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Editor Correspondence                 2nd March 2018 
 
Thank you for submitting your manuscript to The EMBO Journal. I am sorry for the slight delay in getting back to 
you with the decision but I have now received the needed input.  
 
Your manuscript has been reviewed by two referees and their comments are provided below. As you can see 
from the comments, the referees express interest in the study, but also raise important concerns regarding the 
timer system used.  
 
As many concerns are raised and as it is unclear if they can be resolved, I would like to ask you for a point-by-
point response to see what can be done to address the concerns raised within a 3-6 months timeframe before 
taking a decision on the paper.  
 
There is also the issue that the validation of the fluorescein timer protein approach is not yet published in a peer-
reviewed journal, which makes it more difficult to assess how good the system is. Could you let me know what the 
status of that manuscript is?  
 
You can send me the point-by-point response by email. Let me know if we need to discuss anything further  
 
REFEREE REPORTS 
 
Referee #1  
 
'Fluorescent timer proteins' are capable of altering their emission spectrum over time, and have been used to 
correlate age and cellular position of tagged proteins. The timer protein used in the present study first emits a blue 
fluorescence and with a half-life of ~ 4 h converts into a form that produce a mature chromophore that emits red 
fluorescence (Red), which has a decay rate which is longer but very unfortunately not specified (Figure 1D). In 
ideal pulse-like transcription, by plotting blue fluorescence against red fluorescence, it is possible to identify first 
Blue+Red- cells which are in the process of transcribing the loci in which the timer protein has been knock-in. 
Those cells later acquire a Blue+Red+ status in the case transcription persists, prior to evolving into Blue-Red+ 
cells if transcription diminishes or stops.  
 
The basis and validation of this system is described in a non peer reviewed paper that can be found in bioRxiv 
10.1101/217687. Using the Foxp3-Tocky mice described in bioRxiv 10.1101/217687 and in which a fluorescent 
protein timer ('Timer') has been introduced via BAC retrofitting and subsequent transgenesis, the authors showed 
that Timer transcript dynamics in Foxp3+ cells correlated to that of Foxp3 transcripts. Timer-Blue fluorescence 
reports real-time Foxp3 transcription, while Timer-Blue and -Red fluorescence indicates ongoing transcription of 
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the Foxp3 locus, a point documented in Figure 2 using thymic CD4 SP cells and splenic CD4 cells. Using a 
oxazolone-induced hypersensitivity (CHS) model, the authors showed that a small fraction of the CD4 T cells 
found in the dLNs after challenge were Timer+ cells and that among the Timer+ cells most were Red+ and that 
they expressed various levels of Blue fluorescence.  
 
The few CD4 T cells present in the ear skin render the interpration of the presented data difficult (Figure 3B). The 
authors also defined a Timer-Angle between Persistent - Arrested loci that is supposed to reflect the recent 
frequency of Foxp3 transcriptional activity (but see Specific Comments). The flux from Foxp3- to Foxp3+ T cells is 
increased in the dLNs draining sites of inflammation, and skin-infiltrating Foxp3+ T cells might have a more active 
Foxp3 transcription and be short-lived. By introducing the Foxp3-Tocky BAC transgene onto mice with a 
Foxp3Egfp/Scurfy genotype, due to random X inactivation, it is possible to obtain CD4 T cells that all express the 
Foxp3-driven Timer protein, half of which will express Foxp3/EGFP and the other half express the Scurfy Foxp3 
mutant protein. Those mice were sensitised with oxazolone and Timer-Blue vs Timer-Red dot plots analysed 5 
days later. Foxp3 protein was found required for controlling Foxp3 transcription in a sustained manner. Timer+ 
CD4 T cells from Foxp3-Tocky mice sensitised with oxazolone were sorted into Persistent 1 (but see Specific 
Comments), Persistent 2 and Arrested fractions and each of the fraction subjected to RNA-seq. Persistent-
specific genes were enriched with cell cycle-related pathways, whereas Arrested-specific genes were enriched 
with cytokine-signalling pathways.  
 
Further analysis of such subsets with a panel of antibodies confirmed that the expression levels of several 
markers markedly declined in Arrested Foxp3 expressors. Finally, treatment with anti-TNFRII antibody during the 
challenge phase of the oxazolone-based model had a very subtle effect on the course of inflammation whereas 
anti-OX40 treatment had a subtle effect on the course of inflammation. In conclusion, several of the views 
reached with the Foxp3-Tocky mouse model are more suggestive than conclusive (see Specific comments). 
Owing to the fact that the 'real life' Timer-Blue vs Timer-Red dot plots are quite distinct from the theoretical ones 
and that the gating strategy split a continuum of cells (see Figure 5), the authors need absolutely to show that the 
gating strategy used to define Persistent 1, Persistent 2 and Arrested fractions in Figure 5A and 7I is done in an 
unsupervised manner and not in a manual manner.  
 
Specific comments.  
1/ Figure 1A. The time unit is neither specified in the figure nor in the corresponding legends. What is the meaning 
of raw Ct values ?  
2/ Figure 1B. The x and y axes need to be labeled 'Timer-Blue' and 'Timer-Red fluorescence'.  
3/ In the ideal situation shown in Figure 2D, it is easy to understand the way the Timer angle is defined. However 
in 'real life' the situation is far more complicated even by relying on kernel-density estimation. For instance in 
Figure 3B, the dots form clouds that do not intersect the y and x axes at 0 (as shown in the theoretical drawing 
shown in Figure 3D) in 2 of the 3 panels. Therefore I am quite confused : how an angle as defined in 3D can be 
calculated ? Likewise, the Timer-Blue vs Timer-Red dot plot shown in Figure 5A and the gating strategy based on 
it is quite distinct from the ideal view provided in Figure 3D.  
4/The authors refer to their bioRxiv 10.1101/217687 to define the 'Fluorescent timer protein' they used. In this 
bioRxiv paper, the FT protein used is referred to as 'timer' and the corresponding reference that is given is F. V. 
Subach et al. Nat Chem Biol 5, 118-126 (2009). In that last paper, there is 3 FT proteins (purified fast-FT, 
medium-FT and slow-FT). It is thus very difficult to figure out the FT protein used in the present paper.  
5/ In the case, 'arrested' T cells reinitiate transcription they will merge into the 'persistent' area. It is thus extremely 
unfortunate for fully interpreting the present data that they can not provide a half-life for the Red timer. Is the same 
issue applying to the more tractable Nr4a3 (Nor1)-model shown in bioRxiv 10.1101/217687.  
6/ Is there any reason for which the data based on the oxazolone model have been obtained either after the 
sensitisation phase (Figure 4) or after the challenge phase (Figure 3) ?  
7/ In Figure 5, why Pers1 are not called New (see Figure 3D) ?  
 
Referee #2  
 
Bending et al. studied the temporal translational regulation of Foxp3 in vivo, using BAC Foxp3 Tocky mice, in 
which the newly synthesized Foxp3 protein is marked by blue color that spontaneously changes to red with a half 
life of 4.1 hour. Using this system, they first confirmed thymus Foxp3+ T cells consists of blue only (30%) and 
blue+ red+ (70%) T cells. On the other hand, spleen T cells contained a small number of blue only T cells and the 
majority are Blue+ Red+ (60%) or Red only (40%). The result indicates thymus actually induces new transcription 
of the Foxp3 gene. Since the half life of the Blue color is very short, the large fraction of spleen Blue+ Red+ cells 
are most likely generated in the periphery although authors did not discuss this point explicitly.  
 
The authors applied this system to monitor Foxp3 expression in a skin allergy model induced by oxazolone. They 
could clearly demonstrate oxazolone that induced local inflammation induces Foxp3 positive Treg at the skin site. 
Skin Foxp3+ T cells consist of a whole range of Treg cell spectrum starting from blue only population to cells 
containing both blue and red Foxp3 proteins. The authors divided the Foxp3 Treg cells by the ratio of blue and 
red, and those which express both blue and red at similar levels were classified as the persistent Treg population. 
This population is most abundant in skin compare to draining lymph node, again suggesting the inflammatory site 
generates new Foxp3 positive Treg cells.  
 
Subsequently, the authors used this system to demonstrate Foxp3 expression itself positively regulate its own 
transcription using the cross with scurfy transgenic mice. In the presence of scurfy which destroys the Foxp3 
function, the newly synthesized Foxp3 (blue) is severely reduced while the red only population increased. 
Although the total Foxp3+ (colored) fraction is unchanged, suppression of IL-2 messenger RNA expression is 
compromised in scurfy. The results suggest the Treg function is dependent on the persistent Treg which 
expresses Foxp3 protein continuously.  
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They have also done very extensive RNA-Sec of Treg populations at various stages which can be classified by 
the ratio of blue and red. They can clearly distinguish the sub population of Treg by this color ratio that clearly 
correlates with unique groups of gene expression. Especially, persistent Treg population expresses a clear group 
of genes already defined for the typical Treg cells. The population which expresses Foxp3 but stopped new 
production of Foxp3 is at the dormant stage and may be nonfunctional.  
 
Finally, the authors applied this system to monitor dynamics of Foxp3 expression with the physiological response 
in allergic sites. To show this, they employed injection of monoclonal antibody against TNFRII or OX40. TNFRII 
antibody did not affect the profile of Foxp3 expression monitored by the Tocky system. However, OX40 agonistic 
antibody significantly reduced the fraction of the Foxp3 persistent population although Foxp3+ new (blue) fraction 
is not changed. This treatment may induce either specific depletion or some sort of cell death. Consistently the 
allergy phenotype is enhanced by anti-OX40 treatment.  
 
Overall this paper contains a very novel finding using a unique monitoring system of Foxp3 expression. They 
provided very original analysis in such a competitive field. Although the authors did not stress it is most likely Treg 
induction frequently takes place in the periphery in addition to thymus. All data strong suggest it is the case. 
Although this question is not a major argument of this paper, the authors can discuss this possibility in discussion. 
I strongly recommend the acceptance of this manuscript with minor modifications.  
 
Major comments:  
1. The argument of depletion or apoptosis of Treg cells can be strengthened if they monitor apoptosis markers. 
This comment applies to Fig3 and Fig7.  
2. Arrested and PAt populations show a similar gene expression profile but distinct from the rest. It might be 
helpful to discuss their physiological function. Are they related with so called ex-Treg?  
 
Minor comments:  
1. FACS profile in Figure 3B at ear skin should be replaced with other individual data which have more T cells.  
2. In the reference of Figure 1B, axis indication is missing.  
3. In Figure 3G, PTt should be read PAt.  
4. The legend of Supplementary Fig.1 seems missing. What was used for the expression level of Foxp3 in x 
axis?  
 

1st Editorial Decision 7th Mar 18 

 
Thank you for submitting your point-by-point response. I have now had a chance to take a look at it and I 
appreciate your response. I would therefore like to invite you to submit a revised manuscript. Please note that the 
revised manuscript will be sent back to the original two referees and that their support of the manuscript is 
important for consideration here.  
 
Could you also make sure that the manuscript is as readable as possible and that the description of the system 
and the findings is clear. I think you are doing a great job in the writing but it is a complicated system used and so 
clarity is important.  
 
 
 
1st Revision - authors' response 15th May 18 

Response to reviewers 
 

Referee #1 

 

'Fluorescent timer proteins' are capable of altering their emission spectrum over time, and have been used to 

correlate age and cellular position of tagged proteins. The timer protein used in the present study first emits a blue 

fluorescence and with a half-life of ~ 4 h converts into a form that produce a mature chromophore that emits red 

fluorescence (Red), which has a decay rate which is longer but very unfortunately not specified (Figure 1D).  

 

Response: We have investigated the degradation of red proteins using the Nr4a3-Tocky mouse (Bending et al. 

(2018). ‘A Timer for analyzing temporally dynamic changes in transcription during differentiation in vivo. J Cell 

Biol. In press). It is usually very difficult to perform degradation assays over a period of several days because of 

the toxicity of protein translation inhibitors. However, taking advantage of the Nr4a3-Tocky system, which induces 

Timer expression only in response to TCR signals, we sorted purified Blue-Red+ CD4+ T-cells from Nr4a3-Tocky 

mice, and cultured them over a week in the absence of TCR signals. The half-life of Timer-Red proteins was ~120 

hours by two independent experiments (see new Fig. 1E-F).  
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In ideal pulse-like transcription, by plotting blue fluorescence against red fluorescence, it is possible to identify first 

Blue+Red- cells which are in the process of transcribing the loci in which the timer protein has been knock-in. 

Those cells later acquire a Blue+Red+ status in the case transcription persists, prior to evolving into Blue-Red+ 

cells if transcription diminishes or stops.  

 

The basis and validation of this system is described in a non peer reviewed paper that can be found in bioRxiv 

10.1101/217687.  

 

Response: This paper is now in press at the Journal of Cell Biology as a Tool article ((Bending et al. (2018). ‘A 

Timer for analyzing temporally dynamic changes in transcription during differentiation in vivo. J Cell Biol. In press). 

For the reviewers’ benefit, we attach the accepted manuscript.  

 

Using the Foxp3-Tocky mice described in bioRxiv 10.1101/217687 and in which a fluorescent protein timer 

('Timer') has been introduced via BAC retrofitting and subsequent transgenesis, the authors showed that Timer 

transcript dynamics in Foxp3+ cells correlated to that of Foxp3 transcripts. Timer-Blue fluorescence reports real-

time Foxp3 transcription, while Timer-Blue and -Red fluorescence indicates ongoing transcription of the Foxp3 

locus, a point documented in Figure 2 using thymic CD4 SP cells and splenic CD4 cells. Using a oxazolone-

induced hypersensitivity (CHS) model, the authors showed that a small fraction of the CD4 T cells found in the 

dLNs after challenge were Timer+ cells and that among the Timer+ cells most were Red+ and that they expressed 

various levels of Blue fluorescence.  

 

The few CD4 T cells present in the ear skin render the interpration of the presented data difficult (Figure 3B).  

 

Response: We have replaced Fig 3 with an entirely new figure and data set, which is drawn from four 

independent experiments. Here we show the T-cell response 5 days after sensitisation and 48 hours after the 

challenge phase, when cell numbers within the ears are higher. This figure represents the analysis of ear skin 

from 12 individual mice, see Fig. 3I, and representative plot Fig. 3D. 

 

The authors also defined a Timer-Angle between Persistent - Arrested loci that is supposed to reflect the recent 

frequency of Foxp3 transcriptional activity (but see Specific Comments). The flux from Foxp3- to Foxp3+ T cells is 

increased in the dLNs draining sites of inflammation, and skin-infiltrating Foxp3+ T cells might have a more active 

Foxp3 transcription and be short-lived. By introducing the Foxp3-Tocky BAC transgene onto mice with a 

Foxp3Egfp/Scurfy genotype, due to random X inactivation, it is possible to obtain CD4 T cells that all express the 

Foxp3-driven Timer protein, half of which will express Foxp3/EGFP and the other half express the Scurfy Foxp3 

mutant protein. Those mice were sensitised with oxazolone and Timer-Blue vs Timer-Red dot plots analysed 5 

days later. Foxp3 protein was found required for controlling Foxp3 transcription in a sustained manner. Timer+ 

CD4 T cells from Foxp3-Tocky mice sensitised with oxazolone were sorted into Persistent 1 (but see Specific 

Comments), Persistent 2 and Arrested fractions and each of the fraction subjected to RNA-seq. Persistent-

specific genes were enriched with cell cycle-related pathways, whereas Arrested-specific genes were enriched 

with cytokine-signalling pathways.  

 

Response: We are pleased that the reviewer appreciates the key molecular mechanism proposed. 
 

Further analysis of such subsets with a panel of antibodies confirmed that the expression levels of several 

markers markedly declined in Arrested Foxp3 expressors. Finally, treatment with anti-TNFRII antibody during the 

challenge phase of the oxazolone-based model had a very subtle effect on the course of inflammation whereas 

anti-OX40 treatment had a subtle effect on the course of inflammation. In conclusion, several of the views 

reached with the Foxp3-Tocky mouse model are more suggestive than conclusive (see Specific comments). 

Owing to the fact that the 'real life' Timer-Blue vs Timer-Red dot plots are quite distinct from the theoretical ones 
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and that the gating strategy split a continuum of cells (see Figure 5), the authors need absolutely to show that the 

gating strategy used to define Persistent 1, Persistent 2 and Arrested fractions in Figure 5A and 7I is done in an 

unsupervised manner and not in a manual manner.  

 

Response: We apologise if this was unclear, but the Persistent 1/ 2 cells in Figure 5A were not gated cells but 

flow-sorted ones (i.e. flow cytometric sorter was used to sort these cells, and a small proportion of the sorted cells 

were analysed by the flow cytometric sorter and the acquired data are shown in Figure 5A). To our knowledge, 

currently, no flow cytometer is equipped with the function to use derivative parameters, which makes it impossible 

to sort cells according to Timer angle. Therefore, in order to obtain RNA samples for the RNA-seq (Fig 5), we 

sorted cells according to their positions in the Blue-Red plane, and by analysing a small part of these sorted cells, 

we experimentally confirmed that distinct Timer populations were sorted according to Timer angle (Fig. 5D). We 

have added a section of text to make this more clear (page 13). In all the other figures, Timer loci were 

automatically identified in an entirely unsupervised manner, which is detailed in the accepted J Cell Biol 

paper. Data in Figure 7 are thus analysed and binned by the Timer algorithms. For clarity, we have also added a 

summary of the main principles of Timer data analysis into Fig. 2B.  

 

Specific comments.  

1/ Figure 1A. The time unit is neither specified in the figure nor in the corresponding legends. What is the meaning 

of raw Ct values ?  

 

Response: We apologise for not specifying the time unit, which is hours. Ct value means “threshold cycle”, which 

is recently more often used as a measurement of quantity in qPCR practice (e.g. single cell qPCR applications 

and Amaral et al, EMBO J, 2016). 

 

2/ Figure 1B. The x and y axes need to be labeled 'Timer-Blue' and 'Timer-Red fluorescence'.  

 

Response: We apologise, we have included the labelling. Importantly, we show Timer-Blue in y-axis so that 

Timer-Angle proceeds in a clock-wise manner. 

 

3/ In the ideal situation shown in Figure 2D, it is easy to understand the way the Timer angle is defined. However 

in 'real life' the situation is far more complicated even by relying on kernel-density estimation. For instance in 

Figure 3B, the dots form clouds that do not intersect the y and x axes at 0 (as shown in the theoretical drawing 

shown in Figure 3D) in 2 of the 3 panels. Therefore I am quite confused : how an angle as defined in 3D can be 

calculated ? Likewise, the Timer-Blue vs Timer-Red dot plot shown in Figure 5A and the gating strategy based on 

it is quite distinct from the ideal view provided in Figure 3D.  

 

Response: The Timer data analysis is a data pre-processing method and does not include any assumptions on 

data distribution. The algorithm for defining Timer angle is detailed in (Bending et al. (2018). ‘A Timer for 

analyzing temporally dynamic changes in transcription during differentiation in vivo. J Cell Biol. In press). Briefly, 

the thresholds for Blue and Red autofluorescence are determined in a data-oriented manner using a negative 

control data for Timer expression, and then data are normalised across Blue and Red fluorescence, in order to 

define Timer angle values. Since the Timer data analysis is not based on any assumptions on data distribution, it 

will be straightforward to further analyse processed data (i.e. Timer-Angle) using common analysis methods, 

including manual gating and clustering methods (e.g. those based on kernel density estimation). We have added 

a brief summary schematic to Fig. 2B. 

 

 

4/The authors refer to their bioRxiv 10.1101/217687 to define the 'Fluorescent timer protein' they used. In this 

bioRxiv paper, the FT protein used is referred to as 'timer' and the corresponding reference that is given is F. V. 
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Subach et al. Nat Chem Biol 5, 118-126 (2009). In that last paper, there is 3 FT proteins (purified fast-FT, 

medium-FT and slow-FT). It is thus very difficult to figure out the FT protein used in the present paper.  

 

Response: The protein we use is FT-Fast, and we have referenced this in the text (page 7). 

 

5/ In the case, 'arrested' T cells reinitiate transcription they will merge into the 'persistent' area. It is thus extremely 

unfortunate for fully interpreting the present data that they can not provide a half-life for the Red timer. Is the same 

issue applying to the more tractable Nr4a3 (Nor1)-model shown in bioRxiv 10.1101/217687.  

 

Response: We have used Nr4a3-Tocky to provide an estimate of the red half-life, as stated above (Fig. 1E-F). 

 

6/ Is there any reason for which the data based on the oxazolone model have been obtained either after the 

sensitisation phase (Figure 4) or after the challenge phase (Figure 3) ?  
 

Response: We thank the reviewer for the thoughtful insight. In the revised manuscript, we show both sensitisation 

and challenge phases in normal mice (Figure 3). In contrast, the challenge phase allows us to analyse the 

immediate response of skin-infiltrating T cells. For clarity, the new Fig. 3 now details the T-cell response during 

both Sensitisation and Challenge phases. 

 

7/ In Figure 5, why Pers1 are not called New (see Figure 3D) ?  

 

Response: Because the calculated angle values of the sorted populations were mostly in the persistent locus. 

 

 

Referee #2 

 

Bending et al. studied the temporal translational regulation of Foxp3 in vivo, using BAC Foxp3 Tocky mice, in 

which the newly synthesized Foxp3 protein is marked by blue color that spontaneously changes to red with a half 

life of 4.1 hour. Using this system, they first confirmed thymus Foxp3+ T cells consists of blue only (30%) and 

blue+ red+ (70%) T cells. On the other hand, spleen T cells contained a small number of blue only T cells and the 

majority are Blue+ Red+ (60%) or Red only (40%). The result indicates thymus actually induces new transcription 

of the Foxp3 gene. Since the half life of the Blue color is very short, the large fraction of spleen Blue+ Red+ cells 

are most likely generated in the periphery although authors did not discuss this point explicitly.  

 

Response: We thank the reviewer for the constructive comment. We have further analysed data in Figure 2 and 

showed clearly that up to 0.3% of CD4+ T cells newly express Foxp3 in the periphery per 4 hours (i.e. as “New” 

Blue+Red- cells; Figure 2E). Furthermore, we have added to the discussion about this important point (p. 20, line 
10 -). 

 

The authors applied this system to monitor Foxp3 expression in a skin allergy model induced by oxazolone. They 

could clearly demonstrate oxazolone that induced local inflammation induces Foxp3 positive Treg at the skin site. 

Skin Foxp3+ T cells consist of a whole range of Treg cell spectrum starting from blue only population to cells 

containing both blue and red Foxp3 proteins. The authors divided the Foxp3 Treg cells by the ratio of blue and 

red, and those which express both blue and red at similar levels were classified as the persistent Treg population. 

This population is most abundant in skin compare to draining lymph node, again suggesting the inflammatory site 

generates new Foxp3 positive Treg cells.  

 

Subsequently, the authors used this system to demonstrate Foxp3 expression itself positively regulate its own 

transcription using the cross with scurfy transgenic mice. In the presence of scurfy which destroys the Foxp3 

function, the newly synthesized Foxp3 (blue) is severely reduced while the red only population increased. 
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Although the total Foxp3+ (colored) fraction is unchanged, suppression of IL-2 messenger RNA expression is 

compromised in scurfy. The results suggest the Treg function is dependent on the persistent Treg which 

expresses Foxp3 protein continuously.  

 

Response: We are pleased that both reviewers accepted the key molecular mechanism proposed in the paper. 

 

They have also done very extensive RNA-Sec of Treg populations at various stages which can be classified by 

the ratio of blue and red. They can clearly distinguish the sub population of Treg by this color ratio that clearly 

correlates with unique groups of gene expression. Especially, persistent Treg population expresses a clear group 

of genes already defined for the typical Treg cells. The population which expresses Foxp3 but stopped new 

production of Foxp3 is at the dormant stage and may be nonfunctional.  

 

Response: We are pleased that the reviewer appreciates our RNA-seq analysis. We thank the reviewer for 

providing us the thoughtful insights into the dormant Treg population. We have improved the discussion and 

discussed the relationship between the dormant Treg and memory T cells (p. 22 line 3-). 
 

Finally, the authors applied this system to monitor dynamics of Foxp3 expression with the physiological response 

in allergic sites. To show this, they employed injection of monoclonal antibody against TNFRII or OX40. TNFRII 

antibody did not affect the profile of Foxp3 expression monitored by the Tocky system. However, OX40 agonistic 

antibody significantly reduced the fraction of the Foxp3 persistent population although Foxp3+ new (blue) fraction 

is not changed. This treatment may induce either specific depletion or some sort of cell death. Consistently the 

allergy phenotype is enhanced by anti-OX40 treatment.  

 

Response: We are pleased that the reviewer values our immunotherapy analysis. 

 

 

Overall this paper contains a very novel finding using a unique monitoring system of Foxp3 expression. They 

provided very original analysis in such a competitive field. Although the authors did not stress it is most likely Treg 

induction frequently takes place in the periphery in addition to thymus. All data strong suggest it is the case. 

Although this question is not a major argument of this paper, the authors can discuss this possibility in discussion. 

I strongly recommend the acceptance of this manuscript with minor modifications.  

 

Response: We thank the reviewer for appreciating the novelty in our work, and for their extremely positive 

recommendation regarding publication. We have added a section that addresses peripheral induction of Foxp3 to 

the discussion (p. 20, line 11-). 
 

Major comments:  

1. The argument of depletion or apoptosis of Treg cells can be strengthened if they monitor apoptosis markers. 

This comment applies to Fig3 and Fig7.  

 

Response: We thank the reviewer for this constructive comment. We have used AnnexinV as a marker of early 

stage apoptosis, and found that OX40+ skin infiltrating CD4+ T-cells contained more AnnexinV+ cells than OX40- 

counterparts, and that Foxp3+ cells had more AnnexinV+ cells. Considering that Annexin V stains preapoptotic 

activated T cells, the data suggest that anti-OX40 accelerated the death of those OX40+Foxp3+ cells, and that 

Foxp3+ effector Treg in the skin are in fact preapoptotic activated cells, which function as suppressor T cells by 

acting as decoy cells. Further study is required to fully reveal the mechanistic basis for the effects of anti-OX40, 

which is beyond the scope of this manuscript, we included the finding in Fig. EV2 and discussion (page 21, line 3 
- ). 
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2. Arrested and PAt populations show a similar gene expression profile but distinct from the rest. It might be 

helpful to discuss their physiological function. Are they related with so called ex-Treg?  

 

Response: We have included a section in the discussion regarding their physiological function (Page 22 line 6 - ). 
 

Minor comments:  

1. FACS profile in Figure 3B at ear skin should be replaced with other individual data which have more T cells.  

 

Response: We have replaced Fig. 3 entirely, see above comment to Referee 1. 

 

2. In the reference of Figure 1B, axis indication is missing.  

 

Response: We apologise for this oversight, and have added the axis label (hours). 

 

3. In Figure 3G, PTt should be read PAt.  

 

Response: Fig. 3 has been replaced. 

 

4. The legend of Supplementary Fig.1 seems missing. What was used for the expression level of Foxp3 in x 

axis?  

 

Response: These are the log of the normalised read counts, and this has been added to the legend (Now Fig. 
EV1) 

 
 
 
Accepted 12th Jun 18 

 
 
Thank you for submitting your revised manuscript to The EMBO Journal. Your study has now been 
re-reviewed by the two referees and their comments are provided below.  
 
As you can see below, both referees appreciate the introduced changes and support publication here. 
I am therefore very pleased to accept the manuscript for publication here.  
 
 
------------------------------------------------  
 
Referee #1:  
 
The authors have carefully addressed the major concerns I raised. In addition, the fact that the 
related manuscript is in press in JCB will permit to give to the readers a comprehensive picture of 
the model.  
 
 
Referee #2:  
 
I found the revised manuscript(EMBOJ-2018-99013R) addressed my comments in a satisfactory 
manner.  
 
I have no further comment and recommend acceptance of this manuscript.  
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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?

Is	
  the	
  variance	
  similar	
  between	
  the	
  groups	
  that	
  are	
  being	
  statistically	
  compared?

EMBO	
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  Figures	
  

Reporting	
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  For	
  Life	
  Sciences	
  Articles	
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  2017)

This	
  checklist	
  is	
  used	
  to	
  ensure	
  good	
  reporting	
  standards	
  and	
  to	
  improve	
  the	
  reproducibility	
  of	
  published	
  results.	
  These	
  guidelines	
  are	
  
consistent	
  with	
  the	
  Principles	
  and	
  Guidelines	
  for	
  Reporting	
  Preclinical	
  Research	
  issued	
  by	
  the	
  NIH	
  in	
  2014.	
  Please	
  follow	
  the	
  journal’s	
  
authorship	
  guidelines	
  in	
  preparing	
  your	
  manuscript.	
  	
  

PLEASE	
  NOTE	
  THAT	
  THIS	
  CHECKLIST	
  WILL	
  BE	
  PUBLISHED	
  ALONGSIDE	
  YOUR	
  PAPER
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YOU	
  MUST	
  COMPLETE	
  ALL	
  CELLS	
  WITH	
  A	
  PINK	
  BACKGROUND	
  #

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.).

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	
  #	
  (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).

Typically	
  a	
  minimum	
  of	
  3	
  mice	
  per	
  group	
  were	
  used.	
  For	
  CHS	
  experimemts	
  involving	
  anti-­‐OX40	
  
treatment,	
  a	
  pilot	
  study	
  was	
  performed	
  to	
  inform	
  a	
  power	
  calculation	
  which	
  designated	
  a	
  sample	
  
size	
  of	
  n=8-­‐10	
  per	
  group.	
  This	
  was	
  then	
  tested	
  independently	
  in	
  two	
  experiments	
  and	
  the	
  data	
  
combined	
  for	
  presentation	
  in	
  Fig.	
  7.

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

For	
  statisticaly	
  analysis,	
  a	
  minimum	
  of	
  3	
  independent	
  data	
  points	
  were	
  collected	
  before	
  analysis.

In	
  antibody	
  treated	
  mice	
  (Fig.	
  7),	
  only	
  mice	
  with	
  verified	
  blockade	
  (as	
  confirmed	
  by	
  flow	
  
cytometric	
  staining	
  with	
  fluorescently	
  labelled	
  antibody)	
  were	
  included	
  in	
  analysis.	
  

No	
  formal	
  randomisation	
  procedure	
  was	
  used;	
  however	
  to	
  reduce	
  variability,	
  experiments	
  were	
  
desined	
  to	
  minimise	
  variation	
  according	
  to	
  sex,	
  age	
  and	
  genetic	
  status	
  (i.e.	
  WT	
  vs	
  transgenic)	
  
betweej	
  experimental	
  groups

Manuscript	
  Number:	
  	
  EMBOJ-­‐2018-­‐99013

Yes

Statistical	
  analysis	
  was	
  performed	
  on	
  R	
  or	
  Prism	
  6	
  (Graphpad)	
  software.	
  Percentage	
  data	
  for	
  
Timer+	
  and	
  Timer	
  locus	
  analysis	
  was	
  analysed	
  by	
  Mann-­‐Whitney	
  U	
  test	
  or	
  Kruskal-­‐Wallis	
  test	
  with	
  
Dunn’s	
  multiple	
  comparisons	
  using	
  the	
  CRAN	
  package	
  PMCMR.	
  All	
  other	
  data	
  were	
  analysed	
  using	
  
tests	
  designed	
  for	
  data	
  that	
  are	
  normally	
  distributed.
Data	
  are	
  reported	
  as	
  Mean	
  +/-­‐	
  SD	
  or	
  SEM	
  as	
  stated

Variance	
  was	
  assumed	
  to	
  be	
  similar.

No	
  formal	
  randomisation	
  procedure	
  was	
  used;	
  however	
  to	
  reduce	
  variability,	
  experiments	
  were	
  
desined	
  to	
  minimise	
  variation	
  according	
  to	
  sex,	
  age	
  and	
  genetic	
  status	
  (i.e.	
  WT	
  vs	
  transgenic)	
  
betweej	
  experimental	
  groups

For	
  measurement	
  of	
  ear	
  swelling	
  responses,	
  the	
  investigator	
  was	
  blinded	
  until	
  after	
  measurement	
  
was	
  taken.	
  Timer-­‐locus	
  analysis	
  algorithm	
  generates	
  data	
  in	
  an	
  unsupervised	
  manner,	
  including	
  
pre-­‐determined	
  statistical	
  anlaysis.	
  

For	
  measurement	
  of	
  ear	
  swelling	
  responses,	
  the	
  investigator	
  was	
  blinded	
  until	
  after	
  measurement	
  
was	
  taken.	
  

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.



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.

C-­‐	
  Reagents

D-­‐	
  Animal	
  Models

E-­‐	
  Human	
  Subjects

n/a

Detailed	
  in	
  the	
  methods	
  section

Details	
  are	
  in	
  the	
  methods.	
  In	
  summary,	
  Foxp3-­‐Tocky	
  and	
  Nr4a3-­‐Tocky	
  mice	
  were	
  generated	
  as	
  
reported	
  in	
  Bending	
  et	
  al.	
  2018	
  J	
  Cell	
  Biol,	
  which	
  are	
  BAC	
  transgenic	
  mice	
  on	
  the	
  C57BL6	
  
background,	
  expressing	
  FT	
  protein	
  under	
  control	
  of	
  Nr4a3	
  or	
  Foxp3	
  gene	
  regulatory	
  regions.	
  Both	
  
M	
  and	
  F	
  mice	
  were	
  used,	
  and	
  allocated	
  randomly	
  to	
  experimental	
  groups.	
  Typically	
  5-­‐8	
  week	
  old	
  
mice	
  were	
  used,	
  unless	
  otherwise	
  stated.	
  Mice	
  were	
  maintained	
  under	
  SPF	
  conditions	
  at	
  Charles	
  
River	
  Laboratories,	
  UK	
  or	
  at	
  Imperial	
  College	
  London	
  or	
  UCL.	
  Mice	
  received	
  food	
  and	
  water	
  ad	
  
libitum,	
  and	
  were	
  maintained	
  in	
  IVCs	
  with	
  appropriate	
  envrionmental	
  enrichment.

All	
  animal	
  experiments	
  were	
  performed	
  in	
  accordance	
  with	
  local	
  Animal	
  Welfare	
  and	
  Ethical	
  
Review	
  Body	
  at	
  Imperial	
  College	
  London	
  (Imperial)	
  and	
  University	
  College	
  London	
  (UCL),	
  and	
  all	
  
gene	
  recombination	
  experiments	
  were	
  performed	
  under	
  the	
  risk	
  assessment	
  that	
  was	
  approved	
  by	
  
the	
  review	
  board	
  at	
  Imperial	
  and	
  UCL.	
  

Yes

G-­‐	
  Dual	
  use	
  research	
  of	
  concern

F-­‐	
  Data	
  Accessibility

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

RNA-­‐seq	
  data	
  can	
  be	
  obtained	
  at	
  NCBI	
  GEO	
  with	
  the	
  accession	
  number	
  GSE89481.	
  All	
  R	
  codes	
  are	
  
available	
  upon	
  request.	
  Data	
  will	
  be	
  made	
  available	
  upon	
  reasonable	
  requests	
  to	
  the	
  
corresponding	
  author.

RNA-­‐seq	
  data	
  can	
  be	
  obtained	
  at	
  NCBI	
  GEO	
  with	
  the	
  accession	
  number	
  GSE89481

n/a

All	
  R	
  codes	
  are	
  available	
  upon	
  request
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