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INTRODUCTION 
 

The Neonatal screening program for congenital 

hypothyroidism (CH) has allowed early treatment of this 

disorder and improving long term outcomes.
[1-3]

 

However, despite the systematic screening and treatment 

of CH, mild brain damages do occur.
[4,5]

 Since thyroid 

hormone (TH) is involved early in the first trimester in 

fetal brain development, including the proliferation, 

migration, and differentiation of neuronal cells,
[6,8]

 the 

defects cannot be totally reversible postnatally is 

expected. These irreversible changes can impact on child 

IQ, cognitive, and motor measures.
[1,4,9-12]

 Children 

affected may present reduced socio-educational 

achievement.
[13,14]

 higher risk of autistic trait.
[10]

 and 

higher ADHD (attention-deficit/hyperactivity disorder) 

symptoms.
[15]

 More recently, it has been found higher 

preconception maternal iodine intakes are associated 

with higher child IQ.
[16]

 indicating intervention before or 

during pregnancy may help the future outcome of 

children. Unfortunately, the CH incidence in the United 

States showed a trend of increasing from ~ 1:4100 in 

1987 to ~ 1:2400 in 2002.
[17]

 Besides, despite the USA 

being considered to be iodine sufficient for the general 

population, the US dietary iodine intakes have decreased 

drastically since the 1970s, with deficiency reemerging 

in vulnerable groups such as women of reproductive 

age.
[18]

 All these findings indicate that there is room for 

improvement in the current strategy with neonatal 

screening. Further study of fetal thyroid hormone 

metabolism and function may provide an alternate 

approach in managing CH, which is warranted to avert 

unwanted consequences. 

 

The Unique Feature of Fetal Thyroid Hormone 

Metabolism 

This lab, in collaboration with Dr. D. A. Fisher at 

UCLA-Harbor General Medical Center, has found in 

mammalian fetuses that sulfo-conjugation is the major 

pathway for TH metabolism (Fig. 1, 19, 20). 

 

Before the onset of active synthesis and release of TH, 

iodothyronines detected in the fetus are maternal in 

origin.
[11,22]

 This period is approximately the first 17 

gestational days (d) in rats, 50d in sheep, and 90d in 

humans (Fig. 1, the upper horizontal light dotted line). 
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SUMMARY 
 

The neonatal screening program for congenital hypothyroidism (CH) implemented nearly half a century 

ago has helped a lot of neonates with CH. However, judging from the early involvement of thyroid 

hormone (TH) in brain development, the reliance on the neonatal strategy to reverse 'ALL' of the cerebral 

and other developmental anomalies may be in question, and there is room for improvement. The study 

from our group in the past three decades has demonstrated that sulfo-conjugation is the primary pathway 

for TH metabolism in developing fetuses in utero that is distinctly different from adults. Our studies have 

also shown that 3,3'-diiodothyronine sulfate (3, 3'-T2S) is a major fetal metabolite in inactivating TH in 

the developing mammals that do not need the active catabolic hormones. Further, 3, 3'-T2S has been 

shown to cross the placenta and return to the maternal circulation. The appearance of W-compound, a 

material detected by3, 3'-T2S-specific antibody in human maternal and fetal circulation has been shown to 

correlate significantly to fetal thyroid function. It is time to consider a different approach by taking 

advantage of the difference in TH metabolism between fetuses and adults. Further study on the sulfation 

pathway may provide an alternative strategy to the current neonatal screening and the "catch-up" therapy 

after birth.  

 

KEYWORDS: Congenital hypothyroidism, Fetal Thyroid Hormone Metabolism, Fetal Thyroid Function 

Marker, W Compound. 
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The proposed scheme for ovine fetal iodothyronine 

metabolism in late gestation (near term) depicts the 

production rates for sulfoconjugated thyroid hormone 

analogs (shown as numbers in parentheses along with the 

thick arrows in Fig. 1). 

 

 
 

The high production rate (µg/kg/d) of T4 sulfate (T4S) 

reflects the activity of the sulfation pathway (Fig. 1 

and)
[21]

 The rT3S production rate likely represents both 

sulfation of rT3 and inner-ring deiodination of T4S. This 

scheme is shown in Fig. 1 and also predicts 3,3’-T2S is a 

major thyroid hormone metabolite in the fetus. 

Intravenous infusion of radioiodine labeled T3 and T4 

into near term fetuses, labeled T2S was identified as the 

major fetal iodothyronine metabolite in maternal 

urine.
[23]

 Besides, in thyroidectomized sheep model, we 

found that 3,3’- T2S excretion in maternal urine reflects 

fetal thyroid function.
[24]

 These data indicate clearly that 

maternal-fetal transfer of TH and its metabolites is a two-

way street, although ovine placenta is less permeable as 

compared to rat or human (Table 1). 

 

Table 1: Comparison of sheep, rat and humans in the study of fetal-to -maternal transfer of iodothyronines in 

pregnancy. 
 

 
We have shown that high concentrations of sulfated iodothyronine analogs in human and ovine fetal serum. 
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These include T4S, T3S, rT3S, and 3,3’-T2S (T2S).
[20]

 The 

high gradient between fetal and maternal serum 

concentrations of iodothyronine sulfates raises the 

possibility that there may be significant fetal to maternal 

transfer of iodothyronine sulfoconjugates. In humans, we 

found high levels of radioimmunoassayable T2S in 

maternal serum.
[25]

 and urine.
[26]

 Levels increased with 

the progression of pregnancy and peaked before 

parturition. At delivery, a 20-fold increase in serum 

“T2S” (Fig. 2) was found compared to non-pregnant 

women and “T2S” levels returned to non-pregnant values 

in 7 to 10 days (Fig. 3). On closer examination, the 

radioimmunoassayable “T2S” did not 

cochromatographwith synthetic T2S by HPLC (25). The 

authentic T2S was hydrolyzed by hot-acid digestion.
[25]

 

Using this procedure, the recovery of T2S-crossreactive 

material (W-Compound) was near 82% in fetal and 

maternal serum.
[27,28]

 

 

 
Fig. 2: Changes of Compound W at different gestation periods. Normal values of T2S-crossreactive material (W-

compound) in serum from pregnant women, nonpregnant women (NP), and newborns. Vertical bars are mean ± 

1 SD. * p < 0.05 cf. 3-7 weeks pregnancy. 

 

 
Fig. 3: Change of serum concentrations of W-Compound in cord and maternal serum. W-Compound, expressed 

as ng/dl of T2S, in newborns and maternal serum samples at the time of delivery(D). The connected lines 

represent serial measurements in the same patients (n = 18). T2S concentrations also were measured in 14 

nonpregnant women (NP) for comparison. The decrease in serum W-compound concentrations after parturition 

is depicted in the semilog plot in the inset. The closed circles and vertical bars represent the mean ± SEM, and 

(n) represents the total number of samples studied at each time period in a total of 35 patients. 

W-Compound, A Potential And Non-Invasive Marker For Fetal Thyroid Function 
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Prior studies suggest strongly that W-Compound is a 

metabolite of fetal thyroid hormone capable of 

transplacental fetal to maternal transfer.
[20,25-27]

 Both 

maternal and fetal W-Compound levels increase 

progressively during gestation with significant direct 

correlation (in both mothers and fetuses). Additionally, 

in 436 paired cord and maternal sera obtained at 

delivery, a highly significant positive correlation was 

observed between fetal W-Compound and fetal FT4.
[28]

 

A significant positive correlation was also observed 

between serum levels of fetal W-Compound and fetal 

FT4 and between maternal and fetal W-Compound.
[29]

 In 

contrast, no correlation was observed between maternal 

serum W-Compound and maternal serum FT4 in 

euthyroid or hyperthyroid women. Furthermore, maternal 

W-Compound levels seem to reflect the effects of drugs 

on fetal thyroid function.
[29]

 In women on 

propylthiouracil (PTU), maternal W-Compound levels 

were in the low normal range and did not show the usual 

increase with the progression of gestation.
[29]

 The lack of 

progression in maternal W-Compound levels was 

confirmed in a recent study of 22 pregnant women 

treated with anti-thyroid medication.
[30]

 A significant 

increase in maternal W-Compound was observed when 

the PTU dose was decreased or discontinued. Consistent 

with being an analog of iodothyronine, we recently found 

a high level of iodine content in highly purified W 

Compound preparation. The sample was analyzed by a 

Triple Quadrupole ICP-MS (Inductively Coupled Plasma 

Mass Spectrum).
[31]

 

 

Summary 

The present evidence suggests that T3 removed from 

fetal circulation appears in maternal compartments as 

T2S in sheep and W-Compound in humans. Further 

study of the sulfo-conjugation pathway in the fetus and 

fetal to the maternal transfer of thyroid hormone analogs 

may provide an alternate approach in managing CH, 

which may improve unwanted consequences from using 

neonatal screening alone.  

 

Future Studies of Fetal-Thyroid Hormone 

Metabolism 

To promote further thyroid hormone metabolism in the 

fetus, the Thyroid Research Lab at VA Long Beach will 

provide investigators (who present CV, research 

protocol, and publications) with the following tools. 

These include specific antibodies and methods of 

measuring the enlisted thyroid hormone analogs, as 

shown below. 

 

TH Analogs 

1. Specific antibody and radioimmunoassay of 3,3’,5’-

Triiodothyronine Sulfate (rT3S) (VACO-awarded 

invention ownership: GPB# 20-576, June 23, 

1993).
[32]

 

2. Specific antibody and radioimmunoassay of 3,3’-

Diiodothyronine Sulfate (T2S) (VACO-awarded 

invention ownership: GPB# 20-575, June 17, 

1993).
[24-27]

 

3. Fetal Thyroid Function Indicator by 

Radioimmunoassay of W Compound in Maternal 

Sera During Pregnancy (VACO-awarded invention 

ownership: GPB# 20-671, June 1, 1995).
[24-27]

 

4. “Fetal Thyroid Function Indicator in Serum and 

Urine”, September 23, 1997 Patent No. 5,670,380, 

U.S. Department of Commerce, Patent and 

Trademark Office.
[24-27]

 

5. Specific antibody and radioimmunoassay of 

Thyroxine Sulfate (T4S).
[33,34]

 

6. Specific antibody and radioimmunoassay of 3’-

Monoiodothyronine sulfate (3’-T1S).
[35]

 

7. Specific antibody and radioimmunoassay of Triac 

Sulfate (TriacS).
[35]

 

8. Specific antibody and radioimmunoassay of 3,3’-

Diiodothyronine (T2).
[36]

 

9. Specific antibody and radioimmunoassay of 3,3’,5’-

Triiodothyronine (rT3) 
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