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ST3 beta-galactoside alpha-2,3-sialyltransferase 4
regulates hormonal levels that are associated with emotional
and reproductive behaviors

Sialic acids are nine-carbon acidic monosaccharides that are located at the ends of sugar chains attached
to glycoproteins and glycolipids by 20 species of sialyltransferases in the Golgi apparatus, and are involved
in the cell-cell communication, adhesion and migration of cells. Of the 20 species of sialyltransferases
identified to date, a focus was placed on the physiological functions of the sialyltransferase, ST3Gal V.
ST3Ga 1V exhibits stimulation-responsive expression in epilepsy and inflammation. Single Nucleotide
Polymorphisms (SNPs) in a genome-wide association of human populations have indicated that ST3Gal IV
is associated with lipid metabolism, coronary artery disease, and attention deficit disorder with
hyperactivity (ADHD); however, the regulatory mechanisms involved currently remain unknown. The
involvement of ST3Ga IV in the expression and responses of hormones that affect neuropsychiatric
symptoms and reproductive functions was also examined herein.

ST3Gal 1V and growth hormone (GH) are both epileptic seizure-responsive genes that play roles in the
development of epileptic seizures. In Chapter |, a decrease was detected in GH mRNA levels in the brains
of ST3Gal 1V-deficient mice using quantitative RT-PCR. This result suggested that ST3Gal 1V regulates the
expression of GH. Loss of the ST3Gal IV gene has been shown to induce anxiety, depression, and sleep
disturbance. Presently, to examine behavioral similarity between ST3Ga IV and GH, the effects of

infusions of GH and its receptor (GHR) antagonist into the hippocampus on emotional behaviors in mice



were examined using elevated plus maze and dark-light transitional tests. GH was found to cause
hyperactivity in mice. Following these tests, mouse brains were subjected to immunofluorescence to
determine the localization of epilepsy-responsive immediate early genes, including Arc, Nr4al, Npas4, and
Fos. The results obtained revealed that infusions of GH increased the number of GHR- and Arc-positive
cells around the injection sites in the CA3-subfield of the hippocampus, whereas the infusion of the
receptor antagonist decreased the number of Npas4-positive cells. These results suggest that the GH-GHR
signaling system in the brain is involved in the expression of immediate early genes and hyperactivity. The
possibility that ST3Ga IV modulates the GH-GHR signaling system associated with hyperactivity was
proposed in Chapter I.

In Chapter I, the reproductive system of ST3Gal |V-deficient mice was investigated, including the
development of puberty, the estrous cycle, mating, pregnancy, parturition, post-partum estrous, and nursing.
The following reproductive phenomena were observed: (1) a ST3Ga |1V deficiency delayed the onset of
puberty and prolonged the estrous cycle in mice; (2) when ST3Gal 1V-deficient mice entered proestrus once,
they succeeded in mating and became pregnant; (3) all ST3Gal 1V-KO fetuses were alive on gestation day
19 prior to parturition; (4) ST3Gal IV-deficient mothers often failed to deliver and nurse offspring.
Therefore, ST3Gal 1V-deficient female mice exhibited an irregular estrous cycle and perinatal disorders.
The hormonal responses involved in these phenomena were then examined. The results obtained revealed
that ST3Gal IV-deficient mice did not show the plasma progesterone withdrawal and did not increase
plasma level of follicle-stimulating hormone (FSH) on gestation day 19 that normal mother showed.
Progesterone generally exerts negative feedback suppressive effects on gonadotropin-releasing hormone
(GnRH) production at the hypothalamus and also on the production of LH and FSH at the pituitary in order
to prevent parturition and estrus, while progesterone withdrawal induces parturition. The results obtained
showed that the loss of ST3Ga IV prevented progesterone withdrawal, which led to the failure of
parturition and post-partum estrus. Progesterone and its metabolites are known to be critically involved in
catamenial epilepsy, depression, anxiety, mood symptoms, and neuroprotective effects. The irregular
expression of progesterone demonstrated herein may be associated with neuropsychiatric symptoms in
ST3Gal V-KO female mice.

The results of this thesisindicate that ST3Gal IV modulated the expression of GH and progesterone, and
this altered expression is associated with emotional behaviors and perinatal disorders. GH affected
hyperactivity levels, and an irregularity in progesterone-FSH levels of mother causes perinatal disorder.
These suggest that the ST3Gal 1V-KO mouse is a viable model for investigating involvement of hormonal
responses in novel mechanisms underlying brain functions and will open a path for therapeutic

interventions to halt the progression of epilepsy, anxiety, and perinatal abnormalities.
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