
Co-exposure of TCDD and T3 repeatedly resulted in superinduction of TH and PHAH 

responsive genes for both XLK-WG cells and prometamorphic tadpoles. 

• Compared with T3-exposed animals, BTEB, TR-βa, and TR-βb mRNAs were 40-70% more 

abundant following co-exposure (Figure 2).  

• CYP1A6 mRNA was ∼50% more abundant in tadpoles following T3 co-treatment than with 

exposure to TCDD only (Figure 2). 

• Similar trends were observed in the XLK-WG cells (Figure 1), and with tadpoles assayed for 

deiodinase 1 and 2 (Figure 3). 

• Suggests regulator interaction between AhR and TR. 

 

The promoter regions of BTEB, TR-βb and CYP1A6 contain potential enhancer elements for 

the AhR and TR. 

• We successfully cloned ~1,000 bp of BTEB promoter (Figure 4). 

• TR-βb and CYP1A6 each contain at least one complete DRE and TRE in addition to at one or 

more TRE ½ sites (Figure 5). 

• Each gene’s 5’-UTR contains additional DRE, and TRE or TRE ½ sites (Data not shown). 

• This provides genomic evidence for co-regulation of target genes by AhR and TR. 

 

Metamorphic genes controlled by TH are co-regulated by AhR and TR. 

• We propose that this induction of TR-regulated genes by AhR may represent an additional 

mechanism for protection of metamorphosis from disruption by xenobiotic or endogenous AHR 

agonists. 
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Promoter Region Maps 

Frog Kidney Cell Exposures 

Figure 1. Exposure of XLK-WG cells to co-treatments of T3 and TCDD results in greater 

induction of TR and AHR mediated mRNAs compared to T3 or TCDD alone. Cells were 

incubated in 0.23% DMSO, 100 nM TCDD, 50 nM T3 or 100 nM TCDD and 50 nM T3 in 4 mL 

RPMI-1640, 20% FBS for 24 hours at 29 ̊C. Total RNA was extracted, treated with DNase, reverse 

transcribed and amplified in triplicate by qPCR. Error bars represent range of possible RQ values 

defined by the standard error of the ΔCT. 

Background 
Amphibian Metamorphosis 

• Metamorphosis is driven by thyroid hormone (TH) and mediated by the thyroid receptor (TR)7. 

 

Thyroid Receptor α and β (TR-α and TR-β) 

• TR- and TR-β are nuclear receptors that act as transcriptional repressors in the absence of TH1 

and as transcriptional activators following TH binding6. 

 

Basic transcription element binding protein (BTEB) 

• Readily inducible TH responsive gene that aids in the auto-induction of TR-. When over-

expressed might act as a transcriptional repressor3. 

 

Deiodinase (Dio) 

• Activates and deactivates TH in a tissue specific manner by catalyzing the conversion of 

thyroxine (T4) to 3,3’,5-triiodothyronine (T3), and T3 to 3,3'-diiodothyronine4. 

• Dio is inducible by TH. 

 

Dioxin and the aryl hydrocarbon receptor (AhR)    

• AhR is a cytosolic transcription factor that mediates the toxic effects of select environmental 

contaminants such as 2,3,7,8-tetrachlorodibenzon-p-dioxin (TCDD)5,8. 

• AhR regulates the expression of detoxification enzymes such as Cytochrome P4501A6 

(CYP1A6) and uridine 5’-diphospho-glucuronosyltransferases (UDP-GT)5. 

• TCDD has been shown to disrupt TH signaling in humans as well as delay metamorphosis in 

frogs exposed to environmentally relevant concentrations2. 

Amphibian metamorphosis is a postembryonic developmental process driven by thyroid hormone 

(TH) and mediated by the thyroid receptor (TR). Planer halogenated aromatic hydrocarbons 

(PHAH), such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), have been shown to disrupt TH 

function in humans and other species, although little is known about the mechanism through which 

this interference occurs. Here we used the African Clawed Frog (Xenopus laevis) as a model to 

probe the interaction of TR and AhR signaling. We quantified relative mRNA expression of both TR 

and AhR target genes in prometamorphic tadpoles and in the XLK-WG cell line following exposure 

to a combination of TH and PHAH. Co-exposures repeatedly resulted in enhanced transcription of 

both AhR and TR regulated genes compared to treatments with TCDD or TH alone. To explain this 

response, we examined the promoter regions of the AhR regulated cytochrome P450-1A6 

(CYP1A6) and TR regulated basal transcription element binding protein (BTEB) and TR-βb, and 

found potential cognate enhancer sequences for each transcription factor. Overall, our results 

suggest some degree of co-regulation between the AhR and TR and provide insight into a potential 

mechanism for protection of metamorphosis from disruption by PHAH. 

Cloning the BTEB Promoter 

Figure 4. Genomewalker cloning of the X. laevis BTEB promoter region. Genomic DNA was cut with Dra I, Pvu II or Stu I and the BTEB promoter region 

was targeted with gene specific primers (GSP) over 2 rounds of PCR. Amplicons were ligated into pGEM-T Easy (Promega), then transformed into JM109 E. 

coli cells. Plasmid minipreps from select colonies (3 per ligation) were digested with EcoR I to confirm correct insert size. A. BTEB gene map with GSP 

annealing location and Geneomewalker restriction sites. B. First round PCR products. Vector and insert indicated (right). C. Second round PCR products 

amplified from first round amplicons. L and S denote long and short products resulting from multiple Pvu II cut sites within the targeted sequence. 
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Figure 5. DRE and TRE locations in target gene promoter regions. DREs (RED) were identified as 

3’-GCGTG-5’, or the reverse complement 3’-CACGC-5’. TREs (YELLOW) contained various 

mutations of the classic sequence 3’-AGGCTA-4N-AGGCTA-5’, in which the ½ sites can be 

arranged as direct repeats, palindromes or inverted repeats. * mark TRE ½ sites. Transcriptional 

start sites are indicated by the GREEN chevrons. In addition, BTEB contains 4 DREs in the 5’-UTR 

(+1-543). 
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Figure 2. Co-treatments with T3 and TCDD enhance induction of target genes in tadpoles. 

Tadpoles were incubated in 0.1% DMSO, 5 nM TCDD, 10 nM T3 or 5 nM TCDD and 10 nM T3 in 

150 mL FETAX overnight. Total RNA was extracted from whole tadpoles, treated with DNase, 

reverse transcribed and amplified in triplicate by qPCR. Error bars represent the range of possible 

RQ values defined by the standard error of the ΔCT. 

 

Figure 3. Deiodinase expression is enhanced by Co-treatments of T3 and TCDD. Dosing and 

prep procedures were identical to those described in Figure 3. Error bars represent the range of 

possible RQ values defined by the standard error of the ΔCT. 
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