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Abstracr. As a resull of intraperitoneal injections in mice 
of crude glycosaminoglycans obtained from the urine of 
patients with systemic scleroderma, a fibrotic process simi­
lar to the initial changes of human scleroderrna was fre­
quen1ly observed, especially in 1he skin and esophagus when 
the glycosaminoglycans contained a probable variant of 
heparan sulfatc. Furthermore, the scleroderma-likc change 
was also observed. to some extent, in the ultraslructure of 
collagen fibers and glycosaminoglycans of the skin. 
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Systemic scleroderma (scleroderma) is a disease in 

which abnorma! fibrosis develops not only in the 

skin but also in the connective tissue of the lungs, 
heart, digestive organs and other sites. However, 

1he details of ils etiology and patho-mechaoism re­

main lo be elucidated. Klemperer et al. (11) reported 

in J 942 that this disease as well as SLE was de­

monstrated to be diffuse collagenosis, indicating 
fibrinoid degeneration 10 be a charactc::ristic mani­

festation of these diseases and attaching especially 

great importance lo the changes in ground sub­

stance. In this connection, changes in skin glycos­

aminoglycans (GAG) in scleroderma have been 

studied by a few investigators (5, 15, 21). On the 

other hand, increase in thin collagen fibrils and their 

irregular arrangement were disclosed by electron 

microscopy (1, 8, 12, 13, 17). It is a koown fact 

that collagen fibers and glycosaminoglycans mutu­

ally exert closely-related influence. The problem is 

-which is the more primary change in the develop­

ment of scleroderma.

In recent studies, we conducted one-dimensional 

cel!ulose acetate electrophoresis of GAG excreted 

in the urine of patients with scleroderma lo observe 

the presence of carbazol reaction-positive GAG, 

which were subjected to changes apparently con­

nected with the skin alteration of scleroderma (10). 
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Tn view of the facts tbat the GAG showed a lower 

mobility than did chondroitin sulfate, and were 

on]y slightly digested by chondroitinase ABC or 

testicular hyaluronidase, heparan sulfate-like GAG 

might be considered. The GAG were obtained by 

elution mainly with 0.5 M NaCI and 1.25 M NaCI 

from a Dowex 1-X2 column. Especially GAG of 

0.5 M NaCI fraction were mostly heparan sulfate­

Jike. Assuming that these GAG, related to skin 

alterations of scleroderma, might have an influence 

on the occurrence of pathological changes in sclero­

derma, urinary GAG from patients were adminis­

tered to mice, and the skin and visceral organs were 

histologically examined and the skin also with elec­

tron microscope. This paper is the first report on 

the series of experiments. 

MATERIALS AND METHODS 

Isolation of crude GAG from the urine was performed after 
the method of DiFerrante & Rich (3): The urine from un­
Lrearect patients was adjusted to pH 5.0. and S '}0 cetyhri­

melhylammonium bromide (CTAB) was added to it in an 
amount of l ml per 30 ml. Subsequently, before the proce­
dure, thimerosal was added to the urine in order to avoid 
possible bacterial growth, although the experimental resuhs 
were nearly the same in both types. Then, alter allowing the 
urine 10 stand in a refrigerator over 2 nights in order to 
yield complete precipitation of the CTAB-GAG complex, 
it was centrifuged al 3 000 rpm, and the precipitaie was first 
washed 3 limes with NaCl-saturated 96 % ethanol, then 
washed and dried wilh ethanol and ethyl ether to obtain 
crude GAG. Next, alter confirming that all the e!ectro­
phoretic patterns of GAG obtained from the urines of in­
dividual cascs were the same, the samples were pooled. As 
a result, crude GAG obtained from 52 I of the urine col­
lected from 5 patients (25-64 years of age, females) (Sample 
1) and from 43 I ol 1he urioe from 2 female patients (25 and
54 years of age) (Sample 2) were used for the experiments.
To 1he pooled GAG wcre added 10 volumes of 0.05 M Tris­
HCI buffer {pH 7.5) and 15 mg Pronase E per gram GAG
(from Kaken Kagaku. Tokyo) to carry out digeslion al 50°C
for 24 hours. Then, after readjusting the pH, the same
quantity of Prooase E was furcher added to perform digestion
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Table I. Urinary gl_rcosami11ogl_ rct111s (GAG) uscdfor 

experimemal sc/eroderma 

ChS chondro111n ..:ulfore. !-lS hcr,nrun sulfuc�. Ch 

chondroi1in. HA h)aluronic acid. ( ) f2inII� obser,ed, 
I 1101 1dentified, N D 1101 done 

Dowe,- GAG 
Sample fraction 
no. (M NaCI) Volumcq FracIion 

Sc/eroc/erma 
1 0.5 

1.25 

1.5 
2.0 

2 0.5 

1.25 

1.5 
2.0 

Normal 
3 0.5 

1,25 
1.5 

4 0.5 
1.25 
1.5 
2,0 

Scleretlema 
5 0.5 

100 
280 

340 
120 
ISO 

I 400 

990 
840 

80 
360 
240 
60 

I 000 
I 040 

380 

470 

Lnk1101>11 
Unkno" n. 
HS. ChS 

ChS 
ChS 
Unknown, 

Ch 
Un�nO\\n. 
ChS, HS 

ChS 
ChS 

HA. Ch, (HS) 
Ch. ChS, HS 
ChS. (HS) 
HA. HS 
Ch. 11S, (ChS) 
ChS 
ChS 

NI 

Protein 
(1olumet 

19 

230 

120 

50 
50 

r,..D 

ND 
ND 
210 

70 
20 
JO 

ND 

a 11g uronic acid or protein per 3 mg Oo\\ex-rrac1ion. "hich 
is dissohcd in I ml "ater. 

for another 24 hours. Ocprotcinization ,.,as c;:urricd out h) 
adding trichloroacc1ic acid (final: 10°.,) and b) cen1rifuga­
Iion at 4 C, and then thc supcrnatant was dial)SCd at 4 C 
for 2 days, in seamlcss cellulosc tubing (27/32) from Visking. 
Ncx1, 1 •0 sodium ace1a1e and 4 , olumes or c1hanol were 
added, to be allowed to stand in a rc(ngerator ror 2 da)�, 
and ccn1rifuga1ion was conduc1ed tO obtain precipirntc. 
This was applied 10 a Dowe, I-X2 column (Cl ) (0.9 10 
cm) (19). Aher passing a surricient amount or \\ater and 
0.03 M NaCl. GAG were eluted succcssi,ely \\ilh 0.5 M
NaCI, 1.25 M NaCI, 1.5 M NaCI and 2.0 M NuCI. AfIcr
1he elutton, each rraction \\as desaltcd by dial}sis, and
lyophilized 10 determine the \\eight. As controls. 2 samples 
or normal urine (Sample 3 from 10.8 l of the urine from 7 
normal persons (22 66 years of age, females) and Sample 4
from 20 I from 4 subjects (31-43 )ears of age. males)) and
also 2.8 I from a 7-) ear-old girl with scleredema <Sample 5)
were uscd 10 fractionate GAG in a similar manner. 

In animal experiments. 3 mg amounts or thc abme­
mentioned samples "ere dissohed in I ml or 0.9 °. NaCI 
solution as thoroughly as po,,ible. and aflcr the uronic acid­
containing GAG werc confirmed to be completcly dissolved 
in the solution. thc supernatant was �terilized through a 
Millipore filter. Then thc original liquid or diluted samples 
thereor was intraperiwneally administered to male mice or 
1hc DDD strain wcighing about 20 g, at a dosagc of 0.1 ml/ 

Acra Deml{lfOcener (Stockhu/111) 55 

da) for 12-11 con,ecuthe day s (in �ome samplcs. for re"cr 
daisJ. As controb, 3 mg cach of chondroitin sulfatc (chon­
droitin 4-sulfate and chondroitin 6-sulfate). dermu1an sutru1e. 
po1u:s,1um h)aluronate. chondroilin. hcparin ond heparan 

,utrate \\US similarly dissohed in 1 ml of 0.9",, NaCl solu­
tion ror injection into mice under thc same condiIions a;, in 
the urinary GAG. Heparnn sulfate "as preparcd b) our 
laborator} from 1.15 M aCI fracuon of normal urine 
through tcsticular h)aluronidase digestion. and was idenIi­
fied by two-dimcnsional elcclrophorcsis. 

Potassium h} aluronat� "as purchased from Sigma and 
other GAG from Seikaga�u Kog)O, Tok)o. T\\O da)s af1er 
comple11011 of thc administratton, 1he animals "crc sacrificed 
wiIh ethcr or by caro1id dis\cction. and the dorsal ,kin ncar 
the root or rordimb. as \\CII as , isceral organs. \\as cut out 
ror h1stological c,aminatton: 1he skin "as also cxam,ncd 
electronmicroscor,ically. Preparation or specimcns fo.- clcc• 

lron microscop): fi,,ed in 1.5 °o glutaraldehyde, 2 °., OsO, 
in 0.14 �1 Veronal acetate burrer (pH 7.4) at 4 C ror� hours. 
Dehidra1ed with cthanol. and embcddcd in Epon 812. Then 
rinc-sectioned and doublc-stained with uranyl acetale lead 
ciIra1c. Obsened with JEOL JEM-7 clectron microscope at 
60 � V. In addition, ror clectron microscopic demons1ra1,on 
of GAG, 0Ihcr spccimens wcre fixed in 1.2 °

0 glu1araldehydc 
with 500 ppm R uthcnium red in 0.1 M cacod) late burlcr 
(pH 7.4) at 4 C ror I hour. Then. h,cd again in 2 °. 0,0, 
wilh 500 ppm Ruthenium red in 0.1 M cacod}late bufrcr 
(pH 7.4) at room 1emperaIure for 3 hours (14). DeIermina-
1ion of GAG: Total amount was cstimated as hexuronic 
acid b> Dische·s mcthod (41 QualiIa1he anal}Sb was car­
ried ouI b) i-,o-dimensional elecIrophorcsi, on ccllulose 
aceIutc (7). 

RESULTS 

(A) Administered Urinary CAG

GAG volumes in 3 mg samplcs are sho\\n in Table 

l. The 0.5 M NaCI fraction from sclerodcrma or

from normal controls showed considcrable protein

reac1ion by thc Lo" ry method, whereas protein

amounts in other fractions were small or negligible,

as compared with GAG volume. The quantities of

injected GAG were 10-140 ,,g for each injection,

tOlalling 120-1 820 pg in the case of GAG-fractions

obtained from the urine of scleroderma patients

(Table Il).

Qualitative analysis. In 1he casc of normal urinc, 

two-dimensional electrophoresis detected. as shown 

in Table I and Fig. I, hyalurooic acid, chondroitin 

and heparan sulfate (faint) from 0.5 M NaCI frac­

tion of Sample 3 and hyaluronic acid and heparan 

sulfate from that of Sample 4; chondroitin, heparan 

sulfatc and chondroitin sulfate from 1.25 M NaCI 

fraction of both samplcs; from 1.5 M NaCI fraction 

of Sample 3 chondroitin sulfate and heparan sulfate 

(faint) and from Sample 4 chondroitin sulfate only; 

and from 2.0 M NaCI fraction of Sample 4, chon-
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Tablc 11. S/d11 clta11ge in mice ity'e<·ted witlt 11ri11ary glycosaminogfycans 

,ho" ing marl.ed fibrosis, slight fibro,is, HA hyaluronic acid. DS dermatan sulfate. HS heparan sulfate, 

Ch4-S chondro1tin 4-sulfate. Ch6-S- chondroiton 6-sulfatc. Ch 

Scleroderma-urine 

lnjccted 
Samplc GAG Micc 

O0\,e>,•fraction no. c,,s" da)) no. 

0.5 M aCI 10 12 4 3 

2 18 I 3 5 2 

Total 9 5 

1.25 M NaCI 28 12 J I 

2 140 8 13 5b 4b 

Tornl 8 5 

1.5M aCI 34 12 3 0 
2 99 13 0 

Total 4 0 

2.0 M aCI 12 12 0 

2 84 13 0 

Total 2 0 

Sclcredcma 
(0.S M NaCI) 5 47 X )2 2 0 

Standard GAG 
11A 82 12 7 0 
os 58 12 7 0 

HS 100 12 3 0 

Ch4-S 130 13 4 0 

Ch6-S 80 Il 7 0 

Ch 32 • 12 6 0 

HP 124 I:? 5 0 

Saline 12-13 Il 0 

a Expressed as uronic acid. 
b 2 mice dcad during the experiment. 

droitin sulfate. On the other hand a 0.5 M NaCI 

fraction of the urine from scleroderma patients, 

showed in both Samples I and 2 an unknown spot, 

which was detected neighbouring, but non-cor­

responding to either chondroitin, heparan sulfate, 

or hyaluronic acid. ln addition to the unknown spot, 

Sample 2 showed chondroitin. In 1.25 M NaCI 

fraction of both samples, this unknown spot was 

also detectcd in addition to chondroitin sulfate and 

heparan sulfate. ln 1.5 M NaCI and 2.0 M NaCI 

fractions, chondroitin sulrate was detected in both 

samples, not distinct from the normal urinc. 

The unknown glycosaminoglycan in scleroderma­

urine, apparently characteristic of scleroderma, was 

.. 

2 

I 

0 

0 

0 

0 

0 

2 

I 
0 

0 

0 

0 
0 

0 

0 

chondroitin. HP heparin 

Normal urine 

lnjectcd 
Sample GAG Mice 
no. (fil; day) no. .. 

3 8 12 3 0 I 

4 30 12 4 0 0 

4 60 12 4 0 0 

11 0 

3 36 12 3 0 :! 
3 72 IJ I 0 0 
4 100 12 3 0 0 

7 0 2 

3 24 12 0 0 

4 100 12 2 0 (\ 

3 0 0 

4 38 12 () () 

0 0 

extracted from the sheets after electrophoresis. It 

showed carbazol-positivity and the glucosamine 

galactosamine molar ratio (2.47) in Sample 2 was 

quite close to that (1.64) of heparan sulfate in this 

sample (determined with the JLC-6AH automatic 

amino acid analyzer). Amino acids content was 

negligible. From the above results and the facts 

that the glycosaminoglycan was digested neither by 

tcsticular hyaluronidasc nor by chondroitinase 

ABC and that it was found in a position relatively 

close to heparan sulfate on electrophorcsis. the un­

known glycosaminoglycan may be considered to be 

a variant or heparan sulfate of differing polymeriza­

tion and/or sulfation. 
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(B) Results of Animal Experiments

In a hyaluronic acid-injected group, body weight 

was decreascd after the injection and in the group 

injected with a !arge dosage of 1.25 M NaCI-GAG 

from Sample 2, 2 of 5 animals died <luring the ex­

periment. However, in other groups therc was no 

Flg. 1. Two-dimensional clcctrophorcsis of urinary glycos• 

aminoglycans (GAG) tractions, uszd for experimen1al 

scleroderma (al from scleroderma (Sample I). (b) from nor­

mal (Sample n A 1hick arrow shows migraling direc1ion of 

thc first electrophoresis in 0.1 M pyridine, 0.47 M formic 

acid (pH 3.0) al 0.5 mA/cm for I hour (Refercncc GAG 

from 1he origin (0) sidc; po1assium hyaluronale, dcrmatan 
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ftg. 2. Sl..in change in 1he mouse in­

jected wi1h urinary GAG (1.25 M 

NaCI fract ion) from sclcroderma, 

showing homogenization of collagen 
(1brQ and fibrosis fn.>1n 1hc dcrmis 

lill 1he subcu1aneous muscle layer (ll). 

(b) Comrol skin injected wilh salinc. 

Hematoxylin-eosin stain, x 260. 

significant differencc from saline-injected controls 

in body weight before and after injection. 

(l) Findings in skin

The results are summarized in Table I r.

(a) Histological fi11dings. Of the groups given GAG

sulfate and chondroitin sulfate). A thin arrow shows 1he 

second dimension in 0.1 M barium acetate (pH 8.0) a1 0.5 

mA/cm for 3 hours (standard GAG from the bottom; hcpa­

rin, dcrmalan sulfalc und chondroilin sulfale). Ch4, 6-S: 

chondroi1in sulfate, HA: byaluronic acid, Ch: chondroitin, 

HS: heparan sulfa1e. Unknown spot in scleroderma probably 

rcprcsents a varianl of heparan sulfate (see 1cx1). 
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, 

/11(. 4. l,hras1ruc1ure of the skin on the mouse 1njcc1ed \\llh 

urinar) GAG ( 1.25 M NaCI fraction) from sclcroderma, 

sho" ing irrcgulnrl} arrnnged C<>llagen fibrils. Arrows indi-
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Fix. J. lncrcase of fragmentcd ela,tic 

fibrcs in thc muuse injccted with 

unnary G \G ( 1.25 1\1 '-aCI fractionJ 

from scleroderma. Resorcinfuch,in 

stain. 260. 

ca1c mcrcascd Ruthenium rcd-poslll\e parncles c1ose 10 cross 

handings of fibrils. 71 800. 



Fig. 5. Both 1hin and thick coll;igen fibril\ "i1hin one bundle 

in thc skin of mouse injecteJ "ith urinary GA(i (0.5 \1 
NaCI rruction) fro1n sclerodC'rma. Fur1hcrmorc. Ruthenium 

from the urine of patients with scler::d�rm:i, 0.5 
NaCI and 1.25 M NaCI fraction groups (5 of 9 
mice or 0.5 M aCI fraction group; 5 of 8 mice 
of 1.25 M NaCI fraction group) wcre observed, as 
sho" n in Fig. 2, to develop swelling of collagen 
fibers and con,iderable fibrosis from the middle 
layer of the corium to the subcutis. In some sections 
a perivascular fibrosis of the subcutaneous tissuc 
was secn. Fragmented elastic fibers were increascd 
in number in the uppcr corium (Fig. 3). Further­
more, with Hale-PAS stain, an intensified PAS 
reaction was scen in addition to many mast cell�. 
In othcr words, in the groups given the fraction con­
taining a variant of hcparan sulfate, alteration rc­
minisccnt of carly scleroderma was obscrved. In 
other groups, no definitc change was scen, apart 
from slight subcutaoeous fibrosis in some cases. 
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red-po�i1i,c fila ment, or panicles are , isible around the col­

lagen fibrils. Arro"s ind,cJte lau,ce-hkc filaments (Ko­
baya�i & Ashoc-Hansen). 96 400. 

(b) Electro11 microscopic fi11di11gs. It was no1ed
that thc preparations showing the above changes 
demonstrated irregular arrangement and mutual 
diastasis of collagen fibrils ( Fig. 4) and also signifi­
cant occurrence of collagen fibrils of small diameter 
(ca. 300-400 Å} intermingled with 650-1 000 Å thick 
collagen fibrils ( Fig. 5). No abnormalities wcre 
found regarding banding pattern. Further, Ruthc­
nium red-positive filaments or p:irticle� were in­
creased in number around collagen fibrils, inter­
mingled with Ruthcnium red-negative indistinct 
fibrils (Fig. 6); these findings were also obsened 
in the group injccted with urinary GAG from scler­
edema, however. Moreover, with Ruthenium red 
stain the matrix was obsened 10 be rich in fine net­
work of filamcnts with aggregated particles. Thcre 
was no remarkable change in clastic fibers but the 
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Fig. 6. The sk,n of the mou,c injccteu wlth urinary GAG 
(0.5 M NaCI fraction) from scleroderma, sbo.,.ing increased 
nurnber of Rutheniurn red-posni,e filamen1s or particlcs 

around collugen fibrils and in the periphery of collagen 
bundles, intermingled \\ilh Ru1heniurn red-negathe indis-
1inc1 fibrils (arro\\S). 32 800. 

Table IU. Visceraf cha11ges in mire injected wirh 11ri11ary glycosami11ogfi•ca11s 

M NaCI 

Scleroderma-urine ormal Urine Standard GAG 

0.5 1.25 1.5 2.0 0.5 1.25 1.5 2.0 HA HS DS Ch4-S Ch6-S HP Ch Saltne 

Lungs 
Perivascular fibrosis 4 8 68 I 4 I I I 9 07 0 3 0,1 04 0. 3 04 0,4 04 0, 5 0.4 0/8 
ln1ers1i1ial ederna 
and cell inriltration 3/8 7/8 0/4 011 1/9 1/7 0/3 0/1 0/4 0/3 0/4 1/4 0/4 0/5 1/4 0/8 

Esophagus 
Ederna of rnucosa 6/7 S,6 0;4 0,'I Oi9 0/7 0/3 0/1 0/4 0/3 0/4 0/4 0/4 0/5 0/4 0/8 
Muscle a1rophy 
and/or fibrosis 417 5'6 24 0'I I '9 217 I 3 0 I 0.4 03 0 .4 0'4 04 0 5 04 0'8 

Heart 
Myocardial fibrosis 
and/or wclling of 
muscle fibrcs 2 8 3,8 0,4 01 09 0. 7 0 3 01 04 03 0,4 0.4 0,4 05 0,4 018 
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presence of parallel-arranged clastic fibrils as de­

scribed by Kobayashi & Asboe-Hansen (12) among 

collagen fibrils was observed. 

2. Visceral findings

The results are shown in Table TJI.
In many of mice injected with the 0.5 M NaCI 

fraction and the 1.25 M NaCI fraction from sclcro­
derma, pathological changes were observed in lhe 
lungs, esophagus and heart as well as in the skin, 
while the !iver, spleen or kidney showed scarcely 

any noticeable change. The lungs showed peri­

vascular fibrosis, interstitial ederna and cell-infiltra­
tion composed of histiocytes, lymphocytes and/or 
plasma cells (Fig. 7). The lower end of the esophagus 
showed subepithclial homogenization of the con­
nective tissue, and partial atrophy and fibrous re­
placement of the muscularis (Fig. 8). Also. in the 
heart, a slight fibrosis of the myocardium was ob­
served. These changes were more conspicuous in 
the group) given a !arge dosage of 0.5 M NaCI or 
1.25 M NaCI-GAG. Similar changes were scen, 

Fig. 7. Lung of thc mouse injccted with urinary GAG (1.25 
M NaCI fraction) from sclcroderma, showing intcrstitial 
ederna "ith cellular infiltration and peri,ascular fibrosis 
(arrow). Hcmatoxylin-eosin stain, > 260. 
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Fig. 8. lowcr end of esophagus in thc mouse injected with 
unnary GAG (1.25 M NaCI fraction) from sclerodcrma. 
There arc atrophy of the musculans, replaccd by fibros1s 
and subepithclial homogcni/.ation of the conncctive ti�suc. 
Hematoxylin-eosin stain, 260. 

through rarely, in mice given other fractions from 
scleroderma and in mice given 0.5-1.5 M fractions 

of normal urine. 

DISCUSSIONS 

Previously, we reported that histological observa­
tions of the skin in systemic sclerodcrma demon­
strated the sclerosis not only in collagen but also on 
the blood vessels (9). The vascular sclerosis appeared 
to occur first in the subendothelial area and later to 
spread to the circumfercnce. This indicates, as al­
ready suggested by Szodoray (20), the possibility 
that a certain substance (scleroderma-influencing 
factor) induces the pathological changes in the con­
nective tissue through the blood circulation. We 
have obscrved, as already described, that some 
GAG subjected to changes in close connection with 
scleroderma wcre excreted in thc urine of patients 
(10). It is well-known that glycosaminoglycans 
(cspecially sulfated glycosaminoglycans) play an 
important role in maturation of collagen fibers or 
thc fibrotic process. Noda ( 15) and Fleischmajer & 
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Perlish (5) described an increase of dermatan sulfate 
in thc sclerotic skin. Uitto (21) statcd that in the 
grossly normal �kin of sclerodcrma. there \\as more 
correlation�hip between collagen biosynthesis and 
synthesis of chondroitin sulfate. In the present ex­
periment. assuming that the above-described char­
ac1eristic GAG, when excreted in thc urine of pa­
tients with \cleroderma might induce abnorma! fibro­
sis in 1his disease, we injected mice with urinary and 
,tandard GAG to examine 1hc skin and visceral 

changcs. As a result, the groups injected with frac-
1ions containing an unknown glycosaminoglycan­
\POl ( probably a variant of heparan sulfate) were 
observcd to demonstrate intcrstitial ederna, fibrosis, 
or inflammatory reaction. not onl> in the skin but 
also in the lungs. csophagus and heart. These 
changC!> secm, to somc exten1, 10 be �imilar to those 
or sclcrodcrma (2, 6, 13. 16. 18) especially in altera­
tions of the skin and esophagus. However, fibrosis 
or sclerosis is less conspicuous than scleroderma. 
and elastosis in late scleroderma was not observed 
at all. On the other hand, regarding electron micro­
scopic skin changes, in the preparations showing 
histological change, an increa,c in thin collagen 
fibrils was obscrved among 1hick collagen fibrils, 
and in thc distribution pauern an appearance of 
fibrils finer than 400 Å was impressive. when com­
pared v.ilh specimens showing no histological change. 

In human sclcroderma it ha!> been reported that 
rine collagen fibrils increase markedly with bimodal 
distribution (I, 13, 17) or \\-ilh ummodal d1stnbu­
tion (8). Kobayashi & Asboe-llanscn ( 12) noticed 
3 kinds of collagen fibrils in scleroderma. They were 
(i) duster\ of thin and thick collagen fibrils, dia­
meter 200 900 Å, found arnong collagen bundles,
(ii) 700 Å thick collagen fibrils, and (iiil compact
bundles of I 000 Å thick fibrils. The former finding
may be compatible "'ith that seen in our experiment.

In addition, in the present study, Ruthenium red­
positive filaments or particles wcre increased in 
number around collagen fibrils. Moreover. Ruthe­
nium red-negati\'e fibrils were observed to be inter­
mingled with the filamcn1s. The former probably 
represent GAG, while the lattcr are similar to the 
'•indi�tinct ela�tic fibrib 

.. 
reportcd by Kobayashi. 

··rarallel-arranged elastic fibrils" were likewise seen
in our preparations. Ho\\ever, degeneration of
elastic fibers was not observed. Furthermore, in
interfibrillar matrix there was a fine network of 
Ruthenium red-positive filaments with aggregated
particles, probably rcpresenting hyaluronic aeid.
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To summarize, it is considercd that from the 
histological and clectron microscopic aspects the 
ehanges seen in mice injected wilh urinary GAG 
rescmble to some extent thosc of early scleroderma. 
Thus, this study has indicated the presencc of a 
"!>clerodcrma-influencing factor" in the urine of 
sclcroderma and it may well be a variant of heparan 
sulfate that acts as this factor, although heparan 
sulfate itself isolated from normal urinc induced no 

change. Neverthelcss, further long-terrn studies un­
der various conditions are still required in order to 
induce a perfect experimental sclerodcrma: Neither 
marked fibrosis in the organs of necropsied patients 
nor marked elastosis of the skin in late scleroderma 
v.a!> ob,cned in this e,periment. Furthermore, the 
kidney. though one of the most affecte<l organs at 
au1opsy of scleroderma cases, exhibited no change in 
micc. Mice injectcd with other urinao GAG frac­
tions including fractions from normal urine or with 
chondroitin, and chondroitin 4-sulfate also dem­
onstrated a similar change in lungs or esophagus. 

though in few cases. 

ACKNOWLEDGEM ENTS 

This \\ork "as supponed b) Research Grants from the 
Ministry of Education. Japan. 

The authon, express sincerc thanks 10 \,liss Masa)o 
Kurihara and Miss Takako Tuihiji for skilful technical us­
siMance. 

REFCRENCES 

I. Bahr. G. f'.: Elel..1roncnmil..ro,kopische l.;n1e"uchungen
bei S,lerodcrmic. Aer1tl Forsch JO: 155. 1956.

:?. D"Angelo, w. A .. Frie,. J. r., Masi. A. T. & Shulman, 
L. L: Pathologic observations in systemic sclerosis
(sclcroderma). A stud} or rift)-eight autops) cases and
fifly-e1gh1 matchcd con1rols. Amcr J Med 46: 418, 1969.

3. Dif-errante. N. & Rich. C.: The mucopolisaccharidc of
normal human urine. Clin Chim Acta 1: 519, 1956.

4. Dische. z.: A ncw spccific color rcaction or he,uronic
ac,d. J 810I Chem /67: 189. 1947.

5. Flcischmajcr. R. & Pcrlish. J. S.: Glycosaminoglycans
in sclcrodcrma and sclerederna. J lmcsl Derrnatol 58:
129, 1971.

6. Goldgrab�r. M. 8. & Kirsncr, J. B.: Sclcroderma of the
gastrointeslinal 1ract. AMA Arch Pathol 64: 155. 1957.

7. Hata. R. & Nagai. Y : A rapid and m1cro mcthod ror
separation of acidic glycosaminoglycans by 1wo-dimcn­
sional clectrophoresis. Anal Biochcm 45. 462. 1972.

8. Haycs, R. L & Rodnan. G. P.: The ultrastructurc of
sJ..in i11 progressi,e s),ternic sclerosis (sclerodcrma). Il.
Dcrmal collagen fibres. Arn J Pathol 63: 433. 1971.

9. lshikawa. H. & Mori. S.: Ein Beitrag zum histologischcn
Untersch,cd Z\\ ischen progrcssi,er und circumscripter
Sklcrodcrmie. Hautartl 23: 404, 1972.



JO. lshikawa, H., Mori, S. & Kamakura, K.: Urinary acid 
mucopolysaccharides in patients with diffuse sclero­

derma. Connective Tissue 4: 17. I 972. 
11. Klcmpercr, P., Pollack. A. D. & Baehr, G.: Diffuse col­

lagen discase: acu1e disseminated lupus erythematosus 
and diffuse scleroderma. JAMA 119. 331, 1942. 

12. Kobayasi, T. & Asboc-Hanscn, G.: Ultrastructure of
generalized sclcroderma. Acta Dermatovener (Stock­
holm) 52: 81. 1972. 

13. Korting, G. W. & Holzmann, H.: Die Sklerodermi$ und 
ihr nahestehende Bindegewebsprohleme, 41 pp. Georg
Thieme Verlag. Stultgart, 1967.

14. Luft. J. H.: Electron microscopy of cell extraneous coa1s
as rcvcaled by ruthenium red staining. J Cell lliol 23: 

54A, 1964. 
15. Noda, M.: Studies on fractional determination of the 

acid mucopol;saccharides in the cutaneous tissues. Jap
J Dcrmat Ser B 75: 396. 1965.

16. Piper, W. N. & Helwig, E. 8.: Progressive systemic
sclerosis. Visceral 1ranifestations in gcncralizcd sclero­
derma. AMA Arch Derma1ol 72: 535, 1955. 

17. Rupec. M. & Braun-Falco. 0.: Elektronenrnikrosko­
pische Unter�uchungen iiber das Verhalten der Kollagen-

An approach 10 experimental scleroderma 107 

fibrillen der Haut bei Sklerodermie. Arch Klin Exp 
Derm 2 /8: 543, I 964. 

18. Sackner, M. A.: Scleroderma. 22 pp. Grune & Strat­
ton, New York and London, 1966.

19. Schiller, S .. Slover. G. A. & Dorfman. A.· Method for
the separation of acid mucopolysaccharides: lts appli­
cation lo thc isolation of heparin from the skin of rats. 
J Bio I Chem 236: 983, 196 I. 

20. Szodoray, L. & Tuza. C.: Ober die Histochemie der
Skleroderrnie. Hautar,t Il: 63. 1960. 

21. Uitto, J., Helin, G .. Helin. P. & Lorenzen, I.: Connec­
tivc tissue in !Cleroderma. Acta Dermatovener (Stock­
holm) 51.· 401. 1971. 

Receil'<'d Ju/_1· 25. /974 

H. lshikawa, M.D. 
Department of Dermatology
Gunma University
School of Medicine
Maebashi. Showa-Cho
Japan

Acta Dermarol'ener (SrocA/10/111) 55 




