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Abstract

Soy consumption is associated with thyroid disorders such as hypothyroidism, goiter, and autoimmune thyroid disease (ATD) as
well as increased iodine requirement in certain cases. However, the anti-thyroid component(s) in soy are yet to be identified and
the molecular mechanism(s) involved remain unclear. This study examined the effects of soy isoflavones (ISF) on iodide uptake
and expression of thyroglobulin (Tg) and sodium/iodide symporter (NIS) in thyrocytes. Fischer rat thyroid cells (FRTL) were treated
with Novasoy (a soy alcohol extract containing 30% ISF) or major ISF aglycones or glycosides for 24 h. lodide uptake was
measured by a colorimetric assay. The protein level of Tg and NIS was measured by Western blotting. Cytotoxicity of tested
compounds was determined by the MTT cell proliferation assay. lodide uptake in FRTL cells was dose-dependently suppressed
by Novasoy added into the cell culture (10, 25, or 50 pg/mL, P < 0.05). However, neither the major ISF aglycones nor glycosides
alone or in combination had similar effects. Novasoy (up to 200 ug/mL) had no cytotoxic effect. Novasoy (1, 10, and 50 ug/mL) and
genistein (1 and 10 puM) markedly increased the protein content of a 40 kDa Tg fragment (P40, a known autoimmunogen) and non-
glycosylated NIS in the FRTL cells (P < 0.05). Overall, this study demonstrated that the alcohol soluble component(s) other than the
major ISF in soy remarkably inhibited iodide uptake in the FRTL cells. Soy ISF, particularly genistein, induced the production of
P40, which might be responsible for the higher incidence of ATD reported in soy infant formula-fed children.
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Introduction organ-specific autoimmunity. Hashimoto’s disease or
Hashimoto’s thyroiditis is the most common one, affecting
approximately 3% of the population, and is also the most
frequent cause of acquired hypothyroidism with or without
goiter.‘q”5 Graves’ disease, on the other hand, ultimately
leads to hyperthyroidism.*”

lIodine is an essential element of thyroid hormones, tri-
iodothyronine (T3) and thyroxine (T4), and its uptake into
the thyrocytes is mediated by sodium-iodide symporter
(NIS).°™ Todide is eventually integrated into the tyrosine
residues of thyroglobulin (Tg) which is then cleaved by
lysosomal proteases to produce T3 and T4.'° In addition,
the action of lysosomal proteases also produces other Tg
fragments, notably a 40-kDa immunoreactive fragment

Soy is a staple component of the Asian diets, and its global
demand has increased dramatically in the last decade due to
its potential health benefits." These include lower preva-
lence of coronary heart disease, atherosclerosis, osteopor-
osis, type 2 diabetes, and even certain types of cancers.'
Many health benefits of soy have been linked to its isofla-
vones (ISF) due to their hormonal, non-hormonal, and bio-
logical properties."” However, excessive consumption of
soy has also been associated with anti-thyroid effects such
as hypothyroidism, goiters, increased iodine requirement,
and autoimmune thyroid disease (ATD) notably in infants
and individuals with iodine deficiency or compromised

thyroid functioning."” ATD represents more than 30% of
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known as peptide 40 (P40). P40 bears two hormonogenic
sites and is shown to be associated with the onset
of ATD.>"1?

The thyroid disorders brought on from the excessive con-
sumption of soy manifest primarily in infants fed soy
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formula, individuals deficient in iodide, or with compro-
mised thyroid functioning.? ISF, one of the most studied
soy components, however, are also believed to be linked
to the anti-thyroid actions of soy. Genistein, daidzein, and
glycitein are the major components of soy ISF. In soybean
and the majority of Western soy products, ISF exist in their
glucoside form (genistin, daidzin, and glycitin) which differ
from their aglycone counterparts by the presence of a con-
jugated sugar molecule. Ingested ISF glucosides are con-
verted to their bioactive aglycone forms through
hydrolysis by intestinal microflora.'® It was reported that
in vivo, genistein and daidzein irreversibly inactivated thy-
roid peroxidase, the enzyme responsible for integrating
iodine into tyrosine residues of Tg. However, addition of
iodide restored its functionality, illustrating how soy raises
the iodide intake requirement.” I vitro, genistein and daid-
zein were also shown to inhibit the iodination of tyrosine by
competing as a substrate” in concentrations as low as those
presented in the serum of individuals who consume soy
products.7 In CMT93 rectal and EMT6 breast cancer cells,
genistein was a potent tyrosine kinase inhibitor, stimulating
NIS expression and iodide uptake at 10 uM, but reducing
the functional activity of NIS at high concentrations.”

Although the anti-thyroid actions of soy have been
known for decades, the bioactive components in the soy
which interfere with the thyroid functions and the molecu-
lar mechanism(s) involved remain unclear. The objective of
this study was, using rat thyrocytes as a model, to examine
the effect of soy ISF on iodide uptake and expression of NIS
and Tg.

Materials and methods
Chemicals and reagents

Fischer rat thyroid cell line (FRTL, ATCC Catalog No. CRL-
1468), culture media, and MTT cell proliferation assay kit
were obtained from the American Type Cell Culture collec-
tion. Newborn calf serum, trypsin-EDTA as well as penicil-
lin, streptomycin, and glutamine mixture were purchased
from GIBCO Invitrogen Corp (Grand Island, NY, USA).
Bovine insulin was from Gemini Bio-Products (West
Sacramento, CA, USA). Novasoy ISF concentrate was
from Archer Daniels Midland Company; genistein, glyci-
tein, and daidzein were purchased from LC Laboratories
(Woburn, MA, USA). Tris, bovine TSH, insulin and trans-
ferrin, hydrocortisone, somatostatin, glycyl-L-histidyl-
L-lysine acetate, glycerol, glycine, SDS, acrylamide/
Bis-acrylamide (30%), and ammonium persulphate were
obtained from Sigma Chemical (Oakville, ON, Canada).
Protein assay Kkits, pre-cast polyacrylamide criterion gels,
low- and high-range pre-stained standard protein ladders
and nitrocellulose membranes, and horseradish peroxidase
(HRP)-conjugated goat anti-rabbit or donkey anti-goat IgG
(H+L) antibodies were from Bio-Rad Laboratories
(Mississauga, ON, Canada). Rabbit anti-human NIS poly-
clonal antibody was from Abbiotec, LLC (San Diego, CA,
USA). Goat anti-human Tg antibody was from Santa Cruz
Biotechnology Inc (Santa Cruz, CA, USA). Rabbit anti-
human B-tubulin antibody was from Abcam (Cambridge,
MA, USA). SuperSignal® West Dura Extended Duration

Substrate for chemiluminescence Western blotting detec-
tion and CL-X Posure films were from Thermo Scientific
(Waltham, MA, USA).

Cell culture

FRTL cells were cultured in Kaighn’s modified Ham’s F12K
medium with 2mM L-glutamine and 1.5g/L Na,HCO;
and supplemented with 5% newborn calf serum, TSH
(0.0011U/mL), bovine insulin (10 pg/mL), hydrocortisone
(10 nM), transferrin (5 pg/mL), somatostatin (10ng/mL) and
glycyl-L-histidyl-L-lysine acetate (10ng/mL), 58.4 mg/mL
L-glutamine, 100 U/mL penicillin G sodium and 100 mg/
mL streptomycin, and 10 mM sodium citrate in 0.14% NaCl.
Cells were allowed three days to attach before feeding,
treating, or trypsinization. If the cells were to be maintained
after attachment, they were fed every 2-3 days. The supple-
ments added to the media were derived from Kogai et al.'*
and the manufacturer’s instructions were followed for
growth conditions and subculture.

lodide uptake assay

Cells were seeded into 96-well tissue culture plates at a
density of 2.5 x 10° cells/mL. After attachment, the cells
were either treated with soy ISF and sodium iodide (Nal)
simultaneously for 1 h, or pre-treated with ISF for 24 h prior
to 1h incubation in Nal. After incubation, plates were
washed for three times to remove any extracellular Nal
and ISF, and cells were lysed. Nal levels were assayed
using the Sandell-Kolthoff reaction.' Briefly, ammonium
cerium sulphate (10.5mM) and sodium arsenite (24 mM)
were added to the cell lysate and incubated for 30 min.
The colour change caused by the iodide-catalysed reduction
of yellow cerium (IV) to the colourless cerium (IIl) in the
presence of sodium arsenite (III) was measured at 420 nm
using a spectrophotometer (Infinite® M200 Pro, Tecan).
Iodide levels were calculated against standards ranging
from 0 to 300 nM Nal.

ISF treatments were carried out at varying concentra-
tions using Novasoy, a soy alcohol extract containing 30%
ISF, the aglycone form of the main ISF components found in
soy (genistein, daidzein, glycitein), and their glucosides
(genistin, daidzin, glycitin). Novasoy contains genistin,
daidzin, and glycitin in a ratio of 1:0.95:0.13, respectively.
Uptake buffer alone without Nal was used as negative con-
trol in the experiment. NaClO,, an inhibitor of iodide
uptake through competitively binding to the NIS,"” was
used as a positive control. DMSO, the solvent in which
the ISF were prepared, was included in the controls and
its concentration was matched to the highest amount con-
tained in the ISF treatment. Cell proliferation was measured
using the MTT cell proliferation assay Kkit.

Western blot analysis

Cells seeded at 2 x 10° cells/60 mm dish were treated with
genistein (1, 10, and 100 uM) or Novasoy (1, 10, and 50 pg/
mL) for 24 h, and then lysed in Frack’s buffer (20% glycerol,
20mM Tris, pH 7.5, 150 mM NaCl, 2 mM EDTA and 1%
Triton X-100) containing a Complete Mini protease inhibitor



cocktail (Roche). Cell lysates were sonicated using a
Branson Sonifier 250 and then centrifuged at 15,000 x g,
4°C for 20 min. The supernatant was collected and the pro-
tein concentration was determined using the Bio-Rad DC
protein assay kit in accordance with the manufacturer’s
instructions. Western blotting was performed as described
previously.'® Total protein samples (20-80 pg) were mixed
with loading buffer, resolved by 12% SDS-PAGE (110 V, 2 h),
and then electrotransferred (50 V, 1 h) onto nitrocellulose
membranes. After blocking with skim milk powder (5%) in
Tris-buffered saline (10 mM Tris pH 8.0, 150 mM NacCl; TBS)
and Tween-20 (0.05%; TBST-T), membranes were incubated
overnight with primary antibody (1:2000) and subsequently
with HRP-conjugated secondary antibody (1:10,000).
Immunoreactivity was detected by chemiluminescence
autoradiography using the SuperSignal West Dura kit
according to the manufacturer’s instructions and the
images were scanned. All membranes were reprobed with
B-tubulin antibody (1:5000). The intensities of the protein
bands of interest and the B-tubulin band were determined
densitometrically using Scion Image. The intensity of the
target proteins was normalized by the respective B-tubulin
intensity.

Statistical analysis

Results are expressed as means +=SEM. A probability of
P <0.05 was considered to be significant. Effects of ISF
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treatments on FRTL cells were analysed by one-way
ANOVA. Differences between individual means were
determined by Fisher least significant difference post-hoc
test. Data were analysed using Statistica Version 8.1
(StatSoft).

Results
lodide uptake in FRTL cells exposed to ISF

Incubation of the FRTL cells with 10 pM Nal significantly
increased iodide uptake compared to control (UB)
(P <0.01). NaClOy4 (50 pM), a known competitive inhibitor
of iodide uptake, completely blocked the Nal-induced
increase in the iodide uptake (P <0.01). Addition of
Novasoy at higher levels (50-200 pg/mL) into the FRTL
cells during the incubation with 10 uM Nal dose-depen-
dently suppressed iodide accumulation compared to
DMSO control (P <0.05, Figure la). Genistein slightly
reduced the accumulation of iodide in the cells at certain
levels (Figure 1b), whereas low level of daidzein and glyci-
tein (1 pM) increased iodide contents in the cells (P < 0.05,
Figure 1c and d).

Pre-treatment of FRTL cells with increasing amounts of
Novasoy (10, 25, and 50 pg/mL) for 24 h markedly reduced
the iodide uptake compared to DMSO control (P <0.01,
Figure 2a). Genistein or daidzein (10, 50 and 100 uM)
alone (Figure 2b and c) or a combination of genistein
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Effects of Novasoy (a soy alcohol extract containing 30% isoflavones, ISF) and major isoflavone aglycones on iodide uptake in FRTL cells. lodide

uptake assay was conducted in the FRTL cells (5 x 10%/well of 96-well plate) after incubated in the absence (uptake buffer, UB) or presence of 10 uM Nal with
50 uM NaClOy (control), or DMSO (vehicle), or increasing amounts of (a) ISF (1, 10, 50, 100, 200 pug/mL), (b) genistein (1, 10, 50, 100 uM), (c) daidzein (1, 10, 50, 100 uM),
or (d) glycitein (1, 10 uM) for 1 h. The values represent means + SEM of four independent experiments conducted in five replicates. Means with different letters differ,

P <0.05
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Figure 2 Effects of pretreatment with Novasoy (a soy alcohol extract containing 30% isoflavones, ISF) and major isoflavone aglycones or glucosides on iodide uptake
in FRTL cells. FRTL cells (5 x 10*well of 96-well plate) were pretreated with DMSO (vehicle), NaClO,4 (50 pM) or increasing amounts of (a) ISF (1, 10, 25, 50 ug/mL), (b)
genistein (1, 10, 50, 100 uM), (c) daidzein (1, 10, 50, 100 uM), (d) glycitein (1, 2.5, 5, 10 uM), (e) ISF (50 pg/mL), GDG-a (25 pM genistein, 25 uM daidzein, and 2.5 pM
glycitein) or GDG-g (25 uM genistin, 25 uM daidzin, and 2.5 pM glycitin) for 24 h before the iodide uptake assay was conducted. The values represent means + SEM of
four independent experiments performed in five replicates. Means with different letters differ, P < 0.05

(Figure 2e) increased iodide accumulation (P < 0.05); how-
ever, glycitein alone (Figure 2d) or a combination of genistin
(25 uM), daidzin (25 uM), and glycitin (2.5 uM) (Figure. 2e)
had no effects on iodide uptake.

Effects of Nal levels on inhibition of iodide uptake by
Novasoy

Soy consumption increased iodine requirement in order to
maintain normal thyroid function as previously reported in
both animals and humans. This experiment examined
whether the levels of iodine added affect the effect of

Novasoy. The results showed that percentages of inhibition
of iodide uptake by Novasoy (50 pg/mL) were significantly
lower in the thyrocytes supplied with 20 and 40 uM Nal
than in those with 10 uM Nal (P < 0.05, Figure 3).

Cell proliferation

No ISF treatments were shown to be cytotoxic except for
10 uM glycitein, which showed slight suppression of cell
proliferation (Figure 4b). Genistein (50 and 100 uM) and
200 pg/mL Novasoy even increased cell proliferation
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Figure 3 Effects of Nal levels added on the inhibitory action of Novasoy on
iodide uptake in FRTL cells. FRTL cells were treated with or without ISF

(50 pg/mL) for 24 h and then added with increasing amounts of Nal (10, 20,
40 uM) for iodide uptake. The percentage of iodide uptake inhibition by ISF
was calculated. The values represent means + SEM of three independent
experiments conducted in five replicates. Means with different letters differ,
P <0.05

(Figure 4a, b). The combination of ISF aglycones (GDG-a)
significantly increased cell proliferation (Figure 4a).

Effect of Novasoy and genistein on NIS expression

Two forms of NIS, non-glycosylated (~50kDa) and glyco-
sylated (~100kDa), were detected in the cultured cells
(Figure 5). While the content of glycosylated NIS was
unchanged by genistein and Novasoy treatments, the non-
glycosylated NIS content showed significant increase at
10 uM and then returned to control level at 100 uM. Cells
exposed to Novasoy showed an elevated non-glycosylated
NIS content at 1 pg/mL but gradually decreased to control
level at 50 pg/mL.

Effect of Novasoy and genistein on Tg expression

Two forms of Tg proteins, intact Tg (~330 kDa, P330) and
cleaved Tg fragment (~40 kDa, P40), were detected in the
FRTL cells. Treatment with genistein (10 ptM) and Novasoy
(10 pg/mL) significantly increased P330 content (P < 0.05,
Figure 6a). P40 protein was markedly increased in the cells
treated with genistein (1, 10 uM) or Novasoy (10, 50 pg/mL)
(P <0.05, Figure 6b). The contents of both P330 and P40 in
the cells treated with 100 pM genistein were not different
from those of control (P > 0.05, Figure 6a and b).

Discussion

Addition of Novasoy into iodide uptake assay dose-depen-
dently decreased iodide content in the FRTL cells. However,
the major soy ISF aglycones, genistein, daidzein, and glyci-
tein did not have similar effects. Although genistein alone
caused a minor inhibition on iodide uptake, treatments
with daidzein and glycitein had no inhibitory effects,
which could not explain the uptake inhibition observed
with Novasoy. Novasoy is a soy alcohol extract and con-
tains about 30% ISF. This indicated that other alcohol sol-
uble component(s) rather than the major ISF may be
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Figure 4 Effects of Novasoy (a soy alcohol extract containing 30% isofla-
vones, ISF), major soy isoflavone aglycones and glucosides on FRTL cell prolif-
eration. FRTL cells (5 x 10*/well of 96-well plate) were pretreated with (a) DMSO
(vehicle), or genistein (10, 50, 100 pM)), Daidzein (10, 50, 100 pM) or GDG (50 uM
genistein, 50 pM daidzein, and 10 uM glycitein), or (b) DMSO, glycitein (2.5, 5, 10
uM), ISF (25, 50, 100, 200 pg/mL) for 24 h. Cell proliferation was expressed as
percentage of DMSO (vehicle). The values represent means + SEM of three
independent experiments conducted in five replicates. Means with different let-
ters differ, P < 0.05

responsible for the anti-thyroid actions. Many minor soy
phytoestrogens such as coumestrol, formononetin, biocha-
nin A, lignans, and polyphenolic compounds saponins as
well as alcohol soluble carbohydrates are contained in
Novasoy and their potential antithyroid effects remain to
be examined. The possible cellular mechanism(s) involved
in the suppression of iodide uptake could be (a) competi-
tion of the alcohol soluble component(s) with iodine for
binding to NIS, a transmembrane protein that mediates
the transport of iodide into the thyrocytes; (b) stimulation
of post-translational modifications of the NIS thereby redu-
cing iodide binding affinity or transporting efficiency; and
(c) increased efflux of intracellular iodide.

Pre-treatment of the FRTL cells with Novasoy for 24 h
significantly inhibited iodide uptake. However, this did not
correlate with non-glycosylated NIS content initially
increased above control levels at 1pg/mL and then
returned to control levels at 50 ug/mL. Since Novasoy
also inhibited iodide uptake during short term exposures,
its primary target appears to be NIS activity rather than the
content. Interestingly, genistein showed a dose-dependent
effect on NIS content. It remarkably increased non-glycol-
sylated NIS content at 10 uM, while higher level (100 pM)
caused a return to control levels. The iodide uptake assay
for the same exposure showed, however, dose-dependent
increase in iodide abundance from 1 to 100 pM genistein.
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Figure 5 Effects of Novasoy (a soy alcohol extract containing

30% isoflavones, ISF) and genistein on glycosylated (a) and unglycosylated

(b) sodium iodide symporter (NIS) protein content in FRTL cells. FRTL

cells (2 x 10° cells/60 mm dish) were treated with DMSO (vehicle), genistein (1,
10, or 100 uM) or ISF (1, 10, or 50 pg/mL) for 24 h. The values represent

means + SEM of three independent experiments conducted in triplicate. Means
with different letters differ, P < 0.05

Although the molecular mechanism(s) involved in the regu-
lation of NIS protein expression by genistein and Novasoy
is unclear, it has been shown that genistein significantly
increased the mRNA abundance of NIS in thyroid cancer
cell line FTC-133," murine rectal (CMT93), and breast
(EMT6) cancer cells.” Therefore, the soy extract and genis-
tein may be useful in sensitizing the thyroid tumors which
is lack of NIS expression to radioiodide therapy. Thyroid
expression of NIS and Tg is controlled by transcription fac-
tors Nkx2.1/TITF1, FoxE1/TITF2, and Pax8. Particularly
Pax8 is believed to play an even more important role.'®*
Which transcription factor(s) is involved in the regulation of
NIS and Tg by genistein and Novasoy remain to be
investigated.

Dose-dependent effects of genistein have been previ-
ously reported in other cell types such as cardiomyocytes,
adipocytes, breast cancer cells, osteoblasts, and osteo-
progenitor cells.” *At lower concentrations (1-10puM),
genistein exerted estrogenic effects while at higher concen-
trations (>10pM), anti-estrogenic and tyrosine kinase
inhibitory effects were observed.?>? In some cases, the
cell activity was stimulated at one concentration and
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Figure 6 Effects of Novasoy (a soy alcohol extract containing 30% isofla-
vones, ISF) and genistein on thyroglobulin (Tg, 330 kDa) (a) and Tg fragment
(40kDa) (b) content in FRTL cells. FRTL cells (2 x 10° cells/60 mm dish) were
treated with DMSO (vehicle), genistein (1, 10, or 100 uM), or ISF (1, 10, or 50 pug/
mL) for 24 h. The values represent means + SEM of three independent experi-
ments conducted in triplicate. Means with different letters differ, P < 0.05

comparatively depressed at the other. For example, in car-
diomyocytes, low concentrations of genistein promoted the
production of anti-apoptotic proteins while high concentra-
tions induced apoptosis by up-regulating apoptotic pro-
teins.”’ A similar phenomenon was observed in this
study, where 1-10 uM genistein boosted thyrocyte function-
ing by stimulating the expression of NIS, and 100 uM
caused a return to control levels. However, the dose-
dependent accumulation of iodide in the cells responding
to genistein treatment was inconsistent with NIS protein
content, suggesting that the other cellular mechanism(s)
such as the NIS activities including binding affinity and
transporting efficiency may play a role in this regard.
Conversely, addition of increasing amounts of genistein
into the FRTL cells during the iodide uptake assay slightly
attenuated the iodide uptake, indicating existence of poten-
tial competition of genistein with iodine molecule for NIS
binding.

Treatment of the thyrocytes with the mixtures of ISF glu-
cosides or aglycones at similar levels and ratio as contained
in the Novasoy failed to suppress iodide uptake. Although
minor decreases were observed at low dose of genistin or
glycitin alone (0.1 uM, data not shown), neither could match



the degree of iodide uptake down-regulation observed in
exposures to Novasoy. In contrast, the combined aglycones
were able to significantly up-regulated iodide uptake due to
enhanced cell proliferation. A quadruple increase in Nal
reduced the inhibition of Novasoy on iodide uptake by
25%, which is consistent with other studies showing that
the anti-thyroid actions of soy can be reversed by increasing
iodine intake or supplementation.”’>° This also might be
the reason why excessive soy consumption doubled the iod-
ine requirements to maintain the normal thyroid functions
as reported in animal and human studies.”-*"*?

Additionally, treatment of FRTL cells with genistein sig-
nificantly increased the content of P40, an identified auto-
immunogen that might be responsible for the onset of
ATD.>>1123% The content of the intact Tg (P330) was
increased in parallel with P40 by the same genistein and
Novasoy treatments. Novasoy also increased, although to
a lesser extent, the content of P330 and P40 Tg fragments
that may be attributed to the action of the genistein con-
tained. Various studies showed that the amount of cleaved
Tg peptides increased in proportion to the iodoamino acid
content of Tg molecules.”** Moreover, higher thyroid hor-
mone synthesis and iodination were associated with gener-
ation of excessive reactive oxygen species, resulting in the
oxidative cleavage of Tg to produce P40 and expose its
cryptic epitopes."'? Increased production of reactive
oxygen species also induces cell necrosis which in turn
causes an inflammatory response that triggers thyrocytes
to internalize P40 and present them to T-cells. This initiates
an autoimmune response against Tg damaging thyroid
functioning and causing ATD.>'"'* Conversely, high dose
of genistein (100 uM) decreased Tg fragmentation; this
could be attributed to the antioxidant properties of genis-
tein including the reduction of free radical production and
thus oxidative cleavage'*** or inhibition of other cellular
events such as tyrosine kinase activation because genistein
is a potent tyrosine kinase inhibitor.*”

Increased content of Tg induced by genistein and
Novasoy does not necessarily indicate higher thyroid hor-
mone production since release and diffusion of thyroid hor-
mones from Tg and out of the thyrocytes are determinant
steps of the hormone synthesis. Furthermore, soy has been
shown to increase thyroid hormone production in several
studies, although not consistently and not to a high
extent.'®?*% At least four possible mechanisms have
been proposed to explain the potential anti-thyroid actions
of soy. First, the excessive amount of phytates present in soy
could bind to T3 in the lumen and increase its loss in feces,
and therefore reduced the efficacy of oral thyroid hormones
by interfering with the uptake of exogenous thyroid hor-
mones.” Additionally, soy ISF interfere with DNA binding
to thyroid hormone receptors because of their structural
similarity to T3.***** Third, ISF may affect T, binding to
plasma protein.*® Finally, ISF can reduce the deiodination
of T4 to produce T3 which is catalysed by 5-deiodinase
type L

In conclusion, this study demonstrated for the first
time, to the best of our knowledge, that alcohol soluble
component(s) in soy other than the major ISF dose-depen-
dently inhibited iodide uptake in FRTL cells. However,

Tran et al.  Anti-thyroid actions of Soy extracts

the bioactive component(s) remain to be identified. Soy
alcohol extract, specifically genistein at concentrations com-
parable to physiological levels in infants fed soy formulas
stimulated the production of Tg and a Tg fragment P40 (a
known autoimmunogen), which might be responsible for
the higher incidence of autoimmune thyroid diseases
reported in soy infant formula-fed children.

Author contributions: LT and MH conducted the experi-
ments, data analysis, and wrote the manuscript. CW pro-
vided technical assistance and review of the manuscript.
CWX designed the experiments, interpreted the studies,
and wrote the manuscript.

ACKNOWLEDGMENT

This research was funded by Health Canada.

REFERENCES

1. Xiao CW. Health effects of soy protein and isoflavones in humans.
J Nutr 2008;138:12445-9S
2. Messina M, Redmond G. Effects of soy protein and soybean isoflavones
on thyroid function in healthy adults and hypothyroid patients: a
review of the relevant literature. Thyroid 2006;16:249-58
3. Gentile F, Conte M, Formisano S. Thyroglobulin as an autoantigen: what
can we learn about immunopathogenicity from the correlation of anti-
genic properties with protein structure? Immunology 2004;112:13-25
4. Stassi G, De Maria R. Autoimmune thyroid disease: new models of cell
death in autoimmunity. Nat Rev Immunol 2002;2:195-204
5. Burek CL, Rose NR. Autoimmune thyroiditis and ROS. Autoimmun Rev
2008;7:530-7
6. Schmutzler C, Gotthardt I, Hofmann PJ, Radovic B, Kovacs G,
Stemmler L, Nobis I, Bacinski A, Mentrup B, Ambrugger P, Griiters A,
Malendowicz LK, Christoffel J, Jarry H, Seidlova-Wuttke D, Wuttke W,
Kohrle J. Endocrine disruptors and the thyroid gland - a combined
in vitro and in vivo analysis of potential new biomarkers. Environ Health
Perspect 2007;115:77-83
7. Levy O, Dai G, Riedel C, Ginter CS, Paul EM, Lebowitz AN, Carrasco N.
Characterization of the thyroid Na+/I— symporter with an anti-COOH
terminus antibody. Proc Natl Acad Sci USA 1997;94:5568-73
8. Davies AG. Thyroid physiology. Br Med ] 1972;2:206-9
9. Gaertner FC, Rohde F, Mueller ], Blechert B, Janssen KP, Essler M.
Endogenous expression of the sodium iodide symporter mediates
uptake of iodide in murine models of colorectal carcinoma. Int | Cancer
2009;125:2783-91
10. Kohrle J. Thyroid hormone deiodination in target tissues - a regulatory
role for the trace element selenium? Exp Clin Endocrinol 1994;102:63-89
11. El Hassani RA, Estienne V, Blanchin S, Durand-Gorde JM, Mallet B, De
Micco C, Carayon P, Lalaoui K, Ruf J. Antigenicity and immunogenicity
of the C-terminal peptide of human thyroglobulin. Peptides
2004;25:1021-9
12. Duthoit C, Estienne V, Delom F, Durand-Gorde JM, Mallet B, Carayon P,
Ruf J. Production of immunoreactive thyroglobulin C-terminal frag-
ments during thyroid hormone synthesis. Endocrinology
2000;141:2518-25
13. Miniello VL, Moro GE, Tarantino M, Natile M, Granieri L, Armenio L.
Soy-based formulas and phyto-oestrogens: a safety profile. Acta Paediatr
Suppl 2003;91:93-100
14. Kogai T, Sajid-Crockett S, Newmarch LS, Liu YY, Brent GA.
Phosphoinositide-3-kinase inhibition induces sodium/iodide sympor-
ter expression in rat thyroid cells and human papillary thyroid cancer
cells. ] Endocrinol 2008;199:243-52
15. Waltz F, Pillette L, Ambroise Y. A nonradioactive iodide uptake assay
for sodium iodide symporter function. Anal Biochem 2010;396:91-5



630 Experimental Biology and Medicine Volume 238 June 2013

16. Xiao CW, L'Abbe MR, Gilani S, Cooke G, Curran I, Papademetriou SA. 32. Conrad SC, Chiu H, Silverman BL. Soy formula complicates manage-

Dietary soy protein isolate and isoflavones modulate hepatic thyroid
hormone receptors in rats. | Nutr 2004;134:743-9

17. Kang HJ, Youn YK, Hong MK, Kim LS. Antiproliferation and rediffer-

entiation in thyroid cancer cell lines by polyphenol phytochemicals.
J Korean Med Sci 2011;26:893-9

18. Pasca dM, Di Lauro R, Zannini M. Pax8 has a key role in thyroid cell
differentiation. Proc Natl Acad Sci U S A 2000;97:13144-9

19. Damante G, Tell G, Di Lauro R. A unique combination of transcription
factors controls differentiation of thyroid cells. Prog Nucleic Acid Res Mol

Biol 2001;66:307-56
20. Baratta MG, Porreca I, Di Lauro R. Oncogenic ras blocks the cAMP

pathway and dedifferentiates thyroid cells via an impairment of pax8

transcriptional activity. Mol Endocrinol 2009;23:838-48

21. Sun Z, Biela LM, Hamilton KL, Reardon KF. Concentration-dependent
effects of the soy phytoestrogen genistein on the proteome of cultured

cardiomyocytes. | Proteomics 2012;75:3592-604

22. Dang ZC. Dose-dependent effects of soy phyto-oestrogen genistein on

adipocytes: mechanisms of action. Obes Rev 2009;10:342-9

23. Dang ZC, Lowik C. Dose-dependent effects of phytoestrogens on bone.

Trends Endocrinol Metab 2005;16:207-13

24. Cappelletti V, Fioravanti L, Miodini P, Di Fronzo G. Genistein blocks
breast cancer cells in the G(2)M phase of the cell cycle. | Cell Biochem
2000;79:594-600

25. Maggiolini M, Bonofiglio D, Marsico S, Panno ML, Cenni B, Picard D,
Ando S. Estrogen receptor alpha mediates the proliferative but not the

cytotoxic dose-dependent effects of two major phytoestrogens on
human breast cancer cells. Mol Pharmacol 2001;60:595-602

26. Kuiper GG, Lemmen JG, Carlsson B, Corton JC, Safe SH, van der
Saag PT, van der Burg B, Gustafsson JA. Interaction of estrogenic
chemicals and phytoestrogens with estrogen receptor beta.
Endocrinology 1998;139:4252-63

27. Sharpless GR, Pearsons J, Prato GS. Production of goiter in rats with raw

and with treated soybean flour. | Nutr 1939;17:545-55
28. Block RJ, Mandl RH, Howard HW, Bauer CD, Anderson DW. The

curative action of iodine on soybean goiter and the changes in the dis-

tribution of iodoamino acids in the serum and in the thyroid gland
digests. Arch Biochem Biophys 1961;93:15-21

29. Kay T, Kimura M, Nishing K, Itokawa Y. Soyabean, goitre, and pre-
vention. | Trop Pediatr 1988;34:110-13

30. Wilgus HS, Gassner FX, Patton AH, Gustavson RG. The goitrogenicity

of soybeans. | Nutr 1941;22:43-52

31. Jabbar MA, Larrea J, Shaw RA. Abnormal thyroid function tests in
infants with congenital hypothyroidism: the influence of soy-based
formula. ] Am Coll Nutr 1997;16:280-2

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

ment of congenital hypothyroidism. Arch Dis Child 2004;89:37-40

. Duthoit C, Estienne V, Giraud A, Durand-Gorde JM, Rasmussen AK,

Feldt-Rasmussen U, Carayon P, Ruf J. Hydrogen peroxide-induced
production of a 40 kDa immunoreactive thyroglobulin fragment in
human thyroid cells: the onset of thyroid autoimmunity? Biochem |
2001;360:557-62

Wei H, Bowen R, Cai Q, Barnes S, Wang Y. Antioxidant and antipro-
motional effects of the soybean isoflavone genistein. Proc Soc Exp Biol
Med 1995;208:124-30

Lober K, Alfonso A, Escribano L, Botana LM. Influence of the tyrosine
kinase inhibitors STI571 (Glivec), lavendustin A and genistein on
human mast cell line (HMC-1(560)) activation. | Cell Biochem
2008;103:1076-88

Milerova J, Cerovska J, Zamrazil V, Bilek R, Lapcik O, Hampl R. Actual
levels of soy phytoestrogens in children correlate with thyroid labora-
tory parameters. Clin Chem Lab Med 2006;44:171-4

Persky VW, Turyk ME, Wang L, Freels S, Chatterton R, Barnes S,
Erdman J, Sepkovic DW, Bradlow HL, Potter S. Effect of soy protein on
endogenous hormones in postmenopausal women. Am | Clin Nutr
2002;75:145-53

Klein M, Schadereit R, Kuchenmeister U. Energy metabolism and thy-
roid hormone levels of growing rats in response to different dietary
proteins - soy protein or casein. Arch Tierernahr 2000;53:99-125

Bhatia J, Greer F Committee on Nutrition. Use of soy protein-based
formulas in infant feeding. Pediatrics 2008;121:1062-8

Hamann I, Seidlova-Wuttke D, Wuttke W, Kraus WL. Effects of isofla-
vonoids and other plant-derived compounds on the hypothalamus-
pituitary-thyroid hormone axis. Maturitas 2006;55:514-25

Huang W, Wood C, L'Abbe MR, Gilani S, Cockell KA, Xiao CW. Soy
protein isolate increases hepatic thyroid hormone receptor content and
inhibits its binding to the target genes in rats. ] Nutr 2005;135:1631-5
Dillingham BL, McVeigh BL, Lampe JW, Duncan AM. Soy protein
isolates of varied isoflavone content do not influence serum thyroid
hormones in healthy young men. Thyroid 2007;,17:131-7

de Souza dos Santos MC, Gontalves CFL, Vaisman M, Ferreira ACF, de
Carvalho DP. Impact of flavonoids on thyroid function. Food Chem
Toxicol 2011;49:2495-502

(Received October 24, 2012, Accepted December 19, 2012)



