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Abstract. A case of the non-light-sensitive type of
hyalinosis cutis el mucosae was examined with a high
resolution clectron Hyalin substance was
present. forming various-sized islands similar to those of
normal collagen. Fibroblasts showing signs of active
fibrillogenesis such as dilated rough-surfaced endoplasmic
reticulum and pinching off of peripheral cytoplasm often
separated these hyalin islands. Typical islands were com-
posed of normal collagen, abnormally large collagen. unit
filaments of collagen, filaments (50-100 A), protofilaments
(15-20 A) und a large amount of amorphous substance
embedding these fibrous components. Degenerating col-
lagen fibrils and pinched off peripheral cytoplasm of
fibroblasts were often muneralized. No osmiophilic lipid
substances  were found either intracellularly or extra-
cellularly. 1t was postulated that the major portion of
hyalin is produced locally by abnormul fibroblasts.

microscope.

Non-light-sensitive type of hyalinosis cutis et
mucosae. also known as lipoid proteinosis (Urbach-
Wiethe) (30-32), is an autosomal recessive geno-
dermatosis. Early onset of symptoms such as
hoarseness. fragility of the skin and distribution
over non-exposed areas is characteristic of this
type. Affected areas show hyperkeratotic nodules.
When healed. they leave pitted scars. Spontaneous
scars can also occur (10). The cause of the hoarse-
ness is firm infiltration of the larynx (10). Con-
vulsive seizures can occur (18. 24). The condition
is rare; only about 150 cases (10) are on record.
Some of them seem to belong to the light-sensitive
type. i.e.. erythropoietic protoporphyria and,
therefore. may be different conditions.
Histochemical and biochemical studies done by
Fleischmajer et al. (6) suggested that PAS-positive
hyalin of this disease consists of neutrai poly-
saccharides bound to a protein, most probably of

non-collagenous origin. since it exhibited a posi-
tive reaction for tryptophan and was susceptible
to pepsin digestion. Sasai (28), on the basis of
histochemical studies. however., suggested that
hyalin contains a sialic acid-containing muco-
protein.

A preliminary electron microscopic study re-
ported by Falkmer et al. (5) and Grosfeld (10) and
a rather extensive investligation done by Roder-
mund & Klingmiiller (25) revealed a non-organized
mass of fine filaments or fine-grained substance.
An observation that a close association of hyalin
islands with fibroblasts containing dilated endo-
plasmic reticulum induced Rodermund & Kling-
miiller (25) to postulate that the hyalin in this con-
dition was produced by the fibroblasts in the le-
sion. They also described perivascular deposition
of hyalin, particularly upon the multiplicated basal
lamina, and electron-dense particles which were
so hard that they caused scratch marks on the
section. Grosfeld et al. (10) also noticed hard
particles. These findings of previous workers were
all confirmed by the present investigation.

One of us (K. H.) has performed a series of
histochemical and ultrastructural studies on lichen
amyloidosus (11, 15) and colloid milium (16). It
is particularly interesting that the histochemical
reaction pattern observed in these studies as well
as of others (9) is very similar to that of hyalin
in hyalinosis cutis et mucosae (6) (Table [). Re-
examination of the case originally studied by
Rodermund & Klingmiiller (24. 25) was under-
taken to further elucidate the fine structure of
hyalin at a higher resolution level.
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Table 1. Histochemical properties of amyloid. colloid
and hyvalin

Amyloid Colloid  Hyalin
(1) 9) (6)
Congo red t ;
Dichroism (with Congo red) ! F 7
Metachromasia
PAS (post-diastase) + +
Thioflavin T g ?

MATERIALS AND METH@DS

Case history

The details of the clinical history of this patient werc
presented elsewhere (24) with clinical pictures. The follow-
ing is, therefore, a brief resumé of rthe original description.

A 34-year-old white male presented himself with papulo-
nodular infiltrations of yellowish-brown color distributed
over the neck, face, trunk, hands and genitalia including
scrotum, penis and anus. Oral, laryngeal and pharyngeal
mucous membranes were similarly Whitish,
atrophic scars were intermingled with these infiltrations.
In the eye-grounds a change was found which appeared
to be hyalin deposit in the choriocapillarics, Electroence-
phalography showed a marked paroxyvsmal dysrhythmia
suggestive of convulsive seizures. This secmed 10 be
related 10 intraczrebral calcification in the vicinity of
sella turcica as demonstraied by X-ray.

Puast history revealed that he began to develop blisters
on the face, hands and lower extremities during the first
year of his life. His skin was so fragile that he had
ulcerations on his legs., and subsequently over other areas.
Somctime later the bullous lesions decreased, and nodular
or plague wypes of lesions became predominant. At the age
of 20 he was examined for a neurasthenic, depressive state
which in recent vears developed into epileptic delirium
with episodic loss of consciousness. Since birth he was
hoarse. At the age of 29 a respiratory difficulty due to
pharyngeal infiltration required trachcotomy.

Lub. data. Ultraviolet irradiation did not elicit any
pathological reactions. Coproporphyrin was found to be
increased in the uring in 1953 and 1959, but no porphyrins
were present in the urine in 1966. Porphyrins in serum
and erythrocytes were not increased. Blood picture was
normal, with hemoglobin 12.7 g% and normal differential
of white cells. Serological tests for syphilis were negative,
Except for a slight elevation of y-globulin, no abnormal
serum proteins (paraproteins) were detected by immuno-
electrophoresis and ultracentrifugation. Serum lipids were
normal. Cold agglutinin of non-dituted serum was weakly
positive against his own blood cells but negative against
others. In spite of a history of blistering lesions or sun-
exposed areas early in life, the later development of non-
blistering lesions on non-exposed skin and negative
porphyrin studies speak in favor of classifying this case
into the non-light-sensitive type.

Biopsy muaterial. Specimen was taken under 29 novo-
caine local anesthesia from the right shoulder and cut into
1 mm® blocks. These were immediately fixed in 1.39

involved.
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osmic acid in collidine buffer (pH 7.4) for 1 hour at 4<C,
After dehydration through graded concentrations of cthanol,
all tissue blocks were embedded in Epon 812, Thin sec-
tions, 400-600 A, were cut on an ultramicrotome, placed
on uncoated copper grids, stained for 30 to €0 min in a
saturated solution of uranyl acetate in 30% ethanol and
then. before completely dried, restained for 10 min in
Reynolds lead citrate solution (23). The stained sections
were examined in an Hitachi HU-11C electron microscope
operated at an accelerating voltage of 100 kV.

In the following. the terms “fibrils,” “filaments (50—
100 A),” and “protofilaments (15-20 A)" will be used
whenever possible, according to the customary usage of
the terms in the studies of normal collagen (1) and
keratin (19).

RESULTS

Hyalin deposits were seen in various forms of
islands (Fig. 1). Collagen fibrils and elastic fibrils
could be admixed with hyalin at varying ratios
(Fig. 1). Most of the hyalin islands were separated
by either the bodies or processes of fibroblasts
(Fig. 2). Although hyalin islands could be dc-
tached from thesc cellular comgonents, probably
due to a condensation of loosely knit hyalin dur-
ing dehydration. most of the islands were tightly
surrounded by these fibroblasts (Fig. 2).

Fibroblasts

Fibroblasts in the lesion showed a number of
dilated cisternae of rough-surfaced endoplasmic
reticulum (Fig. 3). These cisternae contained
amorphous as well as protofilament-like materials
(Fig. 3). When compared with similar materials
comprising hyalin (see below) all corresponding
materials except for very large [ibrils could be
found (Fig. 3). Many of the fibroblasts in the
lesion, particularly those showing dilated cis-
ternae, exhibited pinching off of numerous cyto-
plasmic buddings and balloonings (Figs. 3. 4).
Part of the peripheral cytoplasm was thus segre-
gated. and its contents upon disintegration seemed
to be incorporated into hyalin. (Figs. 1-6. 8. 9).
A number of half-desmosome-like structures were
produced between these fibroblasts and hyalin or
extra-cellular amorphous material (Figs. 2, 3).
Some fibroblasts contained numerous filaments
with an average diameter of 100 A (Fig. 4). These
filaments resembled unit filaments (19) of collagen
fibrils in diameter and in other characteristics:
for example. they were long, rather straight or
curved only gradually, and well-defined with a
uniform diameter throughout their length (Fig. 4).
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Fig. 1. Various forms of hyalin islands are composed of mentous materials. %, Cellular fragments of fibroblasts.
different ratios of admixture of normal collagen (C),  Solid arrows: degenerating collagen fibrils with halos.
abnormally large collagen (hollow arrows) and fine fila- x 11 500.
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Fig. 2. The body and processes of fibroblasts (F) separate  So/id arrow: half-desmosome-like structure. Hollow ar-
hyaline mass into islands (%). N, Nucleus of a fibroblast. rows: eleciron-dense mineral deposits. x 28 000.
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Fig. 3. A fibroblast in the lesion shows dilated cisternae
of rough-surfaced endoplasmic reticulum (%). These cis-
ternae contain filaments (white arrows) and amorphous
material which appear similar to the protofilaments (black

Hyalin istand

A typical hyalin island was composed of a periph-
cral rim with an admixture of normail collagen,
unit filaments of collagen (19) and other thin fila-
ments and a central mass of hyalin. It was found
that this central mass of hyalin is not an accumu-
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arrows) and amorphous material of extracellular hyalin.
There are a number of ballooned or pinched vesicles of
peripheral cytoplasm (hollow arrow), u, Unit filaments of
collagen. x 57 000.

lation of pure substance. There were at
four different components:

. Fibrous components. Normal collagen fibrils
(Fig. 1). abnormally large collagen fibrils (Figs.
6. 7), unit filaments of collagen (21) (Fig. 8) and
protofilaments (Fig. 4) could be differentiated.

least
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Fig. 4. Ballooning (%) of the plasma membrane of a
fibroblast. The peripheral cytoplasm seems Lo be segregated
into the extracellular spaces. A dilated cisterna of rough-
surfaced endoplasmic reticulum contains thin fitaments

Abnormally large collagen fibrils had diameters
up to 1800 A and were often split into unit
fitaments and others further into protofilaments
(Figs. 6. 7). Normal-sized collagen fibrils were
similarly split (Figs. 8, 9). Protofilaments 15-20 A
were rather straight and usually short and non-
anastomosing (Figs. 4. 8). As mentioned above.

Acta Dermatovener (Stockholm) 52

(hollow arrow) slightly larger than the protofilaments
(solid  arrows) of extracellular  hyalin. .V, Nucleus.
x 112 500.

these protofilaments resembled those found in
the dilated endoplasmic reticulum of active fibro-
blasts surrounding hyalin islands (Figs. 3. 4). The
fibrous components of the range of filaments
(50-100 A) were rather ill-defined, often curved
and branched (Figs. 8-10). Unir filaments of col-
lagen fibrils had diameters similar to the larger
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Fig. 5. Half-desmosome-like structures (%) of fibroblasts,
normal elastic fibers (¢) and peripheral budding (arrows)
of a fibroblast. Left: x 39 500. Right: x 199 250.
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Fig. 6. Abnormally large collagen fibrils are longitudinally  mineralization (solid arrows). %, Degenerating collagen
split into smaller unit filaments (hollow arrows). Segre- fibril with clear halo. x 30 250.
gated buds of fibroblast are undergoing degeneration and
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Fig. 7. Cross-section of abnormally large collagen fibrils. ments and amorphous substance fill the space between
Some of these exhibit splitting into smaller subunits  them. Arrows: mineralized collagen fibrils. %, Normal-
similar to unit filaments of collagen (). Smaller fila-  sized collagen fibrils. x 57 000.
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Fig. 8. This picture and Fig. 9 could be interpreted in two
ways: Splitling of collagen fibrils (¢) into unit filaments
(1) and further into smaller filaments and protofilamenis
(arrows), or defecltive polymerization of protofilaments
into larger collagenous fibrils. Mineralized (%%) and non-
mineralized () fragments of fibroblast. x 68 300.

variety of filaments (about 100 A). but were
uniform throughout their length. well-defined.
rather straight and only occasionally branched
(Figs. 8. 10).
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2. Amorphous components. Amorphous io fine-
ly granular materials with moderate electron
density filled the spaces between fibrous compo-
nents or were present as aggregated masses (Figs.
9-11). Some of the amorphous substances ap-
peared 1o have derived from degraded fibrous
components including degenerated collagen fibrils
(see below) (Figs. 9-11). while others came from
pinched-off  cytoplasmic below)
(Figs. 3, 6).

3. Degenerated collagen, mineralized collagen
and disintegrated processes of fibroblasts. Normal
(Figs. 9-11) as well as abnormal (Fig. 7) collagen
fibrils in hyalin islands became swollen. split and/
or frazzled. They were usually surrounded by a
clear halo (Figs. 7. 9-11). Decgenerated collagen
showed amorphous and filamentous components
which were similar to amorphous. filamentous
and protofilamentous materials of hyalin as de-
scribed above. Many of these degenerated col-
lagen fibrils surrounded by halos showed electron-
dense material compatible with mineral deposition
(Fig. 11). Pinched-off processes of fibroblasts ad-
mixed within hyalin islands also showed apparent
mineralization of plasma membranes (Fig. 6) and
the contents (Fig. 11). Dense deposits were also
found without relation to any of these structures
(Fig. 2).

4. Elastic fibers. Normal elastic fibers were
occasionally found within hyalin islands. They
were present in normal numbers outside the hya-
lin islands (Fig. 5).

processes (see

Dermao-epidermal, perivascular, perifollicular and
periglandular areas

Hyalin mass infiltrated these areas rather heavily.
Basal lamina of the epidermis often became ob-
scurc when hyalin infiltrated this structure (Fig.
12). Anchoring fibrils and small varieties of col-
lagen. i.e.. reticulum fibrils which are normally
present in this area, were often absent (Fig. 12).
Perivascular basal laminae showed multiplication
(Fig. 13) and were often masked by infiltrating
hyalin.

Others

Neither mast cells nor plasma cells were en-
countered in this survey. There were no detectable
lipid substances, either intracellularly or extra-
cellularly, although it was possible that lipids were
extracted during fixation and dehydration.
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Fig. 9. High magnification view
of the same phenomenon as
demonstrated in Fig. 8. At
several points (%) frazzling of
collagen fibrils into smatler
subunits is scen. Alternatively,
this may represent a faulty
polymerization. x 159 750.
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Fig. 10. High magnification view of collagen fibrils (c),
unit filaments of collagen («), filaments (ollow arrows)
and protofilaments (solid arrows). Degenerating collagen
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T

surrounded with clear halo (%) shows amorphous as well
as filamentous components, both of which are similar to
those surrounding hyalin (H). x 147 250.
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Fig. 11. Half-degenerated collagen (%), mineralized col-
lagen (%%) and mincralized cellular debris (D) are sur-

DISCUSSION

Since Waldeyer (33) and von Recklinghausen (22)
introduced the term ‘“‘hyalin” around 1882-1883,
it has been used to describe miscellaneous glassy
substances including keratohyalin (33). It is there-
fore understandable that under the powerful re-
solving power of the electron microscope various

rounded with halos. Arrows: protofilaments of hyalin.
Left upper and lower: x 180 000. Right: x 147 250.

hyalins were revcaled to be quite different. For
example, keratohyalin was found to be mainly
amorphous. whereas hyalin comprising thickened
pleura and spleen capsule in Boeck's sarcoid was
found to consist of a fine network of finest col-
lagen protofilaments (8). In hyalinosis cutis et
mucosae, hyalin was resolved into amorphous

Acta Dermatovener (Stockholm) 52



192 K. Hashimoto et al.

and filamentous components. The filamentous
component was briefly described by Grosfeld (10)
and in more detail by Rodermund & Klingmiiller
(25). Tt is of interest that hyalin membranes and
hyalin droplets of cylindroma contain similar
amorphous material and fine filaments (13) and
occur at the epithelio-dermal junctions as in
hyalinosis cutis et mucosae. It is conceivable that

Acta Dermatovener (Stockholm) 52

rig. 12. Hyalin material
infiltrated the subepidermal
crea and obliterated the basal
amina (arrows). B, Basal
cell of the cpidermis; C,
collagen; #, half-desmosome.
x 72 500.

epithelio-dermal interaction plays some role in
the development of “hyalin™ in both diseases.

Hyalin, colloid and amyloid

Although hyalin shares certain histochemical
characteristics with colloid (9, 16) and amyloid
(2, 11,26, 27) (Table I), amyloid is ultrastructurally
different from the other two because of the pre-

—
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Fig. 13. Pcrivascular infiltration of hyalin (H) obscures
the multiplied basal lamina (wrrows). E, Endothelial cell;
L. lumen. x 15 250.
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dominance of long, rigid, non-branching filaments.
The ultrastructure of hyalin is very similar to
that of colloid (16). Both have in common proto-
filaments, filaments and unit filaments, amor-
phous material, and degenerating collagen with
surrounding clcar halos. Mineralization of such
collagen was, however, only found in hyalin.

In the lesions of hyalinosis cutis ¢t mucosac,
colloid milium (16) and lichen amyloidosus (11,
15). fibroblasts show signs of active fibrillogenesis
such as dilatation of rough-surfaced endoplasmic
reticulum and pinching off of peripheral cyto-
plasm, Hyalin, colloid and amyloid are deposited
in various forms of islands just as collagen is
laid down in the normal skin. These observations
led us to a conclusion that hyalin could be one
of the abnormal products of fibroblasts as colloid
in colloid milium (16) and amyloids in lichen
amyloidosus (11, 15. 26, 27. 29) and in other
forms of amyloidosis (3, 7, 17. 34) were thought
to be the local products of fibroblasts or reti-
culoendothelial cells. It may be that the fibro-
blasts of the patient with this disease have a de-
fect of genes which regulate the synthesis of fibrous
proteins. Abnormal building matcrials thus pro-
duced may not be polymerized into normal col-
lagen molecules, although they form islands similar
to those of collagen. or. alternativcly, they may
first be built into collagen but may soon be broken
down.

The ground substance in which extracellular
polymerization of collagen molecules is supposed
to take place may be abnormal as has been
postulated in amyloidoses (3).

The nature of the electron-dense material de-
posited on the degenerated collagen and pinched
off cytoplasmic processes is not clear. It does not
appear needle- or spicule-like as one common
form of calcium in the tissue, i.e., hydroxyapatite,
does, for example, in calcifying epithelioma of
Malherbe (12). Histochemical detection of cal-
cium with Kossa’s method was reported to be
negative (10), although this method does not stain
calcium but carbonates and phosphates (20) with
which not only calcium but other minerals have
affinity. Intracranial “calcification™ of our pa-
tient as well as others (10) and “calcification™ of
the larynx (4) seem (o have something to do with
this electron-dense material which could represent
any material.

Half-desmosome-like structures were observed
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between connective tissue cells and ground sub-
stances regularly in hair germ mesenchymal cells
at a certain stage of embryonic development (14)
and also in tissue-cultured fibroblasts (unpublished
data). Although in the normal postnatal skin
these structures are definitely rare, they could be
found very commonly in the fibroblasts in the
lesion of amyloidosus (15) and colloid
milium (16). It seems that these structures are a
concomitant of active fibrillogenesis, either nor-
mal or abnormal,

lichen
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