mature colla-
gen fibres in the human lung. Decorin can bind and

inhibit the action of transforming growth factor (TGF)-β
[29], a cytokine thought to have a key role in fibrotic con-
ditions such as IPF [30]. In sarcoidosis [31] and in
post-burn hypertrophic scars [32] decorin has been shown
to co- localize with TGF-β. This association between
decorin and TGF-β may facilitate clearance or inactiva-
tion of TGF-β, and thereby modulate deposition of ECM.
In an animal model of glomerulonephritis driven by
TGF-β, the i.v. administration of decorin reduced the
deposition of ECM components [33]. Biglycan is similar
to decorin in structure [9], can also bind and inhibit
TGF-β [29] but does not bind to collagen [27].

This study demonstrates that versican deposition is a
consistent feature of granulomatous inflammation produc-
ed by different aetiological agents. Versican is associated
with myofibroblasts that are actively synthesizing colla-
gen, and appears to be an important component of a provi-
sional matrix in which early collagen synthesis takes place.
We have previously reported similar findings in nongra-
nulomatous lung conditions [6] and postulate that versic-
an deposition is a common feature of the repair phase of
both granulomatous and nongranulomatous inflammatory
processes. The presence of versican in areas where dense
collagen deposition and extensive remodelling of the par-
enchyma have yet to occur, suggests that versican influ-
ences the process of matrix remodelling following lung
injury. Further studies are needed to delineate the functions
of versican in the cell biology of pulmonary fibrosis.
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