 +@E ®» /N F R KL

2 H %X E 4%
Effect of glycogen synthase kinase 3 activity on
dendritic cell function to induce T helper 2 polarization

(BHRHIRL o Th2flfeEERE L glycogen synthase kinase 3)
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Introduction

Dendritic cells (DC), the most potent antigen-presenting cells, play a critical role in both innate
and adaptive immunity by producing chemokines and cytokines as well as presenting antigens to the
antigen-specific T cells. DC polarize naive CD4" T cells to T helper 1 (Th1) or Th2 cells. Thi cells,
producing interferon (IFN) -y, are crucial in promoting cellular immunity that clear intracellular
bacteria and viruses, whereas Th2 cells, releasing interleukin (IL)-4, IL-5, IL-10, and IL-13, induce
humoral immune responses against extracellular parasites. However, the mechanism underlying the
DC regulation of Thl or Th2 differentiation is not fully understood. Glycogen synthase kinase 3
(GSK3), a serine/threonine kinase, is involved in the Wnt signaling pathway. GSK3 regulates many
cellular functions including glycogen metabolism, cell-cycle control, and proliferation. GSK3 can
both positively and negatively affect a variety of transcription factors that are critical in regulating
pro- and anti-inflammatory cytokine synthesis. GSK3 is a crucial enzyme for the differentiation and
maintenance of an immature phenotype of human monocyte-derived DC. However, a role of GSK3
in the DC function for Thl or Th2 differentiation remains unclear. In the present study, the role of
GSK3 activity during the development of DC from murine bone marrow (BM) cells to functional
DC was examined.

Materials and methods

DC were generated by culturing lineage-marker-negative BM cells of C57BL/6 mice with
granulocytes-macrophage colony-stimulating factor for 6 days in the presence or absence of a
specific inhibitor of GSK3, SB415286, and used as GiDC or control DC. To examine the inhibitory
effects of SB415286 on GSK3 activity in murine BM cells, the level of phosphorylated glycogen
synthase in B6 BM cells lysates treated with or without SB415286 were evaluated by
immunoblotting. Expression of cell surface molecules on each type of DC was analyzed by flow
cytometry. To evaluate the ability to induce Thl or Th2 differentiation, control DC or GiDC were
mixed with allogeneic (allo)-CD4" T cells of BALB/c mice for 5 days. To determine cell
proliferation activity, after the coculture with each type of DC for 68 hours, the cells were pulsed
with [*H] thymidine for 4 hours and then harvested onto glass fiber. Incorporation of [*H] thymidine
was measured with a liquid scintillation counter. In addition, the CD4" T cells cultured with each
type of DC were restimulated with anti-CD3 monoclonal antibody (mAb) for 24 hours. To assess
CD40-mediated DC function, control DC or GiDC were stimulated with anti-CD40 mAb for 24
hours. To examine in vivo DC function, control DC or GiDC from B6 mice were injected into
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BALB/c mice via the tail vein and five days after the injection, splenic CD4" T cells were cultured
on anti-CD3 mAb coated well for 24 hours. To compare the ability for cytokine production in
response to lipopolysaccharide (LPS) between control DC and GiDC, these DC were stimulated with
LPS for 24 hours. The protein levels of cytokines (IL-4, IL-6, IL-10, IL-12 p40 and IFN-v) in the
culture supernatants were evaluated by enzyme-linked immunosorbent assay (ELISA).

Results

Treatment of the BM cells with SB415286 significantly decreased the spontaneous
phosphorylation of glycogen synthase. Thus, SB415286 inhibited GSK3 activity in BM cells. Either
GiDC or control DC exhibited a conventional DC phenotype (CD11b* B220" CD8"). CD40, CD80,
CD86, and I-A® expression on GiDC was significantly decreased as compared to that on control DC.
The proliferation activity of allo-CD4" T cells stimulated with GiDC was lower than that of cells
stimulated with control DC. Level of IFN-y production in the culture of allo-CD4" T cells with GiDC
was significantly higher than that with control DC. On the contrary, IL-4 and IL-10 production in the
culture with GiDC were markedly reduced as compared to that with control DC. Upon restimulation
with anti-CD3 mAb, CD4" T cells primed with GiDC showed decreased IL-4 and IL-10 production
and enhanced IFN-y production compared to those primed with control DC. In addition, ability of
GiDC to induce Th2 response in vivo was significantly lower than that of control DC. CD40 ligation
induced I1-6 and IL-12p40 production by control DC, but failed to induce these cytokine production
by GiDC. Levels of IL-12p40 and IL-6 in the culture of allo CD4" T cell with GiDC were
significantly lower than those with control DC. The LPS-induced productions of IL-6 and IL-10 by
GiDC were more vigorous than those by control DC. In contrast, LPS-induced IL-12p40 production
by GiDC was significantly reduced cpmpared to that by control DC.

Discussion

DC induce polarization of naive CD4" T cell to Thl or Th2 effector cells. In particular, the
DC-derived factors responsible for the initiation of Th2 differentiation are poorly characterized
compared to those of Thl differentiation. The present findings demonstrate that DC developed under
conditions in which GSK3 activity was significantly inhibited (GiDC) showed severely impaired
ability to induce Th2 polarizatioh in responding CD4" T cell in an allo-MLR system in vitro and in
vivo. On the other hand, the GiDC capability to induce Thl differentiation was sustained or rather
augmented. Thus, GSK3 appeared to play a pivotal role in DC development of the capability to
induce Th2 polarization in the allo-MLR system. CD28 mediated signals are induced by interaction
with the ligands, CD80 and CD86, expressed on DC during the T cell priming. GiDC was almost
negative for CD86, whereas CD80 expression was substantially sustained on the GiDC compared to
that on control DC. It has been reported that CD28 signals via interaction with CD86 preferentially
promote Th2 differentiation compared with those via interaction with CD80. Thus, the marked
deficiency of CD86, but not CD80, expression onr GiDC may be associated with the impaired
function to induce Th2 polarization. The impaired IL-6 production appeared to be attributable to the
deficiency of CD40 expression on GiDC. Furthermore, IL-6 level in the culture of allo-MLR with
GiDC was significantly reduced compared with that with control DC. From these observations, the
impaired ability of GiDC to promote Th2 differentiation might be attributable to their reduced CD40
expression and the low production of IL-6 during the antigen presentation, in addition to the altered
interaction with the CD4" T cells via CD28. The precise mechanism underlying the impaired
function of GiDC for Th2 polarization remains unclear and should be persued in further studies. And
more, GSK3 activity during the generation of DC appears to be involved in the regulation of the DC
ability to induce cytokine production in response to LPS. The present findings may lead to the
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development of clinical applications exploiting the new regulation system of DC via GSK3 for the
treatment of transplantation, cancer, and various immune disorders.
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BHkHEER (DC) IXEAANTHL - LRBALRTERTHEBR T, BARE, BERED
BAEICBWTEERZE 2R LTW3, £, Glycogen synthase kinase 3 (GSK3)
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