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Summary.-The glycosaminoglycan (GAG) content of stomach carcinoma tissue
was compared with that of non-neoplastic mucosa. GAG synthesis was also studied,
by an analysis of 35S-labelled material after incubation of tissue segments in medium
containing 35SO4. No significant difference was found between the amount of GAG
and its components in the medullary carcinoma tissue and in non -neoplastic mucosa,
but GAG synthesis of the carcinoma tissue was at a much higher rate than that of the
non -neoplastic mucosa. In the autoradiograph, high 35S uptake in the carcinoma cells
was observed. The GAG content of the scirrhous-carcinoma tissue was about twice
that of medullary carcinoma.

THERE ARE TWO DIFFERENT TYPES of
acid mucosubstance in the gastrointestinal
mucosa, acid glycoproteins and proteo-
glycans. The changes in composition of
acid glycoproteins in the gastrointestinal
diseases have been studied histochemically
and biochemically by many workers
(Schrager & Oates, 1978; Kawasaki et al.,
1971; Filipe, 1975; O'Gorman & LaMont,
1978). Recently, more precise knowledge
of the changes in glycosaminoglycan
(GAG) metabolism in various tissue dis-
orders has been acquired, but it is not yet
clear to what extent the changes of GAGs
occur in neoplastic tissue. Tissue culture
has shown that all mammalian cells, both
epithelial and nonepithelial, can synthe-
size GAGs, and also that a striking in-
crease in GAG synthesis occurs after viral
transformation of both fibroblasts and
kidney cells (Suzuki et al., 1970; Kraemer,
1971; Ishimoto et al., 1966; Satoh et al.,
1973; Makita & Shimojo, 1973). Symonds
(1978) has reported that increased levels
of hyaluronic acid and heparan sulphate,
as well as a substantial increase in the

total amount of GAGs, was characteristic
of human colonic adenocarcinoma.
Kojima et al. (1975) have demonstrated
that the amounts of chondroitin sulphate
and hyaluronic acid in the tumour nodule
of hepatocellular carcinoma were in-
creased about 33 and 10 times, respec-
tively, over those in healthy liver. How-
ever, little is known about changes in the
GAGs of the gastric mucosa in neoplastic
disease.

In this study, in order to clarify the
major alterations of GAG metabolism in
human neoplasia of the gastrointestinal
tract, GAG components in gastric carcin-
oma tissues were analysed, and the rate of
synthesis of GAG in non-neoplastic
mucosa and medullary carcinoma tissue
was observed by autoradiography and by
biochemnical analysis of 35S-labelled G(AG
in these tissues.

MATERIALS AND AIETHODS

Analysis of individual glycosarninoglycan
components. Immediately after surgical ex-
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cision, the stomach tissue wtas cut into many
slices, and each slice was cut into 2. One
part was fixed in 9500 aqueous ethanol and
kept in a refrigerator, and the other was
fixed in 10% formalin, embedded in paraffin,
and sectioned. The cut surface of the formalin-
fixed tissue was observed histologically, and
small pieces of tissue that coincided with the
histological section were then taken from
the corresponding cut surface of the ethanol-
fixed tissue. The tissue element on the
surface of the small ethanol-fixed pieces was
also ascertained. Thus, only selected areas
of the small pieces of tumour tissue remained.
Those tissues that showed a uniform histo-
logical growth pattern with uniform tumour
cells were used for the chemical analysis of
GAG. In the cases of medullary carcinoma
tissue, it was confirmed that the tissue for
analysis consisted mainly of carcinoma cells
with a scanty connective-tissue stroma. The
submucosa and muscularis mucosae were
completely removed from the non-neoplastic
mucosa for analysis.

Analytical procedures used in this study
were essentially the same as described in our
previous paper (Takeuchi et al., 1976). The
small pieces of tissue placed in 9500 aqueous
ethanol were dried with acetone. The result-
ing dry powder was suspended in 0-3M
NaOH and kept at 4°C overnight. It was
then neutralized with IM HCI, adjusted to
pH 8-0 with IM Tris-HCl buffer, and digested
with pronase. The undigested materials were
discarded by centrifugation at 8000 g for
15 min, and the supernatant fluid was
collected. GAGs were precipitated with 3
volumes of95% aqueous ethanol and acetone-
dried. The residue (from 0-1 g of dry tissue)
was dissolved in 1 ml of water and treated
with RNase and DNase at 37 °C for 10 h.
Afterwards, GAGs were precipitated with
0 20 volume of 10% cetylpyridinium chloride
solution in the presence of 0-03M NaCl.
The cetylpyridinium chloride-GAG complex
that was formed was collected by centrifuga-
tion at 8000 rev/min for 20 min, then washed
with 0.1% cetylpyridinium chloride solution,
and extracted twice with 1 ml aliquots of
3M NaCl solution. GAG in the extract was
precipitated with 3 volumes of 9500 aqueous
ethanol containing 10% potassium acetate.
The precipitate, was dissolved in 1 ml of
wAater, and the precipitation with 9500
aqueous ethanol containing 1% potassium
acetate was repeated twice again. The
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resulting precipitate was washed with 80%
aqueous ethanol, acetone-dried, and dissolved
in water to give a concentration of 5 ,umol/ml
as hexuronic acid. Hexuronic acid was
assayed by the carbazole method (Bitter &
Muir, 1962) using glucuronic acid as standard.

For the identification of individual GAGs,
the digestion of mucopolysaccharides with
chondroitinase ABC, chondroitinase AC and
Streptomyces hyaluronidase was carried out
as described in our previous paper (Takeuchi
et al., 1976). Contents of the individual
GAGs (i.e., chondroitin 4-sulphate and 6-
sulphate, dermatan sulphate, hyaluronic acid
and heparan sulphate) -were determined
according to Hata & Nagai (1973) as follows:
(a) after electrophoresis, the cellulose acetate
was stained with Alcian blue (0-2 g/100 ml of
0-1% acetic acid) and, as a result, the coloured
spots showed in positions corresponding to
the individual standard GAGs, (b) each
coloured spot on the cellulose acetate strip
was cut out and extracted with 1 ml of 50%
cetylpyridinium chloride in a boiling water
bath for 15 min. The absorbance of Alcian
blue in the extract was measured at 615 nm.
Calibration curves for each GAG were
obtained from the absorbance ofthe standards
run concurrently.

Incorporation of 35SO4 into GAG synthe-
sized by each tissue.-Immediately after
surgical excision, each tissue wNas cut to thin
slices, which were incubated in the following
medium: 10% dialyzed calf serum (Research
Institute for Microbial Diseases, Osaka
University, Osaka) in Eagle's minimal essen-
tial medium (GIBCO Cat. No. F-12) con-
taining 10 ,uCi of 35SO4/ml (sp. act. 3-3
Ci/mmol). After 1 h incubation at 37°C, the
tissue slices were removed and placed in
chilled 80% ethanol. Some of tissue segments
were washed with 80% aqueous ethanol
embedded in paraffin and sectioned. The
sections were stained with Alcian blue,
covered with photographic emulsion (Sakura
NR-H2, Konishiroku Photo Industries Co.
Ltd., Tokyo, Japan) and an autoradiograph
was made to locate the 35S-labelled materials
in the tissues.
Some of the tissue segments after

incubation were analyzed to identify 35S-
labelled materials. The tissue element on the
surface of these segments fixed -with ethanol
was ascertained histologically, and unwanted
areas were cut out. The analysis was made on
small pieces of medullary carcinoma tissue

79



80 M. SOBUE, J. TAKEUCHI, K. MIURA, K. KAWASE, F. MIZUNO AND E. SATO

which consisted of a massive proliferation
of poorly differentiated adenocarcinoma cells
with scanty fibrous connective tissue. Pieces
of tissue were washed several times with
80% aqueous ethanol to remove free isotope,
and dried with acetone. After weighing, the
resulting dry powder was dissolved in
0-3M NaOH and kept at 4°C overnight. It
was then neutralized with IM HC1, adjusted
to pH 8-0 with IM Tris-HCl buffer, and
digested with pronase. 35S-labelled materials
contained in the pronase-digested homo-
genates were analyzed by subjecting an
aliquot to descending paper chromatography
(Toyo No. 51 paper) with butanol/acetic
acid/0 5M ammonia (2:3:1 v/v) in which
GAGs had little mobility. After chromato-
graphy, the zones at the origin were cut
out, placed in vials with 18 ml of a scintilla-
tion solution (see Sobue et al., 1978) and
counted in a Packard liquid scintillation
spectrometer. 35S radioactive spots were
detected at the origin and at the place
corresponding to inorganic sulphate, but
nowhere else. The remaining pronase-digested
homogenates were centrifuged, and the small
amount of insoluble residue without radio-
activity was discarded. The supernatant was
dialysed against running tapwater overnight
and then against 10 volumes of distilled
water. GAGs were purified from the super-
natant by the same procedure as described
above. Analysis of 35S incorporated into each
GAG component was performed by cellulose
acetate membrane electrophoresis. After elec-
trophoresis of the GAG sample, each spot of
GAG, stained with Alcian blue, was cut out
of the cellulose acetate membrane, placed in
vials, and counted. Further identification of

TABLE.-The arnounts* of individual glyco-
saminoglycans in tested stomach tissues

Non-
neoplastic
mucosa

Medullary Scirrhous
carcinoma carcinoma

No. of cases 4 7 5
Hyaluronic acid 2-09 + 0 37 1-15 + 0 10 4 53 + 1*36
Chondroitin

sulphate 1-08+0-14 1-79+0-30 288+054
Dermatan

sulphate 1-43 + 0-12
Heparan sulphate 1-39 + 0-16

Total

1 59+0 34 3 09+0 33
1-29+0-14 1-68+0-34

5-99+0 57 5 82+0 50 12-18+ 1 97

* Mean (,ug/mg of (Iry tissue)±S.c.

individual GAGs was performed enzymatic-
ally by the procedure described above.
The following materials were used in this

study: chondroitinase ABC (from Proteus
vulgaris, Yamagata et al., 1968) chondroiti-
nase AC (from Arthrobacter aurescens, Hiyama
& Okada, 1975) hyaluronate lyase (from
Streptomyces hyaluronicus sp. nov., Ohya &
Kaneko, 1970) dermatan sulphate, chondroi-
tin sulphate A, chondroitin sulphate C,
and hyaluronic acid from Seikagaku Kogyo
Co. Ltd., Tokoyo, Japan. Heparan sulphate
was kindly given by Professor S. Suzuki,
Department of Chemistry, Faculty of Science,
Nagoya University, Nagoya, Japan.

RESULTS

The amount of individual GAGs
The pieces of non-neoplastic mucosa

were cut from the antrum of each
stomach. Histologically the mucosal epi-
thelium was associated with stromal
components, consisting of round cells with
little fibrous element. The tissues con-
tained an average of 5-98 + 0 57 jug of
GAG per mg of dry tissue, which was com-
posed of hyaluronic acid, chondroitin
sulphate, dermatan sulphate and heparan
sulphate, as shown in the Table. In
the cases of medullary carcinoma, the
histological features were poorly or mod-
erately differentiated tubular adeno-
carcinoma. The tissue used for analysis
consisted of a massive proliferation of
carcinoma cells with a scanty con-
nective-tissue stroma. The G;AG concen-
tration of medullary carcinoma was simi-
lar to that of non-neoplastic mucosa,
though compositional differences were
noted in the form of a higher hyaluronic
acid content and a lower chondroitin
sulphate content. In scirrhous carcinoma,
the tissue consisted of the invasive growth
of poorly differentiated carcinoma cells,
associated with fibrous connective tissue.
The stroma showed hyalinization in some
areas whilst in others it was looser in tex-
ture, more cellular in composition, and
smaller in amount. The GA(O content of
the scirrhous-carcinoma tissue was about
twice that of the non-neoplastic mucosa
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and the medtllary carcinoma. The con-
centration of individual GAGs was in-
creased, with the notable exception of
heparan suilphate which was at similar
concentrations in botlh tissues.

FIG. I. Autoradliograph of section from
imedlullar y carcinoma (a & b) al(l from
non-neooplastic mucosa (C). 35, grainls are

seen in the carcinoma cells (a & b) aind
in the intestinal inetaplastic epitlieliuml

(c) (Alciain blue-H E staill; a & h,

x 600, (. x :00).

GAG synthesis
The synthesis in medullary carcinoma

tissues, which consisted of carcinoma cells
arranged in irregular masses with scanty
interstitial tissue, was compared with that
of non-neoplastic mucosa from the antrum
of the same stomach. In an autoradio-
graph, 35S-label was visible in the carcin-
oma cells, but not in the stroiiial com-
ponents (Fig. la & b). In the non-
neoplastic mucosa, 35S-label was very
slight except in some intestinal meta-
plastic epithelial cells (Fig. 1c).

In order to identify the 35S-labelled
materials in the autoradiograph, the area
of the tissue segments ascertained histo-
logically was analysed. About 80-90% of
the 35S label in the high-mol. wt material
(which remained at the origin after
chromatography) could be detected in the
purified GAG fraction. This was analysed
by electrophoresis on cellulose acetate
membrane using pyridine/acetic acid
buffer (pH 3.5) and the strips were
stained with Alcian blue. Faint bands
with the same mobility as standard
hyaluronic acid, heparan sulphate, der-
matan sulphate and chondroitin sulphate
could be detected in all tissues tested. 35S-
labelled compounds corresponding to indi-
vidual GAG components were measured
by scintillation. The radioactivity and
Alcian blue-positive band corresponding
to standard chondroitin sulphate were
susceptible to both chondroitinase ABC
and chondroitinase AC, so they were
identified as chondroitin sulphate. A
radioactive Alcian blue-positive band of
similar mobility to dermatan sulphate was
insensitive to chondroitinase AC, but
degraded by chondroitinase ABC, thus
confirming its identity as dermatan sul-
phate. A small band and the radioactivity
corresponding to standard heparan sul-
phate were not susceptible to either
enzyme. This component was taken to be
heparan sulphate. As shown in Fig. 2,
35S GAG synthesis by the carcinoma
tissue was much higher than that of non-
neoplastic mucosa. The GAG synthesized
by the carcinoma tissues consisted of
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chondroitin sulphate, dermatan sulphate
and heparan stilphate. Some radioactivi-
ties corresponding to standard chondroitin
sulphate and dermatan sulphate were re-

sistant to enzyme-treatment, and a

minority of radioactivity corresponding
to standard heparan sulphate was suscept-
ible to chondroitinase treatment. These
radioactivities were shown as "others" in
Fig. 2.

DISCUSSION

The present results indicate that the
GAG content of gastric carcinoma tissue is
similar to that of non-neoplastic mucosa.
In the cases of medullary carcinoma, the
small pieces of each tissue used for the
analysis were confirmed bistologically to
have minimal amounts of stroma. It is
therefore probable that the carcinoma
cells contributed significant amounts of
the GAGs detected in these carcinoma
tissues. In the non-neoplastic mucosa of
the stomach ' interstitial connective tissue
was evident, though it was small in
amount and stained very faintly with
Alcian blue. Some part of the GAGs
detected in the mucosa therefore was con-
sidered to be derived from stroma.
Symonds (19.78) has reported that a sub-
stantial increase in total GAGs was

characteristic of colonic adenocareinoma.
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According to him, the greater the total
GAGs, the greater the maliLynancy of a

colonic neoplasm. In the present study,
however, no significant difference in GAG
content between neoplastic and non-

neoplastic tissue was found in cases of
medullary carcinoma, but in cases of
scirrhous carcinoma the GAG content was

about twice that of medullary carcinoma
and of non-neoplastic mucosa. The in-
creased GAG content of the carcinoma
tissue was ascribed to the increased
amount of stroma. Tn the medullary
carcinoma tissues used for the analysis,
we found 2 cases of signet-ring-cell
carcinoma, which consisted of a massive
proliferation of signet-ring cells with
scanty connective-tissue stroma. In the
signet-ring-cell carcinoma tissues, many
carcinoma cells contained Alcian blue-
positive material, but the GAG content
was almost the same as in the other cases
of medullary carcinoma. In the present
study, we found one case of mucoid
carcinoma, in which a large amount of
intracellular mucin was seen in the walls
of tubular acini and in their lumina, with
scanty interstitial fibrous tissue. The
mucin was deeply stained with Alcian
blue, but it was virtually impossible to
eliminate with mucopolysaccharidase. The
GAG content of the mucoid carcinoma
(not shown in the Table) was somewhat
greater than that of the medullary carcin-
oma, but the difference was not significant.
The present result also shows that GAG

synthesis in carcinoma tissue was much
greater than in non-neoplastic mucosa.
The amount of 35804 incorporated into
the non-neoplastic mucosa was extremely
small except in the intestinal metaplasia
(evidence of metaplasia of the gastric
mucosa to an intestinal epithelial type)
occurring in atrophic gastritis. The non-

neoplastic mucosa used for the analysis
was selected for having few intestinal
metaplastic cells. In the carcinoma tissues,
heaVy 35S labelling was observed in the
carcinoma cells, but little in the inter-
stitial tissue. The histological findings on
the autoradiographs indicated that most
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sulphated GAGs were synthesized by
the carcinoma cells. In a previous study
we obtained similar results showing that
a significant amount of 35S was incor-
porated by tumour cells and by prolifer-
ating (regenerating) cells of the salivary
gland, but little was found in the inter-
stitial components (Takeuchi et al., 1978).
Histochemical study has shown that the
presence of acid mucosubstance was

specific to the immature state of the
epithelial cells of the gastric mucosa

(Kobori & Oota, 1974) and that 35SO4
incorporation into the generative zone of
the non-neoplastic gastric mucosa was

very high (Shimamoto, 1975). It was re-

ported that newly synthesized GAG
accumulated at- the epithelial-mesen-
chymal interface during embryonic organo-
genesis (Bernfield & Banerjee, 1972).
Although the biological significance of
GAGs cannot be exactly deduced, it is
conceivable that they play a role in form-
ing the basement membrane or in main-
taining a programmed relationship be-
tween cells. The biochemical analyses in
the present study show that the high rate
of GAG synthesis in medullary carcinoma
cells is not paralleled by a high GAG
concentration. There is presumably a

higher rate of degradation or elution from
cells. Although further precise investiga-
tion is needed, these results may well
reflect the loss of control of both cell
differentiation and morphogenesis, since
carcinoma cells lose the ability for normal
cell assembly into organs.

Recently, chondroitin sulphates with
different degrees of sulphation and heparan
sulphate have been isolated and charac-
terized from the nuclei of mammalian cells
(Bhavanandan & Davidson, 1975; Mar-
golis et al., 1976), and Stein et al. (1975)
have postulated a role for glycoproteins
and mueopolysaccharides in the structure
of transcriptional and replicative func-
tions of the genome. It may be considered
that GAGs detected in carcinomas are

partly associated with the nuclei of the
proliferating cells.

Takeuchi (1965, 1966) demonstrated

the supportive effect of chondroitin sul-
phate on the growth of a solid form of the
Ehrlich ascites tumour in vivo. Takeuchi
d al. (1974) also reported that GAG pro-
tected the viability of Madin Darby
canine kidney cells in a microenvironment
that was otherwise incompatible with
viability. It has been noted that GAGs
contribute to the negative charge which
increases on the surface of the cell mem-
brane of neoplastic cells (Kojima &
Yamagata, 1971). It is conceivable that
carcinoma cells have high rates of syn-
thesis and secretion of GAG, one of the
cell-surface materials protecting and sus-

taining cell viability and co-ordinating
cell metabolism.
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