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Abstract

Daidzein (DAZ), a dominant isoflavone in various natural products such as soybeans, has been
gaining attention due to the beneficial health effects (e.g., protection against cancer and diabetes)
of its metabolites. Our major hypothesis was that dietary exposure to the soy phytoestrogen DAZ
could modulate the immune responses toward a protective effect and lead to improved metabolic
functions (such as glucose metabolism). In this study, we applied complementary mouse models,
the hybrid B6C3F1 and inbred type 1 diabetes prone non-obese diabetic (NOD) mice, to
investigate if DAZ exposure modulated the immune responses. The animals were orally
administered DAZ at various physiological doses (2 - 20 mg/kg body weight) during adulthood.
DAZ significantly altered the relative organ weights in female B6C3F1 mice and decreased the B
cell population (represented by CD3~IgM™*), while the T cell populations (represented by
CD3*IgM~, CD4*CD8™ and CD4~CD8*) were increased. In addition, DAZ dosing produced a
decrease in the percentage of late apoptotic thymocytes. However, the activities cytotoxic T cells
and natural killer cells were not altered in the B6C3F1 mice. In NOD mice, the blood glucose level
and glucose tolerance were not affected by DAZ exposure, but DAZ modulated the antibody
production, as shown by increased levels of 1gG,, in NOD females and 1gG1 in NOD males.
Further, DAZ increased CD8*CD25" splenocytes in NOD females. Taken together, DAZ induced
an immunomodulatory effect in both NOD and B6C3F1 mouse strains; however, minimal effects
on glucose homeostasis were observed.
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Introduction

Polyphenolics are naturally occurring compounds found in various fruits, vegetables, and
beverages [1]. Soy-based food is of importance to study not only because it is an intrinsic
part of Asian cuisine, but also that it takes up 25% of the infant formula market [2]. Soy is a
major contributor of polyphenols, including daidzein (DAZ), genistein (GEN) and glycitein
[3]. Isoflavone DAZ is found in an equal amount as GEN in soy [4-6]; however, DAZ is less
studied than GEN. The concentration of DAZ in soy food varies and depends on the
processing procedures of soy product (e.g., 6 mg per 4 oz serving in boiled soybean, and 34
mg per 4 0z serving in meso) [7]. One case-control study demonstrated that high serum DAZ
level (up to 68 ng/mL) was associated with a reduced ovarian cancer risk among Japanese
women [8]. In a nested case-control study among US women, urinary DAZ level correlated
with a protective effect against type 2 diabetes (T2D; odds ratio = 0.71, 95% CI 0.55-0.93)
[9]. In animal studies, it has been shown that DAZ exerted a protective effect on
hyperglycemia and glucose tolerance that is comparable to GEN in non-obese diabetic
(NOD) mice, a model of the autoimmune type 1 diabetes (T1D), suggesting a potential
immunomodulatory effect [3]. A literature review suggested that DAZ could mitigate some
adverse health effects induced by GEN such as proliferation of mammary cancer cells in
rodent models [10]. DAZ can be metabolized into dihydrodaidzein, equol, or O-
desmethylangolensin (ODMA) [11]. Equol has a high affinity to the estrogen receptors
(ERs) [11], and ODMA and equol are closely associated with obesity [12, 13] and
cardiometabolic risk [14,15]. For example, in humans, ODMA non-producer phenotype is
positively correlated with obesity [12]. In one systematic literature review, it was shown that
high DAZ intake was associated with a 34% reduced risk of breast cancer, while the same
association was not found for equol [16]. The same study concluded that the risk for T2D
was reduced by 19% following high amount of DAZ intake.

It is well known that estrogenic compounds can potentially impact the immune system
through both estrogen receptor-dependent and independent mechanisms [17]. Immune
dysregulation not only serves as a hallmark of autoimmune disease (e.g., T1D, rheumatoid
arthritis) [18], but also directly contributes to the pathogenesis of T2D [19, 20], obesity [19],
ovarian cancer [21] and breast cancer [22]. With regards to the effects on immune system,
equol reduced the inflammatory response and down-regulated IL-6 mRNA expression in a
mouse rheumatoid arthritis model [23], and ODMA demonstrated a similar effect on
immunity [24]. In another mouse study, low dose DAZ administration (20 mg/kg) did not
affect experimental allergic encephalomyelitis (EAE) development while high dose DAZ
(300 mg/kg) alleviated EAE symptoms by modulating T cell responses [25]. It has been
reported that mean estrogen levels in female NOD mice is lower than other strains [26], such
as female BALB/c mice [27]. Female B6C3F1 mice have higher and more sustained level of
endogenous estradiol than female C57BL/6 and CD-1 mice [28]. We hypothesized that
dietary exposure to the soy phytoestrogen DAZ could modulate the immune responses
toward a beneficial effect (e.g., an-inflammatory and increasing regulatory cell subtypes)
and lead to improved metabolic functions (such as glucose metabolism). Here in this study,
we employed both B6C3F1 and NOD mouse strains as complementary models to study the
immunomodulatory effect of DAZ.
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Method

B6C3F1 and NOD mouse models

B6C3F1 mice are the offspring of a cross between C57BL/6J (B6) females and C3H/HeJ
(C3) males. Adult female B6C3F1 mice (Taconic, Germantown, NY) used for the study
were fed with either a soy-based diet (NTP-2000 diet, Zeigler Bros, Inc., USA) or a soy-free
diet (5K96, TestDiet, St. Louis, MO), and adult male and female NOD mice (Taconic) were
maintained on the soy-free diet. Mice (8-12 wks old) were randomized into vehicle control
(VH) and DAZ groups based on body weight (BW) and baseline blood glucose levels
(BGLs; for NOD). DAZ (CAS# 486-66-8; Mol. Wt. 254.24; Product Number: D-2946) was
obtained from LC Laboratories (Woburn, MA) and contained >99% DAZ. The DAZ doses
used in this study were 20 mg/kg BW or lower because they were physiologically relevant
[3, 10, 26, 29]. In addition, we were able to detect a difference in BGLs at these doses for
GEN in different murine diabetic models [26, 29], and it has been reported that DAZ has
similar effects for BGL modulation as GEN [3]. Mice in DAZ groups were dosed with 0.1
ml DAZ solution/10 g BW (0.2-2 mg/mL DAZ dissolved in 25 mM Na,CO3 by sonication
due to its low water solubility or in 0.2% methylcellulose/0.1% Tween 80) while the VH
groups were dosed with the same volume of vehicle daily. A 10G gavage needle was used
for dosing. Mice are given food and water ad /ibitum. The protocol has been approved by
IACUC at the University of Georgia and Virginia Commonwealth University. The mice were
housed in standard plastic cages with irradiated laboratory animal bedding (The Andersons
company, Maumee, Ohio) with each cage housing 2-6 mice according to facility
requirements. The animal room was kept at 22-25 °C, 50 £ 10 in relative humidity with
12/12 h light/dark cycle. As the NOD females develop T1D sooner than the males, they were
kept for a shorter period of time than the males.

CTL and NK activity

B6C3F1 mice were injected (/.0.) with 10 x 106 viable P815 tumor cells on day 18 of DAZ
exposure. Ten days after P815 injection, mice were euthanized by CO, asphyxiation, spleens
were removed and splenocytes obtained. Cytotoxic T lymphocyte (CTL) activity was
determined using a 4-h 1Cr release assay using Na®1CrO,-labeled P815 cells as the target.
The activity of natural killer (NK) cells was assayed using the NK-sensitive target,
Na>1CrO,-labeled YAC-1 cells, as previously described [30]. Briefly, the splenocytes at
different dilutions were mixed with the target cells to obtain effector:target (E:T) ratios of
200:1, 100:1, 50:1, 25:1, 12.5:1 and 6.25:1. The spontaneous release was determined by
adding 100 pL of medium to 12 replicate cultures containing the targets. The maximum
release was determined by adding 100 L of the target cells and 100 pL 0.1% Triton X-100
to each of 12 replicate wells. Specific lysis (%) of ®1Cr-labeled target cells was used as the
endpoint of the assay.

BW, BGL measurement, glucose tolerance test (GTT), and insulin tolerance test (ITT)

The measurements of BW and BGL were conducted as previously described [29]. GTT and
ITT were performed by injecting (7p.) the NOD mice with glucose (2 g/kg BW) following
fasting for 15 hours or insulin (1.5 IU/kg BW) without fasting, respectively [29]. The BGLs
at 0, 15, 30, 60 and 120 minutes following initial injection were measured subsequently.
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Enzyme-linked immunosorbent assay (ELISA)

ELISA Quantitation Kits (Bethyl Laboratories Inc., Montgomery, TX) were used to measure
the levels of serum antibodies (IgGop, IgM, 1gG1) in NOD mice as previously described [18,
29]. Briefly, the 96 well flat-bottom high binding microplate was coated with 100 pl/well
primary antibodies (10 pg/ml) at 4 °C for overnight (16-18 h), and then blocked with 5%
skim milk powder in 0.05% PBST at room temperature for 2 h. After washing with 0.05%
PBST, a 100 pl sample was added. After 2 h incubation at room temperature, the plate was
washed and a 100 ul HRP-conjugated secondary antibody was applied. The plate was
incubated at room temperature at dark for 1 h, and then washed. Substrate 3,3’,5,5’-
Tetramethylbenzidine (TMB, Sigma) and stopping solution sulfuric acid (2N) were added at
100 pL/well, and the plate was read at the wavelength of 450 nm.

Flow cytometry

The spleens were collected upon euthanasia, and the flow cytometric analysis was performed
following our previous publication [29]. Briefly, the spleens were mashed in 3 mL PBS
solution on ice. Leukocyte population in NOD mice were characterized with different
combinations of fluorochrome-labeled antibodies (diluted 1:80-1:100; BD PharMingen, San
Diego, CA) including cluster of differentiation (CD) 4-CD8-CD25 (PE-PerCP-FITC),
CD40L-B220 (PE-FITC) CD40-CD44 (PE-FITC) and CD5-CD24 (PE-FITC).

For the B6C3F1 females, the antibodies included IgM-CD3 (FITC-PE), CD4-CD8-CD25
(PE-PerCP-FITC), NK1.1-CD3 (PE-FITC), and Gr-1-Mac-3 (FITC-PE). In addition, the
analyses of mitochondrial transmembrane potential (A'¥'m) and reactive oxygen species
(ROS) generation were performed following our previous publication [18]. Thymocytes (1 x
108 cells/ml) were stained for 15 min with 40 nM 3,3’-dihexyloxacarbocyanine (DiOCg(3);
Life Technologies) and 2 uM hydroethidine (HE, Life Technologies) for assessing A¥'m and
ROS generation. Following excitation at 488 nm (250 mW), emission was monitored
through a 530/30 nm bandpass filter for DiOC6(3) and 575/26 nm bandpass filter for HE,
and then logarithmic amplification was used to detect the fluorescence. The late apoptosis
cell population was represented by DiOCg(3)4IMEthPright cells.

Statistical analysis

Results

The data were expressed as the mean + SEM. Dunnett’s test was used to compare the means
among treatment groups when the equal variance assumption was met; otherwise, Wilcoxon
test was performed to compare the means. JMP Pro 14 (SAS Inc., Cary, NC) and GraphPad
Prism 7 (GraphPad Software Inc., La Jolla, CA) were used for statistical analysis and data
visualization.

DAZ reduced organ weights and altered the splenocyte subpopulations in female B6C3F1

mice

Although oral DAZ exposure at 2 - 20 mg/kg had no effects on the terminal body weight and
absolute organ weights (Table 1). DAZ at various doses induced reductions in the relative
weights of spleen (2, 6 and 20 mg/kg), liver (6 and 20 mg/kg), lungs (20 mg/kg), and
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kidneys (6 mg/kg). When the splenic leukocyte populations were evaluated following DAZ
dosing (Table 2), the percentage of total B cells (represented by CD3"IgM*) was reduced
with significant change observed at the 20 mg/kg dose (P = 0.0388), while the %total T cells
(represented by CD3*1gM™) were significantly increased at this dose (2= 0.0004). CD4-
CD8-CD25 marker staining revealed that both the CD4*CD8™ helper T cell population (P=
0.038 at 20 mg/kg) and CD4~CD8* cytotoxic T cell population (P < 0.05 at 6 and 20 mg/kg)
were increased. In contrast, the %splenic neutrophils were significantly reduced at 20 mg/kg
(P=0.0063). No significant alteration was found for macrophage population (data not
shown).

DAZ affected thymocyte differentials and A¥m and ROS generation in female B6C3F1 mice

Two sets of cell surface markers were employed to determine thymocyte differentials
following exposure to DAZ. Thymocytes were first stained for CD4 and CD8 markers.
When compared to VH mice, DAZ treatment significantly decreased %CD4*CD8"~
thymocytes at 2 mg/kg (Table 3). The expressions of CD44 and CD25 by thymocytes were
also determined by flow cytometric analysis. When compared to VH mice, DAZ treatment
significantly decreased %CD44*CD25* at low dose and %CD44~CD25* thymocytes at all
three doses (Table 3). In contrast, %CD44~CD25~ was increased by DAZ with significant
changes observed at the low dose (Table 3).

To shed some light on the mechanisms underlying the modulatory effects of DAZ on the
development of thymocytes, the AY,, and ROS generation were evaluated following
exposure to DAZ at the middle dose (6 mg/kg). DiOCg(3)4MEthdim cells has been shown to
be the early apoptotic cells while DiOCg(3)4MEthPright ce|ls the late apoptotic cells [18]. As
shown in Figure 1, DAZ dosing induced a decrease in percentage of late apoptotic cells (P=
0.0092), while no differences were observed in early apoptotic cells (28.7 + 3.9% vs. 28.7
+ 1.5%) and live cells (DiOCg(3) PrigtEthdim: 58.1 + 4.1% vs. 64.2 + 1.7%).

DAZ did not affect the activities of CTLs and NK cells in female B6C3F1 mice

Our flow cytometric analysis showed both %CD4*CD8~ and %CD4-CD8™ splenic T cells
were increased by DAZ (Table 2). Therefore, the CTL activity was examined using P815
mastocytoma cells as a target, and exposure to DAZ did not significantly affect the CTL
activity at the 6 mg/kg dose (Figure 2A). In addition, when the effect of DAZ on the NK cell
activity was evaluated, no significant changes were observed at any E:T ratios (Figure 2C).
To determine if the phytoestrogens in the soy-based diet interacted with DAZ, adult female
B6C3F1 mice were also exposed to DAZ at the dose of 20 mg/kg while on a phytoestrogen-
free 5K96 diet. Similarly, DAZ had no effects on either CTL (Figure 2B) or NK (Figure 2D)
activities in these mice as the adult female B6C3F1 mice on the soy-based diet.

BGL and tolerance tests did not show a strong effect in DAZ-exposed NOD mice

Our studies indicated that the 20 mg/kg dose of GEN could effectively induce
immunomodulation in adult female B6C3F1 mice [18, 31] and decrease BGL in adult NOD
mice [26, 29]. Thus, this dose of DAZ was studied for its effects in the NOD mice. DAZ
exposure led to a reduction of BW in NOD males (Figure 3B) with statistical significances
observed between days 88 - 109 following initial treatment, but not in females (Figure 3A).

Int Immunopharmacol. Author manuscript; available in PMC 2020 June 01.
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However, the blood glucose level with time (Figure 3C-D) did not show a strong effect on
T1D protection in either sex. To further ascertain these findings, glucose tolerance test was
conducted on days 76 following the first DAZ treatment for females (Figure 4A) and day
169 for males (Figure 4B). In addition, insulin tolerance test was conducted on day 165
(Figure 4C) for males. The ITT for NOD females were not performed due to a generally
high T1D incidence and possible death of animals following insulin injection. All together,
these data did not show a strong effect on T1D protection in either sex.

DAZ exposure induced an increased level of serum IgG,p, in NOD females and IgG; in NOD

males

Figure 5 demonstrates the alterations of serum antibodies, including 19G»p, IgM and 1gG1,
following DAZ exposure. DAZ dosing led to significant increases in 1gGy levels in females
(P=0.0211, Figure 5A) and 1gGy levels in males (P= 0.0166, Figure 5F). The other
antibodies were not significantly altered by DAZ dosing (Figure 5B-E). 1gGo4 was not
measured because the gene was deleted in NOD mice [32, 33].

DAZ increased CD8*CD25* splenocytes in NOD females

Flow cytometric analysis demonstrated an increase in the percentage of CD8*CD25™ cells
(Figure 6A, P=0.0268) in spleens from NOD females following DAZ dosing (£ = 0.0268).
These cells are possibly regulatory T cells [34]. DAZ dosing also increased CD4~CD25%%
(data not shown), possibly due to increased % CD8*CD25* cells. In addition, the percentage
of B220*CD40L* cells in NOD females was increased (Figure 6B). No differences were
observed for other splenocyte subtypes including CD40CD44 and CD5CD24 markers (data
not shown).

Discussion

DAZ and GEN are the major isoflavones in soy-based food, and they exert estrogen-like
effects. In most soy products (such as boiled soybean and tofu), DAZ content is equivalent to
GEN, but much less studied. The mechanisms of action for DAZ could be related to the
inhibitory effects on a-glucosidase and a-amylase [35], promotion of 5 AMP-activated
protein kinase (AMPK) phosphorylation and glucose transporter type 4 (GLUT4)
translocation [36], inhibition of glucose uptake in adipocytes [37], enhancement of the
epithelial function and reducing oxidative stress [38], increase of peroxisome proliferator-
activated receptor (PPAR)-vy transcription [39], upregulation of ER-p [40], increase of the
insulin/glucagon ratio and regulation of hepatic lipid regulating enzymes (such as hepatic
fatty acid synthase) [35], and/or enhancement of 1L-17 gene expression [41]. Overall, the
effect of DAZ is more of interest in veterinary sciences (e.g., cows, pigs and chicken) while
both human epidemiological and mechanistic studies are largely missing.

The majority of studies focused on microbial-derived DAZ metabolites (e.g., ODMA and
equol) because of their particular protective effect against obesity, while the parent
compound has not been well studied (partly due to its low solubility and low bioavailability).
In this study, we used 25 mM Na,COs as a vehicle to achieve better solubility in basic
solution [42], and this vehicle has been consistently used in our published studies with GEN
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[18, 29] and by other groups [42—-44]. We used two complementary models (NOD and
B6C3F1) to investigate the immunological alterations following DAZ exposure and to assess
the anti-diabetic effects of DAZ. Similar to our study, it has been shown that DAZ exerted a
stimulatory effect on innate immunity and acquired immunity (e.g., lgM-secreting cells and
peripheral T cells) in mice at the same dose used in our study [45]. Although the effects on
splenic subpopulations following DAZ exposure in B6C3F1 females (Table 2) were in a
dose-related manner, some low dose effects were observed in thymocytes (Table 3). This
bimodal effect has been reported for hormones and endocrine disruptors [46]. However, it
has also been reported that DAZ induced suppression of dendritic cells’ maturation and
functions in rats [47]; therefore, further immunological studies using different species by
focusing on gut microbiota are warranted.

In male rats, it was reported that DAZ could mitigate lipopolysaccharide-induced immune
responses represented by decreased neutrophils, tumor necrosis factor (TNF)-a,
macrophages and NF-xB markers [48], suggesting an anti-inflammatory response. Similar
findings that DAZ exposure suppressed pro-inflammatory cytokines such as 1L-12p40, IL-6
and TNF-a has also been reported /n vitro[47]. Importantly, we observed an increase in
IgG1 in NOD males following DAZ exposure, indicating a stronger Th2 response. Thus, it
will be important to further study the Th1/Th2 balance following DAZ exposure. In NOD
females following DAZ exposure, a numeric decrease in 1gG; corresponding to a decreased
Th2 response was observed, which was in agreement with a decreased B cell population in
B6C3F1 females. Fan and colleagues [49] observed an increase in 1gG following exposure
to DAZ at 20 mg/kg BW in chicken breeders. In lactating cows, both 300 mg/kg and 400
mg/kg DAZ increased serum IgG [50]. Consistently, we observed an increase in 1gGoyp, in
NOD females. It should be noted that the 1gGoy, level was not altered by GEN in NOD
females following a similar exposure. Interestingly, similar differential effects were observed
in NOD males in which GEN exposure produced a decreased 1gGop, While 1gG; level was
not changed [29]. Therefore, the phytoestrogen GEN and DAZ could have different
mechanisms of immune regulation, which depended on sex.

B cells are essential in maintaining the immune homeostasis against pro-inflammatory
responses. It has been speculated by Hampe [51] that T1D development is initiated by B cell
and followed by T cell response. Ectopic CD40 ligand expression on B cells triggers
intestinal inflammation [52]. In NOD mice, some insulin-binding B cells are B220-low or -
negative [53]. Our study suggested a reduced total B cell population in female B6C3F1
mice, while the percentage of B220*CD40L" cells in NOD females was increased.
Moreover, our studies suggested that the T cells (total, cytotoxic and helper T cells) were
significantly increased in female B6C3F1 mice by DAZ, which were further supported by
our findings in NOD females that the CD8*CD25* population was greatly increased. In this
study, the lack of diabetes development and T1D exacerbation in the presence of T cell
increase following DAZ exposure might be due to the up-regulated CD8*CD25* and
B220*CD40L™ cells, which possess regulatory functions [34, 54]. In addition, it is believed
that late apoptosis, with compromised cell membranes and delayed clearance by phagocytes,
can lead to autoimmunity [55], and our study showed a reduced late apoptotic cell
population. A down-regulated expression of genes related to lymphocyte apoptosis was also
found [49]. Indeed, one study has shown that DAZ (added at 0.2 g/kg diet) possessed a
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similar protective effect against T1D (for both blood glucose level and glucose tolerance) as
GEN in NOD mice [3]. The amount used here would be similar to our dose at 20 mg/kg BW
[18, 56]. However, we did not observe any improvements in blood glucose and tolerance in
the current study, which might be due to different routes of exposure (gavage vs food
intake).

In conclusion, DAZ dosing reduced the B cell population as well as 1gG4 production, while
increased the helper and cytotoxic T cell population in females. The lack of protection or
exacerbation of T1D can be explained by reduced B cell population and increased regulatory
cells, revealing a completely different mechanism compared to GEN exposure. As for food
intake, animals are exposed to a mix of compounds. Combinatorial exposure of GEN and
DAZ in female BALB/c mice demonstrated a decreased IgG; for mucosal immune response
[57]. Therefore, future studies of the interaction between DAZ and GEN are warranted.
Furthermore, to improve the bioavailability of DAZ and to enhance the potential beneficial
effect, we may consider the use of DAZ metabolites in modulating T1D risk, which may
require an in-depth understanding of host-microbiota interaction and a thorough
investigation on the mode of action following DAZ exposure in both sexes.
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Highlights:
. Daidzein decreases B cells while increases T cells in female B6C3F1 mice
. Daidzein decreases late apoptotic thymocytes in female B6C3F1 mice
. Daidzein increases 1gGyp, in NOD females and 1gG; in NOD males

. Daidzein increases CD8*CD25* and B220*CD40L™" splenocytes in NOD
females
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Figure 1.
The A¥m and ROS generation in the thymocytes of female B6C3F1 mice maintained on a

soy-based diet and dosed with daidzein (6 mg/kg). (A) A representative contour plot
(DiOCg(3) vs. hydroethidine) of flow cytometric analysis; (B) %Late apoptotic cells were
represented by DiOCg(3)4IMEthPright. The vehicle was 0.2% methylcellulose/0.1% Tween
80. VHF = females exposed to vehicle; DZF=females exposed to daidzein; ROS = reactive
oxygen species. N=7-8.
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Effects of daidzein on the activities of CTLs (A, B) and NK cells (C, D) in adult female
B6C3F1 mice. Values represent the mean + SE derived from 7-8 animals. Statistical analysis
was conducted as described. (A, C) Mice were maintained on a soy-based diet (Reg) and
gavaged with daidzein at the 6 mg/kg dose, and (B, D) mice were maintained on a
phytoestrogen-free diet (SF) and gavaged with daidzein at the 20 mg/kg dose. The vehicle
was 0.2% methylcellulose/0.1% Tween 80. CTL = cytotoxic T lymphocyte; NK = natural
killer cells. VHF = females exposed to vehicle; DZF = females exposed to daidzein. N=7-8.
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Figure 3.

The body weight (BW) change of (A) NOD females and (B) NOD males, and the blood
glucose levels (BGL) with time in NOD females (C) and males (D). Mice were maintained
on the soy-free diet. VHM = males dosed with vehicle (N=12), DZM = males dosed with
daidzein (N=12), VHF = females dosed with vehicle (N=10), and DZF = females dosed with
daidzein (N=11)
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The glucose tolerance test (GTT) in NOD females (A) and NOD males (B), and the insulin
tolerance test (ITT) in NOD males (C). Mice were maintained on the soy-free diet. VHM =
males dosed with vehicle (N=12), DZM = males dosed with daidzein (N=10), VHF =
females dosed with vehicle (N=7), and DZF = females dosed with daidzein (N=7).
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The serum levels of 19G,y, (A), 1IgM (B), 1gG1 (C) in NOD females, and 19Gyy, (D), 1gM (E),
19gG; (F) in NOD males. Mice were maintained on the soy-free diet. VHM = males dosed
with vehicle (N=12), DZM = males dosed with daidzein (N=10), VHF = females dosed with

vehicle (N=9), and DZF = females dosed with daidzein (N=9).
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Percentage of CD8*CD25* (A) and B220*CD40L™" (B) splenocytes following daidzein
treatment in NOD females. Mice were maintained on the soy-free diet. VHF = females
exposed to vehicle (N=9), DZF=females exposed to daidzein (N=9).
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Table 1.

The body and organ weights of adult B6C3F1 females following daidzein exposure.
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Parameters Body weight (g) Lung (mg) (%) Thymus (mg) (%) Spleen (mg) (%) Kidneys (mg) (%) Liver (mg) (%)
DZF VHF 2540 +1.68 189.38 £ 6.63 54.50 +5.68 7250 +5.31 339.25+7.95 945.63 + 42.58
0.76 £ 0.04 0.22 +0.02 0.29 +0.01 1.36 £ 0.06 3.77+0.14
2 mg/kg 29.79+1.41 20450+ 7.71 64.00 +4.77 69.13 £ 3.72 358.25 + 14.33 1045.88 + 58.81
0.69 +0.02 0.21+0.01 0.23 +0.00™* 1.21+0.04 351+0.08
6 mg/kg 30.87 £ 1.50 203.75 + 10.74 64.00 +4.91 66.63 + 1.76 356.13 + 13.24 999.38 + 45.36
0.66+0.03 0.21+0.01 022+0.01™" 116+0.02" 3.25+0.09™"
20 mg/kg 31.34 £ 3.06 174.75 + 8.47 69.38 + 4.57 67.25 £ 4.53 376.13 + 16.09 1002.88 + 75.92
0.58+0.05™" 0.23+0.01 022+0.01" 1.25+0.07 3.25+0.09™"

Mice were maintained on a soy-based diet and administered vehicle (25 mM Na2COg3 or daidzein by gavage daily for 14 days. At study
termination, the mice were necropsied and indicated organs weighed. VHF = females exposed to vehicle; DZF = females exposed to daidzein.

Values represent the mean + SE (N = 8).

*
p=<0.05

Aok

p<0.01
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Table 2.

The splenic subpopulations following daidzein exposure in adult B6C3F1 females.
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Spleen NK (%) 1gM* (%) CD3*(%) Neutrophils (%) CD4*CD25* (%) CD4-CD8" (%) CD4*CD8" (%)
DZF VHF 198048 38281419  16.51%2.68 2.16 £0.36 3.17 20.54 4.04%0.65 9.85+1.20
2mghkg 1743020 34.99+180  21.53+212 1.66 £0.40 2.58 £0.67 439+ 0.44 10.15 + 1.08
6mgkg 2032025 34284250  21.70 +4.13 1.90 £0.37 3.28 + 0.68 6.83+ 107" 14.14 +1.89
20mglkg 246009 29121+141% 3500+£257° 1122008 218+0.12 942+050™  1558+1.827

Mice were maintained on a soy-based diet and administered vehicle (25 mM Na2CO3) or daidzein by gavage daily for 14 days, and the
percentages of splenocyte subsets were determined using flow cytometric analysis. VHF = females exposed to vehicle; DZF = females exposed to
daidzein. Values represent the mean + SE (N = 8).

*
p<0.05

*:

A
p<0.01
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Table 3.

Effects of daidzein on thymocyte subsets in adult female B6C3F1 mice

Thymus CD4"CD8" (%)  CD4*CD8* (%)  CD4*CD8™ (%) CD4-CD8* (%)
DZF VHF 28.91 + 8.89 52.33%9.16 14.79 £1.35 3.96 +0.59
2 mglkg 49.24 +6.24 37.41+584 10.40 +1.05% 2.96 +0.36
6 ma/kg 31.92 £6.11 51.37+6.18 13.01+1.34 3.70+0.38
20 mg/kg 44.20 + 4.37 40.71 + 4.69 11.77 £0.72 3.32+0.24
Thymus CD44*CD25™ (%) CD44*CD25" (%) CD445-CD25* (%) CDA445-CD255" (%)
DZF VHF 2.21+0.27 3.50 £0.74 3.29+0.70 91.01 +1.47
2mglkg 197+0.23 17340277 0.97+018™" 95.33+0.62"
6 mg/kg 2.28+0.23 2.37+0.26 1814020 93.54+0.48
20 mg/kg 2.70 +0.17 2.53+0.40 1.87+028% 92.90+0.70

Mice were maintained on a soy-based diet and administered vehicle (25 mM Na2CO3) or daidzein by gavage daily for 14 days, and the

Page 21

percentages of thymocyte subsets were determined using flow cytometric analysis. VHF = females exposed to vehicle; DZF = females exposed to
daidzein. Values represent the mean + SE (N = 8).

*
p<0.05

Ak
p<0.01
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