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Dual roles of gastric gland mucin-specific 
O-glycan in prevention of gastric cancer 

Gastric mucins are classified into two sub-
types; i.e., surface mucin secreted from 
surface mucous cells lining the gastric 
mucosa, and gland mucin secreted from 
gland mucous cells such as pyloric gland 
cells and mucous neck cells located in 
lower layer of the mucosa 1). The gland 
mucin characteristically contains O-gly-
cans having terminal α1,4-linked GlcNAc 
residues (αGlcNAc) attached to its scaffold 
MUC6, and the expression of αGlcNAc is 
exclusively limited to the gland mucous 
cells and duodenal Brunner’s glands 2). 
Previously we isolated cDNA encoding 
α1,4-N-acetylglucosaminyltransferese  
(α4GnT), which is responsible for the bio-
synthesis of αGlcNAc by expression clon-
ing 3), and showed that α4GnT is expressed 
in the gland mucous cells, where αGlcNAc 
is secreted 4).

Helicobacter pylori (H. pylori), a caus-
ative microbe for gastric cancer, largely 
colonizes the surface mucin, while this 
microbe is barely found in the gland 
mucin 5), suggesting that αGlcNAc plays 
a protective role in H. pylori infection. 
To test the hypothesis, we incubated H. 
pylori with recombinant soluble CD43 
(sCD43) having αGlcNAc 6). We found 
that the growth and motility of H. pylori 
were significantly suppressed. The abnor-
mal morphology such as elongation and 
folding were also found. By contrast, the 
control sCD43 without αGlcNAc had no 
effects on the bacteria. Hirai et al. demon-
strated that the cell wall of H. pylori char-
acteristically contains a unique glycolipid, 
cholesteryl-α-D-glucopyranoside (CGL) 7). 
We then demonstrated that αGlcNAc sup-

cidate pathways linking αGlcNAc to tumor 
suppression, microarray and quantitative 
RT-PCR analyses were carried out. We 
found that genes encoding inflammatory 
chemokine ligands such as Ccl2, Cxcl1, 
and Cxcl5, proinflammatory cytokines 
such as Il-11 and Il-1β, and growth factors 
such as Hgf and Fgf7 were upregulated in 

pressed cholesterol α-glucosyltransferase 
(CHLαGcT) that forms CGL in vitro 8), 
and that the active form of CHLαGcT was 
present in the membrane fraction of the 
bacteria 9). H. pylori requires exogenous 
cholesterol for the biosynthesis of CGL. 
Thus, we cultured H. pylori in the absence 
of cholesterol, and showed that H. pylori 
lacked CGL, exhibited reduced growth 
and motility, and died off completely upon 
prolonged incubation up to 21 days, indi-
cating that CGL is indispensable for H. 
pylori survival 6). These results show that 
αGlcNAc functions as a natural antibiotic 
against H. pylori by inhibiting the biosyn-
thesis of CGL, thus protecting the gastric 
mucosa from the infection.

Recently, we generated α4GnT-deficient 
mice by disrupting the A4gnt gene that 
encodes α4GnT in mice 10). Immunois-
tochemistry using HIK1083 antibody 
specific for αGlcNAc 2) and MALDI-TOF-
MS analysis revealed that A4gnt–/– mice 
showed complete lack of αGlcNAc expres-
sion in gastric gland mucin, indicating 
that α4GnT is a sole enzyme responsible 
for the biosynthesis of the O-glycans in 
vivo. Surprisingly, all the mutant mice 
developed gastric differentiated-type ade-
nocarcinoma through a hyperplasia-dys-
plasia-carcinoma sequence in the absence 
of H. pylori infection, indicating that 
αGlcNAc serves as a tumor suppressor for 
the gastric adenocarcinoma. In fact, sig-
nificant reduction of αGlcNAc compared 
to MUC6 was found in human gastric 
tumors including early differentiated-type 
adenocarcinoma and its potentially pre-
malignant lesion tubular adenoma. To elu-

the gastric mucosa of A4gnt–/– mice. On 
the other hand, genes encoding Amh, Egf, 
and Pthlh were downregulated. In addi-
tion, inflammatory cell infiltrations such 
as mononuclear cells and neutrophils, and 
angiogenesis were progressively increased 
as they aged. These results demonstrate 
that the absence of αGlcNAc triggers gas-

tric carcinogenesis through inflammation-
associated pathways in vivo. 

Taken together, the gastric gland mucin-
specific αGlcNAc plays dual roles in 
preventing gastric cancer by inhibiting 
H. pylori infection and also suppressing 
tumor-promoting inflammation. 
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Figure 1.  Dual roles of αGlcNAc in prevention of gastric cancer.
O-glycans having αGlcNAc are characteristically contained in the gland mucin secreted from lower layer of the gastric 
mucosa, and α4GnT is a sole enzyme that forms αGlcNAc in vivo. These particular O-glycans exert anti-microbial effect 
on H. pylori. In addition, they also suppress gastric tumorigenesis. Thus, αGlcNA in the gland mucin plays dual roles in 
prevention of gastric cancer. 
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