Reviewers' comments:

Reviewer #1: This work employs crosses of rat strains with varying sensitivity to TCDD to explore the role of heme synthetic and degradation pathways in hepatotoxicity.  The major criticism is that there is no evidence to indicate that the responses the current submission reports are primary rather than secondary events in TCDD hepatotoxicity.  In fact, the results are opposite to those the central hypothesis might predict.

TCDD is cholestatic in rats.  Strain differences introduce complexity in relating dose-response between this and eariler work. However, the authors recognize elevation of serum bilirubin as a common sign of TCDD hepatotoxicity in their studies with rats. This is a hallmark of cholestasis.  Doses of TCDD one-tenth or less those used in the current study reduced bile flow and inhibited liver plasma membrane ATPases in male Holtzman rats (J. Pharmacol. Exp. Ther. 210: 275-282). One group of the ATPase activities studied almost certainly represented ABC proteins that pump organic substrates, including bilirubin glucuronide, from liver to bile. The simpliest interpretation of the results for the current submission is that TCDD produces hepatobiliary dysfunction. This results in hepatic accumulation of heme degradation products.  Down-regulation of aminolevulinic acid synthetase and up-regulation of heme oxygenase-1 and biliverdin IX alpha reductase follows. This likelihood

suggests this little mechanistic contribution of the current submission.

Response: The authors agree that TCDD most probably produces hepatobiliary dysfunction which results in accumulation of bilirubin glucuronides in serum and liver of the rats. This has also been mentioned in the discussion (page 20). However, there are many other points due to which we think it is impossible to draw the conclusion that biliverdin accumulation would simply be due to cholestasis / hepatobiliary dysfunction.
1) Very high levels of bilirubin have been observed in the serum of TCDD-sensitive Long-Evans rats (see manuscript page 4, line 12 for references), but no cases of hepatic biliverdin accumulation have ever been detected, not even after lethal doses of TCDD in these rats (macroscopic observation in our laboratory). So, it seems that cholestasis or other hepatobiliary dysfunction and the resulting increased levels of bilirubin do not automatically or immediately result in accumulation of biliverdin. The authors want to emphasize that when found, this phenomenon of biliverdin accumulation was macroscopically very eye-catching and novel, something we had never seen before despite our history of over 20 years of TCDD research on rats. Further, in line A rats, biliverdin accumulation has neither been ever seen, not even after 10 000 µg/kg of TCDD and 46 days of exposure (Niittynen et al., 2007). Bilirubin levels do increase in line A rats (Tuomisto et al., 1999), although the increase is much less compared with line B or L-E rats. So, a mere increase of bilirubin does not seem to result in accumulation of biliverdin. If biliverdin is formed from bilirubin, the interesting question is: Why does this happen?. Is it a defense reaction against oxidative stress? We have made an attempt to address these issues in the Discussion of our manuscript.
2) Although hepatobiliary dysfunction due to TCDD is a probable effect in our studies, there are also other possible reasons for increased serum levels of bilirubin which cannot be excluded. Bilirubin formation may also be increased due to enhanced catabolism of heme. In fact, one observation in the current study was the repression of ALAS1 mRNA in liver, and heme is a well-known repressor of ALAS1 mRNA expression. Thus the question arises, whether heme content is actually increased in the liver which might further result in its increased catabolism to bilirubin. We think that no conclusive evidence exists in the literature as to whether the increase in serum bilirubin after TCDD exposure is due to its decreased secretion or increased formation or both (see e.g. Pohjanvirta and Tuomisto, 1994 and references therein). 
3) We have also carried out some bile collecting experiments (unpublished). In line B male rats dosed with 300 µg/kg TCDD, the excretion of bile on day 14 was 0.96 mg/h/g rat weight vs 1.80 in controls (n = 9 and 6, respectively). Thus, the yield was clearly lower in TCDD-exposed rats. Furthermore, the TCDD-exposed rats had lost weight due to the wasting syndrome. This usually reduces the yield of serum significantly and, conceivably, may also affect the volume of bile obtained. In another experiment, bile was collected from line C rats (a TCDD-sensitive rat line originating from crosses between H/W and L-E rats) on day 7 after TCDD exposure (10 µg/kg). For controls, serum bilirubin was 1.32 and bile bilirubin 44.573 µmol/l. In TCDD-exposed rats, the respective values were 5.136 and 113.871 µmol/l (unpublished results). The elevated bile bilirubin level does not support the view that decreased secretion of bilirubin from hepatocytes to bile would be the key (or at least the sole) reason for increased serum bilirubin levels (it might contribute to some extent as there was a slight difference between serum and bile in bilirubin ratios). It is quite possible that the (re)uptake of bilirubin at the sinusoidal membrane of hepatocytes is impaired by TCDD or that its hepatic synthesis is enhanced. Although further studies are clearly needed to solve this problem, our present work is important in shedding new light on the impact of TCDD on critical enzymes in bilirubin metabolism.
4) To our knowledge, there are no studies regarding the relation of expression of HO-1, BVRA and ALAS1 mRNA, activity of BVRA or protein expression of HO-1 and hepatobiliary dysfunction/accumulation of heme degradation products. The Reviewer 1 suggests that these effects of TCDD on mRNA/protein expression or enzymatic activity would be secondary to accumulation of heme degradation products. First, if this were the case, it would be a novel result as such requiring further studies on the causative heme degradation product. Secondly, although in line A rats biliverdin accumulation has never been detected and also bilirubin accumulation is much milder than in line B, the mRNA/protein/activity responses were similar in these two lines. Thirdly, the current knowledge of the inducers and repressors of the studied enzymes does not support the view that heme degradation products would cause the responses: a) The known inducers of HO-1 include e.g., heme, reactive oxygen species, metals and many other agents but not biliverdin or bilirubin. b) Heme, but not its degradation products, is a well-known repressor of ALAS1. Further, ALAS1 repression was a rapid response (day 2), whereas cholestasis appeared later (postexposure day 10) according to Peterson et al. (1979; cited by Reviewer 1 above). c) High levels of biliverdin may inhibit BVRA via substrate inhibition, which might account for the reduction in BVRA catalytic activity on day 32 in line B rats. However, BVRA catalytic activity was induced both in line A and line B rats on day 14  and still on day 35 in line A, but heme degradation products are not known to induce BVRA.

5) Respectfully, we somewhat disagree with the reviewer´s point that our results are opposite to the central hypothesis. Our hypothesis was that there might be such changes in gene expression/enzymatic activity which might cause or be related to the syndrome of biliverdin accumulation. We found increased HO-1 protein levels and BVRA catalytic activity. This suggests that hepatic heme metabolism is increased, which may readily be related to biliverdin accumulation, but as discussed in the manuscript, cannot be the only reason since this effect was found also in line A rats which do not accumulate biliverdin. In addition, we found repression of ALAS1, which suggests that heme synthesis is not increased in liver; however heme content of the liver might be increased e.g. due to transport from extrahepatic tissues, although this is speculative.
Summing up, in our opinion the downright statement of Reviewer 1 that “the effects are secondary to cholestasis/hepatobiliary dysfunction” is neither prudent enough, nor scientifically justified, since literature indicating this does not exist. There are facts suggesting that the situation is more complicated (see above). Even if some of the reported effects would eventually turn out to be secondary to cholestasis / hepatobiliary dysfunction / bilirubin accumulation, it would be an interesting and novel result. 
The discussion part has been somewhat modified according to Reviewer´s comments (page 20, line 8 – page 21, line 11).  Especially, more attention has been paid on the TCDD-induced hepatobiliary dysfunction and its possible role in the syndrome of biliverdin accumulation. Relevant new references have been added.
Reviewer #2: Authors of this manuscript had observed the hepatic accumulation of biliverdin and its monoglucuronide in line B rats (moderately resistant to TCDD due to H/W-type alleles of an unidentified gene), but not in line A rats (resistant to TCDD due to an H/W-type-like, altered AhR).  Authors intended to reveal this mechanism, and examined mRNA expression of key enzymes in heme metabolism.  

Among the mRNAs of which expression were examined, the level of biliverdin IXalpha reductase (BVRA) mRNA in the livers of TCDD-administered line B rats was the same as that in the control line B rats at 5 weeks after the administration, while the BVRA mRNA level was elevated in the livers of TCDD-administered line A rats.  Suppression of BVRA mRNA induction in the livers of TCDD-administered line B rats seems to contribute to the accumulation of biliverdin in line B rats.   BVRA activity in the livers of line A rats was also higher than that of line B rats, but the difference in BVAR activity between the lines was marginal judging from Fig. 6.  To confirm authors' conclusion 'repression of BVRA activity may be an important contributor', authors should examine whether the level of BVRA protein was suppressed in the livers of line B rats.

Page 22, line 4;  Authors should discuss about a possible mechanism on inhibition of bilirubin secretion by TCDD.    
Response: A preliminary study of BVRA protein concentration has recently been carried out in these line A and line B rats (2 rats per time-point) using Western blotting. An equal amount of total protein was loaded on the gels but the blots were not subjected to a densitometric analysis. As assessed by the eye, BVRA was found in all the livers examined (controls and TCDD-treated, both rat lines) and no dramatic changes seemed to exist in its amount among the rats, although e.g. in line A on postexposure days 14 and 35, the amount of BVRA appeared to be increased relative to control. This is in concordance with the results on catalytic activity. The Western blots from line B were somewhat blurrier, but the amount of BVRA on day 32 seemed to be at control level or slightly less. However, these eye-based assessments are not very trustworthy. These results were not included in the manuscript, since measuring the BVRA catalytic activity was considered adequate in revealing whether repression of BVRA were the reason for the syndrome. Information on protein concentrations was considered not to provide any significant surplus value. We have plans to examine catalytic activity of BVRA in line B in more detail in the future studies; then it may be possible to confirm or disprove the conclusion that 'repression of BVRA activity may be an important contributor'. At the moment, we would tend to state that repression of BVRA activity is not likely to be the primary reason of biliverdin accumulation, since BVRA activity was increased at the penultimate time-point (day 14). 
The results from Western blot analysis of BVRA have not been added into the manuscript since they are not quantitative and mere qualitative results were not considered to bring significant surplus value in addition to the studies on the BVRA catalytic activity. The second request of the Reviewer 2 was “Page 22, line 4;  Authors should discuss about a possible mechanism on inhibition of bilirubin secretion by TCDD.” This issue is now discussed in page 20, line 8 – page 21, line 3. The relevant new references were also added. In the last chapter of the discussion (page 22) this issue is again mentioned but now without references/wider discussion, as this chapter is conclusive in nature.
