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1st Editorial Decision 10 January 2018 

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now 
heard back from the two referees whom we asked to evaluate your manuscript.  
 
You will see from the set of reports pasted below that both referees are enthusiastic about the study 
and only have minor comments: both agree that a discussion on the in vivo mechanism is needed 
[and I would like to encourage you to provide additional experimental evidence if you already have 
some data]. Referee 1 suggests a couple of controls to be performed and an in vivo experiment to 
strengthen the findings. Both referees have additional points that should be addressed a ssuggested.  
 
We would welcome the submission of a revised version within three months for further 
consideration and would like to encourage you to address all the criticisms raised as suggested to 
improve conclusiveness and clarity. Depending on the nature of the revision, the manuscript may be 
sent back to the referees. Please note that EMBO Molecular Medicine strongly supports a single 
round of revision and that, as acceptance or rejection of the manuscript will depend on another 
round of review, your responses should be as complete as possible.  
 
I look forward to receiving your revised manuscript. 
 
***** Reviewer's comments *****  
 
Referee #1 (Remarks for Author):  
 
This is a solid observational study, which will provide a useful resource for the circadian research 
field and has some clear translational potential in the longterm. The authors are to be commended 
for their clear communication of intriguing experimental findings, it disappointed me that little 
attention is given to the mode of action by which many of the drugs that affect circadian rhythms in 
their assays might elicit their effects. Overall I would certainly recommend that this manuscript be 
accepted for publication, however there are several technical issues that first should really be 
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addressed:  
 
1) Previous studies - with regards to DHEA, more effort must be made to interpret these data in light 
of prior observations by other labs using DHEA and its effect on the amplitude and period of 
circadian gene expression rhythms. In particular, using 50 uM DHEA also with human U2OS cells, 
Rey et al (Cell metabolism, 2016) observed reversible lengthening of circadian rhythms reported by 
Bmal1:Luc as well as a reduction of reporter amplitude. Whereas Putker et al (ARS, 2017) report 
that DHEA both lengthened and shortened the period of PER2::LUC rhythms in primary mouse 
fibroblasts, dependent on concentration, but found that it consistently reduced the amplitude of clock 
gene bioluminescent reporter rhythms across several different cell types.  
 
2) Effects on circadian reporter vs. effects on circadian rhythms - all the in vitro studies rely on 
firefly luciferase as a reporter of circadian gene expression. Unless the concentration of luciferin 
intracellularly is in saturating excess, it is plausible that subtle changes in apparent circadian period 
(e.g. Fig. 4B, Fig2A) actually result from drug-induced changes in intracellular luciferin availability 
(Patrick et al., Mol Imaging Biol, 2014; Feeney et al., JBR, 2016). To rule out this possibility, an 
acute increase in extracellular luciferin concentration (e.g. from 0.1 mM to 0.2 mM) would not be 
expected to produce any increase in bioluminescence, and at the very least if it does it should not be 
affected by any of the drugs in question. This simple control experiment should be performed for 
each cell/explant model that is employed and be reported in supplementary data, to reassure the 
reader that the apparent effects of DHEA and other drugs on circadian rhythms in cells and tissue 
explants is not specific to these experimental conditions and reporter system.  
 
3) Drug interactions with media components - The authors use 100 nM dexamethasone in their 
recording media as well as the B27 supplement, which when diluted to 2% I believe will give final 
concentrations of 58 nM corticosterone and 600 nM insulin (Chen et al., J Neurosci Methods, 2009). 
Dexamethasone, corticosterone and insulin themselves have the capacity to affect circadian rhythms 
in cultured cells and tissues, acting via steroid hormone receptors and insulin receptors respectively 
(e.g. Basalobre et al., Curr Biol and Science, 2000). At the relatively high concentrations used in this 
study, as a steroid hormone in principal DHEA may elicit its effects by perturbing the effect of 
dexamethasone and/or corticosterone rather having any direct effect on cellular rhythms itself. 
Similarly, tyrosine kinase inhibitors may appear to affect cellular rhythms by antagonizing the affect 
that high extracellular insulin would otherwise exert. To discount this possibility it would be prudent 
to assess the effect of DHEA, dasatinib and nicotinib upon circadian rhythms in U2OS cells 
recorded using media that lacks corticosterone, dexamethasone and insulin. Again this is a quick 
simple control that should be reported as a supplementary figure which will lend confidence to the 
reader that the action of drugs identified by this screen is not specific to the particular culture 
conditions employed for bioluminescence recording assays.  
 
4) Solvent effects - the final concentration of DMSO used in the cellular assays should be reported 
in the methods section, since at sufficiently high concentrations (>0.5%) it will affect circadian 
rhythms as well as luciferase activity.  
 
5) In vivo experiments - the in vivo experiments using DHEA are really quite striking, however in 
the actogram presented in Figure 2C it appears to me that during DHEA treatment, whilst the onset 
of activity clearly advances compared with controls the same may not be true of the activity offset. 
As such, it is plausible that DHEA is changing the organization of behavior under constant darkness 
rather than truly shortening the period of the endogenous clock. Either possibility would be most 
interesting, but to distinguish between them it would be sensible to quantify how the timing of both 
activity offset and onset in the DHEA group compares with controls.  
 
6) DHEA targets - a brief survey of the extant literature suggests a bewildering array of potential 
mechanisms through which DHEA may exert its effects in rodents in vivo. Even the Wikipedia page 
for DHEA lists multiple references for the following: androgen receptors, estrogen receptors, 
GABAA receptors, NMDA receptors, PPARalpha and PXR nuclear receptors, as well as inhibition 
of CYP2C11 and 11Beta-HSD1 which are essential for glucocorticoid biosynthesis. My money 
would be on the latter being the basis of DHEA's effects in vivo, since it is easy to conceive how 
suppression of SCN/HPA-dependent corticosterone-mediated timing cues would render mice more 
sensitive to feeding cues allowing all cellular clocks outside the SCN to reset more rapidly (e.g. 
Saini et al., Genes Dev., 2013). I would not expect the authors to test this of course, but I think the 
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reader would appreciate it if the discussion section made some explicit and testable predictions 
about how the effects of DHEA on circadian rhythms in vivo might be mechanistically delineated.  
 
 
 
Referee #2 (Remarks for Author):  
 
This article by Tamai and colleagues describes the identification of drugs able to modulate the phase 
of a circadian clock reporter in U2OS cells. Among the identified drugs, the steroid hormone 
DHEA, and other derived steroid hormones, presents a dose-dependent robust phase-shortening 
effect that is conserved in mouse. As a consequence, acute treatment with DHEA reduces jet-lag 
effect in mouse through fastening of the resynchronisation, opening the possibility to use the drug in 
human. Other drugs affecting the BCR and ABL kinases, as well as knockdown of the respective 
genes, also affect the period length of U2OS cells, validating the approach of the discovery of new 
pathways modulating the phase of the circadian clock.  
This is a very well conducted interesting study that give a new example of potential treatment for 
fast resynchronization after jet-lag. However, as discussed by authors, application to human is still 
very hypothetical. The weak point of the article is the absence of the description of the involved 
molecular mechanisms for the 2 selected examples. Although such question is out of the scope of 
the study, some discussion about the potential DHEA receptor involved or the link between the 
BCR-ABL kinases and the cell cycle described also to affect period length (for example PMID 
25028488 or 24958884) will increase the quality of the discussion. 
 
 
 
1st Revision - authors' response 19 February 2018 

Referee #1  
 
This is a solid observational study, which will provide a useful resource for the circadian research 
field and has some clear translational potential in the long term. The authors are to be commended 
for their clear communication of intriguing experimental findings, it disappointed me that little 
attention is given to the mode of action by which many of the drugs that affect circadian rhythms in 
their assays might elicit their effects. Overall I would certainly recommend that this manuscript be 
accepted for publication, however there are several technical issues that first should really be 
addressed:  
 
Response: To indicate the possible mode of action of our hit compounds, we have listed all 
known targets in Table EV1 and added a histogram of the top six categories of targets (Fig 
1C). We have also added the following text to the Results section: “One obvious advantage of 
screening existing drugs is that they frequently have known mechanisms of action 
(Rennekamp & Peterson, 2015). All known targets of hit compounds identified in our screen 
are listed in Table EV1. In addition, the top six categories of drug targets are shown and 
include DNA, the androgen receptor (AR), DNA topoisomerase 2α, the nuclear receptor 
subfamily 1 group I member 2 (NR1I2), the retinoic acid receptor α (RARα)/retinoid X 
receptor β (RXRβ), and the tubulin β chain (Fig 1C).” 
 
1) Previous studies - with regards to DHEA, more effort must be made to interpret these data in light 
of prior observations by other labs using DHEA and its effect on the amplitude and period of 
circadian gene expression rhythms. In particular, using 50 uM DHEA also with human U2OS cells, 
Rey et al (Cell metabolism, 2016) observed reversible lengthening of circadian rhythms reported by 
Bmal1:Luc as well as a reduction of reporter amplitude. Whereas Putker et al (ARS, 2017) report 
that DHEA both lengthened and shortened the period of PER2::LUC rhythms in primary mouse 
fibroblasts, dependent on concentration, but found that it consistently reduced the amplitude of clock 
gene bioluminescent reporter rhythms across several different cell types.  
 
Response: Previous circadian drug screens have identified compounds that, depending on 
dose, have opposite effects on circadian period (Hirota et al., 2008). As pointed out by referee 
1, this might also be the case for DHEA. To confirm this, we examined the effect of higher 
concentrations of DHEA on circadian period in U2OS cells. Treatment with 100 µM DHEA 
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clearly and significantly lengthened period and reduced amplitude compared to DMSO 
controls (Fig EV1), as previously reported (Rey et al., 2016; Putker et al., 2017). Although 50 
µM DHEA also reduced amplitude, this treatment actually shortened circadian period in 
U2OS cells in our hands (Fig EV1). This was also true for MEFs and explants of SCN and 
lung, as shown in Figure 2. Perhaps 50 µM is approaching the critical concentration required 
for the period-switching effect of DHEA, but is not quite high enough under our assay 
conditions. We have added this new information in Figure EV1 and have added the following 
text: “Recent reports, however, have shown that high doses of DHEA (e.g., 100 µM) lengthen 
circadian period and decrease amplitude (Rey et al, 2016; Putker et al, 2017), which we have 
confirmed (Fig EV1).” 
 
2) Effects on circadian reporter vs. effects on circadian rhythms - all the in vitro studies rely on 
firefly luciferase as a reporter of circadian gene expression. Unless the concentration of luciferin 
intracellularly is in saturating excess, it is plausible that subtle changes in apparent circadian period 
(e.g. Fig. 4B, Fig2A) actually result from drug-induced changes in intracellular luciferin availability 
(Patrick et al., Mol Imaging Biol, 2014; Feeney et al., JBR, 2016). To rule out this possibility, an 
acute increase in extracellular luciferin concentration (e.g. from 0.1 mM to 0.2 mM) would not be 
expected to produce any increase in bioluminescence, and at the very least if it does it should not be 
affected by any of the drugs in question. This simple control experiment should be performed for 
each cell/explant model that is employed and be reported in supplementary data, to reassure the 
reader that the apparent effects of DHEA and other drugs on circadian rhythms in cells and tissue 
explants is not specific to these experimental conditions and reporter system.  
 
Response: To ensure that the effects we observed with DHEA were robust and not due to 
insufficient substrate in our luciferase assay (drug-induced or otherwise), we tested different 
concentrations of luciferin (0.1 mM and 0.2 mM) in the media. Despite small increases in 
luminescence and circadian period with 0.2 mM compared to 0.1 mM luciferin, treatment with 
20 µM DHEA consistently and significantly shortened circadian period. These results are 
shown in Appendix Figure S5A, and the following text has been added to the Methods section: 
“Substrate availability has been shown to influence circadian parameters in luciferase 
reporter assays (Feeney et al, 2016). To ensure that the effects we observed with DHEA were 
robust and not due to insufficient substrate, we tested different concentrations of luciferin. 
Despite small increases in both luminescence and period with 0.2 mM compared to 0.1 mM 
luciferin, treatment with 20 µM DHEA, consistently and significantly shortened circadian 
period (Appendix Fig S5A).” 
 
3) Drug interactions with media components - The authors use 100 nM dexamethasone in their 
recording media as well as the B27 supplement, which when diluted to 2% I believe will give final 
concentrations of 58 nM corticosterone and 600 nM insulin (Chen et al., J Neurosci Methods, 2009). 
Dexamethasone, corticosterone and insulin themselves have the capacity to affect circadian rhythms 
in cultured cells and tissues, acting via steroid hormone receptors and insulin receptors respectively 
(e.g. Basalobre et al., Curr Biol and Science, 2000). At the relatively high concentrations used in this 
study, as a steroid hormone in principal DHEA may elicit its effects by perturbing the effect of 
dexamethasone and/or corticosterone rather having any direct effect on cellular rhythms itself. 
Similarly, tyrosine kinase inhibitors may appear to affect cellular rhythms by antagonizing the affect 
that high extracellular insulin would otherwise exert. To discount this possibility it would be prudent 
to assess the effect of DHEA, dasatinib and nicotinib upon circadian rhythms in U2OS cells 
recorded using media that lacks corticosterone, dexamethasone and insulin. Again this is a quick 
simple control that should be reported as a supplementary figure which will lend confidence to the 
reader that the action of drugs identified by this screen is not specific to the particular culture 
conditions employed for bioluminescence recording assays.  
 
Response: To test whether DHEA shortens circadian period by perturbing the effects of 
dexamethasone, corticosterone or other steroid hormones in our assay media, we used 
charcoal-stripped fetal bovine serum, in which steroid hormones have been selectively 
removed. Since we typically use dexamethasone to synchronize the circadian clocks in our 
cells, we also compared a two-hour dexamethasone pulse to tonic dexamethasone in the 
recording media (our usual protocol). Despite a small increase in circadian period in cells 
pulsed with dexamethasone, the results show that 20 µM DHEA significantly shortened 
circadian period in U2OS cells under all conditions tested (Appendix Fig S5B). This indicates 
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that the effects of DHEA are consistent and unlikely to be caused by perturbing the effects of 
steroids in the media. Notably, when we examined the effect of several steroid hormones on 
circadian period in U2OS cells (Appendix Fig S2), we showed that 1 µM and 10 µM 
corticosterone had no effect on circadian period. In fact, DHEA was the only endogenous 
steroid hormone tested that significantly shortened circadian period (Appendix Fig S2). 
 To examine whether Dasatinib or Nilotinib exert their effects on the circadian clock 
by antagonizing the effects of insulin in the media, we used Xeno-free B27 supplement with or 
without insulin (ThermoFisher A1486701, A3695201). At a concentration of 1 µM, Dasatinib 
and Nilotinib lengthened and shortened circadian period, respectively, in the presence or 
absence of insulin (Appendix Fig S5C). This is consistent with our results in Figure 4 and 
shows that these two tyrosine-kinase inhibitors appear to act on the circadian clock 
independently of insulin/insulin receptor tyrosine kinase. Furthermore, the results from our 
siRNA experiments support the hypothesis that these drugs are acting through the ABL1/2 
and BCR targets (see Fig 4B). 
We have summarized this information by adding the following text to the Methods section: 
“To verify that the effects of DHEA are independent of dexamethasone, corticosterone or 
other steroid hormones in the assay media, which might influence the circadian clock 
(Balsalobre et al, 2000a), we used charcoal-stripped fetal bovine serum, in which steroid 
hormones have been selectively removed (ThermoFisher 12676029). In addition, we compared 
a two-hour dexamethasone pulse to tonic dexamethasone in the recording media. Despite a 
small increase in circadian period in cells pulsed with dexamethasone, our results show that 20 
µM DHEA significantly shortened circadian period in U2OS cells under all conditions tested 
(Appendix Fig S5B). This indicates that the effects of DHEA are consistent and unlikely to be 
caused by perturbing the effects of steroids in the media. 
To ensure that the effects of tyrosine kinase inhibitors Dasatinib and Nilotinib are not 
dependent on insulin in the media, which might affect the circadian clock (Balsalobre et al, 
2000b), we prepared assay media with Xeno-free B27 supplement with or without insulin 
(ThermoFisher A1486701, A3695201). At a concentration of 1 µM, Dasatinib and Nilotinib 
lengthened and shortened circadian period, respectively, in the presence or absence of insulin 
(Appendix Fig S5C). Thus, these two inhibitors appear to act on the circadian clock 
independently of insulin/insulin receptor tyrosine kinase.” 
 
4) Solvent effects - the final concentration of DMSO used in the cellular assays should be reported 
in the methods section, since at sufficiently high concentrations (>0.5%) it will affect circadian 
rhythms as well as luciferase activity.  
 
Response: In our drug screening and luminescent assays, we routinely use 0.2 % DMSO as a 
control for drug-treated cells. We have included this information in the Methods section, as 
shown below, and changed the text to clarify this point. 
“U2OS cells were seeded at a density of 4000 cells/well in 384-well plates and incubated for 2-3 
days until confluent. Using a Caliper Life Sciences ALH 3000 Workstation, chemical library 
stocks were initially prepared at 5 mM and 0.5 mM in DMSO and then diluted to 10 µM and 1 
µM, respectively, in assay media for measuring luminescence. This resulted in a final 
concentration of 0.2% DMSO in control and drug-treated samples. Luminescent assay media 
(also called “air” or recording media) was composed of DMEM (Sigma D2902), 10 mM 
HEPES, 3.5 g/L D-glucose, 0.35 g/L sodium bicarbonate, 100 unit/mL penicillin, 100 µg/mL 
streptomycin, 2% B27 (Life Technologies), 0.1 mM luciferin (Wako) and 100 nM 
dexamethasone (Sigma). Diluted chemicals were pipetted into triplicate wells of a 384-well 
plate containing U2OS cells (prepared above), and bioluminescence was monitored for 5-6 
days in a Churitsu CL384 Series luminometer (Churitsu Electric Corporation). Circadian 
period was determined using NINJA SL00-01 software for time series analysis (Churitsu 
Electric Corporation), and potential hit compounds were identified based on changes in 
circadian period. Drugs that lengthened circadian period by one or more hours or shortened 
period by 0.5 or more hours were selected. Compounds whose effects were clearly dose-
dependent, but below threshold values were also included as potential hits. These compounds 
were retested in a secondary screen for dose-dependency (0.5 µM to 20 µM in 0.2% DMSO).” 
 
5) In vivo experiments - the in vivo experiments using DHEA are really quite striking, however in 
the actogram presented in Figure 2C it appears to me that during DHEA treatment, whilst the onset 
of activity clearly advances compared with controls the same may not be true of the activity offset. 
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As such, it is plausible that DHEA is changing the organization of behavior under constant darkness 
rather than truly shortening the period of the endogenous clock. Either possibility would be most 
interesting, but to distinguish between them it would be sensible to quantify how the timing of both 
activity offset and onset in the DHEA group compares with controls. 
 
Response: As suggested, we have calculated circadian period based on activity offset and find 
that it, too, is significantly shortened in DHEA-treated animals compared to controls. These 
results have been added as panel C to Fig 2. 
 
6) DHEA targets - a brief survey of the extant literature suggests a bewildering array of potential 
mechanisms through which DHEA may exert its effects in rodents in vivo. Even the Wikipedia page 
for DHEA lists multiple references for the following: androgen receptors, estrogen receptors, 
GABAA receptors, NMDA receptors, PPARalpha and PXR nuclear receptors, as well as inhibition 
of CYP2C11 and 11Beta-HSD1 which are essential for glucocorticoid biosynthesis. My money 
would be on the latter being the basis of DHEA's effects in vivo, since it is easy to conceive how 
suppression of SCN/HPA-dependent corticosterone-mediated timing cues would render mice more 
sensitive to feeding cues allowing all cellular clocks outside the SCN to reset more rapidly (e.g. 
Saini et al., Genes Dev., 2013). I would not expect the authors to test this of course, but I think the 
reader would appreciate it if the discussion section made some explicit and testable predictions 
about how the effects of DHEA on circadian rhythms in vivo might be mechanistically delineated. 
 
Response: To address the potential mechanism of DHEA action, we have added the following 
text to the Discussion section: “The mode of DHEA action is clearly of great interest. 
According to the DrugBank database (version 5.0.11 released 2017-12-20: www.drugbank.ca) 
(Wishart et al, 2017), there have been at least 12 targets of DHEA reported in humans (Table 
EV1). Among these, nuclear receptors, such as the androgen receptor (AR), the nuclear 
receptor subfamily 1 group I member 2 (NR1I2: pregnane X receptor, PXR) and 3 (NR1I3: 
constitutive androstane receptor, CAR), and the estrogen receptor β (ERβ), are of particular 
interest. Mice lacking Cry1 or Cry2 exhibit changes in free-running period (van der Horst et al, 
1999), and recently, direct interactions between CRY1/2 proteins and these nuclear receptors 
has been reported (Kriebs et al, 2017). These data suggest a potential mechanism for DHEA 
action, as one of these nuclear receptors might be a direct target of DHEA and influence the 
regulation of circadian period by CRY1/2. It would therefore be interesting to test the effects 
of DHEA in mice lacking these nuclear receptors, as well as in mice lacking Cry1 or Cry2. An 
additional target for DHEA is the NMDA receptor (Table EV1), which is known to be involved 
in the phase-shifting effects of light on the circadian system (Colwell et al, 1991; Ding et al, 
1994; Mintz et al, 1999; Asai et al, 2001). It is possible that DHEA might be affecting behavior 
by targeting the NMDA receptor and influencing this neural pathway. Interestingly, DHEA 
sulfate has been proposed to induce phase-advances via GABAA receptors when administered 
during the subjective day (Pinto & Golombek, 1999), suggesting another possible mode of 
action for DHEA. Clearly, additional studies are required to identify the actual target(s) of 
DHEA responsible for reducing jet-lag in vivo.” 
  
Referee #2:  
 
This article by Tamai and colleagues describes the identification of drugs able to modulate the phase 
of a circadian clock reporter in U2OS cells. Among the identified drugs, the steroid hormone 
DHEA, and other derived steroid hormones, presents a dose-dependent robust phase-shortening 
effect that is conserved in mouse. As a consequence, acute treatment with DHEA reduces jet-lag 
effect in mouse through fastening of the resynchronisation, opening the possibility to use the drug in 
human. Other drugs affecting the BCR and ABL kinases, as well as knockdown of the respective 
genes, also affect the period length of U2OS cells, validating the approach of the discovery of new 
pathways modulating the phase of the circadian clock. 
This is a very well conducted interesting study that give a new example of potential treatment for 
fast resynchronization after jet-lag. However, as discussed by authors, application to human is still 
very hypothetical. The weak point of the article is the absence of the description of the involved 
molecular mechanisms for the 2 selected examples. Although such question is out of the scope of 
the study, some discussion about the potential DHEA receptor involved or the link between the 
BCR-ABL kinases and the cell cycle described also to affect period length (for example PMID 
25028488 or 24958884) will increase the quality of the discussion. 
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Response: Although a potential link between BCR-ABL kinases and the cell cycle in terms of 
regulating circadian period is interesting, we think it might be a bit premature to mention this 
in the discussion. However, we have added the following text addressing the possible mode of 
DHEA action in the Discussion section as suggested: “The mode of DHEA action is clearly of 
great interest. According to the DrugBank database (version 5.0.11 released 2017-12-20: 
www.drugbank.ca) (Wishart et al, 2017), there have been at least 12 targets of DHEA reported 
in humans (Table EV1). Among these, nuclear receptors, such as the androgen receptor (AR), 
the nuclear receptor subfamily 1 group I member 2 (NR1I2: pregnane X receptor, PXR) and 3 
(NR1I3: constitutive androstane receptor, CAR), and the estrogen receptor β (ERβ), are of 
particular interest. Mice lacking Cry1 or Cry2 exhibit changes in free-running period (van der 
Horst et al, 1999), and recently, direct interactions between CRY1/2 proteins and these 
nuclear receptors has been reported (Kriebs et al, 2017). These data suggest a potential 
mechanism for DHEA action, as one of these nuclear receptors might be a direct target of 
DHEA and influence the regulation of circadian period by CRY1/2. It would therefore be 
interesting to test the effects of DHEA in mice lacking these nuclear receptors, as well as in 
mice lacking Cry1 or Cry2. An additional target for DHEA is the NMDA receptor (Table EV1), 
which is known to be involved in the phase-shifting effects of light on the circadian system 
(Colwell et al, 1991; Ding et al, 1994; Mintz et al, 1999; Asai et al, 2001). It is possible that 
DHEA might be affecting behavior by targeting the NMDA receptor and influencing this 
neural pathway. Interestingly, DHEA sulfate has been proposed to induce phase-advances via 
GABAA receptors when administered during the subjective day (Pinto & Golombek, 1999), 
suggesting another possible mode of action for DHEA. Clearly, additional studies are required 
to identify the actual target(s) of DHEA responsible for reducing jet-lag in vivo.” 
 
 
 
2nd Editorial Decision 6 March 2018 

 Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have 
now received the enclosed reports from the referees that were asked to re-assess it. As you will see 
the reviewers are now globally supportive and I am pleased to inform you that we will be able to 
accept your manuscript pending the following final amendments:  
 
1) Please address the comments made by referee 2. Please provide a letter INCLUDING my 
comments and the reviewer's reports and your detailed responses to their comments (as Word file).  

 
***** Reviewer's comments *****  
 
Referee #1 (Remarks for Author):  
 
I have little to add to my previous positive remarks and am most impressed by the revised 
manuscript, which completely addresses all the issues I perceived in the original submission. I 
strongly recommend publication.  
 
 
Referee #2 (Remarks for Author):  
 
While the main comment by reviewers was the lack of description of the biochemical mechanisms 
involved in the action of the drugs, authors gave only few additional information regarding that 
aspect. Nevertheless, I recommend the acceptance of this interesting article.  
However, I have a problem with this paragraph added by authors in the revised version:  
"Among these, nuclear receptors, such as the androgen receptor (AR), the nuclear receptor 
subfamily 1 group I member 2 (NR1I2: pregnane X receptor, PXR) and 3 (NR1I3: constitutive 
androstane receptor, CAR), and the estrogen receptor β (ERβ), are of particular interest. Mice 
lacking Cry1or Cry2 exhibit changes in free-running period (van der Horst et al, 1999), and recently, 
direct interactions between CRY1/2 proteins and these nuclear receptors has been reported (Kriebset 
al, 2017). These data suggest a potential mechanism for DHEA action, as one of these nuclear 
receptors might be a direct target of DHEA and influence the regulation of circadian period by 
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CRY1/2. It would therefore be interesting to test the effects of DHEA in mice lacking these nuclear 
receptors, as well as in mice lacking Cry1 or Cry2."  
While this article by Kriebset and colleagues indeed described the interaction and regulation of the 
aforementioned nuclear receptors and CRY proteins, there is no evidence on the regulation of Cry 
genes and circadian period by these nuclear receptors. This paragraph is therefore purely speculative 
and not based on any data. Consequently, I am suggesting to remove it. 
 
 
 
2nd Revision - authors' response 19 March 2018 

While we are grateful for another opportunity to improve our manuscript, we are concerned 
that the discussion we added to address one referee has put us slightly at odds with the other. 
We acknowledge that this section is speculative, but we would prefer to keep the text in 
question for the reasons stated below.  
 
Referee #1 (Remarks for Author): 
 
I have little to add to my previous positive remarks and am most impressed by the revised 
manuscript, which completely addresses all the issues I perceived in the original submission. I 
strongly recommend publication. 
 
Response: We are happy that referee 1 is satisfied with the revised version of our manuscript. 
Referee 2, however, has suggested removing a section of our discussion in which we have 
addressed comments by referee 1. If possible, we would like to keep this section on the 
interaction between nuclear receptors and cryptochromes, and our speculation that this might 
influence circadian period, since cryptochromes are well known to be involved in regulating 
period. 
 
Referee #2 (Remarks for Author): 
 
While the main comment by reviewers was the lack of description of the biochemical mechanisms 
involved in the action of the drugs, authors gave only few additional information regarding that 
aspect. Nevertheless, I recommend the acceptance of this interesting article. However, I have a 
problem with this paragraph added by authors in the revised version: 
 
"Among these, nuclear receptors, such as the androgen receptor (AR), the nuclear receptor 
subfamily 1 group I member 2 (NR1I2: pregnane X receptor, PXR) and 3 (NR1I3: constitutive 
androstane receptor, CAR), and the estrogen receptor β (ERβ), are of particular interest. Mice 
lacking Cry1or Cry2 exhibit changes in free-running period (van der Horst et al, 1999), and recently, 
direct interactions between CRY1/2 proteins and these nuclear receptors has been reported (Kriebset 
al, 2017). These data suggest a potential mechanism for DHEA action, as one of these nuclear 
receptors might be a direct target of DHEA and influence the regulation of circadian period by 
CRY1/2. It would therefore be interesting to test the effects of DHEA in mice lacking these nuclear 
receptors, as well as in mice lacking Cry1 or Cry2." 
 
While this article by Kriebset and colleagues indeed described the interaction and regulation of the 
aforementioned nuclear receptors and CRY proteins, there is no evidence on the regulation of Cry 
genes and circadian period by these nuclear receptors. This paragraph is therefore purely speculative 
and not based on any data. Consequently, I am suggesting to remove it. 
 
Response: We unfortunately do not know the biochemical mechanism by which DHEA is 
acting on the circadian clock, but it is for this reason that we can only speculate, and we fully 
acknowledge this. Referee 2 is correct in stating that there is currently no evidence that the 
interaction of nuclear receptors with Cry proteins influences circadian period, but it is well 
known that Cry proteins themselves are involved in regulating period. As referee 1 requested 
explicit and testable predictions for DHEA action, we proposed examining the effects of 
DHEA in mice lacking specific nuclear receptors and/or mice lacking Cry1 or Cry2, which 
seems reasonable. We would therefore prefer to keep the added text, if possible. 
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� common	tests,	such	as	t-test	(please	specify	whether	paired	vs.	unpaired),	simple	χ2	tests,	Wilcoxon	and	Mann-Whitney	
tests,	can	be	unambiguously	identified	by	name	only,	but	more	complex	techniques	should	be	described	in	the	methods	
section;

� are	tests	one-sided	or	two-sided?
� are	there	adjustments	for	multiple	comparisons?
� exact	statistical	test	results,	e.g.,	P	values	=	x	but	not	P	values	<	x;
� definition	of	‘center	values’	as	median	or	average;
� definition	of	error	bars	as	s.d.	or	s.e.m.	

1.a.	How	was	the	sample	size	chosen	to	ensure	adequate	power	to	detect	a	pre-specified	effect	size?

1.b.	For	animal	studies,	include	a	statement	about	sample	size	estimate	even	if	no	statistical	methods	were	used.

2.	Describe	inclusion/exclusion	criteria	if	samples	or	animals	were	excluded	from	the	analysis.	Were	the	criteria	pre-
established?

3.	Were	any	steps	taken	to	minimize	the	effects	of	subjective	bias	when	allocating	animals/samples	to	treatment	(e.g.	
randomization	procedure)?	If	yes,	please	describe.	

For	animal	studies,	include	a	statement	about	randomization	even	if	no	randomization	was	used.

4.a.	Were	any	steps	taken	to	minimize	the	effects	of	subjective	bias	during	group	allocation	or/and	when	assessing	results	
(e.g.	blinding	of	the	investigator)?	If	yes	please	describe.

4.b.	For	animal	studies,	include	a	statement	about	blinding	even	if	no	blinding	was	done

5.	For	every	figure,	are	statistical	tests	justified	as	appropriate?

Do	the	data	meet	the	assumptions	of	the	tests	(e.g.,	normal	distribution)?	Describe	any	methods	used	to	assess	it.

Is	there	an	estimate	of	variation	within	each	group	of	data?

Yes.

Yes.

Yes,	we	calculate	and	report	standard	error	of	the	mean.

YOU	MUST	COMPLETE	ALL	CELLS	WITH	A	PINK	BACKGROUND	ê

No	sample	size	calculation	was	performed.		Our	primary	drug	screen	was	performed	once	with	
triplicate	samples	for	each	drug	in	an	attempt	to	reduce	the	number	of	false	positives.		After	
identifying	potential	hit	compounds	based	on	our	own	criteria,	we	performed	a	secondary	screen	
three	or	four	times,	depending	on	the	compound,	with	triplicate	samples	for	each	drug.		Based	on	
previous	behavioral	studies	in	our	laboratory,	we	used	12	animals	for	each	condition	tested.
No	sample	size	calculation	was	performed.		We	determined	sample	size	based	on	previous	animal	
experiments	performed	in	our	laboratory.		In	all	behavioral	experiments,	we	used	8	or	12	male	
Mus	musculus	C57BL/6J	wild-type	mice,	8-10	weeks	of	age,	for	each	condition	tested.		In	some	
experiments,	not	all	mice	survived.		For	explant	cultures,	tissues	were	dissected	from	male	and	
female	mPer2Luc	knockin	mice,	approximately	two-	to	six-months	old.		The	exact	number	of	
animals	used	in	the	analyses	is	specified	in	the	Appendix	Tables	S1	and	S2.		
We	did	not	have	pre-established	criteria	for	inclusion	or	exclusion	of	samples	or	animals.		Typically,	
all	samples	were	included	in	the	analysis,	except,	for	example,	when	cells	or	animals	died	or	there	
was	an	obvious	outlier.		In	the	case	of	outliers,	the	treatment	with	a	particular	drug	was	examined	
in	an	additional	experiment.
No.

Twelve	cages	of	individually-housed	mice	were	placed	in	light-tight	wooden	boxes.		To	control	for	
any	variability	within	a	particular	box,	both	control	and	drug-treated	animals	were	housed	in	each	
(four	control	and	eight	drug-treated,	OR	six	of	each	condition).		These	cages	were	ordered	with	
control	cages	first	and	then	drug-treated	cages;	therefore,	the	location	of	these	cages	was	not	
randomized.

No.

Experimentalists	were	not	blinded	to	control	and	drug-treated	animals.

1.	Data

the	data	were	obtained	and	processed	according	to	the	field’s	best	practice	and	are	presented	to	reflect	the	results	of	the	
experiments	in	an	accurate	and	unbiased	manner.
figure	panels	include	only	data	points,	measurements	or	observations	that	can	be	compared	to	each	other	in	a	scientifically	
meaningful	way.
graphs	include	clearly	labeled	error	bars	for	independent	experiments	and	sample	sizes.	Unless	justified,	error	bars	should	
not	be	shown	for	technical	replicates.
if	n<	5,	the	individual	data	points	from	each	experiment	should	be	plotted	and	any	statistical	test	employed	should	be	
justified

the	exact	sample	size	(n)	for	each	experimental	group/condition,	given	as	a	number,	not	a	range;

Each	figure	caption	should	contain	the	following	information,	for	each	panel	where	they	are	relevant:

2.	Captions

The	data	shown	in	figures	should	satisfy	the	following	conditions:

Source	Data	should	be	included	to	report	the	data	underlying	graphs.	Please	follow	the	guidelines	set	out	in	the	author	ship	
guidelines	on	Data	Presentation.

Please	fill	out	these	boxes	ê	(Do	not	worry	if	you	cannot	see	all	your	text	once	you	press	return)

a	specification	of	the	experimental	system	investigated	(eg	cell	line,	species	name).

B-	Statistics	and	general	methods

the	assay(s)	and	method(s)	used	to	carry	out	the	reported	observations	and	measurements	
an	explicit	mention	of	the	biological	and	chemical	entity(ies)	that	are	being	measured.
an	explicit	mention	of	the	biological	and	chemical	entity(ies)	that	are	altered/varied/perturbed	in	a	controlled	manner.

a	statement	of	how	many	times	the	experiment	shown	was	independently	replicated	in	the	laboratory.

Any	descriptions	too	long	for	the	figure	legend	should	be	included	in	the	methods	section	and/or	with	the	source	data.

	

In	the	pink	boxes	below,	please	ensure	that	the	answers	to	the	following	questions	are	reported	in	the	manuscript	itself.	
Every	question	should	be	answered.	If	the	question	is	not	relevant	to	your	research,	please	write	NA	(non	applicable).		
We	encourage	you	to	include	a	specific	subsection	in	the	methods	section	for	statistics,	reagents,	animal	models	and	human	
subjects.		

definitions	of	statistical	methods	and	measures:

a	description	of	the	sample	collection	allowing	the	reader	to	understand	whether	the	samples	represent	technical	or	
biological	replicates	(including	how	many	animals,	litters,	cultures,	etc.).
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Is	the	variance	similar	between	the	groups	that	are	being	statistically	compared?

6.	To	show	that	antibodies	were	profiled	for	use	in	the	system	under	study	(assay	and	species),	provide	a	citation,	catalog	
number	and/or	clone	number,	supplementary	information	or	reference	to	an	antibody	validation	profile.	e.g.,	
Antibodypedia	(see	link	list	at	top	right),	1DegreeBio	(see	link	list	at	top	right).

7.	Identify	the	source	of	cell	lines	and	report	if	they	were	recently	authenticated	(e.g.,	by	STR	profiling)	and	tested	for	
mycoplasma	contamination.

*	for	all	hyperlinks,	please	see	the	table	at	the	top	right	of	the	document

8.	Report	species,	strain,	gender,	age	of	animals	and	genetic	modification	status	where	applicable.	Please	detail	housing	
and	husbandry	conditions	and	the	source	of	animals.

9.	For	experiments	involving	live	vertebrates,	include	a	statement	of	compliance	with	ethical	regulations	and	identify	the	
committee(s)	approving	the	experiments.

10.	We	recommend	consulting	the	ARRIVE	guidelines	(see	link	list	at	top	right)	(PLoS	Biol.	8(6),	e1000412,	2010)	to	ensure	
that	other	relevant	aspects	of	animal	studies	are	adequately	reported.	See	author	guidelines,	under	‘Reporting	
Guidelines’.	See	also:	NIH	(see	link	list	at	top	right)	and	MRC	(see	link	list	at	top	right)	recommendations.		Please	confirm	
compliance.

11.	Identify	the	committee(s)	approving	the	study	protocol.

12.	Include	a	statement	confirming	that	informed	consent	was	obtained	from	all	subjects	and	that	the	experiments	
conformed	to	the	principles	set	out	in	the	WMA	Declaration	of	Helsinki	and	the	Department	of	Health	and	Human	
Services	Belmont	Report.

13.	For	publication	of	patient	photos,	include	a	statement	confirming	that	consent	to	publish	was	obtained.

14.	Report	any	restrictions	on	the	availability	(and/or	on	the	use)	of	human	data	or	samples.

15.	Report	the	clinical	trial	registration	number	(at	ClinicalTrials.gov	or	equivalent),	where	applicable.

16.	For	phase	II	and	III	randomized	controlled	trials,	please	refer	to	the	CONSORT	flow	diagram	(see	link	list	at	top	right)	
and	submit	the	CONSORT	checklist	(see	link	list	at	top	right)	with	your	submission.	See	author	guidelines,	under	
‘Reporting	Guidelines’.	Please	confirm	you	have	submitted	this	list.

17.	For	tumor	marker	prognostic	studies,	we	recommend	that	you	follow	the	REMARK	reporting	guidelines	(see	link	list	at	
top	right).	See	author	guidelines,	under	‘Reporting	Guidelines’.	Please	confirm	you	have	followed	these	guidelines.

18:	Provide	a	“Data	Availability”	section	at	the	end	of	the	Materials	&	Methods,	listing	the	accession	codes	for	data	
generated	in	this	study	and	deposited	in	a	public	database	(e.g.	RNA-Seq	data:	Gene	Expression	Omnibus	GSE39462,	
Proteomics	data:	PRIDE	PXD000208	etc.)	Please	refer	to	our	author	guidelines	for	‘Data	Deposition’.

Data	deposition	in	a	public	repository	is	mandatory	for:	
a.	Protein,	DNA	and	RNA	sequences	
b.	Macromolecular	structures	
c.	Crystallographic	data	for	small	molecules	
d.	Functional	genomics	data	
e.	Proteomics	and	molecular	interactions
19.	Deposition	is	strongly	recommended	for	any	datasets	that	are	central	and	integral	to	the	study;	please	consider	the	
journal’s	data	policy.	If	no	structured	public	repository	exists	for	a	given	data	type,	we	encourage	the	provision	of	
datasets	in	the	manuscript	as	a	Supplementary	Document	(see	author	guidelines	under	‘Expanded	View’	or	in	
unstructured	repositories	such	as	Dryad	(see	link	list	at	top	right)	or	Figshare	(see	link	list	at	top	right).
20.	Access	to	human	clinical	and	genomic	datasets	should	be	provided	with	as	few	restrictions	as	possible	while	
respecting	ethical	obligations	to	the	patients	and	relevant	medical	and	legal	issues.	If	practically	possible	and	compatible	
with	the	individual	consent	agreement	used	in	the	study,	such	data	should	be	deposited	in	one	of	the	major	public	access-
controlled	repositories	such	as	dbGAP	(see	link	list	at	top	right)	or	EGA	(see	link	list	at	top	right).
21.	Computational	models	that	are	central	and	integral	to	a	study	should	be	shared	without	restrictions	and	provided	in	a	
machine-readable	form.		The	relevant	accession	numbers	or	links	should	be	provided.	When	possible,	standardized	
format	(SBML,	CellML)	should	be	used	instead	of	scripts	(e.g.	MATLAB).	Authors	are	strongly	encouraged	to	follow	the	
MIRIAM	guidelines	(see	link	list	at	top	right)	and	deposit	their	model	in	a	public	database	such	as	Biomodels	(see	link	list	
at	top	right)	or	JWS	Online	(see	link	list	at	top	right).	If	computer	source	code	is	provided	with	the	paper,	it	should	be	
deposited	in	a	public	repository	or	included	in	supplementary	information.

22.	Could	your	study	fall	under	dual	use	research	restrictions?	Please	check	biosecurity	documents	(see	link	list	at	top	
right)	and	list	of	select	agents	and	toxins	(APHIS/CDC)	(see	link	list	at	top	right).	According	to	our	biosecurity	guidelines,	
provide	a	statement	only	if	it	could.

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Yes.

NA

The	U2OS	BMAL1-luciferase	cells	used	in	our	study	were	generated	previously	by	our	laboratory,	
and	we	have	cited	the	reference	(Oshima	et	al.,	2015).		We	use	this	cell	line	regularly	for	circadian	
studies,	but	we	have	not	recently	authenticated	them,	other	than	monitoring	for	circadian	
luminescence,	and	we	have	not	tested	them	for	mycoplasma	contamination.

Mus	musculus	C57BL/6J	male	wild-type	mice,	8-10	weeks	of	age,	were	used	for	all	animal	
experiments.	These	mice	were	housed	in	individual	cages	equipped	with	running	wheels,	and	
activity	was	recorded	using	the	Chronobiology	Kit	(Stanford	Software	Systems,	Stanford,	CA).	
Cages	were	placed	in	light-tight	boxes,	where	light	was	provided	by	fluorescent	lamps	(Panasonic	
FHF32EX-N-H;	1000-2000	lux	at	the	top	of	the	cage).	Mice	were	maintained	on	a	12:12	LD	cycle,	
unless	otherwise	indicated,	and	fed	approximately	50	g	of	powdered	food	(with	or	without	drug)	
weekly.	DHEA	powder	was	added	directly	to	powdered	food	at	a	concentration	of	0.5%	(w/w)	or	
1.0%	(w/w)	and	administered	at	noon	approximately	one	week	after	transfer	into	DD,	or	the	day	
before	a	6-hour	phase	advance,	where	the	dark	phase	was	shortened	by	6	hours.	Body	
temperature	was	measured	using	temperature	data	loggers	(Thermochron	type-SL;	KN	
Laboratories)	surgically	implanted	into	mice,	and	the	data	was	retrieved	using	RhManager	
software	(KN	Laboratories).
This	study	was	approved	by	the	Animal	Experiment	Committee	at	Nagoya	University.

We	confirm	we	have	read	the	ARRIVE	guidelines.

G-	Dual	use	research	of	concern

F-	Data	Accessibility

C-	Reagents

D-	Animal	Models

E-	Human	Subjects


