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

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 pg-TCDD/kg-body weight) and
exposure for 48 h. SSH analysis provides non-biased evaluation of mMRNA-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.
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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 buming, and medical waste incineration contribute >70% of total
dioxin releases (NCEA, ORD, U.S. EPA). 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
+ Highly lipophilic (log K,, = 6.80) and significant bioaccumulation and activation of the “Ah gene battery” and regulation of numerous yet unidentified
biomagpnification potential (log BCF = 3.2-3.9 in fish) in ecological food dioxin-inducible genes. In general, these TCDD-induced signaling pathways elicit
chains, resulting in elevated levels in wild animals and co ial food d t adverse effects such as oxidative stress, cell cycle arrest, and
supply. apoptosis. Pathway image from Biocarta (biocarta.com).

« Insoluble in water (19.3 ng/L at 25°C) and relatively immobile and

persistent on soil (t,, = 1-3 yr) and sediment (t, , > 1.5 yr) surfaces.

research findings

Table 1. Subtractive hybridization summary for TCDD-exposed male medaka organs.

Medaka Organ

Brain Liver Teslis Total
Colonies screened 768 768 768 2304
True positives sequenced 184 (23.9%") 335 (43.6%) 261 (33.9%) 780 (33.9%)
Redundant genes 98 (12.8%) 258 (33.6%) 214 (27.9%) 570 (24.7%)
No significant homology 86 (11.2%) 77 (10.0%) 47 (6.1%) 210 (9.1%)
MNon-redundant genes 58 (7.6%) 112 (14.6%) 165 (21.5%) 335 (14.5%)
Genes spotted on cDNA array 8 (1.0%) 22 (2.9%) 12 (1.6%) 42 (1.8%)

" Al percentage values are relative to total colonies screened from each organ.
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Figure 2. Numerical distribution of non-
redundant genes identified in adult male
medaka brain, liver, and testis following a 48-h
10 pg-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.
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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 ug-
TCDD/kg-body weight exposure. GO
terms were determined by LocusLink
(NCBI), and were based on general
iologi These i
data suggest a degree of redundancy il
gene functionality, especially within the
medaka brain and liver libraries.
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Table 2. Amay data summary of gene expression changes in male medaka organs folowing 48-h exposura to 23,7 8-tetrachiorodibenzo-p-taxin (TCOD).

Bran Liver Tests

Gene Name (in Siphabetical ofder) Ongin* Accession 1D Gene Oniciogy TRTCTL P° TRTICTL P TRTICTL P
Actn, Tostis  AJBIOIZI Cll motibty 0051 DB11 1116

A dehydmganass Brmin  ARMASOY Faity ncid mataboliem 148 0819 1987
Alpha-2-HS-glycopeolnin Lver  CAC27820 Acule phase response: 0s21 0708 1067
Amytase, alpha Tests  AFS16651 Cambohydrate metabolism 1032 0BS7 1189
Apalgopeainin A-1 Lver  AAPZOTST trarsport 10E OAAE 1000
Apokpogeoioin B Lvar  ARPGTITE Lipid traepoe 0§20 07s3 1068
Apolpogentain C-1 QEXSNS Lipkd trarapon 1279 0418 1
Apolpopeotin E Bemin  AAPIONS4 traraport 1006 0E7T9 1143
Apolpogenioin £ Lvor  CABSSISS Lipk trarspoe 2245 0471 1,
Bée salt-activated ipase Tosts. Cholesterol metabolem 1011 0061 1148
Carbo Tostis  ABCGA. 102 0S8 166
Camye binding protesn Teslis X _218518 Miosis 1082 OBAZ LT
Coaguiabon lacior XIne, procursor Liver  XP Elood congulstion DT DB4  1AT0
Complament C2 Livor DB4063 Complement actvation 1,028 0504 1370
Cerrglormaen C3-1 Lior  ABOZSSTS Complenont actvatian 1008 0852 1001
Comgloment C3-2 Lver  ABOGSSTS Complement actvation DSE DB D963
Compremenn C4 Lver  ABOZSSTT Complement acvation 1071 BTET 1086
Cylochioms P4S0 14 Benin AYIGTER3 Drugteicant mataboksm 1120 nsas 1812
Cytochrome P50 1A Lver  AY2GTHZ Drugytowicant metabol 1585 0055 2438
Elastase 1, procursar Tostn  ABOZITSS Frotoolysis 148 0BT 1002
Elastase A, precursor Tests  ABOZSTSS Protoolysis 1081 0B30 1122
Epondymin Liver  AABALGE3 Coll adhesion 0T D08 1295
Fibrnogen, aipha Liver ARMEITEL Biood coagulation 1.008 0873 1
Fibrinogen, gamma Lvr  AJIIOHIE Blood congulation 1053 DAF1 hiM
Gitycoldahyda Jphasphase dehydrogenase Benin  BAB&ZEID Glycolysis 0564 0B 1030
Hepeid Lover  AASBEIOS Imerung response o [T
High choriolybe nzyme 1. procursor T AL Unkpern 0§15 057 AT
Male sex-determining Tosts  AY1ZE241 Sex differensation 0487 1430
MHC Class | Lwvar 3378 NG (E3pONSE 0ET4 0391 128
Mitochandrial ONA Tests 1 Unikrcrn 0.538 0.Tss 08TT
Myt-inostcl oxypenase Uvor  AF&01311 cataboliim 1046 0B4E  1ATY
MADH doh; Bmin  WP_T39815 Faity acid bomnthesis 1040 DESE 107R
Nuclposde Sphoaphat kinaie Benin  AFZB6216 M matabolam 1928 0662 1202
Pléin A2 Beain A" J 0635 DEZS 1255
Precerebelin.ihe proten Lver  AAFO2308 = boea  0en LM
P Tests  DBITH6 Spermaloganssis 1015 D0 1104
Tributyltin-binding protein. Livar L 1.054 0807 1279
Tennshre Lvor 064033 0N i aeApon o8 Q7e 1118
Trypsinogen 1 Testis  ASZSTS0 Froloolysis 1004  DBea 1458
Tukniin, alpha Beain  AAPRSOTE DS OTH  1ATR
UDP-gluceronasyl transfernse Lo AJTAGOEZ Drugteoicsnt mataboksm 1081 0730 1355
Waarrmr-lemperature-accimaton-nelated-65 kDa-prolein Uver  ABOTS198 Acule phase response 1022 08 081l
Control {Arabidopsis Cab1) LY HEB062 WA 0984 130 102
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Figure 4. Artistic rendition of
an adult male medaka (right)
and whole-body sagital section
(6-8-pym) (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.
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Figure 5. Histopathology of adult male medaka following a 48-h 10 ug-TCDD/kg-body weight exposure.
Serial 6-8-uym 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 um. (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.

conclusions

suppression subtractive hybridization

» 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.

gene arrays & organ histopathology

« 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: a-Amylase (glycogen metabolism), Hepcidin (immune
defense), Tributyltin-binding protein (unknown function)
Testis: Male sex-determining protein (sex differentiation),
Protamine (spermatogenesis)
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