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Fibroblasts were cultured from affected and unaffected skin sites of 6 patients with 
localiLed scleroderma. As a parameter of fibroblast activation, collagen synthesis and 
cellular proal(I)collagen mRNA levels were measured. Cell surface glycoproteins were 
labelled with the periodate/borohydride method and fractionated electrophoreucally. A 
distinct reduction in the relative amount of surface glycoproteins in the 120 kDa region wa:. 
observed in two affected cell lines producing increased amounts of collagen and in one 
affected cell line with normal collagen production when compared to unaffected fibroblast 
lines. Other, non-systematic alterations in the surface glycoproteins of the affected cell 
lines were also detected. Compared to unaffected and healthy control fibroblasts no 
alterations in the surface protein profiles were �ccn in the other three affected cell lines. 
These cells did not show an increase in collagen production either. The results suggest that 
the activation of collagen synthesis found in scleroderma fibroblasts might be connected 
with alterations in the normal cell surface glycoprotein pattern. Key words: Collagen; 
mRNA: Membrane glycoproteins. (Received June 27, 1986.) 
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Scleroderma is a connective tissue disorder characterized by excessive deposition of 

collagen in skin (localized scleroderma) and also in various internal organs (systemic 

scleroderma). Fibroblasts cultured from progressive scleroderma lesions exhibit charac
teristically an increase in collagen synthesis ( 1-3) associated with elevated cellular levels 
of the corresponding mRNAs (4, 5). 

It has been suggested that selection of a high-colJagen-producing fibroblasts subpopula
tion could account for the excessive accumulation of collagen in scleroderma (6). Recent 
studies show that activated scleroderma fibroblasts gradually reduce their collagen pro

duction to normal values upon subculturing (7, 8). This could in part be explained by the 

selection theory. but equally well by a gradual reduction in any endogenous activation 
mechanism. 

Cell surface glycoproteins possess important roles in many cellular functions e.g. cell 
adhesion, cell- recognition, cell matrix interactions and growth regulation (9). In a recent 
study, certain differences were observed in surface protein patterns between cultured 
systemic scleroderma fibroblasts and control fibroblasts (10). The purpose of this work 
was to extend these studies to localized scleroderma (morphea) and to investigate whether 
the surface glycoprotein pattern of cultured scleroderma fibroblasts is in connection with 
the activation of collagen synthesis by comparing the fibroblasts cultured from affected 
and unaffected skin of the same patient with each others and with skin fibroblasts from 
healthy controls. 

Abbreviations: cDNA, complementary DNA: mRNA, messenger RNA; kDa, kiloDalton. 
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MATERIALS AND METHODS 

Cell lines 
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Punch biopsies were taken from the edge of the scleroderma lesion (affected cells) and from 
symmetrically located uninvolved skin site (unaffected cells ) of six patients with histologically 
confirmed localized scleroderrna (rnorphea) as well as from four healthy volunteers (aged 25-73 
years). Details about the patients are shown in Table I. Fibroblast cultures were started by the 
explan1ation method and maintained in Dulbecco's medium supplemented with 10 % feta! bovine 
serum (both from Gibco-Biocult, Paisley, Scotland), streptomycin (50 µg/ml) and penicillin (100 
IU/ml) as described earlier (I I). 

Measurement of collagen synthesis 

Confluent fibroblast cultures in early passages (3rd or 4th) were used. Cells were labeUed in 25 cm2 

cell culture flasks (Nunc, Roskilde, Denmark) for a period of 24 hours with 5 µCi/ml of L-[G-
3H]proline (NET-285, 5.0 Ci/mmol, New England Nuclear, Boston, MA) in glutamine-free cell
culture medium supplemented with ascorbate and P-amino-propionitrile (50 µg/ml each). At the end of 
the labelling period the media were removed, the cell layers were detached with trypsin (25 µg/ml: 
Trypsin I: 250, Difeo, Detroit, MO and aliquots were counted in Burker chamber. The amount of 
radioactive hydroxyproline in the labelling media collagen was measured using the method of Juva 
and Prockop (12). The rate of collagen synthesis for each cell line was calculated as the amount of 
radioactive hydroxyproline in labeling media per cell. Alteration in collagen synthesis was expressed 
as ratio of collagen synthesis by affected / unaffected fibroblasts of each patient. 

Measurement of proal(J)collagen mRNA levels 

Cytoplasmic RNAs were isolated from the same fibroblasts used for 3H-proline labelling by the
method described previously (13). Serial dilutions of cytoplasmic RN As were dotted onto nitrocellu
lose filters, baked and prehybridized as described earlier (14). Filters were hybridized with a nick
translated radioactive cDNA probe specific for human proal(l)collagen mRNA (15), washed and 
exposed to Kodak X-Omat film with intensifying screens. Densitometric scans of the films were 
performed to quantitate the intensity of hybridization. 

Analysis of cell surface proteins 

Cell surface glycoproteins were labelled with the periodate/borohydride method (16). Briefly, conflu
ent fibroblast cultures in 57 crn2 cell culture dishes were scraped off and suspended in I ml of ice cold 
phosphate buffered saline (pH 7.4). In order to determine the trypsin-resistance of cell surface 
glycoproteins, duplicate cultures of some cell lines were also detached with trypsin treatment (Bovine 
Trypsin, Type XI, 25 µg/ml, Sigma Chemical Copany, St. Louis, MO) for 15 min at 37°C. The cells 
were then pretreated with I 0 µI of 0.1 M N a1O4 on ice for 10 min in the dark. After washing with 
phosphate buffered saline (pH 7.4), 5 mCi of NaB[3H]. (TRK.45, 10 Ci/mmol, Radiochemical Centre, 
Amersham, U .K.) was added to a suspension containing the cells in 0.5 ml of phosphate buffered 
saline (pH 8.0). The cells were incubated at room temperature for 30 min and washed three times with 
phosphate buffered saline (pH 7.4). LabeUed glycoproteins were solubilized in 0.2 ml of phosphate 
buffered saline (pH 7.4) containing I% Triton X-100 on ice. 

The radioactivity of each sample was measured by liquid scintillation counting. Equal amounts of 
the samples were fractionated by polyacrylamide gel electrophoresis, in the presence of sodium 
dodecyl sulphate, in homogenous 6 % gels both without reduction and after reduction with O. I M 
mercaptoethanol (17). The gels were processed for fluorography (18) and exposed to Kodak X-Omat 
film. 

RESULTS 

Collagen synthesis and proal(I)collagen mRNA levels of fibroblasts cultured from sclero
derma lesions (affected cells) and from symmetrically located uninvolved skin (unaffected 

cells) were compared (Table II, Fig. 1). Two out of six affected scleroderma cell lines 

(KLU and SLU) showed distinctly increased collagen synthesis and mRNA levels, while 

the other four affected cell lines exhibited normal or reduced collagen synthesis and 

mRNA levels compared to unaffected cells (Table II). Alterations in  collagen synthesis 
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Fig. 1. Serial dilutions of cytoplasmic RNA samples from affected (a) and unaffected (n) fibroblasts of scleroderma 
patients were dotted onto nitrocellulose filter, baked, prehybridized and hybridized with a nick-translated cDNA 
probe fo human proal(Dcollagen mRNA. Filter was exposed to x-ray film and the intensity of hybridization was 
measured densitometrically. 

correlate rather well with the data on the activity of the disease and the age of the lesion 
biopsied (Table I). 

Cell surface glycoproteins of the fibroblasts were labelled with the periodate/borohy
dride procedure and fractionated electrophoretically. The main glycoprotein bands had the 
approximate Mrs of 140 000, 120 000, 85000 and 55000 (Figs. 2 and 3). Some degree of 
variation was detected in the relative amounts of several minor proteins between different 
cell lines. 

Table I. Clinical data of the scleroderma patients

Age Duration and activity Age of the 
Patient Sex (years) of the disease (years) lesion (years) 

KLU F 12 I 0, active progression 
SLU F 5 0.5, active progression 0.5 
AKE F 29 20, slow progression 
KAJ F 6 0.75, slow progression 0.75 
KIS F 49 4, inactive I 
TYT F 70 4.5, inactive 4 

Table II. Collagen synthesis and mRNA levels of scleroderma fibroblasts 

Rate of collagen synthesis was measured as radioactive hydroxyproline in labelling media protein per 
cell. Cytoplasmic dot hybridizations were performed to measure the proal(l)collagen content per cell. 
The results are given as ratios of affected / unaffected of the values obtained 

Cell line 

KLU 
SLU 
AKE
KAJ 
KIS 
TYT 

14-878433 

Collagen synthesis 

3.65 
3.31 
0.66 
0.55
1.19 
0.62 

proal(l)collagen mRNA 

3.04 
1.49 
0.93
1.09
1.01 
1.04 
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Fig. 2. SDS-polyacrylamide gel 
electrophoresis of periodatelboro
hydride labeled surface glycopro
teins of six scleroderma cell lines. 
AKE, KLU and SLU are sclero
derma patients. Cell lines marked 
with I were cultured from unaffect
ed skin and cell lines marked with 2 
from affected skin. 

Major changes in the surface glycoprotein patterns were found in the two affected cell 

lines showing increased collagen synthesis and in one affected cell line with normal 

collagen synthesis when compared to unaffected cell lines (Figs. 2 and 3). All the other cell 

lines, including cells from the skin of healthy controls, exhibited a diffuse band in the 120 

kDa region representing glycoproteins with approximate M,s from 115 000 to 120 000. The 

affected cell lines with increased collagen synthesis showed a sharper band representing 

mainly the 115 kDa glycoproteins, and a decrease in the relative amount of glycoprotein 

with an approximate M, of 120 000. This was the only alteration common and specific. to 

the activated cell lines. The overall incorporation of label into surface glycoproteins did 

not differ between affected and unaffected cell lines. Therefore the observed differences 

represent both relative and absolute changes in surface proteins. 

The affected cells of patient KLU showed increased amount of label in the 95 kDa 

region and decreased amount of label in the 85 kDa region compared to unaffected cells, 

while the affected cells of patient SLU exhibited increased amount of radioactivity in the 

90 kDa region (Fig. 2). These alterations were reproducible in several labelling experi

ments performed. 

In order to test the trypsin resistance of cell surface glycoproteins some cells were 

treated with trypsin before the labelling procedure. This treatment degraded mainly 

glycoproteins with M,s over 140000 and a prominent 55 kDa glycoprotein band, while 

other glycoproteins, including those in the 120 kDa region remained intact (Fig. 3). 

Some changes in the cell surface glycoprotein profLles were seen after reduction with 

mercaptoethanol. The broad glycoprotein band in the 85-95 kDa region migrated to the 

95-100 kDa region, but the mobilities of g]ycoproteins in the 120 kDa region remained

unchanged (Fig. 3 B).
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Fig. 3. SDS-polyacrylamide gel electrophore�is of periodate/borohydride labelled surface glycopro
teins of fibroblasts fractionated without reductton (panel A) and after reduction with mercaptoethanol 
(panel B).The samples were from unaffected (lanes I and 3) and from affected skin (lane, 2 and 4) of 
the patient KIS. Samples of the lanes 5 and 6 are from two healthy controls. Cell line� 3 and 4 were 
treated with trypsin (25 µg/ml) for 15 min at 37°C before the labelling procedure. 

DISCUSSION 

lt has been well established that skin fibrobla�ts cultured from actively progressing 

scleroderma lesions produce elevated amounts of collagen 0-3). Increased collagen 

synthesis has been shown to be due to elevated cellular levels of the corresponding 

mRNAs, suggesting increased transcription rates of type I collagen genes or increased 

half-lives of these mRNAs or a combination of the two (4, 5). The reasons for the 

activation of collagen synthesis are not known. Scleroderma cell lines with increased 

collagen synthesis gradually reduce their production of collagen to normal levels upon 

subculturing (7. 8). In this study two out of six scleroderma fibroblast lines showed distinct 

activation of collagen synthesis. while the other four were inactive. Thi\ supports the 

earlier findings, that great variability exists in collagen production of scleroderma fibro

blasts depending on the activity of the disease (2, 7, 11). 

For further characterization of scleroderma fibroblasts. we used the periodate/borohy

dride method, which labels the sialic acid residues of external membrane glycoproteins 

while leaving intracellular glycoproteins unlabelled (19). Membrane glycoprotein patterns 

of various cell types have been characterized by this method ( 16, 20, 21 ). In this study we 

compared the surface glycoprotein patterns of fibroblasts from active and inactive sclero
derma lesions to those of fibroblasts from unaffected skin of the same patients and healthy 

controls. The main scleroderma-related change in our cell lines was reduction in the 

relative amount of glycoprotein in the 120 kDa region. A similar change has also been 
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reported in fibroblasts from patients with progressive systemic sclerosis by SundarRaj et 

al. (10). Their cell lines were not studied for collagen production. In our study the 

alteration in the 120 kDa region was most significant in the affected cell lines showing 

increased collagen synthesis (Figs. 2 and 3). Glycoproteins in the 120 kDa region were 

trypsin-resistant and non-reducible with mercaptoethanol. ln polyacrylamide gel electro

phoresis, the 120 kDa region obviously consists of several glycoproteins migrating close to 
each other. Functions of these glycoprotems are uncertain. 

Even normal skin has been suggested to contain different fibroblast subpopulations with 

respect to collagen synthesis (2). Selective increase in the relative amount of a high

collagen-producing fibroblast subpopulation has been proposed to account for increased 

accumulation of collagen in scleroderma (6). Furthermore, fibroblast populations, differing 

with respect to collagen production and growth characteristics, have been isolated from 

human gingiva by flowcytometry based on the C lq-receptor density of the cell surface 

(23). Our observations of variation in the relative amounts of minor surface glycoproteins 

between different cell lines could also be explained by the existence of different fibroblast 

subpopulations. In the activated cell lines, selection of a subpopulation exhibiting low 

amounts of 120 kDa glycoproteins and high levels of collagen synthesis. could lead to 

increased net production of collagen. 

The finding that the reduction in the amount of glycoprotein in the 120 kDa region and 

the activation of collagen synthesis were connected with each others. provides an interest

ing new hypothesis for defective regulation of collagen synthesis in scleroderma. The 

mechanisms involved in the regulation of collagen synthesis are poorly understood. Some 

investigators have suggested that N-terminal propeptides of type r and type III collagen 
selectively inhibit collagen synthesis at translational level (23, 24) and that scleroderma 

fibroblasts would be less sensitive to this regulation (25). Since the N-terminal propeptides 

are liberated extracellularly, they are likely to require a sutface receptor to reenter the 
cell. Such a receptor could have been down-regulated in scleroderma fibroblasts due to 

increased collagen production, causing insensitivity to the possible feedback regulatory 

mechanisms. Alternatively, a primary decrese in the receptor density could explain the 

increase in collagen synthesis due to lack of feedback regulation. However. further 

experiments are needed to test the relevance of this hypothesis. 

ACKNOWLEDGEMENTS 

We thank Miss Merja Haapanen, Mrs Tuula Oivanen and Mrs Liisa Peltonen for expert technical 
assistance and Drs lnkeri Helander and Leena Pcltonen of the Dermatological Clinic at the University 
Central Hospital ofTurku, for help in obtaining the biopsies. This study was supported by grants from 
Sigrid Jusflius Foundation and the Medical Research Council of the Academy of Finland. 

REFERENCES 

I. LeRoy EC. Increased collagen synthesis by scleroderma skin fibroblai.ts in vitro. J Clin Invest
1974: 54: 880-889.

2. Fleischmajer R, Perlish JS, Krieg T, Tim pi R. Variability in collagen and fibronectin synthesis by
scleroderma fibroblasts in primary culture. J Invest Dermatol 1981; 76: 400-403.

3. Uitto J. Bauer EA, Eisen AZ. Scleroderma. Increased biosynthesis of triple-helical type I and
type lll procollagens associated with unaltered expression of collagenasc by skin fibroblasts. J
Clin Invest 1979; 64: 921-930.

4. Graves PN, Weiss IK, Perlish JS, Fleischmajer R. Increased procollagen mRNA levels in
scleroderma skin fibroblasts. J Invest Dermatol 1983; 80: 130-132.

5. Kiihari V-M, Vuorio T, Niinto-Salonen K, Vuorio E. Increased type I collagen mRNA levels in
cultured scleroderma fibroblasts. Biochim Biophys Acta 1984; 781: 183-186.



Acla Derm Vcnereol (Stockh) 67 Scleroderma fibroblast surface glycoproteins 205 

6. Botstein GR, Sherer GK, LeRoy EC. Fibroblast selection in scleroderma (an alternative model 
for fibrosis). Arthritis Rheum 1982: 25: 189-195. 

7. Vuorio T, Miikelii JK, Vuorio E. Activation of type I collagen gene� in cultured scleroderma 
fibroblasts. J CeU Biochem 1985; 28: 105-113. 

8. Krieg T, Perlish JS, Flcischmajer R, Braun-Falco 0. Collagen synthesis in scleroderma: selection
of fibroblast populations during subculture,. Arch Dcrmatol Res 1985; 277: 373-376. 

9. Olden K, Parent JB, White SL. Carbohydrate moietie� of glycoproteins. A re-evaluation of their 
function. Biochim Biophys Acta 1982; 650: 209--232.

10. SundarRaj N, Freeman I, Buckingham RB, Prince RK, Rodnan GP. Surface proteins of sclero
derma fibroblasts in culture. J Rheumatol 1984; 11: 53-55. 

I I. Vuorio TK. Kahari V-M, Lehtonen A. Vuorio El. Fibroblast activation in sclcroderma. Scand J 
Rheumatol 1984; 13: 229-237. 

12. Juva K, Prockop DJ. Modified procedure for the assay of H3- or c 1•-1abelled hydroxyproline.
Anal Biochem 1966; 15: 77-83.

13. White BA, Bancroft FC. Cytoplasmic dot hybridization. J Biol Chem 1982; 257: 8569-8572.
14. Thomas PS. Hybridization of denatured RNA and small DNA fragments transferred to nitrocellu

lose. Proc Natl Acad Sci USA 1980: 77: 5201-5205.
15. Vuorio T, Makela JK, Kiihiiri V-M, Vuorio E. Coordinated regulation of type I and type Ill

collagen production and mRNA levels of proal(I) and proa2(I)collagen in cullured morphea 
fibroblasts. Arch Dermatol Res 1986; in pres�. 

16. Andersson LC, Gahmberg CG. Surface glycoproteins of human white blood cells. Analysis by 
surface labelling. Blood 1978; 52: 57-67. 

17. O'Farrell PH. High resolution two-dimensional electrophoresis of proteins. J Biol Chem 1975;
250: 4007-4021. 

18. Pulleyblank DE, Booth GH. Improved method for the fluorographic detection of weak beta
emitting radio-isotopes in agarose and acrylamide gel electrophoresis media. J Biochem Biophys
Methods 1981; 4: 339-346. 

19. Gahmberg CG. Andersson LC. Selective radioactive labeling of cell surface sialoglycoproteins by 
periodate-tritiated borohydride. J Biol Chem 1977: 252: 5888-5894.

20. Lehto V-P, Vartio T, Virtanen I. Persistence of a 140 000 M, surface glycoprotein in cell-free
matrices of cultured human fibroblasts. FEBS Lett 1981; 124: 289-292.

21. Kouri T. Vuorio E. Plasma membrane glycoproteins of cultured rheumatoid synovial fibroblasts.
Clin Rheumatol 1983; 2: 153-158.

22. Bordin S, Page RC, Narayanan AS. Heterogeneity of normal human diploid fibroblasts. Science
1984; 223: 17 1-173. 

23. Wiestncr M, Krieg T, Horlcin D, Glanville: RW, Fic1.<el.. P. MOiier PK. Inhibiting effect of 
procollagen peptides on collagen biosynthesis in fibroblast cultures. J Biol Chem 1979:
254: 7016-7023.

24. Paglia L, Wilczek J. Diaz de Leon L, Martin GR, Horlein D, Muller P. Inhibition of procollagen 
cell-free synthesis by aminoterminal extension peptides. Biochemistry 1979: 18: 5030-5034.

25. Perlish JS, Timpl R. Fleischmajer R. Collagen synthesis regulation by the aminopropeptide of 
procoUagen I in normal and scleroderma fibroblasts. Arthntis Rheum 1985; 28: 647-051.




