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ULTRASTRUCTURE OF LOCALIZED MYXEDEMA
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Abstrract. Five biopsies from three patients with localized
myxedema were studied by electron microscopy. The
dermis showed an overwhelming accumulation of micro-
fibrils with knobs (acid glycosaminoglycans) and an
amorphous material containing glycoprotein. Furthermore,
evidence of degradation without new formation of collagen
fibrils was found. Considerable numbers of mast cells with
various types of granules. fibroblasts with dilated granular
endoplasmic reticulum. and macrophages were seen in the
mucinous areas.
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Histopathologically, the dermal lesions of localized
myxedema are characterized by an accumulation of
mucinous substance in the dermis (I, 4). Excess
contentof hyaluronic acid (36) in the mucinous areas
has been demonstrated by mucicarmine (37). colloi-
dal iron (2). alcian blue (25) and by metachromasia
with toluidine blue (1, 2). The staining is prevented if
the section is influenced by hyaluronidase (1). In the
lesion, splitting and degeneration of collagen fibril
bundles and degenerated elastic fibres have also
been described (4, 27, 28, 37).

Gottron & Korting (11) described special vascular
cinanges, “‘Sperrarterien”, in the lower corium.
These authors found swollen smooth muscle cells
in the subintimal areas of small arteries. The cells
of the dermis produce hyaluronic acid. Asboe-
Hansen (2, 4) found numerous mast cells in the
lesions and proposed the theory that the mast cells
produce the hyaluronic acid. Others (27. 36) have
found numerous fibroblasts and few mast cells.
They supposed that the fibroblasts are the origin of
hyaluronic acid. In the mucinous areas, stellate
cells have been found (28). Korting et al. (25) dem-

onstrated alcian blue-positive, metachromatic
granules in dermal cells which they distinguished
from fibroblasts naming them **mucoblasts'.

MATERIAL AND METH@ODS

Three patients suffering from localized myxedema and
hyperthyroidism were studied with the electron micro-
scope.

A 29-vear-old woman developed Graves disease with
exophthalmos at the age of 23. One year later, she under-
went subtotal surgical thyroidectomy. Soon after the
operation, a localized pretibial myxedema developed on
both legs. Six years later. two biopsies were taken from
the lesions.

A 3/-vear-old woman had suffered from Graves disease
with exophthalmos since the age of 30 and received propy!
thio-uracil therapy. When her exophthalmos became stable
after 14 years’ medication. plagues and nodules developed
in both pretibial areas. A biopsy was taken from a one-
month-old plaque.

A 74-year-old woman had had Graves disease since the
age of 50. When she was 62 years of age. she was thyroid-
ectomized. Pretibial swellings appeared soon after the
operation. T'welve years later, one biopsy was taken from
the lesion on the left leg. and. after a further half year. one
from the lesion on the right leg.

Fig. /. The corium in a myxedematous area shows wide
interfibrous spaces, dispersed collagen fibril bundles
(C) and elastic fibres (E). Amorphous material covers
a mast cell (M). fibroblast () and the fibres. and spreads
in the interfibrous compartment. Numerous microfibrils
with knobs, indicating GAG. are seen in the spaces
and in the dispersed bundles of collagen. x4 000.

Fig. 2. Amorphous material (A) and microfibrils with
knobs (arrows). Collagen fibrils (C). Elastic fibre (E).
X 60000.

Fig. 3. Microfibrils with knobs. forming meshes.
Amorphous material (A) is seen in collagen bundles (C)
and in the ground substance. X 30000.

Fig. 4. Accumulation of microfibrils with knobs, forming
distinct meshes. Collagen fibrils (C). Elastic fibrils (E).
No amorphous material is seen. x 30000.
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Fig. 5. Microfibrils with knobs and amorphous material
are stained, while collagen fibrils (C) remain unstained.
17 9% aqueous lead subacetate stain. x60 000.

Light microscopy of skin from all 3 patients showed
localized myxedema with intense metachromasia after
staining with a 0.1 9% aqueous toluidine blue solution.

For electron microscopy. tissuc specimens were fixed,in
a 6% glutaraldechyde solution in Veronal acetate buffer, pH
7.2. with 7.5% sucrose. They were osmicated, dehydrated
and embedded in Epon §12. Ultrathin sections were cut on
LKBand Reichertultramicrotomes and stained with urany!
acetate —Icad citrate. ruthenium red (18). a 17% aqueous
solution of lead subacetate (1h) and periodic acid silver
proteinate (PAS) after Thiérry (34). A Siemens Elmiskop

[A and a JEOL 6Y electron microscope were operated
at 80 kV.

OBSERVATIONS
The corium of all tissue samples showed similar
changes. viz. wide interfibrous spaces. dispersed
bundles of collagen fibrils, elastic fibres. vessels,
nerves and cells (Fig. 1).

In the wide interfibrous spaces. numerous micro-
fibrils with knobs and amorphous material were
seen (Figs. 2, 3, 4). The amorphous material was
seen to embed the dispersed bundies of collagen
and to cover elastic fibres and cells (Fig. 1). The
fine microfibrils with small knobs were seen in the
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amorphous material (Figs. 2, 3, 8). While both ma-
terials were present in equal quantities in the first
biopsy from the 74-year-old patient, in the second
biopsy. the microfibrils with knobs predominated
and the amorphous material was scanty (Fig. 4).
The microfibrils were branched and joined each
other, forming networks in the interfibrous spaces.
Both the amorphous material and the microfibrils
with knobs became stained with lead subacetate
(Fig. 5), while ruthenium red stained only the
microfibrils and knobs (Fig. 6). The amorphous
material was stained by the PAS method (Fig.
).

The collagen fibril bundles were dispersed (Fig.
1). Individual fibrils showed round cut-surfaces with
a diameter of about 60 nm. The fibrils were straight
and had a normal axial periodicity. In some speci-
mens. thin filaments occasionally showed an ar-
rangement parallel to the fibril axis (Fig. 7). Thcse
threads stained with neither ruthenium red nor by
PAS.

The elastic fibres were covered by amorphous
material as described above. The strips of matrix
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Fig. 6. Specific staining with 0.5% ruthenium red of
microfibrils with knobs in the interfibrous compartment.
Collagen fibrils (C) are unstained. X60000.



Fig. 7. Collagen fibrils are surrounded by amorphous ma-

terial (A). Arrows indicate filaments parallel to the axes of
the collagen fibrils. x60 000.

were broadened and appeared dense and amor-
phous. Elastic fibrils emerged irregularly from the
matrix. No obvious changes of the fibrils were
found (Fig. 8).

Inthe dermo-epidermal junction (Fig. 9).the basal
lamina was seen as an irregular band with branches
into the corium. The lamina appeared meshy. with
the anchoring filaments arranged parallel and cross-
ing the subepidermal space. or else in a felt-like
system. Most of the anchoring fibrils were thin or
blurred. Some were of normal size. but PAS-positive
cross-bands could notbe demonstrated. Elastic fibril
bundles were anchored to the basal lamina.

The basal lamina of smooth muscle cells in
medium-sized vascular walls had a meshy sub-
structure. Microfibrils with knobs were mostly seen
beneath the basal lamina. Some small vessels. how-
ever, did not have mucinous deposits under the
lamina.

Considerable numbers of cells were found in
the mucinous areas. They were mostly mast cells
and fibroblasts with few macrophages here and
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there. However. the second biopsy of the third pa-
tient showed few cells in the mucinous areas.

The fibroblasts (Fig. 10) were large and remark-
able because of their dilated granular endoplasmic
reticulum in a dark ground cytaplasm and by round
cytoplasmic protrusions. Intracytoplasmic filaments
were few. The content of the endoplasmic reticulum
was PAS positive (Fig. 11 (I1)) but ruthenium red
negative. No filament aggregation was found on the
cell surfaces. The nucleicontained round inclusions.
QOccasionally, large polygonal fibroblasts with ir-
regularly shaped reticula were seen. The content of
their reticula was also PAS positive and ruthenium
red negative. Macrophages were distinguished from
fibroblasts by their vacuolated lysosomes containing
microfibrils with knobs and by their phagosomes
containing amorphous material (Fig. 12).

Mast cells were numerous in the mucinous
areas. especially perivascularly. Their sizes,
shapes and granules varied from cell to cell and from
area to area. Villus-like cytoplasmic protrusions
were also varying. The cells could be classified into
five types according to the substructure of the
granules. 1) Mast cells which contained small ma-
ture granules showing distinct lamellae and disinte-
grating granules. They werc intermingled with
abnormal  granules, i.e. dense homogeneous
granules lacking lamellae and granules of coarse
granular material and adense core (Fig. 13). 2) Mast
cells containing small granules of dense homo-
geneous material and faint or no lamellae (Fig. 14).
3) Large mast cells containing numerous large
granules with dense fine granular material and dis-
tinct lamellae (Fig. 15). 4) L.arge mast cells contain-
ing numerous large granules with lucent homo-
geneous material and lamellae (Fig. 16). 5) Large

Fig. 8. The borders of elastic matrix (E) are covered
by amorphous material (A). Microfibrils with knobs
(GAG filaments) are seen in this material. Arrows indi-
cate elastic fibrils. x600(X).

Fig. 9. Dermo-epidermal junction. The basal lamina
(BL) appears meshy. Thick arrows indicate anchoring
fibrils with smooth surfaces. Anchoring filaments forming
a felt-like system are pointed by thin arrows. x60000.
Fig. 10. A fibroblast covered by amorphous material.
It contains dilated granular endoplasmic reticulum. No
filaments are aggregated on the cell surface. x20000.

Fig. 11. (I) PAS-stained amorphous material (arrows
wirth A) around collagen fibrils (C). GAG figures are un-
stained (thin arrows). x60000. (/) A fibroblast after
PAS staining. The content of the dilated granular endo-
plasmic reticulum is PAS positive (asterisks). X 60000.
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mast cells containing numerous abnormal granules
showing fine granular material in the periphery and
coarse granular material in the centre. No lamellae
could be seen (Fig. 17). Evidence of extrusion of
granules was also found. Types | and 2 were mainly
located around vessels while types 3. 4 and § were
found scattered in the mucinous areas.

Cells with honey-comb like cytoplasm (Fig. 18),
probably degranulated mast cells. were found in the
mucinous areas. The cytoplasmic figures were very
much like those of macrophages (Fig. 12). The cells
were filled with large vacuoles containing micro-
fibrils with knobs and dense homogeneous masses.
A few phagosomes with amorphous material and
non-dilated granular endoplasmic reticulum were
seen among the vacuoles.

DISCUSSION

In ultrathin sections. glycosaminoglycan (GAG)rich
ground substance in human skin and umbilical cord
(19, 22, 24) displays characteristic microfibrils with
knobs. Ruthenium red and lead subacetate enhance
their contrast (22, 24). The numerous microfibrils
with knobs represent interfibrous deposits of GAG.,
as known from previous histochemical (4) and bio-
chemical (36) studies.

The amorphous material contains proteoglycans
(glycoproteins) giving a positive PAS reaction and an
affinity to lead compounds. The inverse relationship
of the occurrence of the amorphous material and
microfibrils with knobs may raise the question-—can
GAG develop from the amorphous material? The
predominant accumulation of microfibrils in the sec-
ond biopsy of the 74-year-old patient, in contrast to
the findingsin the first biopsy. supports the concept.
The splitting of the bundles of collagentibrils and the
decrease in the total amount of fibrils indicate that a
degradation of collagen fibrils is probably taking
place. However, degradation might not be due to
cellular collagenase. because . the characteristic
figure of this type of degradation, i.e. thread and
filament bundles with cross bands (12, 23), is
scarcely seen in the collagen bundles.

Dilated endoplasmic reticulum and filament ag-
gregation on the surface of fibroblasts are cvidence
of collagen fibril formation by these cells ( 14. 21. 30,
32, 38). The thin collagen fibrils grow in the extra-
cellular space (9, 21, 31). In the present study,
neither filament aggregation nor thinned collagen
fibrils were found, while the dilated endoplasmic
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reticulum suggests increased production of collagen
precursor material (30). It is therefore proposed that
the formation of collagen is presumably interrupted.
No evidence of hyaluronic acid secretion from
fibroblasts was disclosed by the present investiga-
tion. The lack of normal configuration in the der-
mo-epidermal  junction., especially anchoring
fibrils (15) represents degenerative changes. The
present study has failed to demonstrate the *Sper-
rarterien” of Gottron & Korting (11). The changes
in the vascular basal lamina were identical with
those in the epidermal basal lamina.

Mast cells are constantly seen in the mucinous
areas. as described in previous histopathological
studies (3, 4). They can divide by mitosis in the
non-granular fibroblast-like stage of development (5.
6). The granules develop in the Golgi zone and, in
human mast cells. typical lamellae appear later on (8,
16). Human mast-cell granules without lamellae are
atypical (20). On these grounds, the mast cells in the
mucinous areas can be identified as follows: Types [
and 2 represent young mast cells. while type 3 is
mature. The granules of type 4 mast cells seem to be
swollen. ldentical granules have been found in the
mucinous dermis of basalioma (17). Type S consists
of abnormal mast-cell granules. Disintegration and
extrusion of granules are evidence of active degranu-
lation and release of GAG and proteases to the
extracellular space (13, 33, 35). These granular con-
tents vary, depending upon the maturation of the
granules (29). Mastocytoma mast cells. for in-
stance. contain considerable amounts of hyaluronic
acid and proteases (3. 7, 26. 35). Fujita et al. (10)
described cells in the mucinous areas of localized

Fig. 12. A macrophage containing lysosomes with GAG
figures (arrows). x20000. .
Fig. 13. (I). A mast cell containing small granutes. x 20 000.
(/1) A mast cell containing mature (1). abnormal. lyso-
some-like (2) granules. and other granules with dense
central cores (3). x40 000.

Fig. /4. A mast cell containing homogeneous granules.
close to a blood vessel (V). x20000.

Fig. 15. (I) A mast cell containing numerous mature
granules. x14000. (//) Granules with scrolls and dense.
fine granular material. x 40000.

Fig. 16. () A mast cell filled with large granules.
x10000. (II) Granules containing lucent material
with scrolls. x40 000.

Fig. 17. (I) A mast cell filled with abnormal granules.
Arrows indicate microfibrils with knobs. x20000. (1I)
Granules showing dense. coarse granular material without
lametlae. Arrows indicate granules without plasma
membrane, during extrusion from the cell. X 80000.
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Fig. 18. Honey-comb like cytoplasm of a cell which
is probably a degranulated mast cell. Vacuoles contain

myxedema the cytoplasm of which was filled
with large homogeneous lysosome-like granules
with GAG microfibrils. They assumed that these
cells were atypical mast cells. Stellate cells contain-
ing dilated granular endoplasmic reticulum have
also been thought to produce GAG (25). However.
in the present study the content of such reticula
was PAS positive and the “stellate cefls™ are there-
fore believed to be fibroblasts.
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