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The Hypothalmic-
Pituitary-Thyroid
“AXis”

Serum Thyroid Hermone
levels are controlled by a
complex interaction

between the brain, the
pituitary gland, and tihe
thyroid.
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QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.




The Hypothalmic-
Pituitary-Thyroid
“AXIS”

\arious disease states

show/ that the

distribution of the active - <Unc%rﬁif;cr?s@%:ggggﬁpressor
formi of thyroid hormene afe needed o see Tis pietdre:
IS an active process that

cani be “disrupted”.

The Problem

Pregnancy represents
a significant
demand on the
mother’s thyroid

gland.

The fetus does not
produce its own
thyroid hormone
until the second
trimester




Normal development requires thyroid
hormone

The “critical period” of thyroid hormone action in brain development
was defined as that period after birth when TH therapy must be
initiated to rescue the infant from cretinism.

Brown AW et al. (1939) Hypothyroidism and cretinism in childhood. VI.
Influence of thyroid therapy on mental growth. Amer J Dis Child 57:517-523.

The Effects of Development TH
Insufficiency Depend on Severity and
Timing
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TH Insuficiency

Mild TH insufficiency is
associated with cognitive
deficits in the absence of
physical (somatic)
symptoms

There may be genetic
predispositions to specific
modes of actions of
environmental chemicals.
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“Classification”
of Thyroid Disruptors

= Effects on Thyroid
e Perchlorate/
e Thiocyanates
. EffeCt on “Clearance” TIFF (Unc&?mug:rke-gsrg?j;’wdgggrgpressor
(Live r) are needed to see this picture.
e Phenobarbital
e Linuron
e PCBs
* PBDEs
= Effecton TH
Receptors
e PCBs, PBDEs, Triclosan

Polychlorinated Biphenyls

A0 Dekoning and Karmaus PCB expasurs in uter and via breast milk. A review
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Figure 1. Range of tissue PCB concentrations on fat basis (ng/g fat).




Polychlorinated Biphenyls

Breast milk levels:
Low: 1.28 pg/mL (3.52 pM)
High: 13.2 pg/mL (36.3 uM)

Polychlorinated Biphenyls

Table 3. Neuropsychalogical outcames of human PCB studias.
Test 2ge Outoome Exposie variable References

Congener specific siudies
Oswego cohart
NBAS Birth 1 Autoromic 7-8 chiorinated PCBs Stawart et al. (2000
- Hatituation 7-9 chiorinated PCBs
Fagan 6 menths L Fiatian time. Cord blood PCBs, 7-8 chiorinated PCBs Darvill et al. {2000}
12 manths | Fixation time Cord blood PCBs Darvill et al. {2000)
German cohort
Fagan 7 menths No effect Winneke et al. (1998)
Bayley scales 7 menths Lmol In EPCBs{138, 153, and 180) broast milk Winneks ot 2. (1235)
18 months No affect Walkowiak et al. (2001)
30 months L v In PCBs(138, 163, and 180) breast milk Walkowiak et al {2001)
Kaufman ABC 32 months | Mental processing In TPCEs (138, 153, and 180) breast milk Walkowiak et al, (2001)
composite index
Faroe Istands cohort
Boston Naming Test 1 Performance Cord blood FOBs Grandjean etal. 2001}

Auditory function T Auditory thresholds Cord blood FCBs Grandjean etal. (2001)
Noncangensr-specific studies
Michigan cohort
Birth size/gronih i | Birth weight Cord blaod POBS Fain et al. (1984
| Head circumfarence Cord blood POBS
| Gestaticnal ape Cord blood POBs
1 Body weight Cord blood FOBs Jacchson and dacabson (1986)
Bayley scales o effect Jacobson and dacabson (1986
agan 1 Fixation time Cord blood FOBs Jacchson etal. (1955)
MeCarthy scales 1 Veibal memory Cord blood PGB, breast milk PCBs Jacobson etal. (1990a)
L Mumerical memary Cord blood PCES, breast milk PCBs
1 Visual discrimination Breast milk PCES Jacobson etal. (192)
| Shert term memory Cord blood POBs
Birth size/gromih 1 Body weight Total cord PCBs Jacebson etal. (1990k)
1 xtivity Child's total PCBs
WISCR | Full-scale 10 Prenatal FCBs Jacobsen and Jacobson (1996)
1 Verbal 10 Prenatal FCBs
North Carolina cohort.
NBAs Birth 1 Muscle tone Breast milk PCBs Rogan et al. (1386h)
L Activity Breast milk PCEs
1 Reflens Breast milk PCEs
Bayley scales & montfs Breast milk PCES Gladen et al. (1999)
12 months Breast milk PCEs Gladen et al. {1988)
18 months Hect Rogan and Gladen (1981)
24 months Breast milk PCBs Rogan and Gladen (1991}
McCarthy scales 35 years Gladen and Rogan (1991)

Abbreviations: 1, decresse; T, inerasse; Bayley scales, Bayley Scales of Infant Development; Fagan, Fagan Test of Kaufman AR, for
Children; MeCarthy scales, MeCarthy Scales of Children’s &bilities; NBAS, Brazelton Necnstal Behavioral Assessment Seale; Wise-R, Wechsler Intelligence Scales for Children-
Risvised. "Dutch cahart is summarizzd in Tabls 2.

Environmental Health Perspectives = voLume 111 | nuMeer 3 | March 2003




Polychlorinated
Biphenyls

PCB 77 is “co-planar”

PCB 95 is non coplanar

Effect of PCB Exposure on
RC3/Neurogranin

RC3 mRNA in Dentate
Gyrus (Density)

Pseudocolor image of Omgkg 1mgkg 4mgkg 8 mgkg

Autoradiogram following in Al1254 Dose
situ hybridization for RC3
mMRNA




Cl

PCB 77 PCB 126

To identify specific PCB

Mono-ortho chlorinated PCBs congeners that may act as

o« o . o TH agonisits, we developed
A ‘gj-d' a mixture of 6 PCBs that

PCB 105 PCB 118 represent three classes.

Di-ortho chlorinated PCBs

Cl, o] Cl, Cl cl
1 cl |

PCB 138 PCB 153

PCB 118 and 105 are “activated” to
form TR agonists by CYP1Al in GH3

CB-153 CB-138 CB-157 CB-187

3-0H-CB153 4-OH-CB162
4-OH-CB107 4-OH-CB146 4-OH-CB187

Figur 1. OH-PCBs identified in rat plasma after ivi PCB Possible
metabolic routs arc indicated.




Bisphenol A

*Component of plastic
*Polycarbonates
*Dental sealan

*Can linings

Tom Wiese

Moriyama ef of. + Bisphenol 4 Antsgonizes TR Function Moriyama s ol. « Bisphenol A Antegonizes TR Function

ME-TK-Luc/HepG2
A Bisphenol A (BPA) B Tritodothy (T3)
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Fi6. 5. BPA suppressad transeriptional activities medisted by en-

n The ME-tk-Luc (100 ng) was transfected into HepG2
<ells and incubated with or without 10 na T, and/ar 10 uM BPA for
24h. RLU, Relative light units. %, P < 006
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Fio. 1. Binding of BPA tonuclear TR A and B, Com parison of struc-
tures of BPA (A) and T, (B). C, Competition binding assay. Rat liver
nuclear extract (50 g protein) was incubated with a tracer dose of
[*"]T. and inereasing amounts of T or EPA. D, Seatchard analysis.
Rat liver nuclear extract (50 jg protein) was incubated with various

[T, in th b 10 uMBPA. B, Bound:
F, free

—
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Fi6. 6. The eifect of BPA on the interaction between TR and N-CaR.

The format of the mammalian bwo-hybrid experi ment ia shown at the

fthe figare. Gal +NCoR (50 ng) were cotransfected inta TSA-201

VP16.TR together with 100 ng of the reporter gene,

n the abocnce or presence of Ty. Increasing

amounts of BPA(1 ¥, 1001, and 10 ) were added. RLU, Relative
light units

Moriyama et al.,, JCEM 2002 87(11):5185.



as BPA antagonizes TR-b mediated
negative feedback in vivo

Hypothalamus

TRH @ Negative feedback in the rat is not

functional for the first week.

m Control
|1 mgkg
010 mg/kg
@50 mg/kg

S

ViarTa

Serum Total T4 (ug/dL)
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P4 P35
Zoeller et. al. (2004) Endocrinology 146:607

Elevated levels of TH increase
RC3/Neurogranin expression on P15

*BPA may be a TRb
selective
antagonist.

Endocrinology 146(2): 607-612
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Polybrominated
Diphenyl Ethers

PBDES are found in
human tissues in
the US at 10x the
level found in
Europe. Very high
levels in house pets
(infants/children?)

Polybrominated
Diphenyl Ethers

Table 1. _ _
Receptor bindning (ICs) _ THR(nM) | ::21;1-3 (aM)

Ty 0.39 ;

T, 13 36

T:“a" 0.13 0.037
4-hydroxydiphenyl ether _ B_,,?Rchm Lz 30{:10 —
4-hyd raxy—l,B,S«sribram(}di;hmyl ether (1) >1000 : 4ﬁ-
4'-hyémxy-!.3,3',5-tetrabmmodipheﬁyleﬂxer(l\ 1989 13-] - =
4 -hydroxy-1.3.3",5.5 -pentabromodiphenyl ether (V) 15437 11813

i mparison between the structures hydrorybromodiphenyl ethers syathosized inthe

Marsh, Bergman et al., 1998, Organohalogen Compounds 37:305.




Triclosan

Triclosan is a
bacteriocidal
agent found in
soaps, toothpaste,
etc.

Conclusions

= It is becoming clear 1 ;
that common
contaminants in human
tissues (fetus,
pregnant/lactating
women, adults) can
exert direct actions on
the thyroid system.

EPA is currently
developing an EDSP
that incorporates NO
measures of TH
action.




