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2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) Induces Organ-specific Differential 
Gene Expression in Male Japanese Medaka (Oryzias latipes)

• Of 42 transcripts screened, CYP1A mRNA was the only transcript 
significantly higher in TCDD-exposed brain, whereas 12 transcripts 
(including CYP1A) were significantly higher in TCDD-exposed liver 
and 34 transcripts were significantly lower in TCDD-exposed testis. 

• Minimal histopathological changes observed in brain; glycogen 
depletion and mild hepatocyte hypertrophy observed in liver; and 
disruption of primary spermatocytes and interstitia observed in testis.

• Based on gene expression and histopathological data, male medaka 
testis is highly sensitive to TCDD exposure, and mechanisms of 
reproductive toxicity are currently being pursued.

• Based on these data, promising organ-specific biomarkers of acute 
TCDD-induced toxicity include:      

Brain: CYP1A (xenobiotic metabolism)
Liver: α-Amylase (glycogen metabolism), Hepcidin (immune    

defense), Tributyltin-binding protein (unknown function)
Testis: Male sex-determining protein (sex differentiation), 

Protamine (spermatogenesis) 

overview
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD or dioxin) is a widely studied 
polychlorinated, tricyclic aromatic compound known to induce adverse affects in 
humans and wildlife, including cancer, reproductive and developmental effects,
immunotoxicity, and cardiovascular disease. In recent years, unbiased genome-
wide gene expression analysis has been exploited using in vitro- and in vivo-
based mammalian models to uncover additional AhR-dependent or -indep-
endent TCDD-responsive genes.  However, the majority of these studies have 
centered on gene expression analysis in TCDD-exposed hepatoma cells or liver.  
To this end, we utilized suppression subtractive hybridization (SSH) as an 
impartial screening tool to initially evaluate qualitative gene expression changes 
in male Japanese medaka (Oryzias latipes) organs (brain, liver, and testis) 
following intraperitoneal TCDD injection (10 µg-TCDD/kg-body weight) and 
exposure for 48 h.  SSH analysis provides non-biased evaluation of mRNA-level 
differences between control and toxicant-exposed animal tissues, and relies on 
hybridization-dependent subtraction of equally abundant transcripts and selective 
PCR-amplification and enrichment of differentially expressed genes. 

In this study, after identification of suspected differentially expressed transcripts 
based on SSH, expression of genes hypothesized to be strongly responsive to 
TCDD exposure was semi-quantified using organ-specific replicate nylon 
membrane cDNA arrays.  Moreover, qualitative histopathologic evaluation was 
used to associate organ histopathology with gene expression patterns in male
medaka brain, liver, and testis.  Overall, we demonstrate that TCDD induces 
organ-specific qualitative and semi-quantitative gene expression differences in 
male medaka, and that these differences are associated with adverse
histopathological changes. Based on these data, brain-, liver- and testis-specific
mRNA-level targets in male medaka were identified as promising biomarkers of 
TCDD-induced toxicity for future investigations. 

Figure 1. Upon entry into cellular cytosol, TCDD is highly specific for the aryl 
hydrocarbon (Ah) receptor (AhR). Following ligand binding, activated AhR enters 
the nucleus, dissociates from the XAP2-HSP90 complex, and forms a heterodimer
with AhR nuclear transporter (ARNT); this transcription factor complex binds to 
dioxin response elements (DREs) in promoter regions of target genes, driving 
activation of the “Ah gene battery” and regulation of numerous yet unidentified 
dioxin-inducible genes.  In general, these TCDD-induced signaling pathways elicit 
down-stream adverse effects such as oxidative stress, cell cycle arrest, and 
apoptosis. Pathway image from Biocarta (biocarta.com). 

2,3,7,8-Tetrachlorodibenzo-p-dioxin

• Sources include incomplete combustion, industrial discharge, and
biological processes.

• In the U.S. (1995), air emissions account for the majority of environmental 
TCDD release, where municipal solid waste incineration, backyard refuse 
barrel burning, and medical waste incineration contribute >70% of total 
dioxin releases (NCEA, ORD, U.S. EPA).

• Insoluble in water (19.3 ng/L at 25ºC) and relatively immobile and 
persistent on soil (t

1/2
= 1-3 yr) and sediment (t

1/2
> 1.5 yr) surfaces.

• Highly lipophilic (log Kow = 6.80) and significant bioaccumulation and 
biomagnification potential (log BCF = 3.2-3.9 in fish) in ecological food 
chains, resulting in elevated levels in wild animals and commercial food 
supply.

research findings conclusions

Figure 2. Numerical distribution of non-
redundant genes identified in adult male
medaka brain, liver, and testis following a 48-h 
10 µg-TCDD/kg-body weight exposure. Of 335 
total genes identified, only 2-3% of TCDD-
responsive genes in all three libraries were 
shared between any two libraries, suggesting a 
high degree of organ specificity at the level of 
gene expression in response to TCDD 
exposure.  

Figure 3. Top six Gene Ontology™ (GO) 
term distribution of differentially expressed 
genes in adult male medaka brain, liver, 
and testis following a 48-h 10 µg-
TCDD/kg-body weight exposure.  GO 
terms were determined by LocusLink
(NCBI), and were based on general 
biological processes. These descriptive 
data suggest a degree of redundancy in 
gene functionality, especially within the
medaka brain and liver libraries.

Figure 5. Histopathology of adult male medaka following a 48-h 10 µg-TCDD/kg-body weight exposure.  
Serial 6-8-µm whole-body sagital sections were mounted on glass slides and stained with hematoxylin
and eosin.  All slides were imaged at 40X objective.  Scale bar = 10 µm. (A) Brain from vehicle (DMSO) 
control medaka; (B) brain from TCDD-exposed medaka; (C) liver from vehicle (DMSO) control medaka; 
(D) liver from TCDD-exposed medaka; (E) testis from vehicle (DMSO) control medaka; and (F) testis from 
TCDD-exposed medaka.  
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Adult male medaka (3-4 cm long)

suppression subtractive hybridization 

gene arrays & organ histopathology 

• 780 total cDNAs were sequenced: 210 (27%) sequences had no 
significant homology and 98, 258, and 214 sequences from the brain, 
liver, and testis respectively (570 total) sequences had significant 
homology to known sequences in NCBI databases.

• 58, 112, and 165 total distinct genes for the brain, liver, and testis 
respectively; although the same number of colonies were screened,  
the frequency of one or more genes within the library affected the 
library gene diversity and number of non-redundant genes. 

• 2-3% of TCDD-responsive genes in all three libraries were shared 
between any two libraries, and only 4 genes were identified in all three 
libraries, suggesting a high degree of organ specificity at the level of 
gene expression in response to TCDD exposure.

• 31% (13 genes) and 32% (26 genes) of genes identified in the brain 
and liver library are involved in metabolism, and 41% (50 genes) of 
identified genes in the testis library have no known function.
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Figure 4. Artistic rendition of 
an adult male medaka (right) 
and whole-body sagital section 
(6-8-µm) (below) of a control 
adult male medaka ip-exposed 
to vehicle (DMSO) for 48 hr. 
Medaka is a small (~3-4 cm) 
egg-laying freshwater fish
native to Japan, Korea, and 
eastern China.  Adult males (6-
8-months-old) typically have an 
average body weight of ~350-
400 mg. 


