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REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author):

This study from Van et al establishes a novel role for dietary L-Trp on colonic GPR15+ Treg 

generation. The study is very well designed and could lead to novel therapeutics aiming at 

increasing colonic Treg to alleviate inflammatory bowel diseases. 

Addressing the following points would strengthen even more these findings: 

1. Dietary metabolites usually regulate small intestine Treg, while gut microbiota-derived 

metabolites induce colonic Treg. Gut homing receptors CCR9 of a4b7 are induced in the 

mesenteric lymph nodes or Peyer’s patches. What are the proportions/numbers of GPR15+ 

Treg in these sites as well as in the blood of mice supplemented with L-Trp vs controls? 

2. A study by Yoshimatsu et al has shown that AhR activation in epithelial cells could induce 

colonic Helios + Treg and protect from colitis in mice 

(https://doi.org/10.1016/j.celrep.2022.110773). The transfer experiment in Fig 2 suggests 

that the Treg are peripherally induced by L-Trp however, it would be useful to identify 

whether L-Trp induces colonic Helios+ GPR15+ Treg (thymic derived) versus RORgt GPR15+ 

Treg (microbiota-derived) which will also confirm that the gut microbiota is not involved. 

3. It would be useful to have non-infected control mice in Fig 2 to fully appreciate the role of 

L-Trp under challenging conditions. 

4. While it takes 2 weeks for L-Trp to increase colonic GPR15+ Treg, it is unclear why 10 days 

instead of 2 weeks were chosen in Fig 2. It would be good to justify the timing of this 

experiment. 

5. While L-trp increases colonic GPR15+ Treg it would be interesting to evaluate in these 

mice CCR9+ Treg and a4b7 Treg in the SI and colon along with GPR15+ Treg. 

6. While the L-Trp supplementation in Abx-treated mice shows an effect independent of the 



gut microbiota, it would be good to confirm this finding in germ-free mice. Moreover, what 

is the impact of L-Trp supplementation on the gut microbiota composition? 

7. The identification of the AhR ligands involved in GPR15 induction is very interesting. 

While the impact of L-Trp seems independent of the gut microbiota according to Fig 2, 

microbes derived I3-PYA, I3S and pyocyanin induce GPR15+ Treg in vitro. Can the processing 

of L-Trp by the gut microbiota, during L-Trp supplementation, lead to the generation of 

these ligands? Are they naturally found in lower proportion in the colon of germ-free mice? 

The difficulty to identify the natural ligand for AhR in naïve T cells is understandable, is it 

possible to stimulate naïve T cells with L-trp and run a metabolomic analysis to identify 

which AhR ligands are generated? 

8. L-Trp decreases the Th1 response, what about Th17? This is particularly relevant as Th17 

is induced by C rodentium. Showing the impact of Trp suppl on Th1 and Th17 in the colon of 

control vs infected mice would be a nice addition to the manuscript. 

9. It is unclear how Fig 9b was generated. What is the n number of mice and humans used to 

compare their proportion of colonic GPR15+ Treg? How was the resulting plot done? 

10. The therapeutic potential of L-Trp is discussed yet only a prophylactic approach was 

used in the study. What is the impact of L-trp supplementation when it is initiated the day 

after the C rodentium infection. Regardless of the results the findings will be very 

interesting. 

11. The benefits of L-Trp supplementation in colitis are clear but it would be valuable to 

discuss the potential side effects of increasing colonic Treg particularly in the context of 

colorectal cancer. 

Reviewer #2 (Remarks to the Author):

In this manuscript, Van and colleagues investigated the effect of L-Tryptophan on 

GPR15+Treg generation in vivo via AhR signaling. The authors mainly used AhR conditional 



KO mice and L-Tryptophan-supplemented/reduced diet to evaluate how GPR15+Treg cells 

developed. This is an interesting paper, which may contribute to better understanding of 

the function of AhR to control Treg generation and intestinal disorders such as ulcerative 

colitis associated with AhR deficiency. However, it has several essential problems which 

need to be addressed to improve the quality of the report. 

Comments: 

1. Regarding the AhR CD4-cKO condition, Yoshimatsu et al., Cell Reports 2022 (Fig.4) showed 

basically no significant changes in the frequency of total Treg in colonic LP. In this 

manuscript by Van et al, however, it seems that there was some change in total colonic Treg 

cells especially in Fig.5. The authors need to show not only GPR15+Foxp3+ or GPR15−Foxp3+ 

classification but also the frequency of colonic Treg cells throughout the manuscript. 

2. Regarding AhR function for Treg cells, Treg specific AhR KO by utilizing the Foxp3-Cre 

system needs to be analyzed. The authors’ experiments do not exclude the possibility of 

GPR15+Tconv conversion into GPR15+Treg cells in colonic LP, as a recent report has shown 

that some Th17 cells, called Treg-lineage committed Tconv cells, bear the potential to 

differentiate into Foxp3+Treg cells in a specific condition (van der Veeken et al., Immunity 

2022). 

3. In the colitis model (especially in Fig.6), the authors used infection-induced colitis with 

C.Rodentium. Is it suitable as an ulcerative colitis model? 

4. In Fig.1a (and other figures), the authors indicate some change in the frequency of 

GPR15+Foxp3− fracfion (Tconv cells) which was reduced in AhR cKO condifion. In the whole 

manuscript, the author didn’t analyze GPR15+ Tconv cells. Were they Th1, Th2, or Th17, for 

example? Do they produce Th specific cytokines ? 

5. In Fig.4, FICZ and BaP differentially functioned as T cell polarizers; i.e., FICZ actively 

induced GPR15+Tconv cells while BaP induced GPR15+Treg cells. Could FICZ production 

occur in a specific condition in the presence of some microbiota and induce GPR15+Tconv 

cells in vivo? Also, does p.o. administration of BaP work as well as i.p. administration they 

performed? 

6. In Fig.6d, the authors estimated the amount of L-tryptophan consumption in mice and 

humans and concluded that less GPR15+Treg cells in humans could be due to the difference 

of L-tryptophan consumption. However, just one representative data of FACS plot of GPR15 



and FOXP3 expression is shown. How many samples were analyzed? This Fig.6d can be 

moved to Supplemental data. 

7. In Fig.1e, the authors show that the L-Tryptophan-reduced food reduced GPR15+Treg 

cells in the spleen as well. This needs to be discussed. 

8. In Fig.3, the authors show that GPR15+Foxp3− fracfion (Tconv) decreased in the GF 

condition whereas GPR15+Treg cells had no change. This means that GPR15+Treg cells 

developed in a microbiota-independent manner, or, conversely GPR15+Tconv cells 

development is microbiota-dependent. This needs to be discussed. 

9. In Fig.5b, 3’distal Gpr15 locus contains not only AHR-binding but also AP-1-binding 

domains. Is AP-1 binding needed to express GPR15 in T cells including Treg and others? 

Reviewer #3 (Remarks to the Author):

In the manuscript entitled Dietary L-Tryptophan consumption determines the number of 

colonic 

regulatory T-cells and susceptibility to colitis via GPR15 by Van et al, the author investigated 

the role of L-Trp on colonic Foxp3+ Treg expression of GPR15. Several key findings are 

presented: 

• The amount of dietary L-Trp correlated with colonic Foxp3+ Tregs numbers via the AhR-

GPR15 axis 

• L-Trp increased GPR15 during CD4+ T cell activation/migration to the LI via GPR15 

• The ability of L-Trp to increase GPR15+Foxp3+ Tregs was dependent upon IDO1/2 but not 

microbiota 

• AhR ligands have differential ability to induce Teff vs Tregs and AhR directly regulates 

GPR15 

• L-Trp supplementation reduced Citro rodentium colitis 

While it is published that AhR regulates GPR15 expression and colonic Foxp3+ Tregs, it has 

been unclear which natural ligands may be regulating this pathway. The present study 

provides compelling evidence that L-Trp supplementation can regulate Foxp3+ Treg 

numbers in the colonic LP. The use of Ahr-CD4-CKO, Gpr15(gfp/gfp)Foxp3mrfp, 

Cd4creAhrfl/fl, HH7-2TgRag1(n/n) and Ido1/2 DKO all provided supporting in vivo evidence 

for the role of the L-Trp pathway through IDO1/2 to induce GPR15. The experiments are all 



very thorough and nicely presented. 

One main concern I have is the choice of the model to test the ability of L-Trp to ameliorate 

colitis – the Citro rodentium model. This is a model of EPEC/EHEC (authors refer to this as 

enterotoxogenic?), but is not a good model for chronic intestinal inflammation that mimics 

human IBD (CD/UC). The data obtained using this model are only somewhat convincing. 

Several of the readout show no and minor difference between WT and GPR15 KO mice 

suggesting that GPR15+ endogenous Tregs are not playing a robust role in Citro infection. 

Overall, this is a poor model to test the hypothesis that L-Trp supplementation can 

ameliorate colitis. Other colitis models should be considered and explored. Similarly, only a 

prevention model was tested and a treatment model should be explored in order to 

demonstrate whether L-Trp supplementation can prevent and/or treat chronic colitis. 



Jun 28th, 2023 

Dear Reviewers: 

On behalf of my colleagues, I would like to thank you all for your incredibly helpful suggestions 
to strengthen our findings. The following is a point-by-point response to your comments on our 
manuscript: “Dietary L-tryptophan consumption determines the number of colonic 
regulatory T cells and susceptibility to colitis via GPR15.” All changes to the manuscript were 
highlighted in yellow, either in the text or in the figure legends. 
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8. L-Trp decreases the Th1 response, what about Th17? This is particularly relevant as Th17 is induced by C rodentium. 

Showing the impact of Trp suppl on Th1 and Th17 in the colon of control vs infected mice would be a nice addition to the 
manuscript. 
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MRKXQO aS^R F\Z&E_Z% ^RO VO`OV YP =:AQ!=?*05!78-! F MOVV]% =?*05! QNF MOVV] K] aOVV K] =:AQ!78-! F MOVV] aO\O ]SQXSPSMKX^Vc 
\ON_MON _ZYX F\Z&E_Z NSO^K\c ^\OK^WOX^' GXPY\^_XK^OVc% E:6&MYX^KSXSXQ 7.06?(/ WSMO #]_MR K] YXO] P\YW FKMYXSM Y\ 7RK\VO] 
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HO RK`O XYa KNNON Q\KZR] \OZ\O]OX^SXQ OKMR ZYZ_VK^SYX YP 78-! F MOVV] LK]ON YX ;CD*. KXN :BIC, ObZ\O]]SYX #:SQ' /Q$' 
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10. The therapeutic potential of L-Trp is discussed yet only a prophylactic approach was used in the study. What is the 

impact of L-trp supplementation when it is initiated the day after the C rodentium infection. Regardless of the results the 
findings will be very interesting. 

We have now added new data showing the impact of L-Trp supplementation after the onset of colitis (E_ZZVOWOX^K\c Fig. 8). 
Day 5 after C.rodentium infection was when mice started to have diarrhea and chosen as a start date for L-Trp treatment. 
Unfortunately, L-Trp supplementation after the onset of colitis did not help to alleviate the symptoms (E_ZZVOWOX^K\c Fig. 8).  
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FICZ production by microbiota is a poorly researched topic, thus the authors are unable to say if FICZ production can occur in 
the presence of some microbiota. Therefore, we left it as an open possibility in the revised discussion section. We did not 
evaluate the effect of BaP administration by gavage because BaP can affect microbiota (He et al., 2019, PMID 31732054) and 
therefore can complicate the interpretation of the results. We believed studying the in vivo effect of direct exposure to BaP was 
a priority. We believe that the effect of BaP ingestion can be studied in a separate research project in combination with its 
impact on microbiota.   
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0#812)%7+1$10&1(@

Y01%-/#0%8,081+0%Z%"/41%#$%&"1%8",#81%,*%&"1%-,(12%&,%&1$&%&"1%/3#2#&)%,*%56!+7%&,%/-12#,+/&1%8,2#&#$%i%&"1%F#&+,%+,(10&#'-%-,(12@%!"#$%#$%/%



-,(12%,*%j:jFLjPjF%Q/'&",+$%+1*1+%&,%&"#$%/$%10&1+,&,W,?10#8MVE%3'&%#$%0,&%/%?,,(%-,(12%*,+%8"+,0#8%#0&1$&#0/2%#0*2/--/&#,0%&"/&%-#-#8$%
"'-/0%ZdD%QFDLkFV@%!"1%(/&/%,3&/#01(%'$#0?%&"#$%-,(12%/+1%,02)%$,-1A"/&%8,04#08#0?@%\141+/2%,*%&"1%+1/(,'&%$",A%0,%/0(%-#0,+%
(#**1+1081%31&A110%K!%/0(%9:;<=%_Y%-#81%$'??1$&#0?%&"/&%9:;<=>%10(,?10,'$%!+1?$%/+1%0,&%72/)#0?%/%+,3'$&%+,21%#0%F#&+,%#0*18&#,0@%
Y41+/22E%&"#$%#$%/%7,,+%-,(12%&,%&1$&%&"1%")7,&"1$#$%&"/&%56!+7%$'7721-10&/&#,0%8/0%/-12#,+/&1%8,2#&#$@%Y&"1+%8,2#&#$%-,(12$%$",'2(%31%
8,0$#(1+1(%/0(%1W72,+1(@

Thank you very much for your incredibly helpful suggestions to strengthen our manuscript. HO RK`O MRY]OX ^Y _]O (# 
@>56=B:C< WYNOV ]SXMO S^] MYVS^S] ]O`O\S^c SX`O\]OVc MY\\OVK^O] aS^R ^RO X_WLO\ YP MYVYXSM F\OQ] #>SW O^ KV' +)*,' C@=83 
+,//*/--$% ^RO OPPOM^ YP aRSMR aK] aRK^ aO XOON ^Y ^O]^ SX Y_\ ObZO\SWOX^]' <YaO`O\% S^ S] KV]Y aOVV UXYaX ^RK^ XYXO YP ^RO 
]SXQVO MYVS^S] WYNOV] SX WSMO \OPVOM^ KVV ^RO POK^_\O] YP R_WKX =68 #>K^]KXNOQaKdK O^ KV' +)++' C@=83 ,/)*+/*1$' =X ^RK^ 
]OX]O% ^RO \O`SOaO\k] ]_QQO]^SYX ^Y ^O]^ Y_\ RcZY^RO]S] SX K NSPPO\OX^ WYNOV YP MYVS^S] aK] `KV_KLVO' FRO\OPY\O% aO RK`O KNNON 
NK^K P\YW ^RO WY]^ aSNOVc _]ON MYVS^S] WYNOV #8EE&SXN_MON MYVS^S]$ SX :SQ' /' HO PY_XN ^RK^ +&aOOU ?&F\Z ]_ZZVOWOX^K^SYX MKX 
KVVO`SK^O ^RO ]cWZ^YW] YP 8EE&SXN_MON MYVS^S] #:SQ' /N&O$% MYX]S]^OX^ aS^R Y_\ \O]_V^] P\YW (# @>56=B:C< WYNOV #:SQ_\O /L&M$' 

\#-#2/+2)E%,02)%/%7+1410&#,0%-,(12%A/$%&1$&1(%/0(%a treatment model%$",'2(%31%1W72,+1(%#0%,+(1+%&,%(1-,0$&+/&1%A"1&"1+%56!+7%
$'7721-10&/&#,0%8/0%7+1410&%/0(L,+%&+1/&%8"+,0#8%8,2#&#$@%%

HO XYa RK`O SXMV_NON XOa NK^K aS^R K ^\OK^WOX^ WYNOV K] ^RO \O`SOaO\ ]_QQO]^ON' HO ]^K\^ON ?&F\Z ]_ZZVOWOX^K^SYX K^ NKc 
. KP^O\ ^RO (# @>56=B:C< SXPOM^SYX% aROX ^RO MYVS^S] ]cWZ^YW] ]^K\^ON ^Y ]RYa _Z% KXN PY_XN ^RK^ ?&F\Z ]_ZZVOWOX^K^SYX KP^O\ 
MYVS^S] YX]O^ NSN XY^ KVVO`SK^O ^RO ]cWZ^YW] #E_ZZVOWOX^K\c :SQ' 1$ 

We hope this revision satisfies the editors and the reviewers, so that we can share our 
exciting discovery about the connection between dietary L-Tryptophan and colonic T cell 
responses with general public.  



REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

All my concert were addressed. 

Reviewer #2 (Remarks to the Author):

In this revision, Van and colleagues have adequately addressed many concerns of this 

reviewer. However, there are still some small concerns still to be addressed. 

Comments: 

1. In Supplemental Fig. 3a, L-Trp supplementation didn’t affect the frequency of GPR15+ 

Treg cells in SILP, meaning that L-Trp specifically functioned upon the production of GPR15+ 

Treg cells in LILP. The authors mentioned this phenomenon and similar results, “Only WT 

GPR15+FOXP3+ donor cells increased upon L-Trp supplementation, and this phenotype was 

found specifically in the LILP but not in the SILP...”, but should discuss why L-Trp 

differentially affects GPR15+ Treg production in the different intestinal tracts. 

2. According to Fig. 2c, the authors mention “We also found that most of the colonic 

GPR15+ Tregs that increased after L-Trp supplementation were thymus-derived HELIOS+ 

Tregs, as opposed to peripherally-derived RORgt+ Tregs”. Helios was defined as one of 

thymic Treg markers in the paper by Thornton et al., 2010; however, it was also expressed 

on peripherally derived Treg cells, and several studies dealt with Helios as an activation-

related marker in vivo Treg cells (Gottschalk et al., 2014). In this manuscript, the authors 

didn’t address whether GPR15+ Tregs are truly thymus-derived or not. Their findings should 

be more careful in this point. 

3. Related to the comment above, the authors didn’t show a representative FACS plot of 

Helios and RORgt expression on GPR15+ Treg cells in Fig. 2c. Several studies indicated that 

colon Treg cells possess reciprocal expression of these markers in different physiological 

conditions (Ohnmacht et al., 2015; Pratama et al., 2019). The authors need to address this 

point by showing a relevant FACS figure. 

4. In Fig. 6g, human GPR15+Foxp3– T cells were apparently enriched in colonic lamina 

propria compared to mouse colon, but the frequency of these cells highly varied. This 



suggests that the variation of GPR15+ Tconv cells might reflect the diversity of gut 

microbiota. This topic is also related to Fig. 3 and my previous comment #8. The authors 

may need to discuss this. 
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Reviewer #3 (Remarks to the Author):

The authors have thoughtfully and thoroughly responded to the critiques. Given that L-Trp 

supplementation failed to treat murine colitis, this point should be acknowledged in the 

discussion as a potential limitation to using L-Trp for treating human IBD.



Aug 10th, 2023 

Dear Reviewers: 

On behalf of my colleagues, I would like to thank you all for your incredibly helpful suggestions 
to improve our manuscript. The following is a point-by-point response to your comments on our 
manuscript: “Dietary L-tryptophan consumption determines the number of colonic 
regulatory T cells and susceptibility to colitis via GPR15.” All changes to the manuscript were 
highlighted in yellow, either in the text or in the figure legends. 

'"*#"+"' !&$$"%)(

<EUIEVEQ !) "<ELAQJR SN SHE /TSHNQ#. 

In this revision, Van and colleagues have adequately addressed many concerns of this reviewer. However, there are still some small 

concerns still to be addressed. 

Comments: 
1. In Supplemental Fig. 3a, L-Trp supplementation didn’t affect the frequency of GPR15+ Treg cells in SILP, meaning that L-Trp 
specifically functioned upon the production of GPR15+ Treg cells in LILP. The authors mentioned this phenomenon and similar results, 
“Only WT GPR15+FOXP3+ donor cells increased upon L-Trp supplementation, and this phenotype was found specifically in the LILP but 
not in the SILP...”, but should discuss why L-Trp differentially affects GPR15+ Treg production in the different intestinal tracts.

>HAMJ XNT UEQX LTCH FNQ SHE HEKOFTK RTGGERSINMR SN ILOQNUE NTQ LAMTRCQIOS& 4;<(, FTMCSINMR AR A HNLIMG QECEOSNQ ROECIFIC 
FNQ SHE KAQGE IMSERSIME$ BTS MNS FNQ SHE RLAKK IMSERSIME "7IL ES AK& )'(*& ;961. )*--(-++#& >HEQEFNQE$ 8%>QO CAM DIFFEQEMSIAKKX 
IMFKTEMCE >QEG ONOTKASINM IM SHE DIFFEQEMS IMSERSIMAK SQACSR UIA SHE IMDTCSINM NF 4;<(, AMD RTBREPTEMS ACSINM NF 4;<(, IM > CEKK 
HNLIMG& /R RHNVM IM =TOOKELEMSAQX 3IG& )$ 8%>QO%LEDIASED IMCQEARE NF 4;<(,! >QEGR IM SHE KAQGE IMSERSIME NMKX NCCTQR IM SHE 
OQEREMCE NF 4;<(,& ?HIKE SHIR ONIMS VAR EWOKAIMED IM SHE SEWS QEKEUAMS SN =TOOKELEMSAQX 3IG& )$ VE CNMCTQ VISH SHE QEUIEVEQ 
SHAS IS RHNTKD BE ELOHARIYED& 6M SHE QEUIRED UEQRINM$ VE LNDIFIED NTQ DIRCTRRINM SN ELOHARIYE SHIR ONIMS&   

2. According to Fig. 2c, the authors mention “We also found that most of the colonic GPR15+ Tregs that increased after L-Trp 
supplementation were thymus-derived HELIOS+ Tregs, as opposed to peripherally-derived RORgt+ Tregs”. Helios was defined as one of 

thymic Treg markers in the paper by Thornton et al., 2010; however, it was also expressed on peripherally derived Treg cells, and several 
studies dealt with Helios as an activation-related marker in vivo Treg cells (Gottschalk et al., 2014). In this manuscript, the authors didn’t 
address whether GPR15+ Tregs are truly thymus-derived or not. Their findings should be more careful in this point.

?E AGQEED VISH SHE QEUIEVEQ AMD LNDIFIED NTQ SEWS SN AUNID LIRIMSEQOQESASINM NF NTQ DASA& 6M ADDISINM$ VE DERCQIBED A ONSEMSIAK 
AKSEQMASIUE NQIGIM NF 5286:=! >QEGR AMD ADDED A QEFEQEMCE FNQ QEADEQR& 

3. Related to the comment above, the authors didn’t show a representative FACS plot of Helios and RORgt expression on GPR15+ Treg 

cells in Fig. 2c. Several studies indicated that colon Treg cells possess reciprocal expression of these markers in different physiological 
conditions (Ohnmacht et al., 2015; Pratama et al., 2019). The authors need to address this point by showing a relevant FACS figure. 

As the reviewer suggested, we have now included representative FACS plots in Fig. 2c. 

4. In Fig. 6g, human GPR15+Foxp3– T cells were apparently enriched in colonic lamina propria compared to mouse colon, but the 
frequency of these cells highly varied. This suggests that the variation of GPR15+ Tconv cells might reflect the diversity of gut microbiota. 
This topic is also related to Fig. 3 and my previous comment #8. The authors may need to discuss this. 

/R SHE QEUIEVEQ RTGGERSED$ VE HAUE MNV IMCKTDED A DIRCTRRINM ABNTS HTLAM 4;<(,!3:@;*" > CEKKR AMD SHE KIJEKX ILOACS NF 
DIUEQRE LICQNBINSA&
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<EUIEVEQ !* "<ELAQJR SN SHE /TSHNQ#. 

The authors have thoughtfully and thoroughly responded to the critiques. Given that L-Trp supplementation failed to treat murine colitis, 
this point should be acknowledged in the discussion as a potential limitation to using L-Trp for treating human IBD.

>HAMJ XNT UEQX LTCH FNQ SHE HEKOFTK RTGGERSINMR SN ILOQNUE NTQ LAMTRCQIOS& /R SHE QEUIEVEQ RTGGERSED$ VE HAUE MNV 
IMCKTDED A DIRCTRRINM ABNTS A ONSEMSIAK KILISASINM SN TRIMG 8%>QO FNQ SQEASIMG HTLAM 601&

We hope this revision satisfies the editors and the reviewers, so that we can share our 
exciting discovery about the connection between dietary L-Tryptophan and colonic T cell 
responses with general public.  



REVIEWERS' COMMENTS

Reviewer #2 (Remarks to the Author):

They have properly responded to my comments. 

Reviewer #3 (Remarks to the Author):

The authors have satisfactorily addressed my remaining concern.


