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Hyaluronic acid production by fibroblasts from skin lesions of 
pretibial myxedema (PTM) and also from normal control skin was 
studied in tissue culture. Normal control fibroblasts produced 
increased amounts of hyaluronic acid when serum from patients 
with PTM was used to supplement the tissue culture medium. 
Further increases in hyaluronic acid synthesis were noted when 
PTM fibroblasts were incubated with normal human serum, and 
when PTM fibroblasts were incubated with serum from patients 
with PTM. These results suggest that a serum factor is operative 
in patients with PTM, and that this serum factor can influence the 
production of hyaluronic acid in both normal controls and PTM 
fibroblasts. This increased production of hyaluronic acid by fibro-
blasts may be a major factor in the pathogenesis of PTM. 
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T h e dermatological manifestation of Graves' disease usu-
ally affects the dorsum of the leg and has been called 
localized or pretibial myxedema (PTM). P T M is a compo-
nent of Graves' disease that also includes diffuse thyrotoxic 
goiter and exophthalmos. Fifty percent of cases of P T M 
occur du r ing active hyperthyroidism, and 50% a f t e r treat-
ment of hyperthyroidism.1 P T M occurs in 0.5% to 4.3% 
of cases of Graves' disease, and also has been seen in 
Hashimoto 's thyroiditis and pr imary hypothyroidism. 2 - 4 

T h e th ree clinical variants of P T M include (1) the com-
mon sharply circumscribed type with nodules on the dor-
sum of the legs and toes, (2) the diffuse type with nonpi t t ing 
edema on the dorsum of the legs and feet , and (3) the ra re 
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elephantiasic type with verrucous nodules and 
ex t reme enlargement of the affected extremi-

5.6 ties. 
T h e skin lesions of P T M are yellow-brown or 

e ry thematous plaques and nodules, usually on 
the dorsum of the legs and rarely on the thighs, 
abdomen , and upper extremities.7 P T M may re-
solve totally or cont inue indefinitely with exac-
erbat ions and remissions. 

Skin biopsy specimens f r o m P T M lesions show 
a thickened dermis with replacement of the mid-
dermal collagen by a band of amorphous baso-
philic material .8 T h e material stains positively 
with the colloidal iron me thod and digests with 
hyaluronidase, which identifies the material as 
acid mucopolysaccharide (glycosaminoglycans). 

Sisson9 has repor ted that plaques of P T M con-
tain 6 - 1 6 times more hyaluronic acid than nor-
mal control skin. Cheung et al10 have noted in-
creased hyaluronic acid synthesis in tissue cul ture 
by fibroblasts f rom the pretibial areas of patients 
with P T M and also in normal control pretibial 
skin. 

This study was designed to evaluate the effects 
of a serum factor on hyaluronic acid synthesis by 
P T M fibroblasts and by normal fibroblasts in 
tissue cul ture. 

Materials 
Subjects: Skin biopsy specimens were obtained 

f rom the leg lesions of two patients with P T M . 

Patient 1, a 44-year-old white man, had a six-year 
history of Graves' disease, severe exophthalmos, 
and severe P T M . T h e long-acting thyroid stim-
ulator (LATS) showed a 1750% level (normal, 
80% to 120%) by the mouse bioassay method.1 1 , 1 2 

Patient 2, a 54-year-old woman, had a three-
year history of Graves' disease, mild periorbital 
edema, and modera te P T M . T h e serum L A T S 
level was 1307% by the mouse bioassay method . 

Skin biopsy specimens f r o m the P T M lesions 
in both patients showed a bandlike deposition of 
gray-white material and increased numbers of 
fibroblasts in the mid-dermis on staining with 
hematoxylin and eosin. Colloidal i ron stains and 
digestion by hyaluronidase identified the mate-
rial as hyaluronic acid. 

Control fibroblasts: Skin biopsy specimens were 
obtained f rom the pretibial areas of 3 healthy 
male patients aged 29, 36, and 41 years, respec-
tively. 

Control serum: Control serum was obtained 
f r o m normal healthy individuals without evi-
dence of acute or chronic skin disease. 

Pretibial myxedema serum: P T M serum was ob-
tained f rom patients 1 and 2 described in this 
repor t . 

Methods 
T h e skin biopsy specimens f r o m P T M and 

control patients were collected aseptically, 
washed with sterile phosphate-buffered saline, 
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Figure. Hya lu ron ic acid synthesis by cu l tu red f ibroblasts f r o m the pretibial a rea of P T M pat ients and heal thy n o r m a l 
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f r o m each of two pat ients with P T M . 
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minced into 1-mm 2 pieces and cultured in 75-
cm2 Falcon flasks. T h e tissue was fed LJL me-
dium supplemented with 10% fetal calf serum 
and incubated at 37C in an a tmosphere of 5% 
carbon dioxide and 95% air.13 Fibroblasts began 
to sprout f rom the explants approximately 10 
days af ter explantat ion. 

When the monolayer reached confluency, the 
cells were removed with trypsin and passed into 
clean 75-cm2 flasks. Normal control fibroblasts 
f rom the scalp and P T M fibroblasts were grown 
in parallel. Fibroblasts f rom the 6th to the 10th 
passage were placed in 100-mm Petri dishes. Hy-
aluronic acid synthesis was de te rmined with the 
modif ied carbazol method 1 4 f rom fibroblasts 
grown in separate cultures with 10% normal 
serum, 10% fetal calf serum, and 10% P T M 
serum. 

T h e studies were conducted with the use of 
100-mm Petri dishes, each with inoculum densi-
ties of 400 ,000 cells. Normal control serum or 
P T M serum was added to the fibroblast cultures 
af ter the thi rd passage. Hyaluronic acid synthesis 
was measured on the 4th day when the cultures 
became confluent . 

Results 
Normal control fibroblasts that were cul tured 

in media supplemented with normal control 
serum demons t ra ted hyaluronic acid product ion 
in the 6 . 6 - 7 . 6 Mg/Vg DNA range (Figure). These 
values were considered the baseline normal val-
ues for the study. When P T M serum was substi-
tuted for normal control serum, hyaluronic acid 
synthesis increased. When P T M fibroblasts were 
used in place of the normal control fibroblasts 
and normal control serum was added to the me-
dia, the hyaluronic acid synthesis increased fur-
ther. T h e highest values for hyaluronic acid syn-
thesis were obtained when P T M serum was 
added to the media in which P T M fibroblasts 
were being grown. 

Comment 
Results of o u r experiments revealed that pre-

tibial fibroblasts f rom P T M patients produced 
increased amounts of hyaluronic acid when in-
cubated with ei ther P T M serum or normal con-
trol serum. Fibroblasts f rom the pretibial area of 
normal control patients p roduced increased 
amounts of hyaluronic acid when incubated with 
P T M serum, but not with normal serum. These 
results confirm that a "fibroblast-stimulating fac-
tor" is present in the serum of patients with P T M . 

Hyaluronic acid synthesis 131 

Hyaluronic acid synthesis by normal control fi-
broblasts as well as P T M fibroblasts can be stim-
ulated by the "fibroblast-stimulating factor ." 

Cheung et al10 r epor ted increased hyaluronic 
acid synthesis when fibroblasts f r o m the pretibial 
areas of both P T M patients and normal controls 
were incubated with P T M serum in tissue cul-
ture . Fibroblasts f r o m o ther areas (normal-ap-
pear ing shoulder skin of P T M patients and nor-
mal controls; normal-appearing foreskin a n d skin 
f rom the backs of normal controls), u n d e r iden-
tical conditions, demons t ra ted no increased hy-
aluronic acid synthesis. In addit ion, pretibial fi-
broblasts f rom P T M patients showed no in-
creased hyaluronic acid synthesis when incubated 
with normal human serum. These results were 
suggestive of a "fibroblast-stimulating factor" in 
the serum of P T M patients. Fibroblasts f rom 
di f ferent regions of the body of P T M patients 
responded differently to the serum "fibroblast-
stimulating factor." 

L A T S is a circulating immunoglobulin with 
thyroid-stimulating effects that a re p roduced by 
lymphocytes in Graves' disease.15 L A T S has been 
detected in the sera of most patients with 
P T M . " ' 1 8 This association may or may not indi-
cate a pathogenetic role for L A T S in P T M . 
McKenzie et a l ' 9 believed that L A T S was a sig-
nificant causative factor in Graves' disease and 
might act by influencing cell-mediated immune 
mechanisms.20 '21 

T h e L A T S antigen has not been precisely lo-
cated, but is thought to be within the thyroid 
gland.2 2 Thyro id injury caused by radioiodine 
t rea tment may result in the release of L A T S 
antigen and the subsequent development of 
L A T S antibody. Th i s hypothesis is consistent 
with the observation that half the cases of P T M 
occur af ter t rea tment of Graves' disease.1 Fur-
thermore , spontaneous remission or resolution 
of P T M has been associated with decreased levels 
of L A T S in the serum.2 2 Thus , L A T S may 
be the fibroblast-stimulating factor. However , 
L A T S is a 7S gamma globulin; Cheung et al10 

found that their fibroblast-stimulating factor was 
not a 7S gamma globulin. Fur ther studies on 
P T M sera are necessary to de termine the na ture 
of the serum factor involved. 

Studies are also needed to de termine whether 
fibroblasts f rom certain areas of the body are 
possibly more susceptible to activation by P T M 
serum, and to de te rmine normal variations in 
hyaluronic acid synthesis by normal fibroblasts in 
d i f ferent body areas of normal individuals. 
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Schermer et al18 proposed that venous stasis, 
varicosities, focal extravasation of blood, and lo-
cal t r auma might account for the focal accumu-
lations of hyaluronic acid in the pretibial areas of 
P T M patients. T h e results of ou r study and also 
those of Cheung et al10 suggest that pretibial 
fibroblast stimulation by serum factors may be a 
more direct cause of the pretibial hyaluronic acid 
accumulations than these previously proposed 
hypotheses. 

Lichen myxedematosus is a disease similar to 
P T M , in that it is associated with a serum factor 
and also results in the deposition of hyaluronic 
acid in skin lesions. H a r p e r and Rispler recently 
r epor ted that a factor in lichen myxedematosus 
serum can stimulate DNA synthesis and cell pro-
liferation by normal control fibroblasts. Fur the r 
studies may show that the same serum factor also 
stimulates fibroblast hyaluronic acid synthesis in 
these patients. 

We a re current ly conduct ing laboratory stud-
ies of hyaluronic acid synthesis in fibroblasts f r o m 
many normal-appear ing skin areas in patients 
with P T M . 
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