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Glucocorticoids and lithium reciprocally regulate
the proliferation of adult dentate gyrus-derived neural
precursor cells through GSK-385
and -catenin/TCF pathway
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[Background and Objective]

It has been well established that neurogenesis occurs in adult brain of various animal species,
including human. Neurogenesis mainly takes place in two discrete regions of adult brain:
subventricular zone of lateral ventricles and subgranular zone of the dentate gyrus (DG) in
hippocampas. It has been shown that neurogenesis in DG is affected by many factors, including
environment, stress, hormones, and drugs. For example, adult neurogenesis in DG is decreased in
rodent models for stress-related disorders. Although it remains unclear how neurogenesis in DG is
decreased in these models, some studies have suggested that glucocorticoids might be involved in
the decrease of adult hippocampal neurogenesis. In human, elevated levels of glucocorticoids is one
of causal events in stress-related disorders. In contrast, the administrations of lithium (Li), which is
used for treatment of stress-related disorders, increase adult hippocampal neurogenesis. These
studies suggest that neurogenesis might be involved in the therapeutic action of Li. Therefore, to
elucidate how glucocorticoids and lithium regulate neurogenesis might lead to further understanding
of the pathophysiology of stress-related disorders and the development of new therapeutic targets. Li
is an inhibitor of GSK-3f, and GSK-3f is widely known as a key regulator of S-catenin/TCF
pathway. We here established the culture system of adult rat DG-derived neural precursor cell (ADP)
and showed that dexamethasone (DEX), an agonist of glucocorticoid receptor, decreased ADP’s
proliferation and Li recovered it. In addition, we demonstrated this reciprocal effect between DEX
and Li on the proliferation of ADP were regulated by GSK-38 and f-catenin/TCF pathway.

[Materials and Methods]

(Isolation and culture of ADP) Dentate gyrus was dissected from brains of adult male
Sprague-Dawley Rats (8 weeks old, 250g) under a microscope. Then the tissues were digested by
proteases and DNase I . The fraction containing ADP was isolated by Percoli-gradinent
centrifugation and used for monolayer-culture in non-serum medium with bFGF. It takes about 4-5
weeks to get enough amounts of cells for assays.

(Characterization of ADP) Expression of neural precursor cell-specific markers, nestin, GFAP,
SOX2 and doublecortin (DCX) was investigated with immunocytocemistry and RT-PCR.
Self-renewal was estimated by immunocytochemistry for BrdU. Multipotency was estimated by
immunocytochemistry for Tujl, GFAP and O4 after induction by BDNF, retinoic acid, and IGF,
respectively.

(Proliferation Assay) ADPs were seeded on 96-well plates and incubated for 3days after each drug
was added. Then, the effects of DEX and Li on the proliferation of ADP were estimated by Alamar



Blue Assay (Invitrogen). Statistical analysis was performed with one-way ANOVA and Dunnet’s
post hoc test.

(Quantitative RT-PCR) ADPs were seeded on 6-well plates and incubation for 3days after each
drug was added. Then, total RNA was purified by RNeasy mini kit (Qiagen) and cell lysate was
prepared by Cell Lysis kit (Sigma). Quantitative RT-PCR was performed with Quantitect Reverse
Transcription kit (Qiagen) and SYBR GreenER qPCR Suoer Mix for ABI PRISM (Invitrogen).
GAPDH was used as a control. Statistical analysis was performed with one-way ANOVA and
Dunnet’s post hoc test.

(Western Blotting) ADPs were seeded on 6-well plates and incubation for 3days after each drug
was added. Then, preparation of total proteins was performed with the Mammalian Cell Lysis Kit
(Sigma), and preparation of nuclear proteins was performed with the Nuclear Extract Kit (Active
Motif). GAPDH was used as a control. Statistical analysis was performed with one-way ANOVA and

Dunnet’s post hoc test.

[Results]
(Characterization of ADP) Most cells were flat and round, but slightly elongated shape, and were
phase-dark. mRNA expressions of Nestin, GFAP, SOX2 were detected, but that of DCX was not
detected in ADP. Most cells co-expressed Nestin, GFAP and SOX2. BrdU was positive in ADP and
the ratio of BrdU-positive cells in DAPI-positive cells was 60-70%. All BrdU-positive cells
expressed Nestin. ADPs differentiated into Tuj1 (a marker of neuron)-positive cells, GFAP (a marker
of astrocyte)-positive cells, 04 (a marker of oligodendrocyte)-positive cells under each condition.
(Effects of DEX and Li on the proliferation of ADP) DEX decreased ADP’s proliferation. Li had
no effect on ADP’s proliferation in the absence of DEX, but recovered ADP’s proliferation decreased
by DEX.
(Effects of SB415286 and quercetin (Que) on the proliferation of ADP) SB415286, a specific
inhibitor of GSK-3p, had no effect on the proliferation of ADP in the absence of DEX, but recovered
the proliferation of ADP decreased by DEX. Que, a specific inhibitor of S-catenin/TCF pathway, had
no effect on the proliferation of ADP decreased by DEX in the absence of Li, but abolished the
recovery effect of Li on it.
(Effects of DEX, Li and Que on nuclear B-catenin) DEX decreased nuclear S-catenin. Li
recovered nuclear f-catenin decreased by DEX, and Que abolished the recovery effect of Li on it.
(Effects of DEX, Li and Que on cyclin D1 expression) DEX decreased cyclin D1 expression in
both mRNA and protein levels. Li recovered cyclin D1 expression decreased by DEX, and Que
abolished the recovery effect of Li on it.
(Effects of DEX, Li on the phosphorylation state of GSK-3p) DEX had no effect on Ser
phosphorylation on GSK-38, which renders it inactive. DEX significantly 1ncreased Tyr
phosphorylation on GSK-3f4, which renders it active. Li had no effect on both Ser’ and Tyr
phosphorylations on GSK-34.

[Discussion]

ADPs express nestin, GFAP and SOX2, but not DCX. ADP also have multipotency and limited
proliferation potency. Therefore, ADPs may correspond to type-2a cells in four developmental stages
of neural precursor cells in adult DG. It’s poorly understood which stage of neural precursor cells
contributes to the reactivity of drugs to neurogenesis. However, a recent study indicated that
type-2a-like cells might be a target of fluoxetine, which is an antidepressant and can increase adult
neurogenesis in DG. Therefore, it might be beneficial to examine the reactivity of type-2a cells to
various drugs and ADPs could be a good model for type-2a cells.

We found that both cyclin D1 expression and nuclear S-catenin are reciprocally regulated by
DEX and Li as well as the proliferation of ADP. In addition, DEX actxvated GSK-38, a negative
regulator of B-catenin/TCF pathway, through the phosphorylation of Tyr*! § These results suggest the
involvement of GSK-34 and f-catenin/TCF pathway in the reciprocal effects between DEX and Li
on the proliferation of ADP. S-catenin/TCF pathway is also well known as canonical Wnt pathway. It
has been already shown that canonical Wnt pathway regulates the proliferation of embryo-derived
neural precursor cells in vitro and adult hipppocampal neurogenesis in vivo. However, it has been
shown that canonical Wnt pathway regulates the proliferation of DCX positive and elongated cells,
which may correspond to type-3 cells, and they are in the late differentiation stages of neural
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precursor cells. Therefore, our present study is the first report to indicate the involvement of GSK-34
and S-catenin/TCF pathway in the proliferation of hippocampal neural precursor cells in the early
differentiation stages.

[ Conclusion]

We have succeeded in establishing the culture system of adult rat dentate gyrus-derived neural
precursor cells and have shown that DEX and Li reciprocally regulates ADP’s proliferation through
GSK-3p and p-catenin/TCF pathway; DEX activates GSK-3/ through the phosphorylation of Tyr?
GSK-34 activated by DEX inhibits S-catenin/TCF pathway, and Li recovers it through 1nhlb1t1ng
GSK-3,B activated by DEX. However, it remains unclear how DEX increases the phosphorylation of
Tyr*! § on GSK-38. To elucidate it might lead to further understanding of stress mechanism and the
development of new therapeutic targets for psychiatric disorders.
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