The effect of TCDD on the mRNA expression of key heme metabolic enzymes in rats

TCDD is known to disturb heme metabolism in at least two ways: it causes porphyria and jaundice. The exact mechanisms for these effects are still largely unknown. In addition, we have shown in our previous work that TCDD causes accumulation of heme catabolism product biliverdin and its derivative biliverdin monoglucuronide in the livers of certain intermediately TCDD resistant rat lines. Accumulation of biliverdin in mammalian tissue is a very rare phenomenon: in an undisturbed heme catabolism biliverdin is rapidly reduced to bilirubin by biliverdin IX( reductase (BVR-A). Most cases of pigment accumulation have been recorded in line B, which is presumably homozygous for the two genes mediating resistance/sensitivity against TCDD: it harbours the wild-type (sensitive) alleles of the aryl hydrocarbon receptor (Ahr) and the resistant alleles of the yet unidentified gene B.  Biliverdin accumulation is dependent on the Ahr-genotype because it has never been recorded in rats homozygous for the mutated, resistant allele of the Ahr (genotype Ahrhw/hw).  One hypothesis for the accumulation is that the inducible form of the enzyme forming biliverdin, heme oxygenase 1, is induced due to TCDD exposure. Under a few last years, this enzyme has become a target for growing interest and research. Reactive oxygen species are one of the many agents that induce the expression of HO-1. This induction is thought to act as a defence mechanism in cellular stress. On the other hand, TCDD is known to cause oxidative stress (Stroh, 199?). Despite this obvious connection there is only one report showing HO-1 (protein) induction related to TCDD exposure (Nishimura et al., 2001). b-naphtoflavone, which is a CYP1A1 inducer thought to act through Ahr, induces HO-1 about 5-fold in a human HepG2-microarray model. On the other hand, HO-1 induction is mediated by the Nrf2/ARE signalling pathway which is not used directly by TCDD?? (Nguyen et al., 2003). Thus we concluded it would be of interest to study whether TCDD exposure really results in induction of HO-1. Also a few other genes in the heme metabolic pathway seemed interesting in relation to this syndrome, namely the nonspecific form of aminolevulinic acid synthase 1 (ALAS1) and biliverdin reductase (BVR-A). The former is the rate-limiting step in the heme biosynthesis. Many agents that induce CYP production induce ALAS1. BVR is an enzyme that is normally present in markedly excessive amounts in regard to HO. It is not an inducible enzyme. However, because in this case biliverdin is accumulated in the liver also its expression was studied for possible derailments. BVR has recently been identified as a transcription factor, belonging to the basic leucine zipper family (Ahmad et al, 2002), so it seems that it is not just a simple house-keeping gene but may have important other functions. The aim of this study was to analyze whether TCDD has effect on the expression of key heme metabolic genes ALAS1, HO-1 and BVR and find out if this would elucidate the molecular basis of the exceptional syndrome in which biliverdin is accumulated in the liver.
MATERIALS AND METHODS

Animal husbandry

All rats were obtained from the breeding colony of the National Public Health Institute, Kuopio, Finland. They were housed in groups in stainless-steel wire-mesh cages with pelleted R3?? feed and tap water available ad libitum.  The temperature in the animal room was 21+-1C, relative humidity 50+-10% and lighting cycle 12/12 h light/dark.

Animals

Adult line B female rats were used in the study. They were 15-20 weeks old at the time of exposure and weighed ... Rats were dosed with 300 ug/kg TCDD intragastrically and killed 2, 7, 14, 32 or 35 days later by decapitation. Controls received vehicle (corn oil) and were decapitated 2 or 35 days later. Spleen and a piece of liver were rapidly cut off, flash-frozen in liquid nitrogen and stored at –80 C for subsequent analysis. Line A female rat was used in the cloning of the gene fragments.  

Primers used in the study

Gene
Primer
Sequence (5´-3´)
Length of the product






Aminolevulinic acid synthase 1
ALAS1-F

ALAS1-R
gcgcaatgtcaagcttatga 

tgggtaattaatggcctgga 
169

Aminolevulinic acid synthase 2 (erythroid spesific)
ALAS2-F

ALAS2-R
ttgagaagtccgatcccaag  accccgggttccatatagtc 
167

Uroporphyrinogen decarboxylase
UROD-F

UROD-R
ggacagtggctccaaagaaa 

ttagcaatgtagcgctgtgg 
157

Biliverdin reductase
BVR-F

BVR-R
catgtcctcgtggaataccc 

agctgtgaagcgaagagacc
186

Heme oxygenase 1




CYP1A2




beta-actin




RNA-isolation and RT-PCR

Total RNA was isolated from homogenized liver and spleen samples using GenElute Mammalian Total RNA Miniprep Kit (Sigma-Aldrich, St. Louis, MO). Isolated RNAs were subjected to DNAse1 –treatment (Ambion, Austin, TX). 400 ng of this RNA was used for the RT-PCR that was performed with Omniscript reverse transcriptase (Qiagen, Hilden, Germany) using random hexanucleotides as primers.

Cloning of  ALAS-1, ALAS-2, UROD and BVR gene fragments 

About 150-190 nt long fragments of ALAS-1, ALAS-2, UROD and BVR genes were cloned using line A rat cDNA as a template. The primers used are shown in the table 1. Primers were designed to span at least one intron. Gene fragments were cloned to pCR-Script cloning vector and their correctness was verified by sequencing. 

Real-time quantitative PCR

The expression levels of heme metabolic genes were analyzed using Quantitect Kit (Qiagen?) and Rotor Gene 2000 –equipment (Corbett Research, Mortlake, NSW, Australia). The relative amounts of unknown samples from control and TCDD-treated animals were calculated by setting their cross-points to the standard curves generated by the serial dilution of linearized pCR-Script plasmid harboring the relevant gene fragment The expression levels were not normalized.

