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A new entity based on the inborn error of the acid mucopolysaccharide 

metabolism in connective tis.we cells'! 
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Abstract. Hi,tochemical, biochemical an<l electronmicro­
scopic swdics wcre carried out on a patient with a eon­
genital connectivc tissue <lisorder consisting of juint con­
tractures. cortical bom: defects, gingival hype1 lrnphy and 
-.;kin and subcuu.rn�ou..., tumor.-;. This casc wns previou�ly 
reporte<l by onc of the aulhors under th� title "systemic 
hyalinosis in connection with epidcrmolysis bullosa poly­
dystrophica an<l hyalinosis culis et mucosae". By cellulose 
acetate elcctrophore,is as wcll a, by enzymatic dig�stion 
with cbon<lroitinascs, increased chondroitin 6-sulfate in 
the skin lesion of thi, patien1 was demonstr.1led. Morc­
over, elcctronmicroscopic study <;uggests ils abnorm!.ll 

synthcsi, by the conncctivc tissuc cells. Chondroitin 6-
sulfate is normally minimal in adult skin, but a primary 
constilllcnt of bone and cartilage, and since it represents 
20 % of the acid glycosaminoglycans of cmbryonic pig 
skin, it m:iy be assumcd !hat in this syndrome the denna! 
connec!ive tissue cells either failed to differentiate into 
thosc of normal postnatal skin or wcre transfunncd into 
those of bone or canilagc. Urinary acid glycosaminogly­
cans valucs were not elevated, which is in sbarp contrasL 
with the siruation in mucopolysaccharidosis. 

In 1964, one of the authors (6) reported with Hori 
on a 1-year-old boy suffering from an unknown 
syndrome, which consists of contractures of joints 
over the entire body, cortical defecl of tibia, 
papules, nodes or tumors in the skin as well as 
in the subcutaneous tissue and hypertrophy of 
gingiva, sometimes with fever and hypoglycemic 
seizure. Similar cases were described by Puretic 
et al. (9), Drescher et al. (3) (as "fibromatosis 
hyalinica multiplex juvenilis"), and also by Horio 
et al. (4). Puretic's case is a I 1-year-old boy; 
Dreschers. a boy and a gir! aged 5 and 4 years, 
respectively; and Horio's, a 4-year-old girl. These 
cases present rather similar clinical findings: skin 

lesion (papules 011 the napc, flat-elevated plaque 
en the butlocks and nodes or tumors on the head, 
back, elbow etc.), hypertrophy of gums, and in 
some cases. remarkable flexural conlractures of 
joints and abnorma[ bone shadows or atrophy of 
muscle; (Table I). The skin lesions develop s0011 
after birth or in early agcs and the patienrs 
brother and sister suffers from the same illness. 

In every case reported hitherto, including the 
author's. the characteristic microscopic findings 
are: a conspicuous homogenization (hyalinosis) of 
the affccted connective tissue [skin (3, 4, 6, 9); 
oral mucous membrane (4, 6); articular capsule 
(6); bone (6)], and connective tissue cells "em­
bedded" in homogenized areas and which tend 
to be round-formcd and vacuolated. The homo­
genized tissue as well as vacuolated cells stain 
positively with PAS, in the present case meta­
chromatic with toluidine blue, and in Drescher's, 
positive with astra blue. 

The above-men tioned findings may suggest in 
the first p!ace an abnorma! mucopolysaccharide 
metabolism, but the exact nature of the ailment 
is still unknown. This report deals with histochem­
ical, biochemical and electronmicroscopic studies 
on the skin lesion especially in respect to glycos­
aminoglycans. The urinary acid glycosaminoglycan 
of the patient was also examined in order to dif­
ferentiate it from that of mucopolysaccharidosis. 

REPOR T OF A CASE 

A Japanese boy, bom in April 1958, clevcloped sk.iJ1 nod· 
ules around the nose soon after birth. Contractures of 
joillls as well as hyperthrophy of gingiva and flat-elevated 
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Table I. Cases reported hitherto 

Clinical findings 
Title of 
repon Case Family 

Reporter or case (sex, age) hiMory Skin 

Puretic A unique Boy aged Brother Nodes. partly 
(1962) form of ll)cars and sister calcified. 

mescnchy:nal also ulcerated. 
dysplusia affccted'! Dcveloped 

already at 

6 )ears 
or age 

lshikawu Systemic Boy agd Parents in Papules. flat 
(1964) hyalinosis I year consan• plaques and 

guinity. nodes. 
Sister Developed 
also since a fcw 
affected? months ol 

age 

Dreschcr Fibromatosis Gir! aged Tumors, 
(1967) hyalinica 4 ycars dcveloped 

multiplex and boy since the 
ju"enili\ aged 5 age of t\\O 

ycar� 

Horio A1ypical Gir! aged Parcnts in Papules. 
(1968) hyalino,is 4 years consan- plaques and 

cutis et guinity. nodes. 
muco,ac Sister Appearcd 

ubo from the 
afrccted age of 5 

months 

erythematous nodcs were notcd betwccn 2 and 8 month, 

of age. Thereafter, whitc scmitransparent papules devcl­
opcd 011 1he napc;. His pa1c:111s are consnnguinou� and h1� 
eldcr sbter died ir. infancy "ith flexural contracture of 

elbow,. The patient was fiN s�en in tbe clinic of Tol.yo 

Univcr�ity in 1959 at the agc uf 1 year and 8 momb,. Hc 

hud flcxural contracture, of shoulder,. clbow,. l,.nees and 

hip,, firm papuk, as well a, normal-culorcd or li,id firm 

nodcs, some of which, ho\\>ever, "erc ,oft and later be• 

came ulccratccl, and also utrophy of musclcs. Physically, 

he showcd remarkable retardation. but his mental devel-

Fig. I. Skin lesiorh at the agc of J 2 ycars and 11 month,. 
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Physical 
Oral de,elop· lntelli• 
cavity Joints Bone rr.ent gence 

Hyper- Flexural Osteolysi, Retarded Good 
trophy contractures or distal 
of gums of joints phalangcs 
and oral or fingers 
mucosa 

Hyper• Pronounccd Cortical Retardcd Good 
trophy nexural clefect in 
of gums contractures 1ibia (now 

of joints pronou�ccd 
05SCOUS 
destruction) 

Hyper- Normal Normal 
t rophy 
or gums 

Hyper· Normul Bone-c�st ormal , ormal 
troph) on the 
of gums skull 

opment was good. Laboratory studies sbowed no remark­

able abnormalitics except for a corlical deCcct in tibia. 
(Clinicul findinit at the first visit was dc,cribed in detail 

in thc preceding report (6).) Later, lhe patient bad an 

occa,ional attack of fevcr of unknown can�c as well as 

of hypoglycemic seizure. Ocspite v:irious kinds of therapy 

(corticos1eroid,. antibiotic,. chloroquine etc.). the patient 

tbereafter de,eloped more and larger turnors. panly 

calcificd, ulcerated and blceding (Fig. I). funhermore, 

Fi�. 2. X-ray photogrnph of thc patient show� pronounced 
osscou� cysts, and calcificaiion in,ide the ;kin lesion�. 
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Fig. 3. llistopathology of the skin le,ion. Conspicuo,"' 
homogeni,ation of the connective 1i,<u� and round cell< 
with clcar or vacuolated cytoplasma are charac1eris1ic 
of this di�ease. I lcmatoxylin-cosin stain, x 180. 

destruction of the osseou, conex ha� gradually devcl­
oped in 111any boncs cspeciully in thc bones of cxlrcmitics 
(Fig. 2). The patiem was admiued 10 the Kanto-Teishin 
Hospital in March. 1971 for examination and rcmoval 
of tumor� on thc head. Laboratory studies disclo,ed 1his 
lime the following abnorma) findings: bypoglycemia, al­
buminuria (sometimcs hematuria), dccreased urinary e>.­
cretion of 17-keto,teroid, and l 7-hydroxycor11costeroids, 
bigh E.S.R., dclay in bleedins 1ime a� wcll as moderntc 
increase of serum calcium value. (A more <lctailed re­
por! on the patient followcd up for :ibout I O years will 
probably be publishcd .in the futurc.) 

MATERIAL A D METHODS 

The ,urgically rc,ccted occipital 1t1mor wa, uscd for 
routine hi,tological �tudy a, "cll a, for alcian blue, col­
loidal ,ron or PAS Maining. Stains for glycosammoglycans 
were <lcne, using thc section fixed in formol-alcohol. Acid 
glyco,aminoglycan, were histochemically identified by in 
cubation 111 streptomyce,- or testi,-hyaluronida,c solution 
(100-150 units enLyme in I ml o( physiolog1cal saline, 
incubarcd for 5-24 hours} as wcll a, with chonclroitinasc 
ABC or AC (0.2 0.5 units enzymc in 0.05 ml of tris­
l-lCI bnffer solution (pH 8.0) incubated for :? hour,). 
Strcp1omyccs-hyaluronida,c digcsts only hyaluronic acid 
(HA}, wh�rcas tcslicular hyaluronida,c can di!.l�St HA, 
chondro11111 4-sulfote (Ch 4-S) and chondroitin 6-sulfate 
(Ch 6-S). Chondroilinase ABC dige,ts HA, Ch 4-S, Ch 
6-S, derniutan snlfale (DS) and chonclroitin. Chomlroitina,c 
AC i, different from chondroitinase ABC in that DS i, 
not digc,tcd by the former enzyme (13). Biochemical 
analy,is or 1he si.in glyco,uminoglycun, was clone in th� 
following manncr: Crude glycosaminoglycans were iso­
latcd from lbe occipital skin mmor by tbe mcthod of 
Schiller et al. (It) and dissolved in a small amouat of 
water. With a part of it, electrophoresis on cellulose 
acerate (Oxoid} was performed in 0.1 M 1inc acetate 

at 0.5 mA cm for 80 minutes. By thi, mcthod. chon­
droitin sulfatc, DS and IIA were ;cpara1ed from each 
other, bul not Cb 4-S from Ch 6-S. Funhermore, identi­
fication of band!) was done by enzymatic djge,1ion as car• 
ried oul in histochemistry. After elec1rophore,i,. lhe strips 
were stained in 0.5 % alcian blue solution and the alciano­
philia o( band� was scanncd with a dcnsitometcr at 610 
nm. Oy comparing it with that of standard rcagents, thc 
percentage skin glycosaminoglycan distribution was de-
1ermined (5). (Ch 4-S, Ch 6-S and DS wcrc purchased 
from Scikagaku Kogyo, Tokyo; HA from Sigma). Al 1he 
same time, en1ymatic determination of the skin glycos­
aminoglycans wa, done with chondroitinases and chon<lro­
,ulfatascs by thc procedurc of Saito-Yamagata-Suzuki 
(10) (after thcir second mclhod). As for thc other part 
of enade glyco�aminoglycan solution, total amount was 
estimatecl as hexuronic acid after a modificd proccdure 
of Dische (2). Urinary glycosaminoglycans wcre isolutcd
by a modilied procedure of Di Fcrrante and Rich (12), 
and thc total value-estim:nion a, well a, elec1rophorc1ic 
analysis was donc in 1he �ame manncr as in thc casc of 
1he skin gtycosaminoglycans. Tbc material for eleccron­
micro�copic <tudy was faed in phospbatc-buffered o,­
mium tetroxide (pH 7.4) immediately aftcr ;urgical re­
moval, dchydrated in gradcd alcohols, cmbedded in epoxy
resin, then fine-<;ectioned and double-stainecl with uranyl 
acetacc and lcad. The �ctions were examined with n 
Hidachi HS-7 lype electron microscopc operating al 50 kV.

RESULTS 

Histopathology. In the moderalely-homogenized 
areas of thc skin. the connecth·e tissue cells are 
increased, and are fusiform or round-formed. On 
the othcr hand, in the area of marked homogcni­

zation, the blood vessels are enlarged and a clcav­

age of the tissue is scen. The cells, often with 
pykuotic: nuc:lcus. are smaller und incline d to be 
more round (Fig. 3). 

Fig. 4. C0Uoidal-1ron po\ltive cells :ire secn ,n hyalini,ed, 
partly coUoidal-iron po,itive, partly PAS po,itive �kin. 
Hale-PAS stain, x 580. 
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Fi,i 5. Dige,ticn cf alcian t>h,e ,tain by chnn<lruitina,� 
AC. (a) Control ,ccticn. trcatc<l w11h tri,-1 ICI buffcr 
,olution, pJ I 8.0 withuut enzymc. (b) S:·ction digcstcd with 
ch ndrcitina,e AC. E,tracellular alci,111 bluc p.J,itivc rc-

Hi.11ochcmi.1try of skin ,!ycosaminoglycans. Be­

twcen PAS-f,.)\iti,·e homogenized ,lfcas there are 

colloidal iron or alcian bluc po�iti1e fihrillar suh­

stances. In the cytoplasma of the cell- ,1 granular 

material, abo st.iinable �ilh colloidal tron or 

alcian blue. is scen (Fig. 4). Reaction for glyco�­

aminoglycan� is \lronger in les\ intensel} homo­

genizcd areas than in compicuou,1} homogenizul 

areas. that h, the rcaction is replaced by increased 

PAS-staining, and 11 ith development of histolo­

gical hyalino�is. 

The reaction for glyco.saminoglycan� persi\t, 

arter digestion with strcptomyce,-byaluronidasc, 

bul is cvidently dccrrnsed by incuhation with 

testicular hyaluronidase or chondroitinase ,\{" 

(Fig. 5). In conclu,ion, the histochemically stained 

acid glycosaminoglycan is, for the most part, 

chondroitin sulfate. 

Bi<,chemical analysis of skin glyc,,saminoglycans. 

Total glyco.,aminoglycans amount to J. I mg a, 
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�c i. r i, c�mp!etely tli!!e-ted by ch ·nJrcitin ,� AC. ln­
tr:":llular ,Lam (<11rtJ11') i, rcmarl..ahly tlecrcn,ctl. Alcian 
blll" ,tain. x 175. 

elu..:uronic acid per gram defatted dr) wcight. 

that i�. no differcnce from the no,m·ll rnlue in 

adults (l . 5). Distribution pattern: on l'lcctropho­

re,is in 1inc m:etatc. chondroitin : ulfate 61 °o. 

dermatan •;ulmte 24 °o . hyaluronic acicl 15 "o : b) 

thc enzymatic digcstion method. chondroitin 4-

sulfate l 8 °i>, chondroitin 6-sulfatc 56.6 % . dcr­

matan sull'ate 31.4 °o, J1yuluroni-: acid and other 

glycosaminoglycan, 8.2 °o (Fig. 6). The two m�th­

od, displa) fa1rly ,imilar re:ulh. With the latter 

method, increased Ch 6-S is evident. whercas thc 

normal dermis •hm1-:; only dermatan sulfate and 

hyaluronic ucid on electrophorc�b (5). 

Urinary acid glycosaminoglycans. The te tal , alue 

or urinary glycosaminoglycans \1as. on average, 

2.4 mg da) as hexuronic acid. lhi5 rnluc wa.-, not 

abov::: normal. Nor werc therc any r,athologic,tl 

findings in the clectrophoretic pattcrn in Linc 

acetate. 
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a 

1 2 3 

Fig. 7. Eleclromicroscopic finding. Conn?ctive tissue c�lls 
with enlarged vacJules full cf fin� granular or filamentous 
materials. x 8 700. 

ChS A/C b 

i 

Fig. 6. Electrophoretical analysis of the dermal glycos­
aminoglycans on cellulos: acelate in 0.1 M zinc ac:tate. 
(a) I. Standard reagents. From top: chondroi1in sulfate 
(ChS-A/C), dermatan sulfate (CbS-B) and hyaluronic acid 
(HA). 2. Normal dermis with ChS-B and HA. 3. Oermis 
from sysremic hyalinosis. As chief frncrions, chondroitin 
sulfale and ChS-B arc observed. Chondroitin sulfate was 
identified by digestion with chondroitinase AC. (b) Den­
sitometer-curve of the 3 at 610 nm. 

� ,ft, f; 
{t" 

\ ft\ . 

l 
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Electronmicroscopic findings. A characteristic 

picture is scen alike: In the protoplasma of con­

nective tissue cells of the corium, there are 

various-sized vacuoles which are full of fine fila­

mentous or granular materials (Fig. 7). Tn addi­

tion, masses of substance similar to the vacuole 

content are observed in the neighboring connec­

tive tissue. The vacuoles are bounded by a layer 

of membrane with and without ribosomes. The 

vacuoles with ribosome correspond to rough-sur­

faced endoplasmic reticulum, whereas those with-
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Fig. 8. Degenerative con­

nective tissue cells with 

overflowing of the coments. 

X 8 (50. 

out ribosom:! are possibly derived from Golgi 

apparatus. With reference to light microscopic 

findings, the content of the enlarged endoplasmic 

reticulum or Golgi apparatus is considered to be 

glycosaminoglycan. Tt is also noticeable that with 

enlargement of the vesicles the plasma membrane 

seems to rupture und the intravesicular substance 

floods the neighboring connective tissue, where 

it is deposited between collagen fibres (Fig. 8). 

The�c electronmicroscopic findings may account 

for increased synthesis of glycosaminoglycan by 
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the connective tissue cells, because according to 

modern views (8) the glycosaminoglycans are pro­

duced in the endoplasmic reticulum and Golgi ap­
paratus. The collagen fibres show no change in 

band pattern or in diameter. 

COMMENT 

This histochemical, biochemical and eelctron­
microscopic study of the skin lesion showed an 

increase in chondroitin 6-sulfate deposits, sup­

posedly resulting from its abnorma! synthesis by 

the connective tissue cells. Since in every case 

reported hitherto the sister or brother had suf­
fered from the same illness, the above-mentioned 
abnormality of the cells is considered to be based 
on a genetic disturbance. Chondroitin 6-sulfate is 

normally minimal in adult skin, hut a primary 
constituent of bone and cartilage ( l). Loewi & 
Meyer (7) reported that in embryonic pig skin 
chondroitin 6-sulfate represented about 20 % of 
the total acid glycosaminoglycans. It may there­
fore be assumed that in th .is syndrome the dermal 
connective tissue cells either failed to differentiate 

into those of the postnatal sk.in or were trans­

formed into those of bone or cartilage. Never­
theless, further study is required, especially as re­
gards glycosaminoglycan metabolism. 

A possibility of known mucopolysaccharidosis 
with increased glycosaminoglycan excretion in the 
urine can be rejected in this work. Moreover, 
histochemical, biochemical and electronmicro­
scopic findings on the skin lesion of the patient 
were different from those of patients with muco­
polysaccardosis, including the case experienced by 
the present authors (unpublished). 

Apart from the findings discussed, hyalinized 

areas show strong ly positive P AS-stain and its re­

lationship to the abnorma) chondroitin sulfate de­
posits has not been explained in this work. How­
ever, from the fact that in less hyalinized areas 
a more marked reaction to glycosaminoglycans is 
observed, PAS-positive hyalinosis may be of sec­
ondary nature, consequent upon abnorma! synthe­
sis and deposits of chondroitin sulfate in t.he skin. 
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