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ABSTRACT

Naive CD4" T cells differentiate into type | and type Il helper T cells (Thl
and Th2) during their activation after antigen recognition. Thl cells produce
mainly interferon y (IFNy ) and play an important role in fighting intracellular
pathogens. On the other hand, Th2 cells, producing mainly interleukin 4 (IL-4),
promote B cells to secrete antibodies. Impairment of Th1l/Th2 balance leads to
onset or deterioration of immune-related diseases such as autoimmune diseases
and allergies. Therefore, Th1/Th2 balance is critical to immune regulation. In
the present study, we examined the elect of isoflavones—daidzein, genistein, and
glycitein—on Th1/Th2 dilerentiation of naive CD4" T cells derived from DO11.10
and BALB/c mice. CD4" T cells activated in the presence of daidzein demonstrated
significantly increased IFNy secretion and decreased IL-4 secretion. Glycitein did
not allect the helper T-cell dierentiation and genistein decreased the responses
of the primed T cells. In the T cells primed in the presence of daidzein, mMRNA
expression of Thl-specific transcription factor T-bet and phosphorylation of
STAT1 were up-regulated. The elect of daidzein was preserved in the absence of
antigen-presenting cells and the presence of an estrogen receptor (ER) antagonist.
These results indicate that daidzein directly allects naive CD4" T cells to enhance
Th1l differentiation, and suggest the involvement of the up-regulation of STAT1
phosphorylation but not ER-mediated signaling for the elect of daidzein. Soy Protein
Research, Japan 14, 68-72, 2011.
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Cytokine production of CD4" T cells primed and functionally diJerentiated in the presence of isoflavones.

Splenic DO11.10 CD4" T cells were cultured with 0.5 M OVA,,;4, and BALB/c splenic antigen
presenting cells in the presence of genistein, daidzein or glycitein at 50y M or Pam3CSK4 (0.5u g/mL) as
positive control for Thl induction. Secreted IFNy (A) and IL-4 (B) were quantified by ELISA after 72-h
reculture of the T cells with 054 M OVA 443, and APC. Data are means £ S.D. of triplicate cultures,
*0<0.05 vs. vehicle by Dunnett's test. N.D.; Not detected.
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Fig. 2. Increased IFNy and decreased IL-4 secretion by CD4" T cells primed and differentiated in the
presence of daidzein without estrogen receptor signaling. Secreted IFNy (A, C) and IL-4 (B, D) were
quantified with ELISA after 72-h reculture of cells treated with OVA;,;45 and antigen presenting cells
in the presence of 12.5-100p M daidzein without (A, B) or with (C, D) ICI 182780, an estrogen receptor
antagonist. Data are means + S.D. of triplicate cultures, *p<0.05 vs. vehicle by Dunnett's test.
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Fig. 4. Daidzein alects naive CD4" T cells directly to
induce Thl-skewed differentiation. Secreted
IFNy (A) and IL-4 (B) were quantified by
ELISA after 72-h reculture in splenic DO11.10
CD4" T cells treated with anti-CD3 and
anti-CD28 mAbs. Data are means * S.D.
of triplicate cultures, *v<0.05 vs. vehicle by
Dunnett's test.
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Fig. 3. mMRNA expression of Th1/Th2 cytokines and
transcription factors in CD4" T cells primed
and dillerentiated in the presence of daidzein.
The mRNA expression of IFNy (A), T-bet
(B), IL-4 (C), and GATA-3 (D) was determined
by quantitative RT-PCR after 24-h (A, C) or
72-h (B, D) reculture in splenic CD4" T cells
treated as described with OVA;,;5, and
antigen presenting cells in the presence of 100
U M daidzein. Results are representative of >3
experiments, *p<0.01 vs. vehicle by Student's
t-test.
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Fig. 5. Daidzein enhanced phosphorylation of STAT1
in naive CD4" T cells upon activation in a
dose-dependent manner. Whole-cell lysates
from splenic DO11.10 CD4" T cells stimulated
with anti-CD3 and anti-CD28 mAbs for 72 h
in the presence of 0-100y M daidzein were
subjected to Western blot analysis for STAT1
and phosphorylated STAT1. The image
shown is representative of two independent
experiments.
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