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Analysis of mucin composition in gastric juices of chronic rheumatic patients

with upper gastrointestinal damage
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ABSTRACT

Assessment of the mucin subclasses in the gastric juices of severe chronic rheumatoid arthritis (RA)
patients was compared with non-RA cases which received the eradication treatment of Helico-
bacter pylori (H. pylori). Gastric juice samples were obtained from 8 RA patients (5 for H. pylori-
negative and 3 for H. pylori-positive) and 5 control subjects in which we confirmed the successful
eradication of H. pylori. The gastric luminal mucins were extracted and isolated by the ethanol
precipitation method. These mucin solutions were digested with chymotrypsin, dialyzed, lyophi-
lized, and redissolved. The obtained specimen was applied to an ion exchange column containing
DEAE-Sepharose CL-6B and eluted with a discontinuous salt gradient in three salt steps. The gas-
tric luminal mucins were divided into three fractions based on the distinctive sialic acid content.
The proportion of acidic mucin rich in sialic acid from the gastric juice of RA patients without the
H. pylori infection was significantly lower than those RA patients with H. pylori or the control
subjects. A decrease in the acidic mucin content after eradication of H. pylori was commonly ob-
served in all the control subjects. Our investigation raises the possibility that the gastric mucosae
of RA patients have resistance against H. pylori infection. And the analysis of the composition in
the gastric luminal mucin may be a very useful tool for the evaluation of gastric homeostasis in
RA patients.

Helicobacter pylori (H. pylori) is now accepted as a
human gastric pathogen causing chronic active gas-
tritis, gastric and duodenal ulcers. The primary hab-
itat of this bacterium is within the mucus gel layer
of the stomach. Although the rate of H. pylori infec-
tion is very high throughout adulthood in Japan (3,
10), several trials indicate that patients with rheuma-
toid arthritis (RA) tend to have a low prevalence of
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H. pylori infection (12, 14). Certain anti-rheumatic
gold compounds were reported to have anti-H. pylo-
ri activity (8). However, few clinical trials from the
viewpoint of defense for humans as a bacterial host
are found in the literature.

Mucin, a major component of the mucus, is con-
sidered to be one of the principal factors in the
physiological defense mechanism of the gastrointes-
tinal mucosa (1). Considerable interest has been
stimulated by the report of the selective depletion of
a colonic mucin subclass in specific bowel disease
(13). Although human gastric mucin has been shown
to bind to H. pylori (6, 15) in in vitro studies, it is
not clear how this substance is associated with the
infection, particularly with regard to whether specif-
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ic alteration of the gastric luminal mucin is con-
cerned with the H. pylori infection. We have already
established a simple means of extraction and mea-
surement of the mucin in human gastric juices (4, 7).
In the present study, we have attempted an analysis
of the mucin composition in the gastric juices of se-
vere chronic RA patients compared with non-RA
cases that received the eradication treatment of H.

pylori.

MATERIALS AND METHODS

Patients. We studied 8 women patients with RA (class
IV) diagnosed according to the American Rheuma-
tism Association criteria (2), with a mean age of 65
years (range 53—73) and the mean duration of the
disease of 26 years (range 15-50). Five H. pylori
infected women without RA served as the control
subjects (median age, 53 years; range, 48—56 years).
All RA patients were treated with non-steroidal anti-
inflammatory drugs (NSAIDs) and corticosteroids.
Gastric juice samples were taken with an endoscope
between 08:00 and 12:00 after an overnight fast. In-
formed consent to participate in the study was ob-
tained from all patients before enrollment. All RA
patients in this study had macroscopic evidence of
gastric ulcer or erosion as determined by the gastro-
duodenal endoscopy. The presence of the H. pylori
infection was confirmed by the rapid urease test, se-
rum antibody titre, or histological evidence of this
bacterium. Among the RA patients, 3 were positive
for H. pylori and 5 were negative. According to our
previously described protocol (11), the five control
subjects were assigned to receive amoxycillin and
omeprazole with metronidazole. One month after
completion of this eradication treatment, we con-
firmed the success of the H. pylori eradication in all
the control patients and obtained gastric juice sam-
ples for evaluation of the mucin.

Extraction and isolation of mucin in gastric juice.
The collected gastric juice was centrifuged at 1500
x g for 30 min at room temperature to remove the
contaminating debris. The mucin in the gastric juice
samples was extracted and isolated by a previously
described method (4). Absolute ethanol (6 mL) was
added to 2 mL of the supernatant obtained from the
gastric juice to make a 75% ethanol concentration (v/
v). The resultant suspension was maintained at 4°C
overnight to complete the precipitation, after which
the precipitate was collected by centrifugation (8000
x g for 30 min at 4°C ). The pellet was dissolved in
distilled water (2 mL) and its hexose content was
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measured by the phenol-sulfuric acid method. The
mucin content of the gastric juice was expressed as
the hexose amount in the solution obtained by the
precipitation method (pug/mL).

Fractionation of human gastric mucin. The obtained
mucin solution was digested with 1 mg/mL chymo-
trypsin, extensively dialyzed against deionized wa-
ter, lyophilized, and redissolved in 10 mM Tris HCI,
pH 7.2. The sample was applied to a 5 mmx 50 mm
ion exchange column containing DEAE-Sepharose
CL-6B (Pharmacia Fine Chemicals, Sweden) and
eluted at 1 mL/min with a discontinuous gradient
concentration of NaCl (0, 0.25, 0.5, 1.0 mol/L) in
10 mM Tris HCI, pH 7.2. The effluent solution col-
lected from the DEAE-Sepharose column was
checked by hexose measurement and the mucin re-
covery was found to be approximately 90%.

Analysis of carbohydrate composition. The sugar
composition of the fractionated mucin was deter-
mined using a Shimadzu GC7A gas chromatograph.

Statistical analysis. The differences in the mean val-
ues among the groups in the present study were an-
alyzed by the one-way ANOVA with Dunett’s test. P
values less than 0.05 were considered to indicate
statistical significance.

RESULTS

Fig. 1A shows a typical DEAE-Sepharose chroma-
tography elution pattern of the mucins obtained
from the gastric juice sample of a H. pylori-negative
patient with RA. The gastric luminal mucins were
divided into three fractions (Fr. I, Fr. II, and Fr. III)
by ion exchange chromatography. These mucin Frs.
I-IIT were further studied in order to determine
whether they represented compositionally distinct
mucin species using gas-liquid chromatography. The
carbohydrate in Fr. III was composed of hexos-
amine, hexose, and sialic acid in the average ratio
of 1.00: 1.24 : 0.96, expressed as moles per mole of
hexosamine. In contrast, the proportion of sialic acid
to each carbohydrate in Frs. I and II was much less
than that in Fr. III (hexosamine: hexose: sialic
acid=1.00:1.45:0.00 for Fr. I, 1.00:1.32:0.13
for Fr. II). The mucin elution pattern of Fig. 1B is
obtained from a H. pylori-positive patient with RA.
The RA patients with H. pylori positive had higher
contents of acidic mucin rich in sialic acid (Fr. III)
when compared with the H. pylori negative RA pa-
tients.
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Fig.1 DEAE-Sepharose column chromatography of mu-

cins obtained from the gastric juice samples. (A) Chroma-
tography elution pattern of an RA patient without H. pylori
infection. (B) Elution pattern of an RA patient with H. pylori
infection.

Since there was considerable variation in the mu-
cin content in each fraction among individual pa-
tients, the percentages of acidic mucin fraction to
the total gastric luminal mucin contents were calcu-
lated in the RA patients and control subjects. As
shown in Fig. 2, the proportion of acidic mucin
from the gastric juice of RA patients without H. py-
lori infection was significantly lower than those of
RA with H. pylori or the control subjects. Fig.2
also shows a decrease in the percentage of acidic
mucin from the gastric juice of the control subjects
after H. pylori eradication—a mean reduction of
22%.

DISCUSSION

Gastric mucin is considered to be important for mu-
cosal protection and is essential for the maintenance
of the normal gastric function and resistance to dis-
eases. However, our understanding of its clinical
role in health and disease has been limited by the
lack of detailed information on specific mucin com-
positional changes related to certain diseases. Mucin
is a high molecular weight substance of which more
than 70% is carbohydrates. The terminal region of
the O-glycosidically linked carbohydrate chains is
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Fig.2 Percentage of acidic mucin in total mucin content in
5 RA patients without H. pylori infection, 3 RA patients with
H. pylori, and 5 control subjects before and after eradica-
tion treatment of the H. pylori infection. Horizontal line rep-
resents mean value of each group.

**p < 0.01, *p < 0.05.

comprised of sialic acid, hexose and hexosamine.
We have been studying the biochemical and physio-
logical properties of mucins in the rat stomach. Al-
though the differences between humans and rats
should be kept in mind, the results of our previous
investigation indicated that mucin in human gastric
juices may contain more than two distinct molecular
species (5). The present study shows that the human
gastric luminal mucins can be fractionated into three
major components by a difference in the proportion
of sialic acid to other carbohydrate components. Ac-
cording to the report by Podolsky and Isselbacher
(13), the human colonic mucins were divided into
six subclasses and a selective decrease in one colon-
ic mucin subclass appeared to be associated with ul-
cerative colitis. Thus, it is conceivable that the
alteration in certain fractions of the gastric luminal
mucin contributes to systemic diseases.

In this study, only three among the 8 RA patients
were positive for H. pylori. Our preliminary obser-
vation also indicated that there were 38 H. pylori-
positive patients in 59 RA cases (males/females = 4/55;
average age, 61; mean duration of the disease, 17
years). Asaka et al. (3) proved that the prevalence
of H. pylori infection in Japan increased with age.
For persons born before 1950, the percentage of H.
pylori-positive persons was high (70-80%) and rela-
tively constant (3). Because certain anti-rheumatic
gold compounds were reported to have an anti-H.
pylori activity (8), we have checked whether RA pa-
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tients in the present study had received such gold
compounds. Unfortunately, such records were not
available. Our combined observations agree with
those of previous investigations, which have found
that patients with RA tended to have a low preva-
lence of H. pylori infection (12, 14).

The most striking finding in this study was that
RA patients without H. pylori infection had lower
percentages of acidic mucin, namely Fr. III having a
markedly higher sialic acid content in the gastric
juices than the other group subjects. Furthermore,
our investigation provides compelling evidence of a
selective decrease in the acidic mucin fraction from
the gastric juice of the control subjects after H. py-
lori-eradication. It is possible that a high percentage
of acidic mucin in the gastric juice may be related
to an increased risk of H. pylori infection. Studies
by several investigators have demonstrated that spe-
cific mucins affect H. pylori adherence to the gastric
epithelium (6, 15, 16). These mucins call for certain
carbohydrate side-chains such as sialic acid and sul-
fate. Veerman et al. (16) reported that sulfated
oligosaccharides on mucins provided receptor struc-
tures for attachment of H. pylori to the epithelial
cells. Prior studies have indicated that H. pylori is
able to bind to human sialomucin and that this bind-
ing prevents adherence of the organism to the gas-
tric epithelium (6, 15). Although we have not
examined the content of the sulfated mucin in the
present experiment, past results (6, 15, 16) and our
findings show that the acidic mucin metabolism may
have important implications for clarification of the
intrinsic defense mechanism against H. pylori.

It is presently unclear why the acidic mucin con-
tent is low in RA patients, particularly in the non-H.
pylori infected ones. However, our investigation
raises the possibility that the gastric mucosae of RA
patients have resistance against H. pylori infection.
Recently, Kawakubo ef al. (9) reported that the
unique O-glycans in gastric mucin appears to func-
tion as a natural antibiotic, protecting the host from
H. pylori. These findings suggest that the analyses
of the certain mucin species are needed for the clin-
ical trials from the viewpoint of gastric mucosal de-
fense system. Further studies are now in progress to
confirm these preliminary results, and in particular,
the effect of NSAIDs and corticosteroids on the
acidic mucin contents in human gastric juices.

In conclusion, the present results indicate that the
analysis of the composition in the gastric luminal
mucin may be a very useful tool for the evaluation
of gastric homeostasis in RA patients.
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