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HYALINE RETICULOXANTHOMA

TueE Cuemica. NATURE oF 118 Hyapine*

RAUL FLEISCHMAJER, M.D.t axo LEWIS SHAPIRO, M.D I

We recently studied an unusual mesodermal
tumor with distinet clinical and histochemical
features (1). The patient is a 65 year old, male
Negro who presented a tumor of many vears
duration loeated on the side of the neck, mid-
way between the mastoid and the supraclavicu-
lar fossa. It consisted of a solid mass, skin color,
raised about 1.5 em, cylindrical in shape, and
firmly bound to the underlying structures.
Histocliemical studies revealed a connective
tunor with 3 distinct components: (a) hyaline
material (b) an intense net of reticular fibers
and (c¢) xanthoma cells. The hyaline, which
represented the bulk of the tumor, consisted of
strongly periodic acid-Schiff (PAS) positive
material, diastase resistant which also stained
blue with Mallory’s trichrome. Stams for
elastic tissue were negative. The Congo red,
crystal violet and phosphotungstic acid-liema-
toxylin staine were also negative, while the
Alcian blue at pH 2.5 was slightly positive.
Under the polarizing microscope the material
showed mild birefrigence as compared to that
seen in normal collagen. The hyaline material
was resistant to pepsin and trypsin digestion.
Following exposure - to these enzymes, the
PAS stain remained strongly positive but the
trichrome stained the collagen red instead of
blue. The purpose of the present study is to
report on the cliemiecal nature of the hyaline
of this unusual tumor.

MATERIAL AND METHODS

The tumor was surgically excised including a
border of 1 em of apparently normal skin. One
half of the tumor was reserved for histochemical
analysis and the details of this study are being
reported elsewhere (1). The specimen for chemical
analysis was divided into two sections: (a) ap-
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parently normal adjacent skin, and (b) the tumor
itself. Dissection of the overlying dermis from
the tumor was easily achieved since the tumor had
a deep yellow-orange color while the overlying
dermis was white. Specimens of normal skin, ob-
tained at autopsy, were used as controls. In all
control skin specimens, the epidermis was separated
from the dermis by stretching and scraping.

Analysis of the Total Tumor

Aliquots of the lyophilized tumor were hydro-
lyzed with 6 N HCI, in vacuum sealed tubes, for
24 hours at 110° C and use to estimate content of
hydroxyproline by the method of Stegemann (2).
Hexosamines were determined by hydrolyzing the
specimens in 4 N HCI for 15 hours according to
the method of Boas (3). Hexoses were estimated
by hydrolyzing the samples in 2 N HCI in boiling
water for 5 hours and using the anthrone method.
Similar determinations were performed in all the
controls.

Ground Substance

Eighty milligrams, dry weight, of the tumor
were ground through a Wiley micro-model mill
for 5 seconds and extracted by stirring with 10 ml
of 1 M NaCl at 5° C for 24 hours. The extract was
centrifuged at 10,000 RPM for 30 minutes and
the supernatant decanted and filtered through a
fine sintered glass filter. The residue was then
extracted with 10 ml of 0.1 M citrate buffer, pH
3.8 in a similar fashion as described above. Aliquots
of both extracts were subjected to determination
of total proteins by Lowry’s method (4), hexoses,
hexosamines and hydroxyproline. The rest of the
NaCl extract was dialyzed against distilled water
for 48 hours, lyophilized, and analyzed by means
of acrylamide gel electrophoresis in the vertical
slab apparatus of Raymond (5), using the tech-
nique described by Ornstein (6). The spacer gel
consisted of 3.5% acrylamide, 1 N HCI, Tris (Tris
(hydroxymethyl) aminomethane) and TEMED
(N,N,N’,N’-tetramethylenediamine) pH 6.7 while
the running gel consisted of 7% acrylamide gel
in Tris-glycine buffer, pH 8.9. One per cent samples
were prepared and 20 microliters were run at
300 volts, 12 milliamperes per sample, for 45
minutes. The gels were stained with amido black
and the PAS stain.

Collagen-bound Hezoses and Hezosamines

The tumor was extracted with 1 M NaCl, and
01 M citrate buffer as described above. The
residue was washed several times with water,
placed in dialysis against distilled water and
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Fi1c. 1. Note on top the fibrillary structure of the normal dermis and below the massive
accumulation of PAS-positive hyaline material. Diastase-PAS 85 X.

F16. 2. Higher magnification showing fibrillar arrangement at the periphery of the homoge-
nous masses. Diastase-PAS 600 X.
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TABLE I

Total hydroxyproline, hexoses and hexosamines
Hydroxy- Hexoses Heg(os—
proline amines

mg/g dry weight
Tumor 100.0 | 25.0 3.2
Dermis (adjacent to | 83.0 5.0 1.0
the tumor)

Normal dermis* 100.0 8.5 2.0

+3.0|+03| £0.29

* Normal and standard deviation of 10 speci-
mens.

lyophilized. Aliquots of the dry material were
analyzed for hydroxyproline content and revealed
95% collagen content. The rest of the dry residue
was converted into gelatin by autoclaving at 20
pound pressure for 15 hours. After centrifugation,
the supernatant was filtered through a fine syntered
glass filter, lyophilized and labeled as gelatin. Five
milligrams of the gelatin were used to estimate
hexoses, and 35 mg were used for the determina-
tion of hexosamines. Two milligrams of the gelatin
were hydrolyzed with 6 N HCI in vacuum sealed
tubes for 24 hours at 110° C and used for amino
acid analysis in a Technicon Autoanalyzer ac-
cording to the technique described by Piez and
Morris (7).

Electron microscopy

Due to the unexpected findings of the histo-
chemical study, electron microscopy was performed
on the formalin-fixed specimen* The paraffin
was removed with several changes in xylene. The
xylene was removed by repeated washes in
ethanol. The material was reembedded in Epon
by the technique described by Luft (8). The sec-
tions were cut on a Porter-Blum microtome at 600

and examined in an RCA 3-G electron micro-
scope.

RESULTS

The chemical analysis on the total tumor is
reported in Table I. The concentration of
hydroxyproline in the tumor was the same as
that seen i normal dermis. The increase in
hexoses and hexosamines was in good agree-
ment with the intense PAS reactivity of the
hyaline material. Obviously the question that
immediately arises is whether these sugars
represent a neutral polysaccharide of the
ground substance or whether they are bound to

* The electron microscopic study was performed
by Jerry M. Brown, M. 8., Pathology Branch,
IRe?iearch Laboratories, Edgewood Arsenal, Mary-
and.
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the collagen. In reference to the latter assump-
tion, one may add that the distribution of the
PAS positive material followed the same pat-
tern as that seen with the trichrome stain.
Analysis of the 1 M NaCl extract, which re-
moved most of the dermal soluble components,
revealed no significant changes from the nor-
mal controls (Table II). The normal concentra-
tion n soluble noncollagenous proteins, hexoses
and hexosamines ruled out an increase in neu-
tral or acid mucopolysaccharides. The amount
of salt soluble collagen was about the same
as that seen in the normal controls, although it
was higher than that seen in the apparently
normal dermis, adjacent to the tumor. Acryl-
amide gel electrophoresis of the 1 M NCI
extract revealed small amounts of soluble non-
collagenous proteins. The tumor extract re-
vealed a band in the haptoglobulin region
which was not present in the controls. How-
ever, this fraction reacted very faintly with
PAS and was rather small (Fig. 3).

The estimation of collagen-bound hexoses
and hexosamines revealed a marked increase of
these sugars in the tumor specimen (Table
III). The amino acid analysis of the purified
gelatin from the insoluble collagen of the tumor
gave the typical pattern seen in normal collagen
(Table IV). Electron microscopy revealed col-
lagen with normal periodicity.

DISCUSSION

Hyaline is a morphologic term that describes
the homogenization of normal structures of
vascular walls or the connective tissue. Fi-
brinoid and amyloid are often referred to as
forms of hyaline. The chemical nature of

TABLE II

Total proteins, hydrozyproline, hexoses and
hexosamines of 1 M NaCl extract

Protein X%gﬁ;e Hexoses i{r:’i{x?;
mg/g dry weight
Tumor 50.0 ] 0.50 2.37 0.32
Dermis (ad- | 43.0 | 0.13 2.62 0.42
jacent to
the tumor)
Normal der- | 51.0 | 0.40 2.75 0.34
mis* + 12| £0.20 | + 0.6 =+ 0.06

* Mean and standard deviation of 6 specimens.
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F1c. 3. Acrylamide gel electrophoresis, pH 8.6, of the 1 M NaCl dermal extract (a) serum
control (b) normal dermis adjacent to the tumor (¢) tumor (d) normal dermis control.
Stained with amido black. There are no significant qualitative differences between the tumor
extract and the controls, except for the band present in the haptoglobulin zone of the tumor

specimens.

TABLE III

Hexoses and hexosamines of gelatins from
insoluhble collagen

Hexoses Hexosamines

mg/g of gelatin
3.00
1.40

34.00
12.00

Tumor
Dermis (adjacent
to the tumor)

Normal dermis* 6.00 == 0.6/ 0.92 & 0.06

* Mean and standard deviation of 6 specimens.

hyaline is uncertain. It most probably repre-
sents a group of substances rather than a
specific product since hyaline has been de-
seribed in a variety of unrelated disorders such
as arterioselerosis, aleoholic cirrhosis, inflamma-
tory and neoplastic processes of connective
tissue etc. The current status of the nature of
hyaline was recently reviewed by Wagner (9).
There are two schools of thought as to the
nature of the hyaline in arteriosclerosis, those
who regard it as a local degenerative process of
the vascular wall, probably involving muscle
(10) and those who propose a hematogenous
origin, namely, an initial deposition of fibrin

followed by conversion of this protein into a
collagen-like material (11, 12). Other authors
suggested that hyaline may be an altered form
of collagen (13, 14). None of the above sug-

TABLE 1V
Amino acid composition of gelaiin from the hyaline
reliculoxanthoma
Amino acid residues/1000 residues
Hydroxyproline 86.1
Aspartic aeid 49.9
Threonine 22.1
Serine 35.8
Glutamie acid 70.3
Proline 118.3
Glycine 309.7
Alanine 128.3
Valine 27.3
Isoleucine 12.8
Leucine 34.6
Tyrosine 7.1
Phenylalanine 15.3
Hydroxylysine 3.5
Lysine 29.4
Histidine 5.3
Arginine 44.3
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gestions has been substantiated by purification
and chemical analysis of the hyaline in question.

The tumor under discussion gave us an
unique opportunity to study the chemical na-
ture of 1its hyaline, since this material was
present in large amounts, as revealed by histo-
logic sections. Histochemically, the most out-
standing finding was the presence of a
hyalinized material which stained strongly posi-
tive with PAS and blue with the trichrome
stain. There was also an intense net of reticulum
fibers. Since the concentration of salt soluble
collagen present was about the same as that
seen in normal adult dermis, it is unlikely that
this tumor was actively engaged in the synthe-
sis of collagen. Consequently, the intense net of
reticullum fibers was most probably of a
stromal nature. The analysis of the ground
substance did not reveal significant changes in
its content of soluble noncollagenous proteins,
neutral or acid mucopolysaccharides. The tu-
mor contained about 75 per cent collagen,
measured by its hydroxyproline content. In this
regard it is noteworthy that Ziff et al. (15) were
able to detect only traces of collagen in fibrinoid
extracted from rheumatic nodules while Calkings
et al. (16) extracted tissues containing amyloid
and estimated the presence of about 10 per cent
collagen.

Normal human collagen contains a small
amount of bound carbohydrates, (hexoses and
hexosamines) which probably account for its
mild reactivity with the periodic acid-Schiff
stain  (17). A significant increase in bound
hexoses and hexosamines were noted in the
insoluble collagen of the HRX. Thus, we sug-
gest that the hyaline present in this tumor
basically consists of collagen which in some
way has been altered by its increased content
of bound sugars. This would explain why this
hyaline behaves like collagen with aniline blue
and is strongly positive with the PAS stain.
An increase in collagen-bound hexosamines has
recently been reported in dermal collagen from
scleroderma (18). The function of collagen-
bound sugars is not well understood, although
hexoses have been suggested as participating
in intra- and possible intermolecular cross-
linking (19). One may hypothesize that an
increase in collagen-bound carbohydrates may
in some way alter the chemical and or phys-
ical properties of collagen. We believe that
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this line of investigation should be expanded
to other mesenchymal disorders, including
rheumatoid arthritis, osteoarthritis, arterio-
sclerosis, ete.

SUMMARY

This is a report on the chemical nature of
the hyaline present in an unusual mesodermal
tumor designated as a hyaline reticuloxanthoma.
Histochemical studies revealed that this hya-
line stains blue with the aniline blue com-
ponent of a trichrome technique and intensely
purple with the periodic acid-Schiff stain. Puri-
fication of the hyaline showed that it consists of
collagen with a marked increase in collagen-
bound hexoses and hexosamines. This collagen
revealed a characteristic amino acid composi-
tion and normal periodicity.

It is suggested that an increase of bound
carbohydrates may in some way alter the phys-
ical and chemical properties of collagen with
all its possible implications in connective tis-
sue pathology.
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