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Thesis summery

Name: Takaharu Sasaki
Effects of galectin—2 against Helicobacter pylori infection

+ Introduction Helicobacter pylori (H pylori) is a helix—shaped Gram—negative bacterium,
various diseases including gastritis, peptic ulcer and gastric cancer are caused by the
bacterium infection. A major drug therapy for gastritis and peptic ulcer has turned to
antibiotics against A pylori from the use of antacid. In Japan, a drug therapy to eradicate
A pylori in positive patients is covered by National Health Insurance. However, decreasing
success rate of the eradication is regarded as a problem.

Stomach protects itself against pathogens by secreting gastric acid, mucus and antimicrobial
peptides. The biosynthesis of A pylori’ s cell wall is inhibited by gastric mucin having
glycoconjugates with terminal a1, 4-GlucNAc. The aggregation of H pylori is caused by
surfactant protein D. It is assumed that a number of infection prevention mechanisms against
H. pylori work together

Galectins are a family of animal lectins with affinity to J —galactosides of glycoconjugates
and are involved in various biological phenomena such as cell adhesion, migration of leukocytes
differentiation, and apoptosis. Fifteen members of the galectin family proteins have been
found in mammalian species. Galectins are classified into three types based on their molecular
architectures, 1i.e., proto—type, chimera—type, and tandem repeat—-type; proto— and chimera—
types have one carbohydrate recognition domain (CRD) for [ —galactosides in a molecule and the
tandem repeat—-type has two CRDs. Proto—type galectins can form noncovalent symmetric dimers
and other galectins are also capable of forming dimers or oligomers. Thus, galectins can
crosslink glycoconjugates possessing S —galactoside structures

H  pylori, similar to other typical Gramnegative bacteria, possess an outer membrane
consisting of phospholipids and lipopolysaccharide (LPS), with fucosylated O-antigen of LPS.
These LPS can be crosslinked by galectins. Notably, some galectin family proteins such as
galectin—3 (Gal-3), —4, and -9 are expressed in the gastrointestinal tract, recognize pathogens,
and kill them. Gal-3 is involved in innate immunity by inducing the aggregation of A pylori
and then killing the bacteria in a [ -galactosides—dependent manner.

Galectin—2 (Gal-2) is localized in gastrointestinal epithelium cells and reducing expression
of the protein is associated with progression and lymph node metastasis in gastric cancer.
Thus, Gal-2 can be defensive factor for stomach. Like Gal-3, Gal-2 may play several crucial
roles for biophylaxis against A pylori infection, but no data is available

In this study, Gal-2 was assessed whether the protein was involved in host immunity against
H. pylori. Effects of Gal-2 against A pylori, interaction between Gal-2 and bacterium under
weak acid conditions, and comparison of effects against the bacterium between Gal-2 and Gal-3

were investigated in chapter I, II and III, respectively



« Methods Chapter I, the aggregation assay was performed by microscopic observation of the
Gal-2-HA pylori mixture. The growth inhibition and bactericidal effect of Gal-2 were evaluated
by comparing bacterial ODgyp of mixture before and after incubation and staining mixture with
carboxyfluorescein—propidium iodide (CFDA-PI). The distribution of Gal-2 in gastric mucus and
mucosa was assessed by immunohistochemical staining after tissue—fixing with Carnoy’ s solution.
Chapter II, Change in Gal-2 structure under weak acid conditions was assessed by CD
spectroscopy. Affinity chromatography using Gal-2 immobilized column and extracted LPS of A
pylori was performed to find the ligands.

Chapter III, Change in Gal-3 structure under weak acid conditions, inhibition of A pylors
growth by Gal-3 and LPS ligands of the bacterium recognized by Gal-3 were investigated. The
results were compared with Gal-2.

* Results The clumps of A pylori were formed by addition of Gal-2 and the effect was increased
by high concentration of the protein. The fluorescence was detected on surface of the clumps,
which was induced by adding GFP tagged Gal-2 to A pylori. The aggregation effect was inhibited
by excess lactose. The bacterial growth was inhibited by Gal-2. The red fluorescence of PI,
which means dead cells, was observed only in the clumps. Gal-2 was observed in gastric mucus.
The aggregation effect remained at pH 6.0 but not at pH 5.0. The B -sheet structure in Gal-2
hardly change at pH 6.0 to 7.0, and denaturation was observed at pH 5.0. LPS containing H type
I structure in A pylori was recognized by Gal-2.

The f-sheet structure in Gal-3 remained at pH 5.0 to 7.0. The growth of A pylori was
inhibited by Gal-3, and the effect was stronger than Gal-2. LPS containing H type I and Lewis
X structures in A pylori were recognized by Gal-3.

* Discussion Gal-2 induced aggregation of A pylori in a [ -galactoside structure dependent
fashion and recognized LPS containing H type 1 in the bacteria. It suggests that Gal-2 induced
aggregation of A pylori by crosslinking LPS containing H type I structure in the bacteria.
Gal-2 killed A pylori and existed in gastric mucus, so that it may play a role in phylaxis
immediately before adhesion to gastric mucosa. Gal-3 injures metabolism of A pylori and Gal-
4 disrupts cell wall of blood type antigen B positive Escherichia coli. Although a detailed
mechanism of bactericidal effect of Gal-2 is unclear, Gal-2 may similarly affect A pylori.
The structure of Gal-3 was maintained in lower pH than Gal-2. Gal-3 recognized LPS containing
H type I and Lewis X. It suggests that Gal-3 indicates bactericidal effect to A pylori in
luminal side of gastric mucus. Even though galectin family cannot bind Lewis X and Lewis Y,
Gal-3 recognized Lewis X. Gal-3 may bind to LacNAc structure of LPS because the protein can
bind inside of carbohydrate chain.

In conclusion, Gal-2 induces aggregation of A pylori via crosslinking LPS containing H type
I structure, and kills the bacterium above gastric mucosa. Gal-3 affects /A pylor:i in luminal
side. These results suggested that Gal-2 and Gal-3 work together in the immune response for

the A pylori infection.
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