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Biochemical and Immunohistochemical Comparison of
Collagen in Granuloma Annulare and Skin Sarcoidosis
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Collagen was studied by biochemical and immunohis-
tochemical means in 5 patients with granuloma annu-
lare (GA) and 3 with cutaneous sarcoidosis (SA). The
solubility of collagen from the lesional skin in acetic
acid was higher than that of collagen from unaffected
skin from both patients and control subjects. Collagen
concentration in the skin lesions, measured in terms of
hydroxyproline content, was reduced in 3 patients with
granuloma annulare and one with sarcoidosis, but the
ratio of type III/I collagen was unchanged vis-a-vis
non-affected skin. The collagen concentration in non-
affected skin of both GA and SA-patients was also
lower than in controls. The most typical immunohisto-
chemical finding was the association of type III procol-
lagen and fibronectin with granulomas in the lesional
skin of both GA and SA cases. The activity of prolyl
hydroxylase, a key enzyme in collagen biosynthesis,
was markedly increased in the lesional skin, indicating
that collagen synthesis in vivo was also increased. Sur-
prisingly, collagen synthesis was not increased in cell
culture studies. This could be due to cell selection as
observed previously in scleroderma. Another possibil-
ity could be that various mediators released in vivo
from inflammatory cells activate fibroblasts. However,
when cells are subcultivated, this effect is not main-
tained. In conclusion, marked changes in collagen
could be observed in granuloma annulare and skin
sarcoidosis, reflecting increased turnover of collagen in
Y1Y0.

(Accepted January 31, 1989)
Acta Derm Venereol (Stockh) 1989; 69:277-283.

A. Oikarinen, Department of Dermatology, Universi-
tv of Oulu, SF-90220 Oulu 22, Finland.

Collagen alterations are frequently found in certain
granulomatous skin diseases. Focal degeneration of
collagen and inflammation and fibrosis can be found
in granuloma annulare (GA), with inflammatory cells
surrounding the areas of collagen degeneration (1).
GA has been well characterized ultrastructurally, but
the biochemical changes in collagen, the most abun-
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dant protein in the connective tissue of the dermis
(2), have not been studied particularly well. For these
reasons, biochemical and immunohistochemical
changes in collagen were studied in skin and fibro-
blast cultures from lesional and unaffected sites in
cases of GA and the results compared with those
found in another granulomatous disease, cutaneous
sarcoidosis (SA).

PATIENTS AND METHODS

Patients and skin biopsies

Biopsy samples were taken under local anaesthesia from af-
fected and non-affected (site-matched) skin of 8 patients.
Clinical data on the patients are shown in Table I.

Control samples (altogether five) were taken during thera-
peutic operations on age-matched patients at the Dermato-
logical Clinic, Oulu University Central Hospital. All the sam-
ples were taken in accordance with the Declaration of Helsin-
ki.

Samples for light microscopy and immunohistochemical
studies were excised from the patients’ lesional skin. Those
for light microscopy were fixed in 4% phosphate-buffered
formaldehyde, processed routinely and embedded in paraffin
wax. Sections were cut at 5 um and stained with H&E and
Verhoeff van Gieson stains.

The sections for immunohistochemistry were deparaffin-
ized and treated with 0.4 % pepsin (Chemical Co, St. Louis,
Mo) to enhance the availability of the antigens (3). Endog-
enous peroxidases were inactivated by exposing the sections
to 0.1 % hydrogen peroxide, and peroxidase—antiperoxidase
staining for type III procollagen and fibronectin was per-
formed ad modum Sternberger (4). The antibody to pro-III
collagen was kindly donated by Drs J. and L. Risteli, Oulu.
Purification of the antigen and preparation of the antibody
were as described earlier (5). The concentration of the anti-
body was 0.31 mg/ml and it was used in 1:25 dilution. The
anti-fibronectin was obtained from Dako A/S Copenhagen.
Normal rabbit serum and phosphate-buffered saline were
used in place of the primary antibody for control stainings.

Primary cell cultures were established by routine methods
and subcultivated in Dulbecco’s modified Eagle medium
(DMEM) supplemented with 10 % foetal calf serum, 50 pg/ml
of ascorbate, 290 pg/ml L-glutamine, penicillin (100 U/ml)
and streptomycin (100 ug/ml) in plastic culture dishes. Analy-
ses of fibroplast cultures were carried out at 4-8 passages of
subcultivation.
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Collagen biosynthesis

Fibroblasts at early confluency were labelled with ['*C]pro-
line and total non-dialysable radioactivity and ['*C]hydroxy-
proline in the medium were assayed as described (6) after 24
h incubation. The cell layer was used for the assay of total cell
protein (7) and DNA (8). Part of culture medium after
[**Clproline labelling was used to assay the distinct collagen
types. The medium fractions were digested with pepsin, and
collagenous proteins were precipitated by NaCl, dialysed and
used for sodium dodecyl sulphate (SDS) gel electrophoresis
(9). The gel electrophoresis was performed using 8% poly-
acrylamide gels with and without delayed reduction with 2-
mercaptoethanol (10). The collagen polypeptides were visual-
ized by fluorography (11) and bands representing al(III),
al(I) and a2(I) were quantified densitometrically.

Assays of prolyl hydroxylase and collagenase

activities

Cells at early confluency were trypsinized, homogenized, and
supernatants used to assay prolyl hydroxylase activity as de-
scribed '(12). Prolyl hydroxylase activity was also assayed
directly from the skin samples after homogenization and
centrifugation. For the assay of collagenase activity, fibro-
blasts were cultured in serum-free DMEM for 6 h and the
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Fig. 1. (A) Light microscopic photograph of skin from a
patient with GA, showing a pronounced reaction against pro-
III collagen in the sub-basement membrane zone (asterisk)
and around a necrotic GA lesion (arrows). Case: GA 3, x 100.
(B) Detail from periphery of granuloma, showing palisaded
fibrohistiocytic cells, often surrounded by pro-III collagen-
positive streaks (arrows). X 620.

medium was collected. Medium fractions were treated briefly
with trypsin and used for collagenase assays using type I
collagen as substrate (13).

Analyses of total collagen, acid-soluble and

pepsin-soluble collagen and collagen types

from skin biopsies

The amount of hydroxyproline, a measure of collagen was
determined by a specific colorimetric assay (14). The intra-
assay variation was 7.0+5.6% and interassay variation,
11.0+7.4%.

To measure acid and pepsin soluble collagen, the skin
specimens were homogenized in 0.5 M acetic acid, extracted,
and centrifuged. The supernatant, containing acid-soluble
collagen, was then used to assay hydroxyproline. The pellet
was treated twice with pepsin, and the pepsin-soluble materi-
al was used for the assay of hydroxyproline (14). Genetically
distinct collagen types were measured as described below.
The pellet was further used for the assay of hydroxyproline.
To assay collagen types I and IlI, the pepsin-soluble material
was precipitated with 4.4 M NaCl and the precipitates used
for 8% SDS-gel electrophoresis with and without delayed
reduction with 2-mercaptoethanol. The collagen polypeptides
were visualized by staining with Coomassie Brilliant Blue
and quantified densitometrically.




Other assays

Fibroblasts at early confluency were labelled with [**S]meth-
ionine in serum-free DMEM for 16 h. The medium and cell
fractions were collected and proteins precipitated with
(NH,)SO, (320 mg/ml). The precipitated material was then
analysed using 6% SDS-gel electrophoresis after reduction
with mercaptoethanol. A ['*C]methylated protein mixture
was used as standard. For statistical analyses, Student’s t-test
was used.

RESULTS

Histological and immunohistochemical studies

The lesions of the granuloma annulare (GA) cases
featured focal degeneration and necrosis of collagen
surrounded by histiocytes, sometimes in a palisading
arrangement, and fibroblasts with a few lymphocytes.
The elastic bundles were disrupted and lost within the
lesions. Cutaneous sarcoidosis took the form of epi-
thelioid cell granulomas with giant cells and lympho-
cytes in the deep and central parts of the dermis. One
of the sarcoidosis cases (SA 3) appeared as a cicatri-
cial sarcoid with a huge number of foreign body giant
cells, and polarizing particles, but showed only a few
epithelioid cells.

The anti-pro III collagen antibody displayed a weak
general staining throughout the dermis but an intense
or moderate reaction around the lesions of granuloma
annulare and sarcoidosis as well as in the upper der-
mis just beneath the epidermis (Figs. 1, 2). Fibronec-
tin appeared to be quite evenly distributed through-
out the dermis and only occasionally could a trace of a
stronger staining be detected around the GA and SA
lesions (not shown).

Biochemical studies on skin biopsies

The collagen concentration, solubility of collagen in
acetic acid and pepsin-digestible fractions, collagen
types and prolyl hydroxylase were measured from
lesional and unaffected skin samples from the pa-
tients (Table II, Fig. 2). Collagen concentration,
measured in terms of hydroxyproline, had decreased
in the lesional skin of 3 patients with GA and one
with SA, in comparison with non-affected skin or
controls. The solubility of collagen in acetic acid was
increased in all the biopsies derived from lesional
skin as compared with unaffected skin (Table II). The
solubility of collagen in pepsin-digestible fraction was
increased in 4 patients with GA, and in 2 patients
with SA (Table II), and the concentration of DNA,
measuring cellularity was increased in the lesional
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Fig. 2. The photomicrograph shows faintly stained pro-III
collagen-positive strands around epithelioid cells in the pe-
riphery of a granuloma of a sarcoidosis patient (arrows).
Case: SA 2, x500.

skin samples. The proportion of type III collagen, as
analysed by gel electrophoresis, was 34 % in lesional
skin (30.1 % in unaffected skin) from the GA patients
and 24% in that from the SA cases (36.0% in unaf-
fected skin) and 36.2% in controls. The ratio
al(l):a2(I) was 2.3+0.5 in GA and 2.9+ 1.0 in SA.

The activity of prolyl hydroxylase in the lesional
skin had increased 4.1-fold in GA (p<0.025) and 1.6-
fold in SA (Fig. 3).

Cell cultures

Collagen synthesis, measured in terms of the synthe-
sis of ['*Clhydroxyproline in fibroblasts, was not al-
tered in the GA or SA patients, and the ratio of
["“Clhydroxyproline to total radioactivity was un-
changed, indicating that the relative synthesis of col-
lagen was unchanged (Table III). The activity of pro-
lyl hydroxylase was similar in fibroblasts derived
from either lesional and unaffected skin (Table III).
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Table 1. Clinical data on the patients studied

Age
Code Sex (years) Clinical findings Site of biopsy
GAl E 19 Lesions for one year on upper and lower extremities Abdomen
and abdomen. Type I diabetes for 8 years
GA2 E 25 Lesions for one year on lower extremities and abdomen Upper arm
GA3 F 25 Lesions for 3 years on upper extremities Upper arm
GA4 F 51 Lesions for 2 years on upper extremities Upper arm
GAS E 50 Lesions for 2 years on right lower extremity Lower leg
SA1 E 68 Nodular skin sarcoidosis for 16 years on face and upper Upper arm
extremities. Systemic steroids; prednisolone 10 mg/day
SA2 M 49 Lung sarcoidosis noticed 16 years ago. For several years, Knee
nodular sarcoidosis on lower and upper extremities
SA3 F 36 For 2 years, scar sarcoidosis on right knee. Thyroid Knee
carcinoma operated 5 years earlier, thyroxin 0.1 mg
twice a day

GA: granuloma annulare; SA: sarcoidosis.

The relative synthesis of type III collagen, meas- medium after brief trypsin treatment. This collage-
ured from the cell culture medium after limited pep- nase activity was similar in three cell lines derived
sin digestion, was slightly decreased in two cell lines  from the lesional skin (GA 1, GA2, SA1) to that in
(GA1, GA2), as compared with cell lines derived corresponding cell cultures derived from unaffected
from the SA or control subjects (Table III). skin or from control subjects (not shown).

In order to study the degradation of collagen, colla- The cells were also labeled with [*S]methionine
genase activity was determined in the cell culture and medium and cell proteins analysed by 6% SDS-

Table II. Collagen and DNA concentrations and solubility of collagen in affected (4) and non-affected (NA) skin
from the patients

Hypro® Acid® Pepsin® DNA¢

pg/mg ww Soluble % Soluble % ug/mg ww
Code A NA A NA A NA A NA
GA1l 12.2 16.5 3.0 0.8 30.3 17.4 0.96 0.65
GA2 14.0 21.3 2.0 0.9 28.8 24.0 1.54 0.68
GA3 9.8 14.3 8.4 2.8 60.7 2355 nd nd
GA4 11.6 10.0 243 2.0 21%S 27.4 nd nd
GAS 9.7 9.5 2.8 2.3 252 20.6 nd nd
Mean +S.D. 11.5%£1.8 14.3+4.9 3.7+2.7 1.8+09 333 115. 7575922575338 1.25 0.67
SA1 6.3 16.8 2.4 1.3 42.0 31.0 2.9, 0.73
SA2 15.6 14.2 nd 1.3 221 18.3 nd nd
SA3 16.1 112 2.5 nd 44.0 65.9 nd nd
Mean +S.D. 12.7£5.5 14.1+2.8 2.45 1.3 36.0+12.1 38.4+24.6 277 0.73
Controls 22.7+7.8 1.8+0.7 30.6+15.3 0.79+0.20

mean +S.D.

¢ Hydroxyproline (hypro) was assayed as described, and values expressed as pg hypro/mg wet weight of skin.
b Skin biopsy specimens were sequentially extracted with 0.5 M acetic acid (acid soluble) and pepsin as described. Hydroxy-
proline was assayed in acid-soluble, pepsin-soluble and insoluble fractions. The ratio of the amount of hydroxyproline in each
fraction to the total amount of hypro was calculated and expressed as a percentage.
¢ DNA was assayed as described and the values expressed as pg/mg wet weight.
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Fig. 3. Prolyl 4-hydroxylase activity in the non-affected (NA)
and affected (4) skin of the patients. The activity was deter-
mined as described in Patients and Methods. The values are
expressed as dpm per pg cytosol, protein. ——, Mean value for
the controls; ——— limits of their means =2 S.D. Symbols: @,
Granuloma annulare; O, sarcoidosis. Note: The numbers be-
side the symbols refer to the patients as listed in Table I.
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gel electrophoresis after reduction. Extra protein
bands migrating at the 50 kD position could be seen
in the medium of three cell lines (GA 1, GA2, SA 1)
(Fig. 4).

DISCUSSION

The present results indicate a modified collagen me-
tabolism in GA with an increase in the solubility of
collagen in acetic acid and pepsin. Since newly syn-
thesized collagen is more soluble (2), this increased
solubility may indicate that collagen synthesis in vivo
is increased in the lesional skin of these patients. Two
additional findings support the hypothesis that the
synthesis of collagen is increased locally in the le-
sional skin of GA. Firstly the activity of prolyl hy-
droxylase, a key enzyme in the intracellular biosyn-
thesis of collagen (12, 15) was increased. Previous
research has indicated that the activity of this enzyme
is increased under conditions in which the collagen
synthesis increases. It should be noted, however, that
some of the prolyl hydroxylase activity found in GA
patients could be derived from inflammatory cells
(16) found in the lesional skin (1, 17).

Secondly, immunohistochemical tests employing
antibodies to type III procollagen and fibronectin in-
dicate that type III collagen propeptide and fibronec-
tin can be seen in the granuloma areas. It has been
shown previously that type III collagen is actively
synthesized during wound healing and early fibrosis

Table III. Total incorporation of [ 1 4C]proline, synthesis of [1 4C]hydroxyproline, activity of prolyl hydroxylase
(PH) and relative synthesis of type III collagen in fibroblast cultures

Total incorporation® [14C]hydroxyproline" PH’ Type I1I¢

(dpmx 10=%mg DNA) (dpmXx10~°mg DNA)  (dpm/ug protein) collagen
Cell line Non- Non- Non- Non-
(code) Affected affected Affected affected Affected affected Affected affected
GAl 4.30 nd 0.78 nd 138 nd 0.124 nd
GA2 2.90 2.84 %0.53 0.55 325 315 0.169 nd
SA 3.74 2.97 0.52 0.35 215 235 0.227 0.341
Controls 4.68+1.7 1.01+0.28 192+45 0.215+0.071
mean =S.D.

“ Fibroblast cultures from patients and normal human subjects were labelled with ['“C]proline and total radioactivity and
[**C]- hydroxyproline determined in the culture medium as described.

® Fibroblasts at early confluency were harvested and used for the assay of PH as described.

° The relative synthesis of type III collagen was determined in ['“C]proline-labelled medium collagen after pepsin treatment
and 8 % SDS-gel electrophoresis using delayed reduction. al(I), a2(I) and al(III) were quantified densitometrically. The values

represent the ratios al(II)/al(I)+a2(I)+ ol (III).

Acta Derm Venereol (Stockh) 69




282

A. Oikarinen et al.

2

345
200

92.5

69

46

Fig. 4. Analyses of [**S]methionine-labelled medium proteins
from cell cultures. The cells were labelled with [**S]methion-
ine in serum-free DMEM for 16 h and medium fractions were
precipitated and analysed using 6% SDS-gel electrophoresis
after reduction. Lane 1: ['*C]methylated protein standard
mixture are shown in the right; Lane 2: control cell line; Lane
3: SA1 (affected); Lane 4: GA 1 (affected); Lane 5: GA2
(affected). The posititons of the polypeptide chains in the 50
kD region are shown. The protein standards used were: myo-
sin, 200 kD; phosphorylase. B, 92.5 kD; albumin, 69.0 kD;
ovalbumin, 46.0 kD; carbonic anhydrase, 30 kD; and lyso-
zyme, 14.3 kD.

(2, 15, 18). Especially in the case of GA, ultrastructur-
al studies have revealed thin fibrils of newly synthe-
sized collagen, further confirming the activity of col-
lagen synthesis in vivo (19).

The association of type III procollagen antibodies
to thin fibrils in lesional skin suggests that type III
collagen is actively synthesized in vivo. However, the
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proportion of type III collagen in lesional skin was not
markedly increased. The reason could be that in
whole tissue biopsies containing normal looking der-
mis, necrotic areas and abundantly various cells,
small quantitative changes in type III collagen cannot
be detected biochemically.

Surprisingly, the concentration of hydroxyproline
reflecting the collagen content was reduced in the
affected skin of some patients. This could be due to
increased cellularity or increased degradation of col-
lagen locally. The various inflammatory cells could
release proteolytic enzymes capable of degrading col-
lagen and other connective tissue components
(20-23). Another possibility could be increased syn-
thesis of non-collagenous proteins.

Collagen biosynthesis was further examined by cell
culturing. Total protein and collagen synthesis were
not markedly altered in cell cultures from lesional
skin. Thus even though the activity of collagen syn-
thesis could have been increased in vivo, the fibro-
blasts in culture conditions did not maintain high
synthesis activity. This could be due to cell selection,
as noted in scleroderma in which increased or normal
collagen synthesis activity can be seen in vitro in cell
cultures (24). Another possibility is that various me-
diators released from inflammatory cells, e.g. macro-
phages (25), activate fibroblasts in vivo (26, 27).
However, in cell cultures, after 3—6 subpopulations,
this effect is lost. Further studies employing in situ
hybridization techniques may establish whether in
GA and SA fibroblasts are actively synthesizing colla-
gen.
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