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PAPER

Soy isoflavones supplementation alleviates disease severity
in autoimmune-prone MRL-lpr/lpr mice

YH Hong1, TC Wang1, CJ Huang1, WY Cheng1,2 and BF Lin1
1Department of Biochemical Science and Technology, Institute of Microbiology and Biochemistry, College of Life Science, National Taiwan University,

Taipei, Taiwan, Republic of China; and 2Department of Medical Nutrition, I-Shou University, Kaohsiung County, Taiwan, Republic of China

Soy isoflavones supplements, which are phyto-oestrogens widely used as alternatives to alleviate
menopausal syndromes or prevent chronic diseases, may exert oestrogenic and anti-oestrogenic
activities. This study aimed to investigate the effects of soy isoflavones supplement on oestrogen-
related autoimmune disease, such as systemic lupus erythematosus, using autoimmune-prone
female MRL-lpr/lpr mice. Eighty mice of 8 weeks were divided into five groups: 0 (Control), 2
(Isf 2), 10 (Isf 10) and 20 (Isf 20) mg/kg BW/day Phyto SoyaTM isoflavones or 0.375 mg/kg BW/
day tamoxifen (TAM) as the positive control, by tube-feeding. Some mice were killed at age
15 weeks for cellular cytokine secretion. The data suggested that the Isf 20 and TAM groups had
higher weight gain and survival compared with the control group. At age 22 weeks, the Isf 20 group
still had 75% survival comparable to mice treated with TAM. At age 14 weeks, the TAM group
showed significantly lower serum anti-double-stranded (ds) DNA IgG and anti-cardiolipin IgG.
The mice in the Isf 10 and Isf 20 groups also had lower anti-dsDNA IgG and anti-cardiolipin
IgG. The interferon (IFN)-γ secretion from mitogen-stimulated T cells in the Isf 20 and TAM
groups were significantly lower than those of control mice. Furthermore, the oestrogenic activity
of the methanol extracts of soy isoflavones for oestrogen receptor (ER)β, but not ERα, significantly
increased, suggesting that soy isoflavones have a selective modulation of ER activation. Thus, soy
isoflavone supplementation did not aggravate murine lupus, but apparently ameliorated the dis-
ease. Lupus (2008) 17, 814–821.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic,
inflammatory autoimmune disorder. The autoantibo-
dies production may affect the skin, kidneys, joints,
brain and other organs. Women develop SLE nine
times more frequently than men, especially during the
child-bearing period, and disease flares are associated
with certain phases of the menstrual cycle.1–3 Accord-
ingly, oestrogen is correlated with SLE progression
and even conceived as an accelerator of the disease
process. The onset of disease is triggered in lupus
patients when they take oestrogen-containing oral
contraceptives.4 It has also been documented that oes-
trogen treatment can exacerbate the disease,5,6
whereas the administration of anti-oestrogen agents
retard the disease in lupus-like mice.7 Tamoxifen
(TAM), a synthetic non-steroidal triphenylethylene
compound, is a potent oestrogen antagonist with

high affinity for oestrogen receptor (ER) and has
been used as a preventive drug for breast cancer
disease.8,9 Several studies have shown that TAM alle-
viates disease severity in experimental lupus mice and
lupus-likemice by decreasing CD5+B-cell population,
soluble tumour necrosis factor (TNF) receptors, renal
inflammation and double negative T cells.10–12

Lupus-like mice, such as MRL-lpr/lpr mice, spon-
taneously develop an autoimmune disorder resem-
bling human SLE characterized by the production of
various autoantibodies, immune complex–mediated
glomerulonephritis, vasculitis, arthritis and massive
lymph node proliferation related to the lpr gene encod-
ing a mutant form of Fas. This prompts the progress
of fulminant humoral autoimmune disease.13,14 Most
MRL-lpr/lprmice develop a progressive loss of kidney
function at 3–6 months of age and with a 50%mortal-
ity rate at 6 months of age. These mice are a valuable
resource for studying the effects of environmental and
dietary exposures on a genetically susceptible
population.15

Although epidemiological studies suggests that the
low incidence of certain oestrogen-related chronic dis-
eases in Asian women is attributable to their high
intake of soyfoods, soy isoflavones supplement have
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become widely used as alternatives to alleviate meno-
pausal syndrome or prevent chronic disease.16 Soy-
foods contain high levels of isoflavones, such as genis-
tein, daidzein and equol, which are structurally similar
to 17β-estradiol (E2) and have oestrogenic effects. The
action of oestrogen is mediated by its specific receptor
in target cells. The ER, including ERα and ERβ,
becomes activated following its binding to oestrogen,
which then interacts with the oestrogen responsive ele-
ment in the promoters of oestrogen responsive target
genes and regulates their transcription.17

However, adverse effects of oestrogen on SLE
raised concern that similar effect of soy isoflavones
supplement could also occur in SLE-prone female
individuals. On the other hand, soy isoflavone has
been shown to possess anti-inflammatory effects and
reduce proteinuria and renal pathological lesions asso-
ciated with progressive renal failure, which are benefi-
cial for SLE.18,19 Therefore, whether those soy isofla-
vone products available in market or health stores
could affect autoimmune disease, such as SLE, need
to be investigated. In this study, we used MRL-lpr/lpr
mice to examine whether soy isoflavones supplement
can ameliorate or exacerbate lupus-prone disease
symptoms, such as life span, proteinuria, autoantibo-
dies and cytokines levels.

Materials and methods

Experimental animals and diets

Eighty 6-week-old female MRL-lpr/lpr mice were
purchased from the Animal Center of the College
of Medicine at the National Taiwan University
(Taipei, Taiwan). The animal room was maintained
on a 12-h light-dark cycle with constant temperature
(23 ± 2 °C) and humidity in stainless steel cages with
glass water bottles. Mice were fed a non-purified
chow diet (Lab Rodent Chow 5001, Ralston Purina,
St. Louis, MO, USA) first for adaptation, and then
switched to soy-free and oestrogen-free AIN-76 diet,
20 in which corn oil is substituted by sunflower oil
(SO). Mice at age 8 weeks were randomly assigned
to five groups: control, tamoxifen (TAM), Phyto
SoyaTM isoflavones 2 mg/kg BW (Isf 2), 10 mg/kg
BW (Isf 10) and 20 mg/kg BW (Isf 20), respectively,
and each group contained 15–17 mice. TAM with
the dose of 0.375 mg/kg BW was used as the positive
control that referred to the previous study.12 Soy iso-
flavones used in this experiment was Phyto SoyaTM

capsule kindly supplied by Arkopharma Ltd (Car-
ros, France) through Morris Enterprise Co. Ltd
(Taipei, Taiwan). Phyto SoyaTM contains 4.1% (w/
w) soy isoflavones extracted from natural soy germ

with the following distribution of isoflavone: 50%
daidzin, 30% glycitin and 20% genistin.

All mice had free access to food and water, and
were additionally tube-fed either 50 μl SO or the
above dosage of samples in 50 μl SO 5 days every
week. Food intake, body weight and the proteinuria
were regularly monitored. At age 15 weeks, three to
five mice in each group were sacrificed for in vivo cyto-
kine analysis. Animal care and handling conformed to
the National Institute of Health’s Guide for the Care
and Use of Laboratory Animals.21

Determination of proteinuria and life span
Proteinuria wasmeasured by using a tetrabromphenol
paper (Eiken Chemical Co., Tokyo, Japan) on fresh
urine samples. This colorimetric assay, which is rela-
tively specific for albumin, was graded 1+ to 4+ and
the approximate protein concentrations were as fol-
lows: 1+, 0.3 g/l; 2+, 1 g/l; 3+, 10 g/l and 4+, >10 g/l.
Proteinuria was defined as a reading higher than 2+
(1 g/l) for two consecutive weeks. Mice were followed
up for life span and proteinuria every week.

Assay of anti-double-stranded (ds) DNA and anti-
cardiolipin antibodies
Mice were bled retro-orbitally every month to deter-
mine serum levels of. Anti-dsDNA and anti-
cardiolipin antibodies in MRL-lpr/lpr mice were
assayed by enzyme-linked immunosorbent assay
(ELISA), according to a previous study.22 The 96-
well plates were coated with methylated bovine
serum albumin (mBSA; Sigma, St Louis, Missouri,
USA) or protamine sulphate (Sigma). After overnight
incubation, the plates were washed and calf thymus
dsDNA or bovine heart cardiolipin was coated over-
night at 4 °C. The plates were washed and blocked
with gelatin solution for 2 h. After washes, properly
diluted serum samples were added in the plates. Two
hours later, the plates were washed and horseradish
peroxidase-conjugated goat anti-mouse γ chain-
specific antibodies were added. Enzyme activity was
evaluated using ABTS [2, 20-azino-bis (3-
ethylbenzthazoline-6-sulfonic acid); Sigma] as the sub-
strate. Absorbance was measured at 405 nm [optimal
density (OD)] within 20 min.

Assay of cytokine production from immune cells
Splenocytes and peritoneal exudate cells (PEC) were
harvested from three to five mice at age 15 weeks in
each group. Splenocytes at a concentration of
5×106 cells/ml and PEC at a concentration of
1.5×106 cells/ml were placed in 48-well plates in
RPMI-1640 medium supplemented with 10% TCM
(mouse serum replacement; Celox Corp., Hopkins,
Minnesota, USA). Optimal concentrations selected
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from preliminary test of mitogens [phyto-
haemagglutinin (PHA) 10 mg/l; lipopolysaccharide
(LPS) 10 mg/l; Sigma] were added as a stimulus for
cell cultures. Suspensions were cultured at 37 °C in a
5% CO2 humidified incubator. After 48-h incubation,
cell supernatants were collected for measurement of
cytokine production. Cytokines including interferon
(IFN)-γ, interleukin (IL)-6 and TNF-α were assayed
by using the commercial ELISA kit. Briefly, anti-
IFN-γ, IL-6 (PharMingen, SanDiego, California,
USA) and TNF-α (R&D Systems, Minneapolis, Min-
nesota, USA) antibodies were coated to 96-well
ELISA plate and incubated at 4 °C overnight. After
washes, the wells were blocked with 200 ml blocking
solution (PBS buffer containing 1% bovine serum
albumin; Sigma) at 25 oC for 1 h. The plates were
washed with PBS containing 0.5 ml Tween 20/l, the
supernatant then being added and the plates incubated
at 25 oC for 2 h. The plates were then washed before
adding biotin-conjugated anti-IFN-γ, -IL-6 (Phar-
Mingen) and -TNF-α antibodies (R&D Systems) at
25 oC for 2 h. After washing, horseradish peroxi-
dase–conjugated streptavidin was added at 25 oC for
30 min. After washing, the plates were incubated with
ABTS or TMB (tetramethylbenzidine; Clinical Sci-
ence Products, Mansfield, Massachusetts, USA) and
measured for absorbance at 415 nm or 620 nm within
20 min. The data were calculated according to the
cytokine standard curve.

Assay of oestrogenic activity

Soy isoflavone had to be extracted in organic solvent
and its extract can be used for the measurement of
oestrogenic activity. Briefly, Phyto SoyaTM isofla-
vones were properly weighed and extracted in 80%
methanol (1:30, w/v) by stirring at room temperature
for 1 day. The methanol solution was filtered, and the
filtrate was evaporated in a rotary evaporator to
remove the solvent. The methanol extract of soy iso-
flavones was dissolved in 50% ethanol solution for cell
treatment. Oestrogenic activity was measured by the
ER transactivation assay as described previously23
and the procedure of transactivation was based on
the report of Chao and Huang.24

In short, 1.25×105 cells/ml CHO-K1 cells (CCRC
60006) were seeded at 96-well plate and transfected
with 0.3 μg of the chimeric receptor construct pBK-
CMVGal4-hERα (or β) and pBK-CMV-(UAS)4-tk-
alkaline phosphatase (AP) (4:1 or 5:1) in 100 μl
serum-free medium OPTI-MEM (Gibco BRL,
Gaithersburg, Maryland, USA) containing 1 μl lipo-
fectamine per well. After 5 h, the medium was chan-
ged to Ham’s F-12 medium containing 10% TCM
and vehicle (ethanol), 1 nM 17β-estradiol (E2, as

the positive control) or the appropriate concentra-
tion of soy isoflavones. After 48-h incubation, 20 μl
(ERα) and 10 μl (ERβ) culture medium was trans-
ferred to a new 96-well plate and mixed with 200 μl
of SEAP (secreted alkaline phosphatase) assay solu-
tion. Finally, the absorbance was read at 405 nm in
15 min. Fold activation was calculated by taking the
AP activity of vehicle-treated cells as 1. Experiments
were repeated in triplicate.

Statistical analysis
Data were presented as mean ± standard error (SE)
for each group. The significance of differences
among groups was analysed by one-way ANOVA
(Analysis of Variation) and Duncan’s Multiple
Range test or Student t-test using the SAS software
program (SAS/STAT version 8; SAS Institute, Cary,
North Carolina, USA). The data of the proteinuria
cumulative occurrence and survival were analysed
between two different curves using the Cox propor-
tional hazards regression test (STATA version 6.0;
Stata Corp., College Station, Texas, USA). Statistical
significance was considered at a P-value ≤0.05.

Results

Changes of mice body weight
MRL-lpr/lpr mice were fed AIN-76 diet and supple-
mented with various doses of Phyto SoyaTM isofla-
vones or TAM by tube-feeding beginning at 8 weeks
of age. The growth curve (Figure 1) showed that mice
in all groups gradually increased bodyweights that are
almost comparable to 14 weeks of age. After age
14 weeks, the body weights of mice in the control
group decreased, while others did not. The mice of
the Isf 2, Isf 10 and Isf 20 groups started to lose weight
at age 16, 19 and 23 weeks respectively. Average body
weight of the Isf 20 group was significantly higher
than that of the control group since age 16 weeks.
This data show that Isf supplement attenuates
autoimmune-prone weight loss in MRL-lpr/lpr mice.

Effects of isoflavones on mice survival
The survival rate of mice in the control group
decreased with age, and was 46% at age 18 weeks
(Figure 2). At the same age, mice in the Isf 20 group
had a 92% survival, comparable to the TAM group.
The survival rate of the Isf group was higher than that
of the control group (P = 0.001, Cox’s proportion
hazards regression test). Subsequently, the average
life span of the Isf 20 group (186 ± 51 days) and the
TAM group (167 ± 43 days) were significantly longer
than the control group (131 ± 28 days, P = 0.002 and
P = 0.019, respectively, Student’s t-test). The life span
of the mice in the Isf 2 (154 ± 41 days) and the Isf 10
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(155 ± 48 days) groups were not significantly different
from that of the control group.

Influence on autoantibody production

Because MRL-lpr/lpr mice had hyper-gamma-
globulinaemia, the serum levels of autoantibodies
were followed up regularly every month. Serum levels
of anti-dsDNA IgG and anti-cardiolipin IgG
increased with age (Figure 3). At age 14 weeks, the
TAM group, as a positive treatment group, had sig-
nificantly lower serum anti-dsDNA IgG and anti-
cardiolipin IgG levels. The Isf supplement groups
had lower anti-dsDNA and anti-cardiolipin IgG
levels, especially significantly for anti-cardiolipin IgG
levels in mice of the Isf 10 and Isf 20 groups (Fig-
ure 3B). At age 18 weeks, serum anti-cardiolipin IgG
elevated and remained the same profile but did not
show statistical difference. Serum anti-dsDNA IgG
level was not significantly different among the groups
because those levels of the Isf supplement and TAM
groups elevated.

Effects of isoflavones on cytokines production

To investigate whether soy isoflavones affect cellular
function, Isf-supplemented mice at age 15 weeks were
killed and the spleen cells were harvested to culture for
cytokine measurement. The data showed that PHA-
stimulated IFN-γ secretion from splenocytes was sig-
nificantly reduced in the Isf 20 and TAM groups (Fig-
ure 4). No significant differences in IL-6 and TNF-α

production from LPS-stimulated PEC were noted
between the Isf-supplemented or TAM-treated groups
and the control group.

Effects of isoflavones on proteinuria

MRL-lpr/lprmice have a rapid onset of glomerulone-
phritis with proteinuria. Table 1 showed that protein-
uria developed early in the control group. Mice trea-
ted with TAM, which has been shown to alleviate
disease severity,12 had delayed onset of proteinuria.
Almost half of mice developed proteinuria by age
16 weeks except those treated with TAM. There was
no significant difference in proteinuria occurrence
after the age of 16 weeks between the Isf-
supplemented groups (Isf 2, 10 and 20) and the control
group.

Oestrogenic activity of Phyto SoyaTM isoflavones

To determine the oestrogen activity of Isf supplement,
Phyto SoyaTM isoflavones were extracted in 80%
methanol and added to two transfected CHO-K1
cells lines with constructs of either ERα or ERβ
ligand-binding domain respectively. It was shown
that Isf methanol extract exhibited a higher oestro-
genic activity towards ERβ and a lower ERα oestro-
genic activity (Figure 5). The transactivation of Isf
methanol extract on ERβ reached levels as high as
1 nM E2 treatment at a concentration of 10 μg/ml,
while the activation of ERα was still below half of
that of E2 treatment even at a concentration of
80 μg/ml Isf extract.

Figure 1 The body weight of MRL-lpr/lpr mice supplemented
with sunflower oil (Control, …○…) or different doses of soy
isoflavone (2 mg/kg BW, –△–; 10 mg/kg BW, –□–; 20 mg/kg
BW, –●–) or tamoxifen (TAM, 0.375 mg/kg BW, –▼–) at
different ages. There were 12 mice at the age, 8 weeks, started on
each supplement diet. Body weights of mice were recorded every
week and the values were expressed as mean ± SE values. Values
not sharing the same letter among groups are considered
significant differences by Duncan’s multiple range test (P < 0.05)

Figure 2 The survival curve of MRL-lpr/lpr mice supplemented
with sunflower oil (Control, …○…) or different doses of soy
isoflavone (2 mg/kg BW, –△–; 10 mg/kg BW, –□–; 20 mg/kg
BW, –●–) or tamoxifen (TAM, 0.375 mg/kg BW, –▼–). There
were 12 mice at the age, 8 weeks, started on each supplement
diet. Survival data were analysed by Cox’s proportion hazards
regression test. The survival percentage of Isf 20 was higher than
that of the control group, P = 0.001
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Discussion

MRL-lpr/lprmice develop SLE-like autoimmune syn-
dromes by 3–4 months of age with progressive tissue
damage and weight loss eventually.25 In this study,
mice of the Isf 20 and TAM groups older than age
14 weeks still maintained their body weights and had
longer life span. These data showed that soy isofla-
vones supplement could benefit survival in murine
lupus model.

The production of autoantibodies, particularly
anti-dsDNA antibody, and the severity of glomerulo-
nephritis in MRL-lpr/lpr mice was correlated.26–28
Another autoantibody, anti-cardiolipin antibody,
present in the serum of lupus patients is associated
with arterial thrombosis and atherosclerosis.29–31 In
MRL-lpr/lpr mice, serum levels of anti-cardiolipin
antibody were initially detected at 8 weeks and contin-
ued to elevate by age, then peaked around 20 weeks.32
Previous studies showed that TAM treatment reduced
B-cell count, modulated expression of cytokine recep-
tors, decreased double negative T cells, and subse-

quently delayed disease onset and alleviated symp-
toms of lupus nephritis in MRL-lpr/lpr mice.12 In
this study, serum levels of anti-dsDNA and anti-
cardiolipin IgG were significantly reduced in the
TAM group until age 18 weeks. The Isf 10 and Isf
20 groups also had lower serum anti-cardiolipin IgG
and anti-dsDNA IgG, especially significant for anti-
cardiolipin IgG at age 14 weeks. Although serum
levels of anti-dsDNA IgG of isoflavones supplement
and TAM groups elevated at age 18 weeks, there was
no significant difference among the groups. Serum
anti-cardiolipin IgG profile remained the same at
18 weeks but did not show statistical difference. This
profile is similar to those studies regarding the dietary

Figure 4 Effects of soy isoflavones supplement on the cytokine
secretion from mitogen-stimulated primary cells of MRL-lpr/lpr
mice. At age 15 weeks, three to five mice in each group were
killed and primary cells were collected. Splenocytes were
stimulated with 10 mg/l PHA for IFN-γ assay and peritoneal
exudate cells were stimulated with 10 mg/l LPS for TNF-α and
IL-6 assay. Bar values were mean ± SE values and significantly
different from the control group as determined by Student’s t-
test, *P < 0.05

Table 1 The cumulative occurrence of proteinuria of MRL-
lpr/lpr mice at different agesa

Group

Age, weeks

10 12 16 20

Control 17 (2) 25 (3) 42 (5) 58 (7)
Isf2 8 (1) 8 (1) 42 (5) 67 (8)
Isf10 8 (1) 17 (2) 58 (7) 75 (9)
Isf20 8 (1) 17 (2) 42 (5) 50 (6)
TAM 0 (0)* 0 (0)* 17 (2)* 42 (5)

The significant difference between the control group and the experimental
group was analysed by COX’s proportion hazards regression test, *
P < 0.05.
aData were expressed as the percentage of cumulative proteinuria occur-
rence and the number of mice with proteinuria in parenthesis. Mice with
proteinuria were defined as those with more than 1 g/l protein for two con-
secutive weeks using tetrabromphenol papers.

Figure 3 Effects of soy isoflavones supplement on serum levels
of anti-dsDNA IgG (A) and anti-cardiolipin IgG (B) in MRL-
lpr/lpr mice. Soy isoflavone supplement started at age 8 weeks
(12 mice/group at age 8–10 weeks; 11 mice/TAM at age
14 weeks; 6–9 mice/group at age 18 weeks). Bar values (optimal
density at 405 nm) were mean ± SE values. Values not sharing
the same letter among groups are considered significant
differences by Duncan’s multiple range test (P < 0.05)
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effects on serum autoantibodies levels. It has been
shown that significant differences of serum autoanti-
bodies levels were usually observed at age 3–4 months
in MRL-lpr/lpr and 6–7 months in NZB/W F1 mice,
33–35 except those on extreme nutrient deficient or cal-
orie restriction diets.36,37 Significantly higher serum
autoantibody levels among groups were not necessar-
ily observed at later stage of disease course, possibly
due to individual variation and antibody deposit in
kidney. These data suggested that the inhibitory effect
of soy isoflavones on the production of autoantibo-
dies, especially at the age when disease course starts,
might contribute to delay the disease course.

The dysregulation of pro- vs. anti-inflammatory
mediators is the characteristic of autoimmune disease.
Pro-inflammatory cytokines such as IFN-γ, TNF-α
and IL-6 appear to be upregulated in lupus kidney.38

IFN-γ enhanced the production of inflammatory
mediators which worse glomerulonephritis. The treat-
ment of IFN-γ-encoding plasmid reduced the survival,
while the deletion of the IFN-γ receptor or disrupted
IFN-γ gene prevented autoantibody production and
had a longer life span in SLE-like mice.39–41 TNF-α
and IL-6 levels are elevated in both human and
murine lupus and also play the critical roles in the
pathogenesis of autoimmune.42 It was addressed that
agents to neutralize cytokines, such as IFN-γ, TNF-α,
IL-6 and IL-18, could ameliorate disease severity in
lupus-like mice.38

Nevertheless, the cytokine production can be mod-
ulated by diet treatment. In vitro studies have shown
that isoflavones exert anti-inflammatory properties
via various mechanisms, such as antioxidant effects,
inhibition of signal transduction or PPARγ.43–45
Lower production of IL-1β, IL-6, nitric oxide (NO)
and prostaglandin E2 (PGE2) by PEC from LPS-
induced inflammatory mice fed isoflavones was
reported recently.18 However, information about the
inhibitory effects of dietary isoflavones on ex vivo pro-
duction of pro-inflammatory cytokines in lupus mice
is limited. Data presented here show that IFN-γ is the
cytokine that were significantly reduced in the Isf 20
and TAM groups compared with the control. Lower
IFN-γ secretion was consistent with lower serum anti-
dsDNA IgG levels at age 14 weeks and longer life
span in soy isoflavones supplement group. This result
is in accordance with the previous report that signifi-
cantly lower IFN-γ secretion and longer life span were
found in vitamin E-supplemented NZB/W F1 mice
fed oxidized oil diet,33 suggesting that IFN-γ is a
potential target for anti-inflammatory diet therapy.
TNF-α and IL-6 productions from LPS-stimulated
PEC of mice at age 15 weeks were not significantly
reduced by soy isoflavones and tamoxifen treatment
in this study, which was also observed in the previous
study on tamoxifen treatment in murine lupus.11 Our
study showed that decreased IFN-γ level produced by
splenocytes in treatment groups, which is important
for the aggravation of inflammation in late stage of
murine lupus. The results suggest that soy isoflavones
decrease not only anti-dsDNA antibody levels in early
stage but also inflammation in late stage of murine
lupus. These findings might explain why the soy iso-
flavones treatment groups had the better survival rate
compared with that of the control group.

In addition, oestrogen endocrine disruptors, such as
genistein, can also decrease IFN-γ production.46 Oes-
trogen alters cytokine gene regulation in lupus T cells,
involved in disease progression and mediate through
the ER pathway.47,48 IFN-γ production was also
reduced in NZB/W F1 mice fed bisphenol A, a syn-
thetic oestrogen receptor-binding molecule.49 Bisphe-
nol A binds ERβ with sixfold greater affinity than
ERα,50 and increased symptom-free period of NZB/
W F1 mice.49 Interestingly, we also found that the soy
isoflavones supplement used in this study showed a
higher affinity for ERβ than ERα by transactivation
assay. Our results are consistent with the recent study
that the disease severity is aggravated by an ERα ago-
nist, but ameliorated by a preferred ERβ agonist in
murine lupus model, suggesting that ligand with
higher binding affinity to ERβ and ERαmay contrib-
ute to immunosuppressive effect on this disease.35

Figure 5 Effects of soy isoflavones methanol extract on the
transcriptional activation of oestrogen receptors (Gal4-hERα or
β). Values are expressed as mean ± SE values of three separate
experiments, and 1 nM E2 (17β-estradiol) as the positive control.
Vehicle represents the treatment of 0.1% ethanol to cells. Values
not sharing the same letter are significantly different by Duncan’s
multiple range test (P < 0.05, A–D represents the significant
difference for ERα activities, while W–Z represents for ERβ)
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Although the reason for this disparity is unclear, the
role of ERα expression by T cells in oestrogen-induced
IL-4 production and in suppressing IFN-γ production,
which cause cytokine imbalance for disease onset,
may be one of the possible explanations.51,52 The
action of ERβ can be opposite to ERα, and ERβ
ligands have been developed for medical treatment
of different hormone-dependent diseases.53 Further
studies investigating its mechanism are warranted.

However, a report showed that a 20% soy protein
diet, when compared with a casein diet, exacerbate
renal damage in MRL-lpr/lpr mice.54 As higher Con
A-stimulated proliferation in soy diet is the only
immune response shown to be significantly different
in that study, it is difficult to evaluate precisely the
different effects of the 20% soy protein and the soy
isoflavone used in our present study at this point. It
might be due to different plasma concentrations of
various isoflavones depending on feeding soy pro-
ducts,55 or the timing of feeding began. However,
the effects of soy protein on renal damage in
autoimmune-prone mice still need to be clarified.
Our observation in this study showed that an adequate
supplementation of soy isoflavones would benefit
lupus-like conditions in autoimmune diseases.

In summary, this study showed that soy isoflavone
decreased serum anti-dsDNA IgG and anti-
cardiolipin IgG levels at the age when disease course
develops, decreased IFN-γ secretion from PHA-
stimulated T cells and prolonged life span. A higher
affinity towards ERβ than ERα of this soy isoflavone
product might be also one of the contributing factors.
Therefore, dietary supplementation of soy isoflavones
did not aggravate disease but apparently alleviate dis-
ease severity in murine lupus model.
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