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Introduction

Tetrabromobisphenol A (TBBPA) is a brominated derivative of bisphenol A (BPA), known as a
typical xenoestrogen, and one of the most widely used brominated flame retardant throughout t
world. TBBPA has been found in river sediment (20pg/kg on a dry weight basis) in Osakaadapan
in sediment (34~270 ng/g on dry weight basis) and sewage sludge (31~56 ng/g on dry weight basis
SwedeA TBBPA was also detected in indoor air samples at an electronics recycling plant at3pmol/n
leveF. In addition, TBBPA was determined in human samples, e.g., plasma samples from differer
occupational groups in Norwayin these human plasma samples TBBPA was found at ng/g lipid
weight level. Therefore, TBBPA is considered to be a ubiquitous contaminant in the environment.

Recent studies frorn vitro experiments indicate that TBBPA exhibit some biological activities.
For examples, TBBPA has been shown to have a strong affinity for the transthyretin, one of the thyro
hormone-binding transport proteins in bléo@Quite recently, thyroid hormonal activity in rat pituitary
tumor cell line GH3 and also estrogenic activity in rat pituitary tumor cell line MtT/E-2 of TBBPA
were reportetd However, the steroid hormonal-disrupting potency of TBBPA has not yet been clarified
in detail. In the preceding papewe reported the estrogenic potency of hydroxylated PCBs by a yeast
two-hybrid assay and also demonstrated that the assay system was useful to investigate the ste
hormonal activity of chemicals that interact with steroid hormone receptor.

In this study, therefore we examined thyroid hormonal and anti-thyroid hormonal activities of
TBBPA and related compounds (Tetrachlorobisphenol A (TCBPA), Pentachlrophenol (PCP), 2,4,6
tribromophenol and 4-OH-3,3’,4’,5-tetrachlorobiphenyl (tetraCB)) by the yeast two-hybrid assay. We
demonstrate that TBBPA, TCBPA and 4-OH-3,3’,4’,5-tetraCB, metabolite of CB-77, show the anti-
thyroid hormonal activities.

Materials and Methods

Chemicals
TBBPA, TCBPA, PCP, 2,4,6-tribromophenol and BPA were obtained commercially. 4-OH-
3,3,4’,5-tetraCB was synthesized by Ullmann reaction.

Thyroid hormonal and anti-thyroid hormonal activity assay

Thyroid hormonal and anti-thyroid hormonal activities of chemicals were determined by the yeas
two-hybrid assaybased on the ligand-dependent interaction of thyroid hormone reedptew) with
coactivator, TIF2. We used the yeast transformants, which expresses two fusion proteins, GAL4 DN
binding domain-thyroid hormone receptor ligand binding domain and GAL4 activation domain -TIF2.
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The yeast harbors a GAL4 binding site upstreamlata reporter gene. Depending on the strength of
interaction of the two fusion proteins, the reporter gene, 3-galactosidase is activated. Therefore, thy!
hormonal activities of chemicals are determined by measuring the activity of R-galactosidase. T
procedure of this assay is described previously by NishiketwakP. In brief, after the yeasts were
incubated with chemicals (final concentration®300* M) for 4 hr at 30°C, R-galactosidase activities
were determined according to the method previously regbréedi-thyroid hormonal activity was
also determined by incubating the yeast with chemicat8~(@ M) in the presence of 5x£0M of
thyroxine (T3).

Cytotoxic assay

The yeast control system (p53-SV40) was used for cytotoxic assay of chemicals. The control yez
were incubated with chemicals (3010* M) under the same condition mentioned above and the 3-
galactosidase activities were compared to that of DMSO.

Results and Discussion

Thyroid hormonal activity of TBBPA and related compounds

In the yeast two-hybrid assay system (FRIF2), 108 M of T3 caused slightly an induction of 13-
galactosidase activity and the activity increased with T3 concentraticrX@®M). The induced -
galactosidase activity was almost saturated &M®f T3. These results indicate that the yeast two-
hybrid assay system is useful for determining the chemicals that interact weth T thyroid
hormonal activities of TBBPA and related compounds were examined in this assay system. Howe\
all these chemicals did not exhibit the induction of R-galactosidase activity in the range- b1
suggesting that TBBPA and related compounds do not have thyroid hormonal potency.

Anti-thyroid hormonal activity of TBBPA and related compounds

The inhibitory activities of TBBPA and related compounds against Were also investigated in
the yeast two-hybrid assay. To determine the optimal concentration of T3 in this assay, we examir
the inhibitory effect of TBBPA (1® M) on the R-galactosidase activity induced by T3 at the
concentration of 18-5x10” M. From the results of this experiment (data not shown), we fixed the
concentration of T3 to 5x¥0M. So the anti-thyroid hormonal activity of chemicals were determined
by co-treating the yeast with 16- 10 M concentrations of chemicals and 5% T3. As shown in
Fig. 1, the R-galactosidase activity induced by T3 (3D were inhibited by TBBPA, TCBPA and 4-
OH-3,3',4',5-tetraCB at the dose-dependent manner{-€t@0* M). In contrast, no inhibitory effect
of BPA was observed (£0~ 10* M). The cytotoxicities of TBBPA and related compounds were
examined by the yeast control system (p53-SV40) to confirm the antagonistic activity of thes
compounds. TBBPA, TCBPA and 4-OH-3,3’,4’,5-tetraCB did not show the cytotoxicity at the
concentration range of £810° M or 10°~10* M (data not shown). These results indicate that TBBPA,
TCBPA and 4-OH-3,3',4’,5-tetraCB exhibit anti-thyroid hormonal activities at $%10° M for the
former two and 5x18~10* M for the latter, respectively (Fig. 1). PCP and 2,4,6-tribromophenol also
inhibited the -galactosidase activity induced by T3, but cytotoxic effects of these chemicals we
observed at the same concentration range. Consequently, PCP and 2,4,6-tribromophenol were
judged as antagonist for TRa. The structural requirements for anti-thyroid hormonal activity c
chemicals were suggested that a 4-hydroxy group and two adjacent halogen substituents in the ph
group were necessary factors. Antagonistic activities of TBBPA, TCBPA and 4-OH-3,3",4’,5-tetraCEt
were 42, 35 and 42 %, respectively, when the R-galactosidase activities at the highest concentra
with no cytotoxicity were compared to that of 5%1B T3 (100 %). The order of anti-thyroid
hormonal potency was TBBPA, TCBPA > 4-OH-3,3’,4",5-tetraCB.
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Fig.1 Assay for antagonistic activity of TBBPA, TCBP And 4-OH-3,5,3",4'-tetraCB to thyroid hormone receptor

In conclusion, TBBPA and TCBPA exhibited anti-thyroid hormonal activity, but BPA showed no
agonistic and antagonistic activity toward TRa. 4-OH-3,3’,4’,5-tetraCB, hydroxylated metabolite of
CB-77, also showed anti-thyroid hormonal activity. On the contrary, recent study on thyroid hormone
activity of TBBPA and TCBPA was reported his discrepancy maybe due to the differences of cells
used in both studies. Further studies are needed to reveal the thyroid hormonal-disrupting activity
TBBPA and related compounds.
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