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Dermatofibrosarcoma protuberans is a low-gra de m a ­
lignant tumor that grows invasively but rarely forms 
metastases. Its origin is still controversial. We charac­
terized the synthesis of collagen in detail in cells which 
-were obtained from dermatofibrosarcoma protuberans 
tumors by enzymatic tissue disintegration. Similar to 
fibroblasts, all tumor cell strains produced considerable 
amounts of collagen. However, the rate was reduced 
compared to normal skin fibroblasts. Cells grown from 
the tumors synthesized type I collagen, but no type III 
could be de tected. After serial passaging the cultures 
started to produce type III collagen, which is probably 
due to a s low overgrowth by normal fibroblasts. 

Dermatofibrosarcoma protuberans (DP) is a low-grade ma­
lignant neop lasm with frequent local recurrence but rare distant 
metastases. Its origin is still controversial and a hi stiocytotic, 
fibroblastic , or neural lineage has been proposed [1 - 5]. The 
curre nt in terpretations are based ma inly on ultrastructural 
observations in tumor tissues [2,4,5] and also on cell culture 
studies [3,6]. Connective tissue is composed of several struc­
tural glycoproteins including different coll agen types [7]. Most 
of t h e collagens show a characteristic distribut ion in the body 
and are speci fi c fo r certain cell types and t issues. Exp ression 
of collagen types inf1uences the organization of t he extracellular 
matrix molecules, t he interaction with other connective t issue 
glycoproteins (e.g., fibronectin [8]), and determines t he biologic 
function of different connective t issues. 

Interaction of cells with components of connective tissue is 
thought to play a critical role in tumor malignancy such as 
in vasive growth a nd metastasis [9]. In a large number of 
established lines of normal or t ransformed t umor cells an 
a ltered synthesis of extracellular matrix proteins has been 
reported. For example, tumor cells are often characterized by a 
decreased production of collagen [10,11] a nd fibronectin [12], 
w hic h is due to diminished levels of t ranslatable mRNA (12]. 
However, a switc h of the coll agen type synthesized has been 
reported to occur during the process of t ransformation [13-
15] . 

In DP-tumor tissue, presence of type I collagen as well as a 
relatively high amount of type III co llagen has been found 
[ 16]. However, it has remained unclear whether t hese co llagens 
were actually synthesized by t he tumor cells. To address t his 
question directly we attempted to isolate DP-tumor ce lls a nd 
to study synthesis of extracellula r matrix proteins in these cells 
using an in vitro cell cu lt ure system. The characteristic biosyn-
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thetic capacities of t hese cells should provide information as to 
the cellular origi n of t his tumo r in add ition to a better under­
standing of t he role connective t issue p lays in invasive growth. 

MATERIALS AND METHODS 

Cell Cultu.res 

Control fibroblasts were obtained from age-matched cont rols fo llow­
ing prev iously published procedures (17] and were used in the same 
passages as t he investigated tumo r ce lls. DP-tumor ce lls were de rived 
from 5 patients, in which t he diagnosis was estab lished by histologic 
and electron microscopic techniques (18]. In some instances, both 
outgrowth from explants and enzymatic digestion of the specimen were 
used to ini t iate t he cult ures. Howeve r, when not mentioned otherwise, 
for a ll biochemical characte rization, cells were used t hat were obtained 
by enzymatic digestion of t.he tumor. For t his procedure, the specimen 
was digested with collagenase (Seromed, Mun ich) and tryps in in Dul­
becco's modified essentia l medium (DMEM) at 3TC in order to liberate 
cells from t he tissue. Cells were mainta ined in t he sa me DMEM 
supplemented with penicillin (400 U/ml), streptomycin (50 /lg/ ml) , 
glutami ne (300 11g/ ml) , sodium ascorbate (50 llg/m l), and 10% feta l ca lf 
se rum. T hey were judged by phase contrast and by electron microscopy. 

Determinat1:on of Total Protein and Collagen Synthesis 

Confluen t ce ll cultures in var ious passages were incubated without 
fetal calf serum in DMEM supplemented with penicillin (400 U/ ml ), 
sodium ascorbate (50 11g/ml) and f;l-am inop ropionitril (100 pg/ ml) for 
24 h in t he presence of L- f5-3Hj proline [19]. Medium and lysed ce lls 
were then separately dialyzed aga inst I M CaCb, 5 mM Tris-HCI, pH 
7.5 and subsequent ly against di lu te acetic acid. Rad ioactivity of p rote in ­
bound proline and hydroxypro line was dete rmined as described previ­
ously [19] . ln parallel cultures, cell numbers were determ ined using a 
hemocytometer. 

Clwracterization of Newly Synthesi2ed Collagens 

Labeled medium was co llected and t he ce ll laye r extracted with 1 M 
NaCl, 50 mM Tris-H Cl, pH 7.4 in the presence of protease inhibitors 
(0.5 mM phenylmethylsulfonyl fluoride , 0.1 mM 4--chloromercuriben ­
zoate). T he labeled mate ria l was dia lyzed agai nst 0.2 M NaCI, 50 mM 
Tris- HCI, 20 mM EDTA pH 7.4. P rocollagens I and Ill were separated 
by ion exc hange chromatography on DEAE cellulose as described 
earlier [20]. For fu rther characte rization t he labe led mate ria l was 
dialyzed agai nst 0. 5% acetic ac id and submitted to limited digestion 
with pepsin [21 ]. Collagenous prote ins were ana lyzed and quantitated 
by electrophoresis on slab gels [22] fo llowed by !luorography and 
densitometry [ 23 J as well as chromatography on aga rose A5 (23,24 J. 

Hydroxylation. of Collagens 

Isolated collagen molecules from DEAE and agarose A.~ columns 
were used for determi nation of hydroxyproline and proline using an 
automated am ino ac id ana lyze r [19]. 

lmm.u.nofluorescence Studies 

Monolayer cultures were used for in direct immunofluorescence 
sta ining as described earlier [25 ]. Specific antibodies against type I 
co llagen and protype Ill co llagen were kindly provided b:-• Drs. R. Timpl 
and K. v.d.Mark. Antibodies again st fibronecti n were purchased from 
Cappels (Cochranville, Pen nsylvania). Rabbit antigoat lgG and goat 
ant irabbi t JgG conj ugated with flu orescein isot.hiocyanate were prod­
uc ts fro m Boehringer (Mannheim , F.R.G.). 
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RESULTS 

In t hese studies, tumor diagnosis was established by t he 
routine histologic and electron microscopic techniques reported 
in detail elsewhere (18]. Although a certai n heterogeneity was 
observed among tumors obtained from different patients, all 
revealed the characteristics of DP tumors. Cells grown from 
tissue explants of these tumors often displayed a normal fibro­
blastic phenotype, whereas in cul tures obta ined by enzymatic 
digestion of the tumor t issue, cells retained characteristics 
typical of tumor cells through 3 passages. The cells were less 
densely aggregated (Fig 1a) and a significant number (8-34 %) 
had atypical nuclei. In addition, cytoplasmic vacuoles were 
found in some of these cells (Fig 1b ), which were not seen in 
control cultures. All of the experiments described here were 
therefore carried out using cells obtained by tissue disintegra­
tion. 

Protein Synthesis 

The growth rate of tumor cell strains was lower than that of 
normal human skin fibroblasts (not shown) . Considerable 
amounts of peptide-bound hydroxyproline were found in all 
tumor cells a lthough the amount of collagen synthesis was 
reduced as compared with that of normal fibroblasts. In con­
trast, synthesis of noncollagenous proteins did not differ sig­
nificantly between DP cells and controls (Table I). Similar to 
control fibroblasts DP cells secreted 80% of the newly synthe­
sized proco llagen into the medium, whereas 20% was retained 
in the cell layer. 

Characterization of Collagenous Proteins 

When newly synthesized procollagens secreted into the me­
dium were analyzed by chromatography on DEAE cellulose 

F1c. 1. Dermatofibrosarcoma protuberans, cultured fibrob last-like 
tumor cells, semith in sections. a, Low-power magnification showing a 
loose and irregu la r arrangement and a reduced length of the cells (X 
400). b, High -power magnification revealing atypical nuclei with pro­
nounced convolutions (arrows) in some of the cells (X 1000). 

TABLE I. Sy nthesis of collagenous and noncollageno u.~ proteins in cells 
obtained by disintegration of dermatofibrosarcoma protu.berans tumor 

tissue in early subcultures 

Cell strain cpm cpm 
Hydroxyproline/cell Proline/cell 

1 0.10 ± 0.01 0.85 ± 0.05 
2 0.07 ± 0.01 1.16 ± 0.04 
3 0.13 ± 0.02 1.02 ± 0.03 
4 0.10 ± O.Gl 1.12 ± 0.06 
5 0.05 ± 0.01 0.99 ± 0.02 

Control 0.17 ± 0.01 0.98 ± 0.03 
fibroblasts (n = 6) (n = 6) 
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(Fig 2), on ly a small amount of radioactivity was found to 
migrat.e_ in ~he position. c~aracteri stic of type Ill procollagen. 
Quant!hcatwn and stat1st1cal analysis of these data comnared 
to controls is given in Table II, where it is shown that this 
collagen type accounted for 13-20% of total collagen in control 
cells. These findings were further substantiated by electropho­
retic analysis of pepsin-treated collagens pooled from medium 
and cell layer. In DP-tumor cells no production of type III 
collagen was noted, which migrates as a )'-component under 
nonreducing conditions (Fig 3). The absence of type III collagen 
wa~ also demonstrated by chromatography on agarose A5. The 
~atw of a 1 and a2 chains of type I collagen was close to 2:1 as 
1s ~sually .found in type I coll agen synthesizing fibroblasts . No 
ev1dence for mcreased synthesis of a 1 (I) trimers was noted in 
DP-tumor cells. Type V collagen chains accounted for less than 
5% of total collagen in both tumor cells and control fibroblasts . 
Isolated a 1 and a2 chains of type I collagen had a normal 
degree of hydr~xylation of prolyl residues (not shown ). When 
cells. were s~ud1ed se~1ally after several passages in culture, a 
contmuous 1ncrease 111 the relative rate of type III collagen 
synthesis was noted (Table II). A rather normal rate of type III 
collagen production was observed in cells obtained by out-
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F IG 2. DEAE chromatography of newly synthesized material se­
creted into the medium of control fibrobl asts (A) and DP-tumor cells 
(B). 

TABLE II. Synthesis of type Ill collagen in cells obtained from 
dermatoftbrosarcoma protuberans tumors by disintegration of the tissue 

and dependence on subcultivation 

Type Ill (pro)collagen/total collagen 

Cell strain 
(%) 

2nd-4th 5th-8th llth- l2th 
passage passage passage 

1 n.d. 7 12 
2 <2 5 10 
3 <2 6 n.d. 
4 <2 7 12 

Control 18 ± 3 13 ± 4 17 ± 3 
fibroblasts (n = 3) (n = 5) (n- 4) 

The relative amount of procollagen type III was calculated from 
DEAE-chromatograms (2nd- 4th and 11th- 12th passage) . Pepsin­
treated material was chromatographed on agarose A5 and the relative 
amount of type ill collagen was calcu lated as described earl ier (23] 
(5th- 8th passage). n.d. = not determined. 
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FIG 3. Fluorogram of pepsin -treated newly synthesized materi al 
f r om contro l fibroblasts (A) and cells obtained by disintegration of DP 
tumors (B). The band migrating in -y- posit ion in the contro l fibroblasts 
is found migrating as a-chains afte r reduction. 

F IG 4. Immunoflu orescent localization of type I a nd type III colla­
gen A, T ype I co llagen in control fibroblasts. B, Type I in DP-tumor 
cells . C , Type Ill collagen in cont rol fibroblasts. D, Type III in DP­
tumor ce lls. 

growth from explants even in early passages (case 1: 15% type 
III; case 2: 16%; case 3: 7%). 

Localization of Extracellu.lar Matrix Proteins 

Indirect immunofluorescence techniques were used for study­
ing t h e distribution of connective tissue matri x proteins in 
cultured cells. An intracellula r sta ining with ant ibodies directed 
against type I collagen was found in all cell s derived from DP 

tumors and controls (Fig 4). When antibodies directed against 
fibronectin were used, a normal fibrillar distribution in the 
extracellular matrix was noted. However, more than 95 % of 
cells isolated from DP tumors by tissue disintegration lacked 
any staining with antibodies directed against type III procol­
lagen in early passages. Wit h continued passaging of cells in 
culture, the percentage of cells staining positive for type III 
procollagen steadily increased. 

DISCUSSION 

Biochemical and immunologic data show that in vitro cells 
derived from DP tumors synt hesize significant amounts of type 
I collagen that are qualitatively identical to those of control 
fibroblasts. Although type III collagen comprises a considerable 
portion of t he collagen pool synt hesized by sk in fibroblasts, 
only t race levels of such synthesis could be observed by the 
tumor ce lls studied in culture. Furthermore DP cells produced 
substantally less hydroxyproline than did control cells. Thus 
since the quantitative decrease in collagen production could 
not be accounted for by the lack of type III collagen synthesis, 
it can be concluded that an alteration in the contro l of type I 
collagen production has occurred as has been reported for other 
transfo rmed cells (10,11]. Others have also reported that as a 
result of transformation, cell s may synt hesize an altered pattern 
of collagen types not necessarily resembling the pattern found 
in the t issue of origin (14,15]. Since low collagen production 
and lack of type III collagen synthesis have been observed only 
in early subcul tures of DP cells, the onset of type III collagen 
and the normalization of total coll agen synthesis after several 
passages may be explained by the heterogeneity of cultures. 
This possibility is further substant iated by immunofluores­
cence data showing an increasing number of type III collagen­
producing cells in later passages and by the observation t hat 
large numbers of type Ill collagen-producing cell s are already 
found in early passage of cells derived by outgrowth from tumor 
explants. Since the growth potential of the DP- tumor cells is 
lower than that of normal fibroblasts , it is conceivable that 
contaminating fibroblasts can progressively overgrow the neo­
plastic cells in the culture system. However, since clones from 
single cells could not be established, it is difficult to rule out 
the possibility that increase of type III collagen synthesis after 
several passages may be due to a successive dedifferentiation 
of tumor cells grown in cul ture, as has been reported for other 
different iated cells (26,27]. 

These data are not in total agreement with observations 
made by others in analyzing tumor tissue [16]. The differences 
might be due to the fact that type III collagen present in t he 
t issue can be synthesized by blood vessel cells or by normal 
connective t issue cells trapped within the tumor [16]. However 
the difference might also reflect the influence of the culture 
system used. Even t hough a certa in morphologic heterogeneity 
was observed both at the light- and electron-microscopic level, 
biochemical alterations in collagen metabolism were found to 
be relatively consistent among DP-tumor cell strains studied. 
It is noteworthy that the fibrillar arrangement of fibronectin 
and type I collagen in the cell matrix compare well with t hose 
of normal fibroblasts. Thus it is questionable whether the low 
rate of collagen synthesis and lack of type III coll agen produc­
tion representing an altered phenotype of the neoplastic cells 
plays a role in deficient extracellular matrix formation and 
hence for the progressive invasion of these cells. Although from 
the data presented a fi rm conclusion about the controversial 
hist iogenesis of DP tumors (1-6] cannot be made, t he charac­
teristic pattern of proteins synthesized by DP cell s is similar 
to that found in fibroblasts. 
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grateful to Dr. R. Timpl and Dr. 1<. v.d.Mark for providing us with 
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A. Pavlovic a nd Mrs. D. Veranic. 



384 ALBINI ET AL 

REFERENCES 
l. T aylor H B, Helwig EB: Dermato fibrosa rcoma protuberans, a study 

or J 15 case~ . Cancer 1!",:717- 725, 1962 
2. Alb'Uacii -Ga rcia A, Un ni KK , Goellner JR: Hi stogenes is of derma­

wfibrosarcoma protuberans. An ultrastructural study. Am J Clin 
Pathol 69:427- 484, 1978 

3. Escalona-Zapata ,J, Ferna ndes EA, Escuin FL: The fibroblastic 
nature of dermato fibrosarcoma protubera ns. A t issue cul ture and 
ul t rastructura l study. Virchows Arch lA] i\9 1:165- 175, 1981 

4. Hashim oto K, Brownstein MH , Jakobiek FA: DermatoJ!brosar­
coma protuberans. A tumor with perineura l endoneural cell 
features. Arch Dermatol110:874- 885, 1974 

5. Fi scher ER, Vuzevski VD: Cytogenesis of schwa nnoma (neurile­
moma, neurofibroma, dermatofibroma a nd dermatofibrosarcoma 
prowbera ns as revealed by electronmicroscopy. Am J Pat.hol 
49:141- 154, 1968 

6. Ozell o L, Hamels J: T he histiocytotic nature of dermatoJlbrosar­
coma protuberans. Tissue cul ture a nd electron microscopic study. 
J Clin Pathol 65: 136- 148, 1976 

7. Sage H , Bo rnstein P: Structurally distinct collagen types. Annu 
Rev Biochem 49:957-1003, 1980 

8. Ruos lathi E, Enhrvall E, Hayma n EG: Fibronectin: current concepts 
of its structure and function. Coli Relat Res 1:95-108, 1981 

9. LiotLa LA, Rao CN, Barsky SH: Tumor invasion a nd the ext racel­
lul ar matri x. Lab Invest 49:636- 649, 1983 

10. Green H, T oda ro GJ , Goldberg B: Coo rdinate cont rol of collagen 
sy nt hesis a nd cell growth in chick embryo fibrob lasts and the 
effect of vi ra l t ra ns formation on co llage n synt hesis. Nature 
209:916- 918, ] 966 

11 .. . K rieg T , Au mail ley M, Dessau W , Wiestner M , Muller P: Synthesis 
of collage n by huma n fibrob lasts a nd the ir SV 40 t ra nsforma nts . 
Exp ell Res 125:23- 30, I 980 

12. Adams SL, Sobel M, Howard BH , Olden K, Yamada KM, Crom­
brugghe B, Pas tan l: Levels of t ranslatable mRNA for ce ll surface 
protein , collagen precur~o rs and two membrane protei ns are 
altered in Rous sarcoma virus t ransformed chick embryo fibro­
blasts. Proc Natl Acad Sci USA 74:3399- 34 03, 1977 

13. Hata Rl , Pet.erk ofs ky B: Specific changes in collagen phenotype of 
BA LB 3T3 cells as a result of t ransformation by sarcoma viruses 
or a chemical carcinoge n. Proc Nat! Acad Sci USA 74:2933-

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

Vol. 85, No. 4 

2937, 1977 
Ali talo I<, Vaheri A, Krieg T , Timpl R: Biosynthesis of two subuni ts 

of type IV procollagen a nd other basement membrane proteins 
by a human t umor cell line. Eur J Biochem 109:247-255 1980 

Krieg T , Tim~! R, Ali ta lo K , Kurkinen M, Va heri A: Type Jli 
procollagen 1s the major component produced by a cont inuous 
Rhabdomyosarcoma cell line. FEBS Lett 104:405- 409, 1979 

Weber L, Meigel WN: Nature of collagen in dermatofibrosa rcoma 
protubera ns. Arch Oermato l Res 265:55-62, 1979 

Rautenstrauch T , Snigu la F, Krieg T , Gay S, Muller P: Progeria: 
a cell cul ture study and clini cal report of familial incidence. Eur 
J Paediatr 124:101- 111 , 1977 

Schmoec kel C, Albini A, Krieg T, Stets R: The fibroblastic origin 
of dermatofibrosarcoma protuberans: morphological investiaa-
t ions in vivo a nd in vitro. Arch Dermatol Res, in press " 

Wiest.ner M, Krieg T, Hoerlein D, Glanville R, Fietzek P, Muller 
P: Inhibiting effect of proco\lagen peptides on collagen biosyn­
thesis in fibroblast cultures. J Bioi Chern 254:7016-7023 1979 

Sm it h B, _!3yers PH .. Ma rt in GR: Production of proco ll ~gen by 
huma n fibrob lasts m culture. Proc Nat] Acad Sci USA 69:3260-
3262, 1972 

Layman DL, McGoodwin EB, Ma rtin GR: The nature of t he 
collage n synt hesized by cultured huma n fibroblasts. Proc Nat! 
Acad Sci USA 68:454-458, 1971 

Laemmli UK: Cleavage of structural proteins durin a t he assembly 
of the head of bacteriophage T4. Nature 227:680-'685 1970 

Weber L, Kirsc h E, Muller PK, Krieg T: Collagen type distribut ion 
and mac romolecular organization of connective t issue in differ­
ent layers of human skin. J Invest Dermatol 82:156-160 1984 

Piez KA , Eigner EA, Lewis MS: Molecular weight detern~ination 
of ra ndom coil polypeptides from collagen by molecular sieve 
chromatography. Biochemistry 2:58-66, 1963 

T impl R, Wick G, Gay S: Antibodies to distinct types of collagens 
and procollage ns and t hei r application in immunohistology. J 
lmmunol Methods 18:165- 182, 1977 

Herrmann H , Dessau W, Fessler LI , van der Mark I<: Synt hesis of 
types I, III and AW collagen by chick tendon fibroblasts in vitro. 
Eur J Biochem 105:63-74, 1980 

Muller P, Lemmen C, GayS, Gauss V, Kuhn K: Immunochemical 
and biochemical study of collagen synt hesis by chondrocytes. 
Exp Cell Res 108:47-55, 1977 




