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Cholecystectomy-related gut microbiota dysbiosis
exacerbates colorectal tumorigenesis
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Reviewer #1 (Remarks to the Author):

In this manuscript, the authors report changes in gut microbiota and in bile acid metabolism

following cholecystectomy, both in patients and mice. They show that cholecystectomy

increases colorectal carcinogenesis (CRC) in the azoxymethane (AOM) and dextran

sodium sulfate (DSS) mouse model, and that this effect is reproduced by some of the

changes in gut microbiota, i.e. a decrease in Bifidobacterium breve or an increase in

Ruminococcus gnavus as observed in mice, and by an increase in glycol-ursodeoxycholic

acid (GUDCA), as observed in humans. They attribute this effect to an inhibition of FXR

and its interaction with f-catenin, which is reversed by obeticholic acid. Despite its interest, 

the work raises important concerns.

1. The causal relationship between cholecystectomy and colorectal cancer (CRC) or other

complications in humans is still debated, whereas it is presented as well established (lines

346-351).

Response: RZ ZmegZhh djg h^cXZgZ \gVi^ijYZ [dg i]Z ^ckVajVWaZ XdchigjXi^kZ XdbbZcih

egdk^YZY Wn i]Z ZhiZZbZY gZk^ZlZgh, >]daZXnhiZXidbn ^h i]Z bdhi Xdbbdc egdXZYjgZ

^c W^a^Vgn igVXi hjg\Zgn* VXXdbeVc^ZY Wn adc\+iZgb Xdbea^XVi^dch* hjX] Vh gZXjggZci

X]daZYdX]da^i]^Vh^h VcY edhi+X]daZXnhiZXidbn hncYgdbZ (Am J Gastroenterol 2020;

115: 1191-1198.) IdiVWan* egZk^djh bZiV+VcVanh^h h]dlZY i]Vi i]Z g^h` d[ Xdadc XVcXZg

V[iZg X]daZXnhiZXidbn lVh 1.$ ]^\]Zg (PLoS One 2017; 12: e0181852). Dc i]Z

XjggZci hijYn* lZ dWhZgkZY i]Vi X]daZXnhiZXidbn ^h XVeVWaZ d[ egdbdi^c\ XdadgZXiVa

ijbdg^\ZcZh^h ^c V bVccZg YZeZcYZci dc i]Z \ji b^XgdW^diV,

2. The information regarding the patients provided in Table S1, is very limited so that there

could be many confounding factors notably metabolic factors, which could explain the

differences in gut microbiota and bile acid profile between the two groups, besides

cholecystectomy. The time elapsed since cholecystectomy apparently ranges between 1

and 20 years (lines 462-463), which makes the study group very heterogeneous,

considering the adaptation of bile acids metabolism which may occur in patients post-

cholecystectomy. Two patients in the group of cholecystectomy developed CRC, whereas

it is not specified if CRC occurred before or after cholecystectomy, and how long after if

this the case. In addition, the statistic method used to analyze patients’ date should appear

in the legend of Table S1.

Response: RZ ]VkZ ^cXajYZY i]Z YZbd\gVe]^X YViV d[ Wdi] X]daZXnhiZXidbn eVi^Zcih

VcY ]ZVai]n Xdcigdah ^c NjeeaZbZciVgn OVWaZ /* VcY hjWhZfjZcian XdcYjXiZY Vc VcVanh^h

id ^YZci^[n Vcn Y^hXZgc^WaZ Y^[[ZgZcXZh WZilZZc i]Z ild \gdjeh, <cY lZ Vahd VYYZY i]Z

hiVi^hi^X bZi]dY ^c i]Z aZ\ZcY d[ OVWaZ N/,



3. The mechanism whereby cholecystectomy promotes CRC in mice was investigated by

performing GUDCA gavage, whereas it is TUDCA which increases after cholecystectomy

in mice. Likewise, whereas B. breve is decreased following cholecystectomy in mice, it

seems to be increased in humans (Fig. 1C). Generally, figure legends are not self-

explanatory, which makes the interpretation of data difficult.

Response: RZ \gZVian VeegZX^ViZ i]Z kVajVWaZ VcY XdchigjXi^kZ XdbbZci egdk^YZY, Dc

gZhedchZ id i]^h* lZ ]VkZ XdcYjXiZY VYY^i^dcVa ZmeZg^bZcih jh^c\ OP?>< ^c V bdjhZ

bdYZa, O]Z gZhjaih d[ i]ZhZ ZmeZg^bZcih VgZ egZhZciZY ^c A^\, 3E+F VcY A^\, N/4>+?* Vh

egdk^YZY ^c i]Z ViiVX]ZY YdXjbZci, Jjg [^cY^c\h ^cY^XViZ i]Vi OP?>< igZVibZci

h^\c^[^XVcian Zc]VcXZh i]Z YZkZadebZci d[ B=m+^cYjXZY XdadgZXiVa ijbdgh 'A^\, 3E VcY

A^\, N/4>(* Vh lZaa Vh ijbdg eVi]dad\n 'A^\, 3F VcY A^\, N/4?(, O]ZhZ gZhjaih hj\\Zhi

i]Vi OP?>< bVn Vahd eaVn V gdaZ ^c egdbdi^c\ XdadgZXiVa ijbdg^\ZcZh^h, =VhZY dc

egZk^djh hijY^Zh VcY djg dlc YViV* lZ edh^i i]Vi OP?>< VcY BP?>< egdbdiZ B=m+

bZY^ViZY XdadgZXiVa ijbdg^\ZcZh^h,

RZ ]VkZ Y^a^\Zcian ^cXdgedgViZY i]ZhZ cZl [^cY^c\h ^cid i]Z gZk^hZY bVcjhXg^ei*

heZX^[^XVaan dc KV\Z /2,

;QO* 1* B. breve) ITL R. gnavus)SMLQIZML JQRM IKQL SMZIJURQYS QY QT\UR\ML QT KURUXMKZIR Z[SUXQOMTMYQY* 'E+F(

MZegZhZciVi^kZ ^bV\Zh d[ bdjhZ Xdadc 'E( VcY C%@ hiV^c^c\ 'F( d[ b^XZ igZViZY l^i] BP?>< dg OP?>< [daadl^c\

<JH-?NN bdYZa,



;QO* D-2* E[SUX T[SJMX ITL W[ITZQZIZQ\M ITIR_YQY UN =$: YZIQTQTO QT SQKM( XMRIZML ZU ;QO* 1* '>( <kZgV\Z

ijbdg cjbWZg ^c b^XZ igZViZY l^i] BP?>< dg OP?>< [daadl^c\ <JH-?NN bdYZa, '?( LjVci^iVi^kZ VcVanh^h d[

C%@ hiV^c^c\ ^c ZVX] \gdje,

Dc djg hijYn* lZ dWhZgkZY V h^\c^[^XVci YZXgZVhZ ^c i]Z VWjcYVcXZ d[ B. breve 'A^\, /?(

VcY V cdiVWaZ ^cXgZVhZ ^c i]Z VWjcYVcXZ d[ R. gnavus 'A^\, N2B( ^c i]Z B=m edejaVi^dc,

lZ i]Zc XdcYjXiZY Vc VcVanh^h id YZiZgb^cZ i]Z aZkZah d[ B. breve VcY R. gnavus ^c

bdjhZ bdYZah [daadl^c\ B=m, Jjg [^cY^c\h gZkZVaZY Vc ^cXgZVhZ ^c i]Z VWjcYVcXZ d[

R. gnavus ^c i]Z B=m)<JH-?NN \gdje 'A^\, N2A(* l]^aZ i]Z VWjcYVcXZ d[ B. breve

h]dlZY V YZXgZVhZ 'A^\, N2C(, lZ Vahd dWhZgkZY V h^\c^[^XVci YZXgZVhZ ^c i]Z VWjcYVcXZ

d[ B. breve 'A^\, N2D( VcY V cdiVWaZ ^cXgZVhZ ^c i]Z VWjcYVcXZ d[ R. gnavus 'A^\, N2E(

^c i]Z B=m \gdje, <YY^i^dcVaan* lZ dWhZgkZY i]Vi <K>+B=m b^XZ Zm]^W^iZY adlZg aZkZah

d[ B. breve 'A^\, N2F( VcY ]^\]Zg aZkZah d[ R. gnavus 'A^\, N2G( XdbeVgZY id i]Z <K>+

N]Vb \gdje, KaZVhZ gZ[Zg id i]Z ViiVX]ZY YdXjbZci [dg YZiV^aZY YViV dc i]^h bViiZg,

;QO* -* EPM O[Z SQKXUJQUZI ITL JQRM IKQL VXUNQRMY QT KPURMK_YZMKZUS_ VIZQMTZY* '?( MZaVi^kZ VWjcYVcXZ 'eZgXZci

gZVYh( d[ B. breve WVhZY dc bZiV\Zcdb^Xh hZfjZcX^c\,



;QO* D0* EPM O[Z SQKXUJQUZI VXUNQRM QT DPIS ITL <7^ SQKM ]QZP UX ]QZPU[Z 6A@)9DD UX 6B8 OMTMZQK

SITQV[RIZQUT* 'A( MZaVi^kZ VWjcYVcXZ d[ R. gnavus WZilZZc N]Vb)<JH-?NN VcY B=m)<JH-?NN b^XZ, 'B( O]Z

gZaVi^kZ VWjcYVcXZ d[ R. gnavus WZilZZc ]ZVai]n VcY X]daZXnhiZXidbn eVi^Zcih, 'C( O]Z gZaVi^kZ VWjcYVcXZ d[ B.

breve WZilZZc i]Z N]Vb)<? VcY B=m)<? \gdje, 'D( fK>M VcVanh^h d[ B. breve VWjcYVcXZ ^c N]Vb VcY B=m b^XZ,

'E( fK>M VcVanh^h d[ R.gnavus ^c N]Vb VcY B=m b^XZ, 'F( fK>M VcVanh^h d[ B. breve VWjcYVcXZ WZilZZc <K>+

N]Vb VcY <K>+B=m b^XZ, 'G( fK>M VcVanh^h d[ R. gnavus ^c <K> b^c-)b^XZ,

Od egZkZci Vcn ediZci^Va b^hjcYZghiVcY^c\h* lZ XdggZXiZY i]Z YZhXg^ei^dc ^c Wdi] i]Z

[^\jgZ VcY [^\jgZ aZ\ZcYh* VcY YZiV^aZY YZhXg^ei^dch d[ i]Z hiVi^hi^XVa VcVanh^h bZi]dYh

]VkZ Vahd WZZc ^cXdgedgViZY ^cid i]Z gZheZXi^kZ [^\jgZ aZ\ZcYh, O]Z jeYViZY kZgh^dc d[

i]Z [^\jgZ VcY ^ih XdggZhedcY^c\ aZ\ZcYh VgZ egdk^YZY ^c i]Z ViiVX]ZY YdXjbZci,

4. The English syntax needs to be thoroughly revised in particular to express quantitative

data properly, e.g. “more severe tumor distribution” (lines 355-356) does not mean anything.

The meaning of several other sentences is unclear, for example, lines 133 and 147: “tumor

distribution…larger and wider”; line 147 “colorectal tumor distribution…greater ; line 200

more obvious CRC phenotype; line 393 “a major role in this process”: which process does

this refer to?; lines 396-397, “the transformation from CDCA to UDCA …has proven

feasible”; lines 432-433 “Our results showed that the combination….to the control group”.

Line 432, reference 33 is not appropriate.

Response: RZ ZmegZhh djg h^cXZgZ \gVi^ijYZ [dg i]Z ^ckVajVWaZ XdchigjXi^kZ XdbbZcih

egdk^YZY Wn i]Z ZhiZZbZY gZk^ZlZgh, O]Z bVcjhXg^ei ]Vh WZZc hjWb^iiZY id Neg^c\Zg

IVijgZ [dg egd[Zhh^dcVa aVc\jV\Z ZY^i^c\, KaZVhZ [^cY ViiVX]ZY i]Z XdggZhedcY^c\

XZgi^[^XViZ [dg ndjg gZ[ZgZcXZ,



Dc i]Z gZk^hZY kZgh^dc* lZ ]VkZ XdggZXiZY i]Z ^begdeZg gZ[ZgZcXZ Vi a^cZ 210 (Acta

Pharm Sin B 2024;14:1241-1256 ).

5. The number of replicates is not indicated for all quantitative data in figure legends. Details

are also lacking regarding the histopathological analysis of the colon in mice. The score was

the average of scores determined by two experts. Information is lacking regarding the intra-

and inter-observer variability in this scoring analysis? Information is also lacking regarding the

distribution of lesions along the colon, i.e., proximal vs. distal. How were the different grades of

histological severity found in each mouse take into account. In addition, it is not specified which

part of the colon or if the entire colon were used for RT-PCR analyses.

Response: Od ZchjgZ XdbegZ]Zch^kZ gZedgi^c\ VcY gZhZVgX] igVcheVgZcXn* lZ ]VkZ

^cXajYZY i]Z cjbWZg d[ iZX]c^XVa gZea^XViZh ^c ZVX] [^\jgZ aZ\ZcY, Di ^h ^bedgiVci id cdiZ

i]Vi Vaa YViV egZhZciZY ^c i]^h hijYn VgZ gZegZhZciVi^kZ gZhjaih YZg^kZY [gdb V b^c^bjb

d[ i]gZZ ^cYZeZcYZci ZmeZg^bZcih,

O]Z ]^hidad\^X ^c_jgn hXdgZh '.+/0( lZgZ ZkVajViZY ^c V Wa^cYZY bVccZg Wn V

\Vhigd^ciZhi^cVa eVi]dad\^hi WVhZY dc i]Z YZ\gZZ d[ Ze^i]Za^Va YVbV\Z VcY ^c[aVbbVidgn

^c[^aigViZ ^c i]Z bjXdhV* hjWbjXdhV VcY bjhXjaVg^h-hZgdhV (J Clin Invest

2005;115:695-702). <cY ^ciZhi^cVa ijbdgh lZgZ VhhZhhZY Wn Vc ZmeZg^ZcXZY eVi]dad\^hi*

VXXdgY^c\ id i]Z eVi]dad\n d[ bdjhZ bdYZah d[ ^ciZhi^cVa XVcXZg8 XdchZchjh gZedgi VcY

gZXdbbZcYVi^dch (Gastroenterology 2003;134:762-77; Gastroenterology

REDACTED



2013;144:705-17). <cY i]Z XdciZci d[ gZk^Zl bV^can ^cXajYZh8 i]Z Y^VbZiZg VcY

cjbWZg d[ YnheaVh^V-cZdeaVh^V- ijbdgh* i]Z YZei] d[ ijbdg ^ckVh^dc* i]Z VgZV V[[ZXiZY

Wn ^c[aVbbVi^dc, GZh^dch d[ adl 'GB?( VcY ]^\]+\gVYZ YnheaVh^V 'CB?( VcY

VYZcdXVgX^cdbV lZgZ \gVYZY VcY XdjciZY dc ZVX] hZXi^dc, HdgZdkZg* i]ZhZ Xdadc^X

aZh^dch VgZ adXViZY ^c i]Z Y^hiVa Xdadc,

Di ^h l^YZan `cdlc i]Vi i]ZgZ Zm^hi ^cY^k^YjVa Y^[[ZgZcXZh Vbdc\ b^XZ* VcY b^XZ l^i]^c

i]Z hVbZ \gdje bVn Zm]^W^i Y^[[ZgZci aZkZah d[ ]^hidad\^XVa hZkZg^in, <[iZg dWiV^c^c\ i]Z

]^hidad\^XVa hXdgZ YViV d[ b^XZ* lZ XVgg^ZY dji i]Z VcVanh^h hig^Xian ^c VXXdgYVcXZ l^i]

i]Z hiVi^hi^XVa VcVanh^h bZi]dY, <cY id ZchjgZ i]Z VXXjgVXn VcY Veegdeg^ViZcZhh d[ djg

hiVi^hi^XVa VcVanh^h* lZ hdj\]i i]Z ZmeZgi^hZ d[ V heZX^Va^oZY hiVi^hi^X^Vc l]d XVgZ[jaan

gZk^ZlZY VcY gZX]ZX`ZY Vaa i]Z YViV VcVanh^h, O]Z heZX^[^X YZiV^ah d[ i]Z hiVi^hi^XVa

VcVanh^h bZi]dYh ]VkZ WZZc VYYZY id ZVX] [^\jgZ aZ\ZcY,

Ajgi]ZgbdgZ* lZ XdcYjXiZY K>M VcVanh^h ji^a^o^c\ Xdadc XVcXZgdjh i^hhjZh id YZakZ

YZZeZg ^cid i]Z heZX^[^X bZX]Vc^hb jcYZgan^c\ B=m+^cYjXZY ijbdg^\ZcZh^h* Wj^aY^c\

jedc egZk^djh gZedgih %Gut 2023; 72(4): 710-721; Mol Cancer 2020; 19(1):46; Int J

Biol Sci. 2023; 19 (14):4393-4410&*

6. Some statements like “after cholecysctectomy, the enterohepatic circulation of bile acid

was accelerated…” (line 115) was not shown in the present study, and if this is the case,

the proportion of conjugated bile acids should be decreased rather than increased as found

here (line 118).

Response: RZ ZmegZhh djg h^cXZgZ VeegZX^Vi^dc [dg i]Z kVajVWaZ XdbbZci egdk^YZY, Dc

i]Z gZk^hZY bVcjhXg^ei* lZ ]VkZ gZXi^[^ZY i]ZhZ ^begdeZg ZmegZhh^dch,

7. All abbreviations should be defined.

Response: Dc i]Z gZk^hZY bVcjhXg^ei* lZ ]VkZ YZ[^cZY Vaa i]Z VWWgZk^Vi^dch,

Reviewer #2 (Remarks to the Author):

This study by Tang B. and colleagues is of great interest for understanding the contribution

of cholecystectomy to CRC initiation and progression. It also reveals potential drug targets

in this specific scenario of CRC initiation. Most of the experiments are well designed and

executed. This is a study of interest for the field of CRC. The experiments, figures and text

are well designed and clear. However, there are many relevant aspects that should be

significantly improved before its publication in Nature Communications.

MAJOR COMMENTS:



General advice:

The number of mice (n) used in each experiment should be indicated in all figures.

Response: Od ZchjgZ XdbegZ]Zch^kZ gZedgi^c\ VcY gZhZVgX] igVcheVgZcXn* lZ egdk^YZY

VccdiVi^dch [dg i]Z cjbWZg d[ b^XZ ^c ZVX] \gdje [dg ZVX] ZmeZg^bZci ^c i]Z [^\jgZ

aZ\ZcY ^c i]Z gZk^hZY bVcjhXg^ei,

1. Cholecystectomy and intestinal proliferation:

Humans develop tumors in colon or rectum but rarely in small intestine.It is necessary to

quantify with greater detail the proliferation of normal mucosa in control and GBx mouse

intestines. Several questions should be answered:

1.1. GBx does affect only the proliferation of small intestinal cells?

1.2. Is it also affecting the proliferation of colon or rectum mucosa?

1.3. Which are the cells with increased proliferation? Enterocytes, stem cells, other

lineages? This characterization will help to understand whether an abnormal increased

proliferation rate could be required for tumor initiation from a particular cell of origin?

Response: RZ YZZean VeegZX^ViZ i]Z kVajVWaZ VcY XdchigjXi^kZ XdbbZci egdk^YZY, Dc

djg hijYn* lZ XdcXZcigViZY dc i]Z ^beVXih d[ X]daZXnhiZXidbn dc XdadgZXiVa

ijbdg^\ZcZh^h, Jjg gZhjaih YZbdchigViZY i]Vi ^c Wdi] i]Z <JH+?NN VcY <K>b^c-)

bdjhZ bdYZah* i]Z cjbWZg d[ `^+45 edh^i^kZ XZaah ^c XdadgZXiVa ijbdgh ^cXgZVhZY V[iZg

X]daZXnhiZXidbn 'A^\, 0C VcY A^\, N0A(* hj\\Zhi^c\ i]Vi X]daZXnhiZXidbn egdbdiZh i]Z

egda^[ZgVi^dc d[ XdadgZXiVa ijbdgh,

;QO* .* 8PURMK_YZMKZUS_ VXUSUZMY KURUXMKZIR Z[SUXQOMTMYQY QT 8137?+2 SQKM* 'C( MZegZhZciVi^kZ ^bV\Zh VcY

hZb^fjVci^iVi^kZ VcVanh^h d[ F^45 hiV^c^c\ d[ bdjhZ Xdadch,



;QO* D.* 8PURMK_YZMKZUS_ NIKQRQZIZMY KURUXMKZIR Z[SUXQOMTMYQY QT 6B8SQT+' SQKM* 'A( MZegZhZciVi^kZ ^bV\Zh d[

F^45 hiV^c^c\ d[ bdjhZ Xdadch VcY hZb^fjVci^iVi^kZ VcVanh^h,

KgZk^djh hijY^Zh ]VkZ gZedgiZY i]Vi VciV\dc^hb d[ ^ciZhi^cVa ASM ^cYjXZh egda^[ZgVi^dc

VcY ?I< YVbV\Z ^c G\g3) XVcXZg hiZb XZaah (Cell 2019; 176: 1098-1112.e18). <cY

^ciZhi^cVa dg\Vcd^Yh VgZ i]gZZ+Y^bZch^dcVa i^hhjZ VcVad\jZh [dgbZY Wn Xgneih dg h^c\aZ

hiZb XZaah [gdb i]Z ^ciZhi^cZ ^c V XjaijgZ hnhiZb ^c k^igd* l^i] hZa[+gZcZlVa VcY

Y^[[ZgZci^Vi^dc XVeVW^a^i^Zh (Cell Stem Cell. 2018; 23: 787-793.e6). Dc djg bVcjhXg^ei*

lZ ji^a^oZY Vc ^ciZhi^cVa Ze^i]Za^Va dg\Vcd^Y bdYZa [gdb B=m)<JH-?NN b^XZ id

ZmeadgZ i]Z heZX^[^X bZX]Vc^hb, MZbVg`VWan* BP?>< ^c]^W^iZY i]Z \gdli] d[

dg\Vcd^Yh ^cYjXZY Wn BP?>< 'A^\, 5C(* ^cY^XVi^c\ i]Vi X]daZXnhiZXidbn egdbdiZh i]Z

egda^[ZgVi^dc d[ XVcXZg hiZb XZaah,

;QO* 3* A86 VXM\MTZY KPURMK_YZMKZUS_)QTL[KML KURUXMKZIR Z[SUXQOMTMYQY* 'C( MZegZhZciVi^kZ ^bV\Z VcY

fjVci^[^XVi^dc d[ dg\Vcd^Yh \ZcZgViZY [gdb B=m)<JH-?NN b^XZ igZViZY l^i] Xdcigda* BP?><* dg BP?><)J><,

2. Intestinal permeability:

GBx mice present an increased intestinal permeability. Several questions arise:

2.1. Is it due to a defective cell differentiation in mucosa?

2.2. Is it due to abnormal mucosa absorption physiology?

2.3. Is it due to a defective barrier/cell-to-cell contact monolayer epithelia?

Response: RZ YZZean VeegZX^ViZ i]Z kVajVWaZ VcY XdchigjXi^kZ XdbbZci egdk^YZY, RZ

]VkZ XdcYjXiZY VYY^i^dcVa ZmeZg^bZcih VcY VcVanhZh XdbeVg^c\ i]Z h]Vb VcY B=m



\gdjeh ^c i]Z VWhZcXZ d[ <JH+?NN dg <K> \ZcZi^X bVc^ejaVi^dc, Jjg [^cY^c\h

gZkZVaZY i]Z ^ciZhi^cVa WVgg^Zg [jcXi^dc d[ B=m b^XZ lVh ha^\]ian ^beV^gZY l^i]dji

h^\c^[^XVcian Y^[[ZgZcXZ 'A^\, N/>(, CdlZkZg* lZ dWhZgkZY V cdiVWaZ YZXgZVhZ ^c i]Z

ZmegZhh^dc d[ WVgg^Zg+gZaViZY bdaZXjaZh* cVbZan UJ+/ 'A^\, N/?( VcY JXXajY^c 'A^\,

N/@( ^c i]Z B=m \gdje* hj\\Zhi^c\ i]Vi X]daZXnhiZXidbn \^kZh g^hZ id YZ[ZXi^kZ

WVgg^Zg-XZaa+id+XZaa XdciVXi bdcdaVnZg Ze^i]Za^V VcY ^cXgZVhZh ^ciZhi^cVa eZgbZVW^a^in,

;QO* D-* 8PURMK_YZMKZUS_ QTL[KML KPITOMY UN O[Z JIXXQMX N[TKZQUT ITL MVQZPMRQIR QTZMOXQZ_ QT SQKM* '>( DciZhi^cVa

eZgbZVW^a^in bZVhjgZY Wn ADO>+YZmigVc ^c b^XZ V[iZg deZgVi^dc, '?+@( MZaVi^kZ ZmegZhh^dc d[ Ud+/ '?( VcY JXXajY^c

'@( ^c N]Vb VcY B=m b^XZ,

3. Effect of bile acid on bacteria:

B. breve and R. gnavus are both increased in patients with GBx? A quantification of B.

breve should be shown. How is possible that B.breve is sensitive and R. gnavus is resistant

to Bile acids?

Response: Dc djg hijYn* lZ dWhZgkZY V h^\c^[^XVci YZXgZVhZ ^c i]Z VWjcYVcXZ d[ B. breve

'A^\, /?( VcY V cdiVWaZ ^cXgZVhZ ^c i]Z VWjcYVcXZ d[ R. gnavus 'A^\, N2B( ^c i]Z B=m

edejaVi^dc, RZ i]Zc XdcYjXiZY Vc VcVanh^h id YZiZgb^cZ i]Z aZkZah d[ B. breve VcY R.

gnavus ^c bdjhZ bdYZah [daadl^c\ B=m, Jjg [^cY^c\h gZkZVaZY Vc ^cXgZVhZ ^c i]Z

VWjcYVcXZ d[ R. gnavus ^c i]Z B=m)<JH-?NN \gdje 'A^\, N2A(* l]^aZ i]Z VWjcYVcXZ

d[ B. breve h]dlZY V YZXgZVhZ 'A^\, N2C(, lZ Vahd dWhZgkZY V h^\c^[^XVci YZXgZVhZ ^c

i]Z VWjcYVcXZ d[ B. breve 'A^\, N2D( VcY V cdiVWaZ ^cXgZVhZ ^c i]Z VWjcYVcXZ d[ R.

gnavus 'A^\, N2E( ^c i]Z B=m \gdje, <YY^i^dcVaan* lZ dWhZgkZY i]Vi <K>+B=m b^XZ

Zm]^W^iZY adlZg aZkZah d[ B. breve 'A^\, N2F( VcY ]^\]Zg aZkZah d[ R. gnavus 'A^\, N2G(

XdbeVgZY id i]Z <K>+N]Vb \gdje, KaZVhZ gZ[Zg id i]Z ViiVX]ZY YdXjbZci [dg YZiV^aZY

YViV dc i]^h bViiZg,



;QO* -* EPM O[Z SQKXUJQUZI ITL JQRM IKQL VXUNQRMY QT KPURMK_YZMKZUS_ VIZQMTZY* '?( MZaVi^kZ VWjcYVcXZ 'eZgXZci

gZVYh( d[ B. breve WVhZY dc bZiV\Zcdb^Xh hZfjZcX^c\,

;QO* D0* EPM O[Z SQKXUJQUZI VXUNQRM QT DPIS ITL <7^ SQKM ]QZP UX ]QZPU[Z 6A@)9DD UX 6B8 OMTMZQK

SITQV[RIZQUT* 'A( MZaVi^kZ VWjcYVcXZ d[ R. gnavus WZilZZc N]Vb)<JH-?NN VcY B=m)<JH-?NN b^XZ, 'B( O]Z

gZaVi^kZ VWjcYVcXZ d[ R. gnavus WZilZZc ]ZVai]n VcY X]daZXnhiZXidbn eVi^Zcih, 'C( O]Z gZaVi^kZ VWjcYVcXZ d[ B.

breve WZilZZc i]Z N]Vb)<? VcY B=m)<? \gdje, 'D( fK>M VcVanh^h d[ B. breve VWjcYVcXZ ^c N]Vb VcY B=m b^XZ,

'E( fK>M VcVanh^h d[ R.gnavus ^c N]Vb VcY B=m b^XZ, 'F( fK>M VcVanh^h d[ B. breve VWjcYVcXZ WZilZZc <K>+

N]Vb VcY <K>+B=m b^XZ, 'G( fK>M VcVanh^h d[ R. gnavus ^c <K> b^c-)b^XZ,

=^aZ idaZgVcXZ ^h dcZ d[ i]Z bdhi XgjX^Va X]VgVXiZg^hi^Xh d[ \ji WVXiZg^V h^cXZ ^i

YZiZgb^cZh i]Z^g XVeVX^in id hjgk^kZ ^c i]Z ^ciZhi^cZ VcY XdchZfjZcian i]Z^g VW^a^in id

eZg[dgb i]Z^g [jcXi^dch, <eVgi [gdb i]Z^g cdgbVa e]nh^dad\^XVa [jcXi^dch* W^aZ VX^Yh VgZ

ZmigZbZan idm^X id b^Xgddg\Vc^hbh i]Vi VgZ cdi VYVeiZY id ^ciZhi^cVa XdcY^i^dch, =^aZ

hVai XVc VaiZg XZaa bZbWgVcZh VcY XVjhZ ?I< YVbV\Z* i]ZgZWn ZmZgi^c\ Vci^WVXiZg^Va

Z[[ZXih (Front Microbiol. 2013; 4:396). Dc djg bVcjhXg^ei* lZ dWhZgkZY i]Z \gdli] d[

=, WgZkZ lVh ^c]^W^iZY ^c W^aZ hVaih ^c V XdcXZcigVi^dc+YZeZcYZci bVccZg 'A^\, N/2<(*

hj\\Zhi^c\ B. breve ^h hZch^i^kZ id W^aZ VX^Y,



Od WZ VWaZ id hjgk^kZ ^c \Vhigd^ciZhi^cVa igVchedgiVi^dc VcY iZbedgVg^an Xdadc^oZ djg

^ciZhi^cZh* i]ZhZh WVXiZg^V bjhi ZkdakZ heZX^[^X YZ[ZchZ bZX]Vc^hbh id dkZgXdbZ i]Z

]Vgb[ja Z[[ZXih d[ W^aZ hVaih, O]ZhZ VYVeiVi^dch VgZ XdbedhZY d[ i]Z Z[[ajm d[ W^aZ hVaih

[gdb XZaah* i]Z ]nYgdanh^h d[ W^aZ hVaih* VcY i]Z higjXijgVa VcY Xdbedh^i^dcVa VaiZgVi^dch

d[ WVXiZg^Va XZaa bZbWgVcZh (Front Microbiol. 2013; 4:396; Biotechnol Adv. 2018;

36(3): 682-690). Dc djg bVcjhXg^ei* djg gZhjaih ^cY^XViZY i]Vi R. gnavus lVh gZh^hiVci

id W^aZ hVaih 'A^\, N/2=(,

;QO D-0* 7QRM IKQL YIRZY IRZMX ZPM OXU]ZP UN 7* JXM\M ITL C* OTI\[Y( XMRIZML ZU ;QO* 1* '<( Bgdli] XjgkZ d[ =,

WgZkZ V[iZg igZVibZci l^i] Y^[[ZgZci XdcXZcigVi^dch 'li-kda( d[ W^aZ VX^Y hVaih, '=( Bgdli] XjgkZ d[ M, \cVkjh V[iZg

igZVibZci l^i] Y^[[ZgZci XdcXZcigVi^dch 'li-kda( d[ W^aZ VX^Y hVaih,

4. Fecal Microbiota Transplantation:

Authors should dissect the contribution of microbiota versus non-microbiota components

from donor fecal material when transplanted into mice. For instance, GBx fecal material

from patients or mice present a different bile acid composition. Does it affect tumorigenesis

in transplanted mice?

Response: RZ \gZVian VeegZX^ViZ i]Z kVajVWaZ VcY XdchigjXi^kZ XdbbZci egdk^YZY, RZ

egdXZZYZY id XdcYjXi ]jbVc^oZY VcY bjg^cZ+YZg^kZY [ZXVa b^XgdW^diV igVcheaVciVi^dc

'AHO( ZmeZg^bZcih ^c dgYZg id VhhZhh i]Z ^c[ajZcXZ d[ i]Z b^XgdW^diV [gdb ^cY^k^YjVah

l]d jcYZglZci X]daZXnhiZXidbn VcY XdggZhedcY^c\ Xdcigda \gdjeh dc XdadgZXiVa

ijbdg^\ZcZh^h 'A^\, 2<+A* A^\, N4* VcY A^\, N5(, NjWhZfjZcian* lZ VhhZhhZY i]Z gdaZ d[

B. breve VcY R. gnavus ^c djg bdYZa i]gdj\] V h^c\aZ WVXiZg^jb \VkV\Z ZmeZg^bZci 'A^\,

N7(, O]ZhZ gZhjaih VhhZhhZY i]Z Xdcig^Wji^dc d[ b^XgdW^diV XdbedcZcih [gdb Ydcdg [ZXVa

bViZg^Va ^c ijbdg^\ZcZh^h ^c igVcheaVciZY b^XZ,

RZ egZk^djhan Y^hXdkZgZY i]Vi BP?>< lVh ZaZkViZY ^c i]Z edejaVi^dc V[iZg B=m* VcY

OP?>< ^cXgZVhZY ^c B=m b^XZ, >dchZfjZcian* lZ XVgg^ZY dji VYY^i^dcVa ZmeZg^bZcih

jh^c\ BP?>< VcY OP?>< ^c V bdjhZ bdYZa, Jjg [^cY^c\h ^cY^XViZ i]Vi Wdi] BP?><

VcY OP?>< igZVibZci h^\c^[^XVcian Zc]VcXZh i]Z YZkZadebZci d[ B=m+^cYjXZY

XdadgZXiVa ijbdgh 'A^\, 3E VcY A^\, N/4>(* Vh lZaa Vh ijbdg eVi]dad\n 'A^\, 3F VcY A^\,

N/4?(, O]ZhZ gZhjaih VhhZhhZY i]Z Xdcig^Wji^dc d[ cdc+b^XgdW^diV XdbedcZcih [gdb

Ydcdg [ZXVa bViZg^Va ^c ijbdg^\ZcZh^h ^c igVcheaVciZY b^XZ,



Ajgi]ZgbdgZ* lZ XdcYjXiZY V hZg^Zh d[ ZmeZg^bZcih jh^c\ i]Z b^XgdW^diV VcY W^aZ hVai

]nYgdaVhZ '=NC( ^c]^W^idg g^Wd[aVk^c dg 5z+]nYgdmnhiZgd^Y YZ]nYgd\ZcVhZ '5z+CN?C(

^c]^W^idg P?>< id ZajX^YViZ i]Z heZX^[^X bZX]Vc^hbh d[ i]Z b^XgdW^diV VcY W^aZ VX^Yh

'cdc+b^XgdW^diV XdbedcZcih( ^c djg bdYZa 'A^\jgZ 3C+D VcY A^\jgZ N/4<+=(,

OV`Zc id\Zi]Zg* i]ZhZ gZhjaih Y^hhZXi VcY XaVg^[n i]Z Xdcig^Wji^dc d[ b^XgdW^diV VcY cdc+

b^XgdW^diV XdbedcZcih [gdb Ydcdg [ZXVa bViZg^Va l]Zc igVcheaVciZY ^cid b^XZ,

;QO* 0* 8PURMK_YZMKZUS_ VXUSUZMY KURUXMKZIR Z[SUXQOMTMYQY QT I O[Z SQKXUJQUZI)LMVMTLMTZ SITTMX* '<(

@meZg^bZciVa YZh^\c [dg eVi^Zci AHO bdjhZ bdYZa, '=( MZegZhZciVi^kZ ^bV\Zh d[ bdjhZ Xdadch, '>( MZegZhZciVi^kZ

^bV\Zh d[ C%@ hiV^c^c\ VcY hZb^fjVci^iVi^kZ VcVanh^h, '?( NX]ZbVi^X dkZgk^Zl d[ bdjhZ [ZXVa AHO bdYZa, '@(

MZegZhZciVi^kZ ^bV\Zh d[ i]Z Xdadc, 'A( MZegZhZciVi^kZ ^bV\Zh d[ C%@ hiV^c^c\ VcY hZb^fjVci^iVi^kZ VcVanh^h,

;QO* D2* ;@E LMXQ\ML NXUS <7^ VIZQMTZY VXUSUZMY KURUXMKZIR Z[SUXQOMTMYQY( XMRIZML ZU ;QO* 0* '<( fK>M



VcVanh^h d[ B. breve VWjcYVcXZ V[iZg AHO ZmeZg^bZcih, '=( fK>M VcVanh^h d[ R. gnavus VWjcYVcXZ WZilZZc AHO+

C> VcY AHO+B=m \gdje, '>( <kZgV\Z ijbdg cjbWZg d[ i]Z AHO gZX^e^Zci b^XZ, '?( DciZhi^cVa eZgbZVW^a^in

bZVhjgZY Wn ADO>+YZmigVc, '@+A( NZgjb >@< '@( VcY ></7+7 'A( aZkZah ^c AHO gZX^e^Zci b^XZ,

;QO* D3* ;@E LMXQ\ML NXUS Z[SUX)JMIXQTO <7^ SQKM VXUSUZMY KURUXMKZIR Z[SUXQOMTMYQY( XMRIZML ZU ;QO* 0* '<+

=( fK>M VcVanh^h d[ B. breve '<( VcY R. gnavus '=( VWjcYVcXZ V[iZg bdjhZ AHO ZmeZg^bZcih, '>( <kZgV\Z ijbdg

cjbWZg d[ i]Z bdjhZ AHO gZX^e^Zci b^XZ, '?( DciZhi^cVa eZgbZVW^a^in bZVhjgZY Wn ADO>+YZmigVc, '@+A( NZgjb >@<

'@( VcY ></7+7 'A( aZkZah ^c bdjhZ AHO gZX^e^Zci b^XZ,



;QO* D5* B. breve OI\IOM XML[KMY KURUXMKZIR Z[SUXQOMTMYQY( ]PQRM R. gnavus OI\IOM VXUSUZMY KURUXMKZIR

Z[SUXQOMTMYQY( XMRIZML ZU ;QO* 1* '<( @meZg^bZciVa YZh^\c [dg b^XZ dgVaan \VkV\ZY l^i] IN 'Xdcigda(* B. breve dg

R. gnavus. '=( fK>M VcVanh^h d[ B. breve VWjcYVcXZ V[iZg B. breve \VkV\Z ZmeZg^bZcih, '>( fK>M VcVanh^h d[ R.

gnavus VWjcYVcXZ V[iZg R. gnavus \VkV\Z igZVibZci, '?( MZegZhZciVi^kZ Xdadc^X bdge]dad\^Zh VcY VkZgV\Z ijbdg

cjbWZg ^c ZVX] \gdje, '@( MZegZhZciVi^kZ ^bV\Zh d[ C%@ hiV^c^c\ VcY hZb^fjVci^iVi^kZ VcVanh^h,

;QO* 1* B. breve) ITL R. gnavus)SMLQIZML JQRM IKQL SMZIJURQYS QY QT\UR\ML QT KURUXMKZIR Z[SUXQOMTMYQY* %=)>&

CMVXMYMTZIZQ\M QSIOMY UN SU[YM KURUT 'C( VcY C%@ hiV^c^c\ 'D( V[iZg B. breve dg R. gnavus \VkV\Z* igZViZY l^i]



=NC ^c]^W^idgh g^Wd[aVk^c dg 5z+CN?C ^c]^W^idgh P?><* gZheZXi^kZan, 'E+F( MZegZhZciVi^kZ ^bV\Zh d[ bdjhZ Xdadc

'E( VcY C%@ hiV^c^c\ 'F( d[ b^XZ igZViZY l^i] BP?>< dg OP?>< [daadl^c\ <JH-?NN bdYZa,

;QO* D-2* E[SUX T[SJMX ITL W[ITZQZIZQ\M ITIR_YQY UN =$: YZIQTQTO QT SQKM( XMRIZML ZU ;QO* 1* '<( <kZgV\Z

ijbdg cjbWZg ^c b^XZ V[iZg B. breve dg R. gnavus \VkV\Z* igZViZY l^i] =NC ^c]^W^idgh g^Wd[aVk^c dg 5z+CN?C

^c]^W^idgh P?><* gZheZXi^kZan, '=( LjVci^iVi^kZ VcVanh^h d[ C%@ hiV^c^c\ ^c ZVX] \gdje, '>( <kZgV\Z ijbdg cjbWZg

^c b^XZ igZViZY l^i] BP?>< dg OP?>< [daadl^c\ <JH-?NN bdYZa, '?( LjVci^iVi^kZ VcVanh^h d[ C%@ hiV^c^c\ ^c

ZVX] \gdje,

5. Wnt pathway:

The activation of Wnt/beta-catenin pathway by GBx or GUDCA is not correctly measured.

Wnt activation should be related to NUCLEAR beta-catenin and not total beta-catenin. This

applies for western blot analyses or histoligies all along the study (Figure 5, 6 &

corresponding supplementary). Most of beta-catenin is accumulated in cell-to-cell contacts

in normal and tumor cells. The active pool is that accumulated in the nucleaus as

transcriptional coactivator.

5.1. A reporter assay of Wnt/beta-catenin and PXR/beta-catenin transcriptional activity

should be done. This means a reporter (luciferase) gene under the control of TCF or PXR

response elements transfected in CRC cells treated with GUDCA.



5.2. Better images with magnification to observe nuclear beta-catenin should be shown.

5.3. An intervention proof-of-concept experiment with a Wnt inhibitor such a TNK inhibitor

should be done in vivo to confirm is relevant in GBx induced tumorigenesis.

Response: Dc a^cZ l^i] i]Z gZk^ZlZg&h kVajVWaZ hj\\Zhi^dc* lZ ]VkZ XdcYjXiZY

VYY^i^dcVa ZmeZg^bZcih id [jgi]Zg kVa^YViZ i]Z ^ciZgVXi^dc WZilZZc ASM VcY z+XViZc^c*

Vh lZaa Vh id ZajX^YViZ i]Z gdaZ d[ ASM ^c z+XViZc^c YdlchigZVb h^\cVa^c\, Od ZmVb^cZ

i]Z VhhdX^Vi^dc d[ ASM l^i] z+XViZc^c* lZ eZg[dgbZY Xd+^bbjcdegZX^e^iVi^dc '>d+DK(

VcVanh^h jh^c\ cjXaZVg anhViZh, Jjg gZhjaih gZkZVaZY V YZXgZVhZY ^ciZgVXi^dc WZilZZc

ASM VcY z+XViZc^c ^c B=m b^XZ 'A^\, 4E(, >dckZghZan* lZ dWhZgkZY Vc ^cXgZVhZY

^ciZgVXi^dc WZilZZc z+XViZc^c VcY O>A2 ^c B=m b^XZ 'A^\, 4F(, O]ZhZ [^cY^c\h egdk^YZ

[jgi]Zg hjeedgi [dg i]Z ^ckdakZbZci d[ ASM ^c i]Z gZ\jaVi^dc d[ z+XViZc^c h^\cVa^c\,

Ajgi]ZgbdgZ* id higZc\i]Zc djg jcYZghiVcY^c\ d[ i]Z [jcXi^dcVa ^bea^XVi^dch d[ ASM-z+

XViZc^c ^ciZgVXi^dc ^c B=m+^cYjXZY ijbdg^\ZcZh^h* lZ ^cXdgedgViZY VYY^i^dcVa VhhVnh

^cid djg hijYn, RZ ZbeadnZY i]Z OJK-AJK+AaVh] ajX^[ZgVhZ gZedgiZg VhhVn id VhhZhh z+

XViZc^c igVchXg^ei^dcVa VXi^k^in 'A^\, N/7?(, O]Z gZhjaih ^cY^XViZY i]Vi ASM `cdX`Ydlc

aZY id ^cXgZVhZY z+XViZc^c igVchXg^ei^dcVa VXi^k^in, <YY^i^dcVaan* lZ eZg[dgbZY XZaa

k^VW^a^in VcVanh^h VcY [djcY i]Vi ASM `cdX`Ydlc h^\c^[^XVcian Zc]VcXZY XZaa k^VW^a^in*

Vc Z[[ZXi i]Vi XdjaY WZ gZkZghZY Wn i]Z Rci h^\cVa^c\ ^c]^W^idg S<Q+717 'A^\, N/7@(,

RZ ]VkZ ^cXdgedgViZY i]ZhZ cZl [^cY^c\h ^cid i]Z gZk^hZY bVcjhXg^ei dc eV\Z /4,

;QO* 2* ;HC+e)KIZMTQT YQOTIRQTO QY QT\UR\ML QT KPURMK_YZMKZUS_)XMRIZML KURUXMKZIR Z[SUXQOMTMYQY* 'E( >d+

^bbjcdegZX^e^iVi^dc d[ i]Z ^ciZgVXi^dc WZilZZc ASM VcY z+XViZc^c, 'F( >d+DK d[ i]Z ^ciZgVXi^dc WZilZZc O>A2 VcY

z+XViZc^c,



;QO* D-5* ;HC+e)KIZMTQT YQOTIRQTO QY QT\UR\ML QT KURUXMKZIR Z[SUXQOMTMYQY QTL[KML J_ KPURMK_YZMKZUS_( XMRIZML

ZU ;QO* 2* '?( O]Z Z[[ZXi d[ ASM `cdX`Ydlc dc i]Z ajX^[ZgVhZ VXi^k^in d[ OJK-AJK+AaVh] gZedgiZg eaVhb^Y ^c

C>O//4 XZaah, '@( O]Z Z[[ZXi d[ ASM `cdX`Ydlc VcY S<Q717 dc i]Z k^VW^a^in d[ Xdadc XVcXZg XZaah YZiZXiZY Wn

>>F6 VhhVnh,

Od Zc]VcXZ XaVg^in* lZ ]VkZ ZcaVg\ZY i]Z V[dgZbZci^dcZY ^bV\Zh id dWhZgkZ cjXaZVg

WZiV+XViZc^c* l]^X] VgZ cdl egZhZciZY ^c A^\, 4C, Adg [jgi]Zg YZiV^ah* eaZVhZ gZ[Zg id i]Z

ViiVX]ZY YdXjbZci,

;QO* 2* ;HC+e)KIZMTQT YQOTIRQTO QY QT\UR\ML QT KPURMK_YZMKZUS_)XMRIZML KURUXMKZIR Z[SUXQOMTMYQY* 'C(

Dbbjcd[ajdgZhXZcXZ VcVanh^h d[ z+XViZc^c, z+>ViZc^c* \gZZc9 ?<KD* WajZ,

6. OCA therapy:

Obeticholic acid (OCA) is a FXR agonist ligand. How it also induces the expression of FXR

gene? Please explain. Again Wnt pathway activation should be precisely measured by

nuclear and no total beta-catenin.

Response: RZ \gZVian VeegZX^ViZ i]Z kVajVWaZ VcY XdchigjXi^kZ XdbbZci egdk^YZY,

KgZk^djh gZhZVgX] ]Vh ^cY^XViZY i]Vi J>< ^h XVeVWaZ d[ VXi^kVi^c\ i]Z ASM VcY

bdY^[n^c\ i]Z ZmegZhh^dc d[ cjbZgdjh ASM iVg\Zi \ZcZh (J Hepatol. 2016; 64(5):

1158-1166). DciZgZhi^c\an* i]ZgZ ^h Zk^YZcXZ hj\\Zhi^c\ V Y^gZXi Z[[ZXi d[ J>< dc ASM

ZmegZhh^dc* VcY dc YdlchigZVb ASM+VXi^kViZY eVi]lVnh ^c dg\Vcd^Yh [gdb <K>b^c-)

b^XZ Cell. 2019; 176(5): 1098-1112. e18 , Dc djg bVcjhXg^ei* lZ Y^hXdkZgZY i]Vi

J>< igZVibZci edlZg[jaan ^cYjXZY i]Z ZmegZhh^dc d[ ASM iVg\Zi \ZcZh ^c Wdi] B=m

b^XZ 'A^\, N0.?+@( VcY dg\Vcd^Yh 'A^\, N0.B+C(, O]ZhZ gZhjaih hj\\ZhiZY i]Vi J><

XdjaY ^cYjXZ i]Z ZmegZhh^dc d[ ASM \ZcZ, 'ViiVX]ZY WZadl(



;QO* D.,* ;HC+e)KIZMTQT YQOTIRQTO QY IRZMXML INZMX A86 ZXMIZSMTZ QT <7^ SQKM UX <F986)ZXMIZML QTZMYZQTIR

UXOITUQL( XMRIZML ZU ;QO*3, '?+@( MZaVi^kZ ZmegZhh^dc d[ ASM '?( VcY NCK '@( ^c ZVX] \gdje, 'B+C( MZaVi^kZ

ZmegZhh^dc d[ ASM 'B( VcY NCK^c ^ciZhi^cVa dg\Vcd^Y igZViZY l^i] BP?>< VcY J><,

O]Z gZ\jaVidgn bZX]Vc^hbh d[ ASM \ZcZ ZmegZhh^dc bV^can ^cXajYZ8 a^\VcY VXi^kVi^dc*

igVchXg^ei^dc [VXidg gZ\jaVi^dc* VcY h^\cVa eVi]lVn+bZY^Vi^dc* ZiX, (Biochim Biophys

Acta. 2011; 1812(8): 842-50). >jggZcian* i]Z bZX]Vc^hb i]gdj\] l]^X] J>< Y^gZXian

^cYjXZh i]Z ZmegZhh^dc d[ ASM iVg\Zi \ZcZh gZbV^ch ^cXdbeaZiZan jcYZghiddY, Di ^h

ldgi] bZci^dc^c\ i]Vi higjXijgVa VcVanhZh d[ i]Z a^\VcY+W^cY^c\ YdbV^c 'G=?( d[ gVi

VcY ]jbVc ASM WdjcY id hnci]Zi^X dg cVijgVa a^\VcYh VcY XdVXi^kVidg eZei^YZh ]VkZ

egdk^YZY h^\c^[^XVci ^ch^\]ih ^cid i]Z bZX]Vc^hbh d[ ASM VXi^kVi^dc Wn ^ih a^\VcYh (Mol

Cell. 2003; 11(4): 1079-92; Mol Cell. 2003; 11(4): 1093-100). ASM ^h V cjXaZVg

gZXZeidg i]Vi VlV^ih i]Z W^cY^c\ d[ Vc Veegdeg^ViZ a^\VcY ^c i]Z cjXaZjh id ZmZgi ^ih

[jcXi^dc, J>< ]Vh V \ddY V[[^c^in [dg i]Z G=? d[ ASM, O]ZgZ[dgZ* lZ heZXjaViZ i]Vi

V[iZg J>< W^cYh id ASM* ^i l^aa XVjhZ V Xdc[dgbVi^dcVa X]Vc\Z ^c ASM, O]^h

Xdc[dgbVi^dcVa X]Vc\Z aZVYh id i]Z gZaZVhZ d[ WdjcY XdgZegZhhdg egdiZ^ch VcY

gZXgj^ibZci d[ XdVXi^kVidg egdiZ^ch id i]Z ?I<+W^cY^c\ h^iZ* i]ZgZWn gZ\jaVi^c\ i]Z

ZmegZhh^dc d[ ASM iVg\Zi \ZcZh, Jc i]Z di]Zg ]VcY* W^aZ VX^Yh VgZ i]Z cVijgVa a^\VcYh d[

ASM, <h V hnci]Zi^X W^aZ VX^Y VcVad\jZ* J>< ^h XVeVWaZ d[ gZ\jaVi^c\ i]Z ^cigVXZaajaVg

h^\cVa cZildg` ^c V h^b^aVg lVn, O]Z VYY^i^dc d[ J>< X]Vc\Zh i]Z W^aZ VX^Y h^\cVa

WVaVcXZ l^i]^c XZaah VcY gZ\jaViZh i]Z ^cigVXZaajaVg h^\cVa cZildg`, O]ZhZ VaiZgZY h^\cVa

bdaZXjaZh [jgi]Zg gZ\jaViZ i]Z ZmegZhh^dc d[ ASM iVg\Zi \ZcZh id bV^ciV^c i]Z

]dbZdhiVh^h VcY bZiVWda^X e]nh^dad\^XVa [jcXi^dch d[ W^aZ VX^Yh,



B^kZc i]Vi ASM ^h egZYdb^cVcian adXViZY ^c i]Z cjXaZjh* lZ ji^a^oZY cjXaZVg anhViZh [dg

i]Z VhhZhhbZci d[ ASM VcY z+XViZc^c VhhdX^Vi^dc, NeZX^[^XVaan* lZ ]VkZ dWhZgkZY V

YZXgZVhZ ^c i]Z VhhdX^Vi^dc WZilZZc ASM VcY z+XViZc^c 'A^\,4E(* Vadc\h^YZ Vc ^cXgZVhZ

^c i]Z ^ciZgVXi^dc WZilZZc z+XViZc^c VcY O>A2 ^c B=m b^XZ 'A^\, 4F(, O]ZhZ

Y^hXdkZg^Zh egdk^YZ higdc\Zg hjeedgi [dg i]Z ^ckdakZbZci d[ ASM ^c i]Z gZ\jaVi^dc d[ z+

XViZc^c h^\cVa^c\, RZ ]VkZ Y^a^\Zcian ^cXajYZY i]Z V[dgZbZci^dcZY cZl YViV ^c i]Z

gZk^hZY bVcjhXg^ei* heZX^[^XVaan dc KV\Z /4,

;QO* 2* ;HC+e)KIZMTQT YQOTIRQTO QY QT\UR\ML QT KPURMK_YZMKZUS_)XMRIZML KURUXMKZIR Z[SUXQOMTMYQY* 'E( >d+

^bbjcdegZX^e^iVi^dc d[ i]Z ^ciZgVXi^dc WZilZZc ASM VcY z+XViZc^c, 'F( >d+DK d[ i]Z ^ciZgVXi^dc WZilZZc O>A2 VcY

z+XViZc^c,

7. FXR/beta-catenin axis:

A mutant version of FXR unable to bind beta-catenin should be used to prove that OCA is

unable to induce Wnt target genes. On the contrary, part of the phenotypes indicated could

be due to canonical TCF/beta-catenin pathway upon GBx/GUDCA signaling.

Response: RZ ]^\]an VeegZX^ViZ i]Z kVajVWaZ XdbbZci egdk^YZY, Od higZc\i]Zc djg

jcYZghiVcY^c\ d[ i]Z [jcXi^dcVa ^bea^XVi^dch d[ ASM-z+XViZc^c ^ciZgVXi^dc ^c B=m+

^cYjXZY ijbdg^\ZcZh^h* lZ ^cXdgedgViZY VYY^i^dcVa VhhVnh ^cid djg hijYn, RZ ZbeadnZY

i]Z OJK-AJK+AaVh] ajX^[ZgVhZ gZedgiZg VhhVn id VhhZhh z+XViZc^c igVchXg^ei^dcVa VXi^k^in

'A^\, N/7?(, O]Z gZhjaih ^cY^XViZY i]Vi ASM `cdX`Ydlc aZY id ^cXgZVhZY z+XViZc^c

igVchXg^ei^dcVa VXi^k^in, <YY^i^dcVaan* lZ eZg[dgbZY XZaa k^VW^a^in VcVanh^h VcY [djcY

i]Vi ASM `cdX`Ydlc h^\c^[^XVcian Zc]VcXZY XZaa k^VW^a^in* Vc Z[[ZXi i]Vi XdjaY WZ

gZkZghZY Wn i]Z Rci h^\cVa^c\ ^c]^W^idg S<Q+717 'A^\, N/7@(,



;QO* D-5* ;HC+e)KIZMTQT YQOTIRQTO QY QT\UR\ML QT KURUXMKZIR Z[SUXQOMTMYQY QTL[KML J_ KPURMK_YZMKZUS_( XMRIZML

ZU ;QO* 2* '?( O]Z Z[[ZXi d[ ASM `cdX`Ydlc dc i]Z ajX^[ZgVhZ VXi^k^in d[ OJK-AJK+AaVh] gZedgiZg eaVhb^Y ^c

C>O//4 XZaah, '@( O]Z Z[[ZXi d[ ASM `cdX`Ydlc VcY S<Q717 dc i]Z k^VW^a^in d[ Xdadc XVcXZg XZaah YZiZXiZY Wn

>>F6 VhhVnh,

Dc VYY^i^dc* lZ dWhZgkZY i]Vi ASM VcY NCK ZmegZhh^dc YZXgZVhZY* z+XViZc^c VcY X+HnX

ZmegZhh^dc ^cXgZVhZY* W^cY^c\ d[ ASM VcY XViZc^c YZXgZVhZY* l]^aZ W^cY^c\ d[ z+XViZc^c

VcY O>A2 ^cXgZVhZY V[iZg B=m* l]^X] XVc WZ gZkZghZY Wn J>< 'A^\, 5@+B* A^\, N0.?+

A(, RZ i]Zc jhZY Vc ^ciZhi^cVa Ze^i]Za^Va dg\Vcd^Y bdYZa [gdb B=m)<JH-?NN b^XZ id

ZmVb^cZ i]Z Z[[ZXih d[ J><, IdiVWan* J>< ^c]^W^iZY BP?><+^cYjXZY dg\Vcd^Y

\gdli] 'A^\, 5C(, HZX]Vc^hi^XVaan* lZ [djcY i]Vi J>< XdjaY ^cYjXZ ASM VcY NCK 'A^\,

N0.B+C( ZmegZhh^dc* VcY Ydlc+gZ\jaViZ HnX ZmegZhh^dc 'A^\, N0.D(,

O]ZhZ gZhjaih XdaaZXi^kZan kVa^YViZ i]Z gdaZ d[ ASM-XViZc^c ^c a^c`^c\ B=m id XdadgZXiVa

ijbdg^\ZcZh^h, <cY lZ ]VkZ Y^a^\Zcian ^cXajYZY i]Z V[dgZbZci^dcZY cZl YViV ^c i]Z

gZk^hZY bVcjhXg^ei* heZX^[^XVaan dc KV\Z /5,



;QO* 3* A86 VXM\MTZY KPURMK_YZMKZUS_)QTL[KML KURUXMKZIR Z[SUXQOMTMYQY* '@( KgdiZ^c ZmegZhh^dc d[ ASM* z+

XViZc^c* >+bnX* VcY B<K?C ^c ZVX] \gdje, 'A( >d+^bbjcdegZX^e^iVi^dc d[ i]Z ^ciZgVXi^dc WZilZZc ASM VcY z+

XViZc^c, 'B( >d+^bbjcdegZX^e^iVi^dc d[ i]Z ^ciZgVXi^dc WZilZZc O>A2 VcY z+XViZc^c, 'C( MZegZhZciVi^kZ ^bV\Z VcY

fjVci^[^XVi^dc d[ dg\Vcd^Yh \ZcZgViZY [gdb B=m)<JH-?NN b^XZ igZViZY l^i] Xdcigda* BP?><* dg BP?><)J><,

;QO* D.,* ;HC+e)KIZMTQT YQOTIRQTO QY IRZMXML INZMX A86 ZXMIZSMTZ QT <7^ SQKM UX <F986)ZXMIZML QTZMYZQTIR

UXOITUQL( XMRIZML ZU ;QO*3* '?+A( MZaVi^kZ ZmegZhh^dc d[ ASM '?(* NCK '@(* VcY HT> 'A( ^c ZVX] \gdje, 'B+D(

MZaVi^kZ ZmegZhh^dc d[ ASM 'B(* NCK 'C(* VcY HT> 'D( ^c ^ciZhi^cVa dg\Vcd^Y igZViZY l^i] BP?>< VcY J><, 'E+G(

LjVci^iVi^kZ VcVanh^h d[ ASM* z+XViZc^c* VcY X+HnX DC> hiV^c^c\ ^c ]ZVai]n Xdcigdah VcY eVi^Zcih l^i]

X]daZXnhiZXidbn,

MINOR COMMENTS & IMPROVEMENTS:

1. A detailed statistical analysis of CRC risk factors should be compared versus GBx

contribution. If this study has previously done it should be referenced and well discussed.

This should include the mutational status of the Wnt pathway on its main components: APC,

CTNNB1, AXIN1/2, FBXW7, RNF43 and ZNRF3.

Response: RZ ]^\]an VeegZX^ViZ i]Z kVajVWaZ hj\\Zhi^dc egdk^YZY, < cjbWZg d[ g^h`

[VXidgh [dg >M> ]VkZ WZZc ^YZci^[^ZY* ^cXajY^c\ V ]^hidgn d[ >M> ^c V [^ghi+YZ\gZZ

gZaVi^kZ* Vc jc]ZVai]n Y^Zi* ]^\] VaXd]da Xdchjbei^dc* e]nh^XVa ^cVXi^k^in* VcY dWZh^in



(Gut. 2023; 72(2): 338-344; Clin Gastroenterol Hepatol. 2022; 20(6): 1229-1240.e5.).

Dc djg bVcjhXg^ei* lZ ]VkZ ^cXajYZY i]Z YZbd\gVe]^X YViV d[ Wdi] X]daZXnhiZXidbn

eVi^Zcih VcY ]ZVai]n Xdcigdah ^c NjeeaZbZciVgn OVWaZ /, Jjg [^cY^c\h gZkZVaZY cd

h^\c^[^XVci X]Vc\Zh ^c i]ZhZ ^cY^XVidgh gZaViZY id >M> g^h` [VXidgh WZilZZc i]Z ild

\gdjeh, IdiVWan* egZk^djh Xa^c^XVa ^ckZhi^\Vi^dch YZbdchigViZY X]daZXnhiZXidbn ^h

VhhdX^ViZY l^i] Vc ZaZkViZY g^h` d[ XdadgZXiVa XVcXZg (Gastroenterology 1993;105:142-

7; PLoS One 2017;12: e0181852). Dc i]Z XjggZci hijYn* lZ dWhZgkZY i]Vi

X]daZXnhiZXidbn ^h XVeVWaZ d[ egdbdi^c\ XdadgZXiVa ijbdg^\ZcZh^h ^c V bVccZg

YZeZcYZci dc i]Z \ji b^XgdW^diV,

Dc >M>* \ZcZi^X VcY Ze^\ZcZi^X VaiZgVi^dch ^c[ajZcXZY Wn a^[ZhinaZ* Zck^gdcbZciVa* VcY

Y^ZiVgn [VXidgh Yg^kZ XVgX^cd\ZcZh^h Wn VXi^kVi^c\ dcXd\ZcZh VcY ^cVXi^kVi^c\ ijbdg

hjeegZhhdg \ZcZh (Nat Rev Gastroenterol Hepatol. 2016; 13(12): 691-706). <cY bdhi

XdadgZXiVa XVcXZgh ]VgWdjg bjiVi^dch ^c i]Z ijbdg hjeegZhhdg \ZcZ VYZcdbVidjh

edanedh^h Xda^ '<K>( VcY gZhjaiVci ]neZgVXi^kVi^dc d[ RIO h^\cVa^c\, (Nat Rev

Microbiol. 2012; 10(8): 575-82). Dc djg bVcjhXg^ei* lZ [djcY i]Vi X]daZXnhiZXidbn

egdbdiZh XdadgZXiVa ijbdg^\ZcZh^h ^c Wdi] <JH+?NN VcY <K> b^c-) b^XZ bdYZa 'A^\,0

VcY A^\, N0(, IdiVWan* F@BB VcVanh^h ^cY^XViZY i]Vi i]Z Rci h^\cVa^c\ eVi]lVn lVh

^ckdakZY ^c djg bdYZa 'A^\, 4@(, HdgZdkZg* B=m igZVibZci ^cYjXZY ]^\]Zg ZmegZhh^dc

d[ HnX* V iVg\Zi \ZcZ d[ i]Z Rci-z+XViZc^c eVi]lVn 'A^\, 4A(, O]ZhZ gZhjaih

YZbdchigViZY i]Vi X]daZXnhiZXidbn egdbdiZh XdadgZXiVa XVgX^cd\ZcZh^h Wn VXi^kVi^c\

i]Z Rci-z+XViZc^c h^\cVa^c\ eVi]lVn, RZ ]VkZ Y^a^\Zcian ^cXajYZY i]Z V[dgZbZci^dcZY

YViV ^c i]Z gZk^hZY bVcjhXg^ei* heZX^[^XVaan dc KV\Z 6 VcY /3,



;QO* .* 8PURMK_YZMKZUS_ VXUSUZMY KURUXMKZIR Z[SUXQOMTMYQY QT 8137?+2 SQKM* '<( NX]ZbVi^X Y^V\gVb h]dl^c\

i]Z ZmeZg^bZciVa YZh^\c VcY i^bZa^cZ, '=( O]Z WdYn lZ^\]i d[ b^XZ, '>( MZegZhZciVi^kZ XdadcdhXden ^bV\Zh d[ b^XZ,

'?( >dadc^X bdge]dad\^Zh, @VX] gZY Vggdl ed^cih Vi dcZ ijbdg adXVi^dc, '@( Ojbdg cjbWZg 'aZ[i( VcY ijbdg h^oZ

Y^hig^Wji^dc 'g^\]i(, 'A( MZegZhZciVi^kZ C%@ hiV^c^c\ d[ bdjhZ Xdadch, 'B( DciZhi^cVa eZgbZVW^a^in bZVhjgZY Wn

ADO>+YZmigVc, 'C( MZegZhZciVi^kZ ^bV\Zh VcY hZb^fjVci^iVi^kZ VcVanh^h d[ F^45 hiV^c^c\ d[ bdjhZ Xdadch, 'D( NZgjb

>@< 'jeeZg( VcY ><+/77 'adlZg( aZkZah ^c i]Z ild \gdjeh,



;QO* D.* 8PURMK_YZMKZUS_ NIKQRQZIZMY KURUXMKZIR Z[SUXQOMTMYQY QT 6B8SQT+' SQKM* '<( NX]ZbVi^X dkZgk^Zl d[ i]Z

igZVibZcih ^c i]Z <K>b^c-) bdjhZ bdYZa [daadl^c\ X]daZXnhiZXidbn, '=( O]Z WdYn lZ^\]i d[ b^XZ i]gdj\]dji i]Z

ZmeZg^bZciVa eZg^dY, '>( MZegZhZciVi^kZ ^bV\Zh d[ i]Z Xdadc ^c <K>b^c-) bdjhZ, '?( <kZgV\Z ijbdg cjbWZg 'aZ[i(

VcY ijbdg h^oZ Y^hig^Wji^dc 'g^\]i( ^c <K>b^c-) b^XZ l^i]^c i]Z h]Vb dg X]daZXnhiZXidbn \gdje, '@( MZegZhZciVi^kZ

^bV\Zh d[ C%@ hiV^c^c\ 'aZ[i( VcY hZb^fjVci^iVi^kZ VcVanh^h d[ i]Z eVi]dad\^XVa hXdgZ 'g^\]i( ^c <K>b^c-) b^XZ, 'A(

MZegZhZciVi^kZ ^bV\Zh d[ F^45 hiV^c^c\ d[ bdjhZ Xdadch VcY hZb^fjVci^iVi^kZ VcVanh^h, 'B( DciZhi^cVa eZgbZVW^a^in

bZVhjgZY Wn ADO>+YZmigVc ^c i]Z VWdkZ b^XZ, 'C VcY D( NZgjb aZkZah d[ >@< VcY ><+/77 'D( ^c b^XZ, 'E(

MZegZhZciVi^kZ ^bV\Zh d[ i]Z ^ciZhi^cZ d[ <K>b^c-) bdjhZ Vi hVXg^[^XZ, 'F( <kZgV\Z ijbdg cjbWZg 'aZ[i( VcY ijbdg

h^oZ Y^hig^Wji^dc 'g^\]i( ^c ^ciZhi^cZ d[ <K>b^c-) b^XZ, 'G( MZegZhZciVi^kZ ^bV\Zh d[ C@ hiV^c^c\ 'aZ[i( VcY

hZb^fjVci^iVi^kZ VcVanh^h d[ i]Z eVi]dad\^XVa hXdgZ 'g^\]i( ^c i]Z ^ciZhi^cZ d[ <K>b^c-) b^XZ,



;QO* 2* ;HC+e)KIZMTQT YQOTIRQTO QY QT\UR\ML QT KPURMK_YZMKZUS_)XMRIZML KURUXMKZIR Z[SUXQOMTMYQY* '@( F@BB

eVi]lVn VcVanh^h d[ N]Vb)<JH-?NN VcY B=m)<JH-?NN b^XZ, K kVajZh lZgZ VY_jhiZY Wn =C bZi]dY id Xdcigda

A?M, A?M+VY_jhiZY K : .,.3 lVh h]dlc, 'A( MZaVi^kZ ZmegZhh^dc d[ HnX ^c N]Vb)<JH-?NN VcY B=m)<JH-?NN

b^XZ,

2. Testing the capacity of a R. gnavus strain with loss-of-function mutation or deletion of

7beta-HDSH on tumorigenesis will be relevant to prove its role in producing oncogenic

metabolite GUDCA.

Response: Dc djg fjZhi id ZajX^YViZ i]Z gdaZ d[ WVXiZg^Va W^aZ hVai ]nYgdaVhZ '=NC( VcY

5z+]nYgdmnhiZgd^Y YZ]nYgd\ZcVhZ 'CN?C( VXi^k^in ^c B=m+bZY^ViZY XdadgZXiVa XVcXZg

'>M>(* lZ XdcYjXiZY V hZg^Zh d[ ZmeZg^bZcih Zbeadn^c\ =NC ^c]^W^idg g^Wd[aVk^c VcY

5z+CN?C ^c]^W^idg P?><* gZheZXi^kZan, IdiVWan* VYb^c^higVi^dc d[ B. breve gZhjaiZY

^c V gZYjXi^dc d[ B=m+^cYjXZY XdadgZXiVa ijbdgh VcY ijbdg eVi]dad\n, O]ZhZ Z[[ZXih

lZgZ hjWhZfjZcian gZkZghZY jedc igZVibZci l^i] i]Z =NC ^c]^W^idg g^Wd[aVk^c 'A^\,3C+

D VcY A^\, N/4<+=(, >dckZghZan* VYb^c^higVi^dc d[ R. gnavus aZY id Vc ^cXgZVhZ ^c ijbdg

cjbWZgh* Vh lZaa Vh egdedgi^dch d[ VYZcdXVgX^cdbV* ]^\]+\gVYZ YnheaVh^V* VcY adl+

\gVYZ YnheaVh^V, CdlZkZg* i]ZhZ YZig^bZciVa Z[[ZXih lZgZ VbZa^dgViZY jedc igZVibZci

l^i] 5z+CN?C ^c]^W^idgh P?>< 'A^\,3C+D VcY A^\, N/4<+=(,

O]ZhZ gZXZci [^cY^c\h ]VkZ WZZc Veegdeg^ViZan ^cXdgedgViZY ^cid i]Z gZk^hZY bVcjhXg^ei*

heZX^[^XVaan dc KV\Z /2,

;QO* 1* B. breve- ITL R. gnavus)SMLQIZML JQRM IKQL SMZIJURQYS QY QT\UR\ML QT KURUXMKZIR Z[SUXQOMTMYQY* 'C+D(

MZegZhZciVi^kZ ^bV\Zh d[ bdjhZ Xdadc 'C( VcY C%@ hiV^c^c\ 'D( V[iZg B. breve dg R. gnavus \VkV\Z* igZViZY l^i]

=NC ^c]^W^idgh g^Wd[aVk^c dg 5z+CN?C ^c]^W^idgh P?><* gZheZXi^kZan,



;QO* D-2* E[SUX T[SJMX ITL W[ITZQZIZQ\M ITIR_YQY UN =$: YZIQTQTO QT SQKM( XMRIZML ZU ;QO* 1* '<( <kZgV\Z

ijbdg cjbWZg ^c b^XZ V[iZg B. breve dg R. gnavus \VkV\Z* igZViZY l^i] =NC ^c]^W^idgh g^Wd[aVk^c dg 5z+CN?C

^c]^W^idgh P?><* gZheZXi^kZan, '=( LjVci^iVi^kZ VcVanh^h d[ C%@ hiV^c^c\ ^c ZVX] \gdje,

3. Does GBx reduce the methylation of FXR gene and its consequent increased expression?

Response: RZ ZmegZhh djg h^cXZgZ VeegZX^Vi^dc [dg i]Z kVajVWaZ XdbbZci egdk^YZY,

OP?>< VcY BP?>< ]VkZ WZZc h]dlc id VciV\dc^oZ i]Z ASM %J Clin Invest. 2020;

130(1): 438-450. Nat Med. 2018; 24(12): 1919-1929&* CZgZ* lZ dWhZgkZY Vc ^cXgZVhZ

^c OP?><aZkZah VXXdbeVc^ZY Wn ASM h^\cVa^c\ ^c]^W^i^dc [daadl^c\ X]daZXnhiZXidbn

^c b^XZ 'A^\, 4=+?(, <YY^i^dcVaan* igZVibZci l^i] BP?>< h^\c^[^XVcian YdlcgZ\jaViZY

ASM VcY NCK ZmegZhh^dc ^c ^ciZhi^cVa Ze^i]Za^Va dg\Vcd^Yh 'A^\, N0.B+C(, =VhZY dc

egZk^djh hijY^Zh VcY djg dlc YViV* lZ edh^i i]Vi OP?>< dg BP?>< bVn egdbdiZ

B=m+bZY^ViZY XdadgZXiVa ijbdg^\ZcZh^h i]gdj\] i]Z ^c]^W^i^dc d[ ASM h^\cVa^c\,

'ViiVX]ZY WZadl(

;QO* 2* ;HC+e)KIZMTQT YQOTIRQTO QY QT\UR\ML QT KPURMK_YZMKZUS_)XMRIZML KURUXMKZIR Z[SUXQOMTMYQY* '=( BN@< d[

i]Z X]Vc\Zh ^c i]Z ASM eVi]lVn \ZcZh WZilZZc N]Vb)<JH-?NN VcY B=m)<JH-?NN \gdje, '>+?( MZaVi^kZ

ZmegZhh^dc d[ ASM '>( VcY NCK '?( ^c ild \gdje,



;QO* D.,* ;HC+e)KIZMTQT YQOTIRQTO QY IRZMXML INZMX A86 ZXMIZSMTZ QT <7^ SQKM UX <F986)ZXMIZML QTZMYZQTIR

UXOITUQL( XMRIZML ZU ;QO* 3* 'B+C( MZaVi^kZ ZmegZhh^dc d[ ASM 'B( VcY NCK 'C( ^c ^ciZhi^cVa dg\Vcd^Y igZViZY l^i]

BP?>< VcY J><,

O]Z gZ\jaVi^dc d[ \ZcZ ZmegZhh^dc d[ ASM ^ckdakZh bjai^eaZ bZX]Vc^hbh, (Biochim

Biophys Acta. 2011; 1812(8): 842-50). <cY i]Z a^\VcY VXi^kVi^dc bZX]Vc^hb ^h i]Z

bdhi XgjX^Va dcZ (Mol Cell. 2003; 11(4): 1079-92; Mol Cell. 2003; 11(4): 1093-100).

Nnci]Zi^X dg cVijgVa a^\VcYh VcY XdVXi^kVidg eZei^YZh W^cY id i]Z G=? d[ ASM* gZhjai^c\

^c V Xdc[dgbVi^dcVa X]Vc\Z ^c ASM, O]^h Xdc[dgbVi^dcVa VaiZgVi^dc aZVYh id i]Z gZaZVhZ

d[ WdjcY XdgZegZhhdg egdiZ^ch VcY i]Z gZXgj^ibZci d[ XdVXi^kVidg egdiZ^ch id i]Z ?I<+

W^cY^c\ h^iZ* i]ZgZWn gZ\jaVi^c\ i]Z ZmegZhh^dc d[ ASM iVg\Zi \ZcZh, R]Zi]Zg ASM

bZi]naVi^dc dg di]Zg Ze^\ZcZi^X gZ\jaVidgn bZX]Vc^hbh VgZ ^ckdakZY ^c XdadgZXiVa

ijbdg^\ZcZh^h bZY^ViZY Wn X]daZXnhiZXidbn ^h Vc ^bedgiVci fjZhi^dc i]Vi lZ l^aa

[jgi]Zg ZmeadgZ ^c [jijgZ ldg`,

4. How GBx promotes the Wnt pathway? Any molecular result has been provided to explain

such connection. This would improve the study significantly.

Response: RZ ZmegZhh djg h^cXZgZ VeegZX^Vi^dc [dg i]Z ^ch^\]i[ja XdbbZci egdk^YZY, Dc

djg bVcjhXg^ei* lZ [djcY i]Vi Rci-z+XViZc^c h^\cVa^c\ lVh jegZ\jaViZY V[iZg

X]daZXnhiZXidbn* l]^X] XdjaY WZ gZkZghZY Wn ASM V\dc^hi J><, O]Z ^ciZgVXi^dc

WZilZZc Rci-z+XViZc^c h^\cVa^c\ VcY cjXaZVg gZXZeidgh ]Vh \VgcZgZY Xdch^YZgVWaZ

ViiZci^dc ^c XVcXZg gZhZVgX] (Acta Pharm Sin B 2024;14:1241-1256), IjXaZVg ASM ]Vh

WZZc gZedgiZY id ^ciZgVXi l^i] z+XViZc^c id [dgb V XdbeaZm* l]^X] hjWhZfjZcian

^ciZg[ZgZh i]Z igVchXg^ei^dcVa VXi^k^in d[ i]Z z+XViZc^c-O>A, Dc]^W^i^dc d[ ASM Y^hgjeih

i]Z W^cY^c\ d[ XViZc^c id O>A2 (Cell Death Dis 2020;11:640), Jjg gZhjaih h]dlZY i]Vi

i]Z W^cY^c\ d[ ASM VcY z+XViZc^c YZXgZVhZY* l]^aZ i]Z W^cY^c\ d[ z+XViZc^c VcY O>A2

^cXgZVhZY V[iZg X]daZXnhiZXidbn, O]jh* djg hijYn gZkZVah V cdc+igVchXg^ei^dcVa

bZX]Vc^hb d[ ASM ^c X]daZXnhiZXidbn+bZY^ViZY XdadgZXiVa ijbdg^\ZcZh^h* l]ZgZWn

ASM ZmegZhh^dc lVh YdlcgZ\jaViZY V[iZg X]daZXnhiZXidbn* i]Z ^ciZgVXi^dc d[ ASM-z+

XViZc^c lVh hjWhZfjZcian Y^hgjeiZY* i]jh Rci-z+XViZc^c h^\cVa^c\ lVh VXi^kViZY id

egdbdiZ XdadgZXiVa ijbdg^\ZcZh^h,



Reviewer #3 (Remarks to the Author):

In this manuscript, the authors describe changes in microbiota and fecal bile acid

composition in post-cholecystectomy (GBx) patients. The authors link these changes to

increased tumor formation in two different colorectal cancer (CRC) mouse models and

altered FXR/beta-catenin signaling as a major mechanism for GBx-enhanced CRC.

However, the mechanistic aspects of these changes, in particular, the physical interaction

of beta-catenin and FXR (PMID 28714273) are not further explored in the manuscript,

which we feel are essential to provide conceptual advance and novelty.

A few points to consider:

1) Patients undergoing cholecystectomy are usually suffering from bile duct obstruction

(cholestasis) or other medical conditions. Is it possible that prior conditions also affect the

incidence of CRC? This should at least be discussed.

Response: RZ \gZVian VeegZX^ViZ i]Z kVajVWaZ hj\\Zhi^dc egdk^YZY, >]daZXnhiZXidbn

lVh [dgbZgan eZgXZ^kZY Vh WZ^c\ k^gijVaan ]VgbaZhh, IZkZgi]ZaZhh* VXXjbjaVi^c\

Zk^YZcXZ hj\\Zhih i]Vi i]ZgZ ^h V cdiVWaZ ^cXgZVhZ ^c i]Z ^cX^YZcXZ d[ edhi+

X]daZXnhiZXidbn hncYgdbZh VcY Y^hZVhZh gZaViZY id bZiVWda^X hncYgdbZ (Clin

Gastroenterol Hepatol 2023;21:940-948.e2). < cjbWZg d[ g^h` [VXidgh [dg >M> ]VkZ

WZZc ^YZci^[^ZY* ^cXajY^c\ V ]^hidgn d[ >M> ^c V [^ghi+YZ\gZZ gZaVi^kZ* Vc jc]ZVai]n Y^Zi*

]^\] VaXd]da Xdchjbei^dc* e]nh^XVa ^cVXi^k^in* VcY dWZh^in (Gut. 2023; 72(2): 338-344;

Clin Gastroenterol Hepatol. 2022; 20(6): 1229-1240.e5.). Dc djg bVcjhXg^ei* lZ ]VkZ

^cXajYZY i]Z YZbd\gVe]^X YViV d[ Wdi] X]daZXnhiZXidbn eVi^Zcih VcY ]ZVai]n Xdcigdah

^c NjeeaZbZciVgn OVWaZ /, Jjg [^cY^c\h gZkZVaZY cd h^\c^[^XVci X]Vc\Zh ^c i]ZhZ

^cY^XVidgh gZaViZY id >M> g^h` [VXidgh WZilZZc i]Z ild \gdjeh, IdiVWan* egZk^djh

Xa^c^XVa ^ckZhi^\Vi^dch YZbdchigViZY X]daZXnhiZXidbn ^h VhhdX^ViZY l^i] Vc ZaZkViZY

g^h` d[ XdadgZXiVa XVcXZg (Gastroenterology 1993;105:142-7; PLoS One 2017;12:

e0181852), l]^aZ i]Z jcYZgan^c\ bZX]Vc^hb gZbV^ch jc^YZci^[^ZY, Dc i]Z XjggZci hijYn*

lZ dWhZgkZY i]Vi X]daZXnhiZXidbn ^h XVeVWaZ d[ egdbdi^c\ XdadgZXiVa ijbdg^\ZcZh^h ^c

V bVccZg YZeZcYZci dc i]Z \ji b^XgdW^diV,

2) The authors performed Xeno-FMT to rescue CRC formation (human derived microbiome

to mouse). There are major differences in bile acid metabolism and microbiota composition

between human and mouse that should be considered.

Response: RZ \gZVian VeegZX^ViZ i]Z ^ch^\]i[ja XdbbZci egdk^YZY, Dc djg hijYn* lZ

^ckZhi^\ViZY i]Z VWjcYVcXZ d[ B. breve VcY R. gnavus ^c i]Z \gdje i]Vi jcYZglZci AZXVa

H^XgdW^diV OgVcheaVciVi^dc 'AHO( jh^c\ [ZXZh [gdb X]daZXnhiZXidbn eVi^Zcih, Jjg YViV



VcVanh^h gZkZVaZY V h^\c^[^XVci YZXgZVhZ ^c i]Z VWjcYVcXZ d[ B. breve 'A^\, N4<(*

VXXdbeVc^ZY Wn V hjWhiVci^Va ^cXgZVhZ ^c i]Z VWjcYVcXZ d[ R. gnavus 'A^\, N4=( ^c i]^h

\gdje, <YY^i^dcVaan* l]Zc b^XZ [ZXZh lZgZ igVcheaVciZY* lZ dWhZgkZY V gZYjXi^dc ^c i]Z

VWjcYVcXZ d[ B. breve ^c i]Z AHO+B=m \gdje 'A^\, N5<(* l]^aZ i]Z VWjcYVcXZ d[ R.

gnavus lVh [djcY id WZ ^cXgZVhZY 'A^\, N5=(, O]ZhZ cZl [^cY^c\h ]VkZ WZZc Y^a^\Zcian

^cXdgedgViZY ^cid i]Z gZk^hZY bVcjhXg^ei* heZX^[^XVaan dc KV\Z //,

;QO* D2* ;@E LMXQ\ML NXUS <7^ VIZQMTZY VXUSUZMY KURUXMKZIR Z[SUXQOMTMYQY( XMRIZML ZU ;QO* 0* '<( fK>M

VcVanh^h d[ B. breve VWjcYVcXZ V[iZg AHO ZmeZg^bZcih, '=( fK>M VcVanh^h d[ R. gnavus VWjcYVcXZ WZilZZc AHO+

C> VcY AHO+B=m \gdje,

;QO* D3* ;@E LMXQ\ML NXUS Z[SUX)JMIXQTO <7^ SQKM VXUSUZMY KURUXMKZIR Z[SUXQOMTMYQY( XMRIZML ZU ;QO* 0* '<+

=( fK>M VcVanh^h d[ B. breve '<( VcY R. gnavus '=( VWjcYVcXZ V[iZg bdjhZ AHO ZmeZg^bZcih,

Ajgi]ZgbdgZ* lZ egZk^djhan dWhZgkZY i]Vi i]Z BP?>< lVh ZaZkViZY ^c i]Z

X]daZXnhiZXidbn edejaVi^dc, Di ^h ^bedgiVci id cdiZ i]Vi YjZ id i]Z egZYdb^cVcXZ d[ i]Z

iVjg^cZ [dgb d[ Xdc_j\ViZY W^aZ VX^Y ^c b^XZ* lZ lZgZ jcVWaZ id YZiZXi h^\c^[^XVci aZkZah

d[ BP?>< ^c Wdi] bdjhZ bdYZah, CdlZkZg* lZ Y^Y dWhZgkZ ]^\]Zg aZkZah d[ OP?><

^c Wdi] bdjhZ bdYZah [daadl^c\ X]daZXnhiZXidbn* Vh YZe^XiZY ^c A^\, N//> VcY N/0>,

O]ZhZ gZhjaih ^cY^XViZ i]Vi lZ ]VkZ YZiZXiZY X]Vc\Zh ^c `Zn WVXiZg^V* cVbZan B. breve

VcY R. gnavus* VcY `Zn W^aZ VX^Yh* cVbZan BP?>< VcY OP?><* ^c Wdi]

X]daZXnhiZXidbn edejaVi^dch VcY b^XZ,

KaZVhZ gZ[Zg id i]Z ViiVX]ZY YdXjbZci [dg VYY^i^dcVa ^c[dgbVi^dc gZ\VgY^c\ i]ZhZ

[^cY^c\h,



;QO* D--* ;MKIR JQRM IKQL VXUNQRM QT SQKM INZMX KPURMK_YZMKZUS_ ]QZP 6A@+9DD ZXMIZSMTZ* '>( AZXVa W^aZ VX^Y

egd[^aZh WZilZZc i]Z N]Vb)<JH-?NN VcY B=m)<JH-?NN b^XZ,

;QO* D-.* 7QRM IKQL VXUNQRM INZMX KPURMK_YZMKZUS_ QT 6B8SQT+' SQKM* '>( AZXVa W^aZ VX^Y egd[^aZh ^c <K>b^c-) b^XZ

l^i] dg l^i]dji X]daZXnhiZXidbn,

3) Are reduced FXR expression/increased beta catenin expression accompanied by

reduced FXR-beta catenin interaction only specific to tumor tissue or a common feature of

GBx colon (non-tumor tissue)?

Response: RZ ZmegZhh djg h^cXZgZ VeegZX^Vi^dc [dg i]Z ^ch^\]i[ja XdbbZci egdk^YZY, Dc

gZhedchZ id i]^h [ZZYWVX`* lZ ]VkZ bVYZ i]Z cZXZhhVgn VYY^i^dch id djg bVcjhXg^ei,

NeZX^[^XVaan* lZ ]VkZ ^cXajYZY V XdbegZ]Zch^kZ YZhXg^ei^dc d[ i]Z dg^\^cVa A^\, 3 ^c

Wdi] i]Z HZi]dYh VcY MZhjaih hZXi^dch 'KV\Z /3(, Di ^h ^bedgiVci id cdiZ i]Vi i]Z

ZmeZg^bZcih lZgZ XdcYjXiZY jh^c\ ijbdg+WZVg^c\ b^XZ, Adg i]Z bdaZXjaVg W^dX]Zb^XVa

ZmeZg^bZci* hjX] Vh MI<+hZf VcY K>M VcVanh^h* lZ ji^a^oZY ijbdg i^hhjZh dWiV^cZY

[gdb i]Z <JH-?NN bdjhZ bdYZa,

<YY^i^dcVaan* ^c VXXdgYVcXZ l^i] i]Z gZk^ZlZg&h hj\\Zhi^dc* lZ ^ckZhi^\ViZY i]Z

ZmegZhh^dc d[ i]Z iVg\Zi \ZcZh ^c cVpkZ b^XZ l^i]dji <JH-?NN igZVibZci, IdiVWan* lZ

dWhZgkZY V YZXgZVhZ ^c i]Z ZmegZhh^dc d[ ASM 'A^\, N/5?( VcY ^ih iVg\Zi \ZcZ NCK 'A^\,

N/5@( YZXgZVhZY [daadl^c\ B=m igZVibZci, >dckZghZan* i]Z ZmegZhh^dc d[ HnX 'A^\,

N/6A( lVh [djcY id WZ ^cXgZVhZY, O]ZhZ [^cY^c\h egdk^YZ kVajVWaZ ^ch^\]ih ^cid i]Z

bdaZXjaVg X]Vc\Zh VhhdX^ViZY l^i] B=m ^c gZaVi^dc id i]ZhZ heZX^[^X \ZcZh, KaZVhZ gZ[Zg

id i]Z ViiVX]ZY YdXjbZci [dg V k^hjVa gZegZhZciVi^dc d[ i]ZhZ gZhjaih,



;QO* D-3* EPM XMRIZQ\M M^VXMYYQUT UN JQRM IKQL XMKMVZUXY QT DPIS ITL <7^ SQKM ]QZP UX ]QZPU[Z 6A@+9DD

ZXMIZSMTZ( XMRIZML ZU ;QO* 2* '?( MZaVi^kZ ZmegZhh^dc d[ ASM ^c N]Vb VcY B=m b^XZ, '@( MZaVi^kZ ZmegZhh^dc d[

NCK ^c ZVX] \gdje,

;QO* D-4* EPM XMRIZQ\M M^VXMYYQUT UN ZIXOMZ OMTMY UN GTZ+e)KIZMTQT YQOTIRQTO QT <7^ SQKM INZMX 6A@+9DD

ZXMIZSMTZ( XMRIZML ZU ;QO* 2* 'A( MZaVi^kZ ZmegZhh^dc d[ HnX ^c N]Vb VcY B=m b^XZ,

4) Is GUDCA a major bile acid affecting CRC formation post-GBx at physiological

concentrations?

Response: RZ h^cXZgZan VeegZX^ViZ i]Z kVajVWaZ VcY XdchigjXi^kZ XdbbZci egdk^YZY, Di

^h l^YZan VX`cdlaZY\ZY i]Vi i]Z bV_dg^in d[ W^aZ VX^Yh ^c i]Z \ji Zm^hi ^c V YZXdc_j\ViZY

[dgb, Dc djg hijYn* lZ dWhZgkZY V h^\c^[^XVci ^cXgZVhZ ^c i]Z gVi^d d[ Xdc_j\ViZY id

jcXdc_j\ViZY W^aZ VX^Yh 'A^\, N/.=(* Vh lZaa Vh V cdiVWaZ ZaZkVi^dc ^c hZkZgVa Xdc_j\ViZY

W^aZ VX^Yh ^c i]Z B=m \gdje 'A^\, N/.>(* l]^X] ^h Xdch^hiZci l^i] i]Z egZk^djh gZedgi

%Front Microbiol. 2022; 13: 800604& VcY ]^\]a^\]i i]Z ^beVXi d[ X]daZXnhiZXidbn dc

W^aZ VX^Y bZiVWda^hb, DbedgiVcian* i]Z XdbeaZm^in d[ W^aZ VX^Y bZiVWda^hb ^h [jgi]Zg

ZmVXZgWViZY Wn Y^[[ZgZci ^ciZgkZci^dc [VXidgh [daadl^c\ X]daZXnhiZXidbn* Vh Xdc[^gbZY

Wn egZk^djh hijY^Zh 'Gut microbes, 2023; 15(1): 2168101; Nutrients; 2023; 15(17):

3829( VcY djg dlc YViV,

IdiVWan* egZk^djh ^ckZhi^\Vi^dch ]VkZ ^cY^XViZY i]Vi X]daZXnhiZXidbn YdZh cdi aZVY id

VaiZgVi^dch ^c i]Z X]da^X VX^Y '><( dg YZdmnX]da^X VX^Y '?><( eddah ^c eVi^Zcih Yjg^c\

h]dgi+iZgb VcY adc\+iZgb [daadl+je %J Clin Invest. 1989; 83(5):1541-50; Hepatology.

1995;21(1):41-5&, R]^aZ hdbZ hijY^Zh ]VkZ gZedgiZY Vc ^cXgZVhZ ^c hZgjb ?>< aZkZah

[daadl^c\ X]daZXnhiZXidbn* V hjWhiVci^Va WdYn d[ gZhZVgX] ]Vh Xdch^hiZcian h]dlc cd

X]Vc\Zh ^c [ZXVa ?><* G><* VcY >?>< aZkZah V[iZg X]daZXnhiZXidbn %Front Microbiol.

2022: 18: 13: 800604; Nutrients. 2023; 15 (17): 3829&* l]^X] ^h Xdch^hiZci l^i] djg



[^cY^c\h, DbedgiVcian* lZ dWhZgkZY Vc ZaZkVi^dc ^c [ZXVa BP?>< aZkZah ^c eVi^Zcih l]d

jcYZglZci X]daZXnhiZXidbn 'A^\, /C(* VcY U+hXdgZ VcVanh^h [jgi]Zg YZbdchigViZY i]Z

h^\c^[^XVcXZ d[ i]^h Y^[[ZgZcXZ 'A^\,/D(, <ai]dj\] i]Z egZhZcXZ d[ XdcXdb^iVci

<JH-?NN ^ciZgkZci^dc dg <K> \ZcZi^X bVc^ejaVi^dc bVn Xdbea^XViZ i]Z W^aZ VX^Y

egd[^aZh* lZ Xdch^hiZcian dWhZgkZY X]Vc\Zh ^c OP?>< aZkZah VXgdhh Y^[[ZgZci bdYZah

[daadl^c\ X]daZXnhiZXidbn 'A^\, N//> VcY A^\, N/0>(* Vh YZe^XiZY ^c i]Z ViiVX]ZY

YdXjbZci,

;QO* D-,* 7QRM IKQL VXUNQRM QT SQKM INZMX KPURMK_YZMKZUS_* '=( O]Z gVi^d d[ Xdc_j\ViZY id jcXdc_j\ViZY W^aZ VX^Yh

^c [ZXVa hVbeaZh WZilZZc i]Z ild \gdjeh, '>( AZXVa W^aZ VX^Y egd[^aZh ^c i]Z ild \gdjeh,

;QO* -* EPM O[Z SQKXUJQUZI ITL JQRM IKQL VXUNQRMY QT KPURMK_YZMKZUS_ VIZQMTZY* 'C( AZXVa W^aZ VX^Y egd[^aZh ^c

]ZVai] Xdcigdah VcY B=m eVi^Zcih, 'D( U+hXdgZ d[ i]Z W^aZ VX^Yh,

;QO* D--* ;MKIR JQRM IKQL VXUNQRM QT SQKM INZMX KPURMK_YZMKZUS_ ]QZP 6A@+9DD ZXMIZSMTZ* '>( AZXVa W^aZ VX^Y

egd[^aZh WZilZZc i]Z N]Vb)<JH-?NN VcY B=m)<JH-?NN b^XZ,



;QO* D-.* 7QRM IKQL VXUNQRM INZMX KPURMK_YZMKZUS_ QT 6B8SQT+' SQKM* '>( AZXVa W^aZ VX^Y egd[^aZh ^c <K>b^c-) b^XZ

l^i] dg l^i]dji X]daZXnhiZXidbn,



@ZVg ZY^idg VcY gZk^ZlZgh*

SZ ZmiZcY djg jibdhi \gVi^ijYZ [dg i]Z ^ckVajVWaZ [ZZYWVX` VcY hj\\Zhi^dch egdk^YZY,

P]ZhZ XdbbZcih ]VkZ egdkZc id WZ ^bbZchZan kVajVWaZ ^c Zc]VcX^c\ i]Z fjVa^in d[ djg

bVcjhXg^ei, SZ ]VkZ Y^a^\Zcian ^cXdgedgViZY i]Z cZXZhhVgn gZk^h^dch VcY hjeeaZbZciZY

i]Z YdXjbZci l^i] i]Z gZfjZhiZY VYY^i^dcVa YViV, LaZVhZ [^cY WZadl V XdbegZ]Zch^kZ

ed^ci+Wn+ed^ci gZhedchZ id ZVX] XdbbZci8

8AQEARAM $* %8AI=MGN OK ODA 2PODKM&1

P]Z Vji]dgh ]VkZ egdk^YZY VchlZgh* l]^X] gV^hZ i]Z [daadl^c\ XdbbZcih8

/, P]Z XVjhVa gZaVi^dch]^e WZilZZc X]daZXnhiZXidbn VcY XdadgZXiVa XVcXZg '?N?( dg

di]Zg Xdbea^XVi^dch ^c ]jbVch ^h hi^aa YZWViZY* l]ZgZVh ^i ^h egZhZciZY Vh lZaa

ZhiVWa^h]ZY,

Ec i]Z^g VchlZg* i]Z Vji]dgh egdk^YZ ild gZ[ZgZcXZh* V gZk^Zl dc edhi+X]daZXnhiZXidbn

hncYgdbZ VcY bZiV+VcVanh^h dc XdadgZXiVa XVcXZg '?N?(* cdcZ d[ l]^X] ]VkZ WZZc

^cXajYZY ^c i]Z ^cigdYjXi^dc d[ i]Z gZk^hZY bVcjhXg^ei,

Response: SZ ZmegZhh djg h^cXZgZ \gVi^ijYZ [dg i]Z XdchigjXi^kZ XdbbZcih egdk^YZY Wn

i]Z ZhiZZbZY gZk^ZlZgh, SZ ]VkZ VYYZY i]Z gZaZkVci gZ[ZgZcXZh 'NZ[ZgZcXZ 0 VcY 4( ^c

i]Z ^cigdYjXi^dc hZXi^dc ^c i]Z gZk^hZY bVcjhXg^ei,

0, P]Z ^c[dgbVi^dc gZ\VgY^c\ i]Z eVi^Zcih egdk^YZY ^c PVWaZ O/* ^h kZgn a^b^iZY hd i]Vi

i]ZgZ XdjaY WZ bVcn Xdc[djcY^c\ [VXidgh cdiVWan bZiVWda^X [VXidgh* l]^X] XdjaY

ZmeaV^c i]Z Y^[[ZgZcXZh ^c \ji b^XgdW^diV VcY W^aZ VX^Y egd[^aZ WZilZZc i]Z ild \gdjeh*

WZh^YZh X]daZXnhiZXidbn, P]Z i^bZ ZaVehZY h^cXZ X]daZXnhiZXidbn VeeVgZcian gVc\Zh

WZilZZc / VcY 0. nZVgh* l]^X] bV`Zh i]Z hijYn \gdje kZgn ]ZiZgd\ZcZdjh* Xdch^YZg^c\

i]Z VYVeiVi^dc d[ W^aZ VX^Yh bZiVWda^hb l]^X] bVn dXXjg ^c eVi^Zcih edhi+

X]daZXnhiZXidbn, Pld eVi^Zcih ^c i]Z \gdje d[ X]daZXnhiZXidbn YZkZadeZY ?N?*

l]ZgZVh ^i ^h cdi heZX^[^ZY ^[ ?N? dXXjggZY WZ[dgZ dg V[iZg X]daZXnhiZXidbn* VcY ]dl

adc\ V[iZg ^[ i]^h ^h i]Z XVhZ, Ec VYY^i^dc* i]Z hiVi^hi^X bZi]dY jhZY id VcVanoZ

eVi^ZcihtYViZ h]djaY VeeZVg ^c i]Z aZ\ZcY d[ PVWaZ O/,

Jd VchlZg lVh egdk^YZY gZ\VgY^c\ i]Z dXXjggZcXZ d[ ?N? WZ[dgZ dg V[iZg



X]daZXnhiZXidbn, IdgZdkZg* PVWaZ O/ h]dlh i]Vi i]Z dcan h^\c^[^XVci Y^[[ZgZcXZ

WZilZZc i]Z ]ZVai]n VcY X]daZXnhiZXidbn \gdjeh VXXdgY^c\ id X]^+hfjVgZ iZhi* lVh bdgZ

[gZfjZci Y^Vgg]ZV ^c i]Z X]daZXnhiZXidbn \gdje l]ZgZVh ?N? dXXjggZcXZ lVh cdi

h^\c^[^XVcian Y^[[ZgZci WZilZZc i]Z ild \gdjeh, EbedgiVcian* i]Z edhi+deZgVi^kZ i^bZ ^h

d[ 7,.6 p .,61 l^i]dji jc^i* nZVgh egZhjbVWan, Ei ^h kZgn hjgeg^h^c\ i]Vi hZgjb W^aZ VX^Yh

VgZ ^cXgZVhZY 7 nZVgh V[iZg X]daZXnhiZXidbn 'B^\, /[( jcaZhh i]Z eVi^Zcih ]VkZ VYY^i^dcVa

a^kZg Y^hZVhZ, P]ZgZ[dgZ* ^i ldjaY WZ ZhhZci^Va id bZci^dc i]Z ^cY^XVi^dc d[

X]daZXnhiZXidbn VcY i]Z a^kZg hiVijh,

0,/ Jd VchlZg lVh egdk^YZY gZ\VgY^c\ i]Z dXXjggZcXZ d[ ?N? WZ[dgZ dg V[iZg

X]daZXnhiZXidbn,

Response: SZ \gZVian VeegZX^ViZ i]Z kVajVWaZ VcY XdchigjXi^kZ XdbbZci, =XijVaan* ild

eVi^Zcih ^c i]Z \gdje d[ X]daZXnhiZXidbn YZkZadeZY ?N? V[iZg X]daZXnhiZXidbn,

OeZX^[^XVaan* dcZ XVhZ dXXjggZY [djg nZVgh V[iZg X]daZXnhiZXidbn* VcY i]Z di]Zg dXXjggZY

h^m nZVgh V[iZg X]daZXnhiZXidbn, SZ ]VkZ VYYZY i]Z ^c[dgbVi^dc ^c i]Z gZk^hZY

bVcjhXg^ei dc eV\Z 6,

0,0 IdgZdkZg* PVWaZ O/ h]dlh i]Vi i]Z dcan h^\c^[^XVci Y^[[ZgZcXZ WZilZZc i]Z ]ZVai]n

VcY X]daZXnhiZXidbn \gdjeh VXXdgY^c\ id X]^+hfjVgZ iZhi* lVh bdgZ [gZfjZci Y^Vgg]ZV

^c i]Z X]daZXnhiZXidbn \gdje l]ZgZVh ?N? dXXjggZcXZ lVh cdi h^\c^[^XVcian Y^[[ZgZci

WZilZZc i]Z ild \gdjeh,

Response: =ai]dj\] i]Z ?N? dXXjggZcXZ lVh cdi h^\c^[^XVcian Y^[[ZgZci WZilZZc i]Z

ild \gdjeh* lZ Y^Y [^cY 0 dji d[ 30 eVi^Zcih V[iZg X]daZXnhiZXidbn YZkZadeZY ?N?*

^bean^c\ Vc jelVgY igZcY d[ ?N? ^cX^YZcXZ V[iZg X]daZXnhiZXidbn, DdlZkZg* YjZ id

i]Z gZaVi^kZan hbVaa hVbeaZ h^oZ* i]ZgZ lVh cd h^\c^[^XVci Y^[[ZgZcXZ WZilZZc i]Z ild

\gdjeh, EbedgiVcian* egZk^djh hijY^Zh h]dlZY i]Vi i]Z dXXjggZcXZ gViZ d[ ?N? ^cXgZVhZY

bVg`ZYan V[iZg X]daZXnhiZXidbn (Br J Cancer. 2003; 88: 79-83; PLoS One. 2017; 12:

e0181852; Front Med. 2022; 9: 1000563). P]ZgZ[dgZ* ^ciZ\gVi^c\ i]Z egZk^djh

a^iZgVijgZ VcY djg [^cY^c\h hj\\Zhih i]Vi i]Z g^h` d[ ?N? dXXjggZcXZ ^cXgZVhZh V[iZg

X]daZXnhiZXidbn,



0,1 EbedgiVcian* i]Z edhi+deZgVi^kZ i^bZ ^h d[ 7,.6 p .,61 l^i]dji jc^i* nZVgh egZhjbVWan,

Response: P]Z edhi+deZgVi^kZ i^bZ ^h d[ 7,.6 p .,61 nZVgh* VcY lZ ]VkZ VYYZY i]Z jc^ih

^c i]Z gZk^hZY OjeeaZbZciVgn PVWaZ /,

0,2 Ei ^h kZgn hjgeg^h^c\ i]Vi hZgjb W^aZ VX^Yh VgZ ^cXgZVhZY 7 nZVgh V[iZg X]daZXnhiZXidbn

'B^\, /[( jcaZhh i]Z eVi^Zcih ]VkZ VYY^i^dcVa a^kZg Y^hZVhZ, P]ZgZ[dgZ* ^i ldjaY WZ

ZhhZci^Va id bZci^dc i]Z ^cY^XVi^dc d[ X]daZXnhiZXidbn VcY i]Z a^kZg hiVijh,

Response: =h i]Z gZk^ZlZg bZci^dcZY* i]Z VYVeiVi^dc d[ W^aZ VX^Yh bZiVWda^hb bVn

dXXjg ^c eVi^Zcih edhi+X]daZXnhiZXidbn, JjbZgdjh hijY^Zh ]VkZ gZedgiZY V h^\c^[^XVci

^cXgZVhZ ^c hZgjb W^aZ VX^Y aZkZah ^c eVi^Zcih l]d ]VkZ jcYZg\dcZ X]daZXnhiZXidbn

(PloS One. 2015; 10: e0118478; Eur J Intern Med. 2018; 53: 3-11), l]^X] ^h

Xdch^hiZci l^i] djg gZhjaih, =[iZg X]daZXnhiZXidbn* i]Z ^cXgZVhZ ^c hZgjb W^aZ VX^Y aZkZah

XVc WZ Viig^WjiZY id hZkZgVa [VXidgh, B^ghian* gZbdk^c\ i]Z \VaaWaVYYZg Y^hgjeih i]Z cdgbVa

X^gXjaVi^dc VcY bZiVWda^hb d[ W^aZ VX^Yh* l]^X] X]Vc\Zh i]Z^g Y^hig^Wji^dc ^c i]Z WdYn*

Y^gZXian XVjh^c\ V g^hZ ^c hZgjb W^aZ VX^Y aZkZah (Gut. 1978; 19: 640-9; Gut. 1973; 14:

753-62), OZXdcYan* X]daZXnhiZXidbn ^ciZggjeih i]Z ZciZgd]ZeVi^X X^gXjaVi^dc d[ W^aZ

VX^Yh* aZVY^c\ id X]Vc\Zh ^c i]Z ZmegZhh^dc d[ \ZcZh gZaViZY id W^aZ VX^Y hnci]Zh^h,

?dcXjggZcian* Zc]VcXZY ^ciZhi^cVa VWhdgei^dc d[ W^aZ VX^Yh bVn dXXjg* gZhjai^c\ ^c

ZaZkViZY hZgjb W^aZ VX^Y aZkZah (Compr Physiol. 2016; 6: 1549-77; Eur J Intern Med.

2018; 53: 3-11), B^cVaan* V[iZg X]daZXnhiZXidbn* i]Z Xdci^cjdjh [adl d[ W^aZ ^cid i]Z

^ciZhi^cZ XVjhZh ^ciZhi^cVa [adgV YnhW^dh^h* l]^X] ^c ijgc V[[ZXih i]Z bZiVWda^hb VcY

gZVWhdgei^dc d[ W^aZ VX^Yh* aZVY^c\ id Vc ^cXgZVhZ ^c hZgjb W^aZ VX^Y aZkZah (Front

Microbiol. 2022; 13: 800604; Int J Surg. 2023; 109: 2585-2597; Gut Microbes. 2023;

15: 2168101(, SZ ]VkZ VYYZY i]Z VWdkZ ZmeaVcVi^dch VcY gZaZkVci gZ[ZgZcXZh ^c i]Z

@^hXjhh^dc hZXi^dc,

Ec VYY^i^dc* lZ ]VkZ VYYZY i]Z ^c[dgbVi^dc d[ a^kZg [jcXi^dc ^cY^XVidgh VcY a^kZg

Y^hZVhZh i]Vi ]VkZ dXXjggZY Yjg^c\ i]Z [daadl+je egdXZhh ^cid OjeeaZbZciVgn PVWaZ /,

P]ZgZ lZgZ cd h^\c^[^XVci Y^[[ZgZcXZh ^c Wdi] a^kZg [jcXi^dc ^cY^XVidgh VcY a^kZg Y^hZVhZh

WZilZZc i]Z ild \gdjeh,

9PLLHAIAJO=MS :=>HA *) 4AIKCM=LDE? =J@ ?HEJE?=H ?D=M=?OAMENOE?N KB DA=HOD ?KJOMKH



=J@ ?DKHA?SNOA?OKIS L=OEAJON)

LVgVbZiZg DZVai]

'J:23(

?]daZXnhiZXidbn

'J:30(

LRVajZ

CZcYZg* [ZbVaZ* Jd* '$( 06 '40,00$( 10 '4/,32$( .,73

=\Z 'nZVgh( 26,31p/,1/ 3/,/3p/,20 .,46

LdhideZgVi^kZ i^bZ 'nZVgh( 7,.6p.,61

DZ^\]i 'b( /,40p/,06 /,4/p/,/6 .,63

SZ^\]i 'G\( 33,02p/,12 33,/1p/,03 .,54

>IE 'G\-b0( 02,7/p.,2/ 03,1.p.,04 .,41

?a^c^XVa hnbeidbh

=X^Y NZ[ajm* Jd, '$( 2 '6,67$( 3 '7,40$( .,7.

@^Vgg]ZV* Jd, '$( 0 '2,22$( /. '/7,01$( .,.1

=WYdb^cVa @^hiZch^dc* Jd,

'$(

3 '//,//$( 5 '/1,24$( .,51

=WYdb^cVa LV^c* Jd, '$( 0 '2,22$( 6 '/3,16$( .,.6

?dchi^eVi^dc* Jd, '$( 1 '4,45$( 2 '5,47$( .,63

H^kZg [jcXi^dc iZhi

=HP 'Q-H( 00,17p/,33 06,2.p1,.7 .,31

=OP 'Q-H( 00,/4p/,.3 02,15p/,00 .,44

=HL 'Q-H( 65,7.p1,30 7.,67p2,67 .,2/

CCP'Q-H( 02,44p/,77 1.,71p0,23 .,07

P>EH'}bda-H( /.,.1p.,53 /.,44p.,4. .,02

?dbdgW^Y^i^Zh

D>L* Jd, '$( 6 '/5,56$( /. '/7,01$( .,63

DHL* Jd, '$( 3 '//,//$( 5 '/1,24$( .,51

@I* Jd, '$( 1 '4,45$( 4 '//,32$( .,2/

J=BH@* Jd, '$( 1 '4,45$( 2 '5,47$( .,63

=EH@* Jd, '$( / '0,00$( 0 '1,63$( .,43

?^gg]dh^h* Jd, '$( . '.,..$( / '/,70$( .,13

E>@* Jd, '$( / '0,00$( 0'1,63$( .,43

?N?* Jd, '$( . '.,..$( 0 '1,63$( .,/6

@ViV lZgZ egZhZci Vh i]Z IZVc p OA* L kVajZ lVh YZiZgb^cZY Wn X]^+hfjVgZ iZhi, =HP* VaVc^cZ

Vb^cdigVch[ZgVhZ9 =OP* VheVgiViZ Vb^cdigVch[ZgVhZ9 =HL* Va`Va^cZ e]dhe]ViVhZ9 CCP* \VbbV+\ajiVbna



igVch[ZgVhZ9 P>EH* idiVa W^a^gjW^c9 D>L* ]^\] WaddY egZhhjgZ9 DHL* ]neZga^e^YZb^V9 @I* Y^VWZiZh9

J=BH@* cdc+VaXd]da^X [Viin a^kZg Y^hZVhZ9 =EH@* Vjid^bbjcZ a^kZg Y^hZVhZ9 E>@* ^c[aVbbVidgn WdlZa

Y^hZVhZ9 ?N?* XdadgZXiVa XVcXZg, OdjgXZ YViV VgZ egdk^YZY Vh V OdjgXZ @ViV [^aZ,

1, P]Z bZX]Vc^hb l]ZgZWn X]daZXnhiZXidbn egdbdiZh ?N? ^c b^XZ lVh ^ckZhi^\ViZY

Wn eZg[dgb^c\ CQ@?= \VkV\Z* l]ZgZVh ^i ^h PQ@?= l]^X] ^cXgZVhZh V[iZg

X]daZXnhiZXidbn ^c b^XZ, H^`Zl^hZ* l]ZgZVh >, WgZkZ ^h YZXgZVhZY [daadl^c\

X]daZXnhiZXidbn ^c b^XZ* ^i hZZbh id WZ ^cXgZVhZY ^c ]jbVch 'B^\, /?(, CZcZgVaan*

[^\jgZ aZ\ZcYh VgZ cdi hZa[+ZmeaVcVidgn* l]^X] bV`Zh i]Z ^ciZgegZiVi^dc d[ YViV Y^[[^Xjai,

P]Z Vji]dgh eZg[dgbZY VYY^i^dcVa ZmeZg^bZcih h]dl^c\ i]Vi PQ@?= ]Vh i]Z hVbZ

Z[[ZXi Vh CQ@?=, UZi* ^[ i]Z dW_ZXi^kZ ^h id h]dl i]Vi i]Z Z[[ZXi d[ C>m ^h bZY^ViZY Wn

PQ@?=* PQ@?= h]djaY gZegdYjXZ i]Z Z[[ZXi d[ C>m ^chiZVY d[ WZ^c\ XdbW^cZY l^i]

C>m, Ei ^h jcXaZVg l]n i]Z ^cXgZVhZ ^c N,\cVkjh ^c X]daZXnhiZXidb^oZY eVi^Zcih ^h cdi

h]dlc ^c B^\, /* Wji h]dlc aViZg ^c B^\, O2\, P]Z egZhZciVi^dc d[ \ji b^XgdW^diV YViV

gZbV^ch Xdc[jh^c\ ^c i]Z iZmi WZilZZc C>m VadcZ* C>m ) =KI-@OO* =L?+C>m* VcY

h]djaY cdi WZ h]dlc Vh hjeeaZbZciVgn* Wji Vh V [jaa [^\jgZ d[ Wdi] b^XZ VcY eVi^Zcih

YViV Vh ^c i]Z gZhedchZ id gZk^ZlZg 'B^\, O2B+H(, =cY hi^aa* >,WgZkZ ^h ^cXgZVhZY ^c

]jbVch '[^\, /?( B^\jgZ aZ\ZcYh VgZ hi^aa cdi hZa[+ZmeaVcVidgn, Bdg ZmVbeaZ* l]Vi

aZh^dch YdZh B^\, 1? egZX^hZan h]dl,

1,/ P]Z Vji]dgh eZg[dgbZY VYY^i^dcVa ZmeZg^bZcih h]dl^c\ i]Vi PQ@?= ]Vh i]Z hVbZ

Z[[ZXi Vh CQ@?=, UZi* ^[ i]Z dW_ZXi^kZ ^h id h]dl i]Vi i]Z Z[[ZXi d[ C>m ^h bZY^ViZY Wn

PQ@?=* PQ@?= h]djaY gZegdYjXZ i]Z Z[[ZXi d[ C>m ^chiZVY d[ WZ^c\ XdbW^cZY l^i]

C>m,

Response: SZ ]^\]an VeegZX^ViZ i]Z kVajVWaZ XdbbZci VYYgZhhZY, SZ ]VkZ XdcYjXiZY

i]ZhZ ZmeZg^bZcih WZ[dgZ* VcY VYYZY i]Z gZaZkVci YViV d[ PQ@?= dg CQ@?= ^c i]Z

VWhZcXZ d[ C>m ^c XdadgZXiVa ijbdg^\ZcZh^h Vh [daadlh, I^XZ i]Vi gZXZ^kZY PQ@?= dg

CQ@?= igZVibZci YZkZadeZY Vc ^cXgZVhZY cjbWZg d[ ijbdgh 'OjeeaZbZciVgn B^\, /4Y(*

V ]^\]Zg ]^hideVi]dad\^XVa \gVY^c\ 'OjeeaZbZciVgn B^\, /4Z(* VcY ^cXgZVhZY aZkZah d[

?A= VcY ?=/7+7 'OjeeaZbZciVgn B^\, /4[+\(, P]ZhZ gZhjaih ^cY^XViZY i]Vi PQ@?= dg



CQ@?= ^c i]Z VWhZcXZ d[ C>m XdjaY gZegdYjXZ i]Z Z[[ZXi d[ C>m ^c XdadgZXiVa

ijbdg^\ZcZh^h, SZ ]VkZ VYYZY i]ZhZ cZl YViV ^c OjeeaZbZciVgn B^\, /4 ^c i]Z gZk^hZY

bVcjhXg^ei* heZX^[^XVaan dc LV\Z /0,

9PLLHAIAJO=MS 5EC */) 6;432 =J@ :;432 C=Q=CA LMKIKOAN ?KHKMA?O=H OPIKMECAJANEN' MAH=OA@ OK

5EC) .) = AmeZg^bZciVa YZh^\c [dg b^XZ dgVaan \VkV\ZY l^i] JO 'Xdcigda(* CQ@?= dg PQ@?=, > BZXVa

CQ@?= aZkZa V[iZg CQ@?= \VkV\Z 'IVcc+S]^iZcZn U iZhi(, ? BZXVa PQ@?= aZkZa V[iZg PQ@?=

\VkV\Z 'SZaX]th t iZhi(, @ NZegZhZciVi^kZ Xdadc^X bdge]dad\^Zh VcY VkZgV\Z ijbdg cjbWZg ^c ZVX] \gdje,

A NZegZhZciVi^kZ ^bV\Zh d[ D%A hiV^c^c\ 'je( VcY hZb^fjVci^iVi^kZ VcVanh^h 'Ydlc(, D^hidad\^XVa ha^YZh

h]dl^c\ cdgbVa* YnheaVhi^X bjXdhVZ VcY XVgX^cdbV ^c i]Z ZmeZg^bZci, P]Z Wdiidb hXVaZ WVg ^h 0.. }b

VcY i]Z ide hXVaZ WVg ^h 0. }b, B(C OZgjb ?A= %B& VcY ?=/7+7 aZkZah %C& ^c ZVX] \gdje, n : 4-\gdje, P

kVajZh lZgZ YZiZgb^cZY Wn =JKR= [dg @(C VcY lZgZ ^cY^XViZY ^c ZVX] [^\jgZ, JO8 cdgbVa hVa^cZ, OdjgXZ

YViV VgZ egdk^YZY Vh V OdjgXZ @ViV [^aZ,

1,0 Ei ^h jcXaZVg l]n i]Z ^cXgZVhZ ^c N,\cVkjh ^c X]daZXnhiZXidb^oZY eVi^Zcih ^h cdi

h]dlc ^c B^\, /* Wji h]dlc aViZg ^c B^\, O2\, P]Z egZhZciVi^dc d[ \ji b^XgdW^diV YViV



gZbV^ch Xdc[jh^c\ ^c i]Z iZmi WZilZZc C>m VadcZ* C>m ) =KI-@OO* =L?+C>m* VcY

h]djaY cdi WZ h]dlc Vh hjeeaZbZciVgn* Wji Vh V [jaa [^\jgZ d[ Wdi] b^XZ VcY eVi^Zcih

YViV Vh ^c i]Z gZhedchZ id gZk^ZlZg 'B^\, O2B+H(, =cY hi^aa* >,WgZkZ ^h ^cXgZVhZY ^c

]jbVch '[^\, /?(,

Response: Ec djg hijYn* lZ [^ghi VcVanoZY i]Z Y^[[ZgZcXZh ^c \ji b^XgdW^diV WZilZZc

eVi^Zcih l]d ]VY jcYZg\dcZ X]daZXnhiZXidbn VcY ]ZVai]n ^cY^k^YjVah 'B^\, 2V+W(,

P]gdj\] REL VcVanh^h* lZ ^YZci^[^ZY i]Vi B. breve lVh i]Z WVXiZg^V l^i] i]Z bdhi

h^\c^[^XVci Y^[[ZgZcXZ WZilZZc i]Z ild \gdjeh 'B^\, 2X(, OjWhZfjZcian* lZ VcVanoZY i]Z

Y^[[ZgZcXZh ^c \ji b^XgdW^diV ^c i]Z bdjhZ bdYZa 'B^\, 2Y+Z(* VcY REL VcVanh^h gZkZVaZY

i]Vi R. gnavus lVh i]Z WVXiZg^V l^i] i]Z bdhi h^\c^[^XVci Y^[[ZgZcXZ 'B^\, 2[(, SZ [jgi]Zg

kZg^[^ZY i]Z VWjcYVcXZ d[ i]ZhZ ild WVXiZg^V ^c Wdi] i]Z ]jbVc Xd]dgi VcY i]Z

C>m)=KI-@OO bdYZa, SZ dWhZgkZY i]Vi i]Z VWjcYVcXZ d[ B. breve h^\c^[^XVcian

YZXgZVhZY* l]^aZ R. gnavuh h^\c^[^XVcian ^cXgZVhZY 'B^\, 2\+_(, Pd [jgi]Zg kZg^[n i]Vi i]Z

VWjcYVcXZ X]Vc\Z ^h Viig^WjiZY id X]daZXnhiZXidbn* lZ iZhiZY i]Z aZkZah d[ i]ZhZ ild

WVXiZg^V ^c i]Z C>m bdYZa VcY i]Z =L?+C>m b^XZ bdYZa, ?dch^hiZcian* i]Z VWjcYVcXZ

d[ B. breve h^\c^[^XVcian YZXgZVhZY* VcY i]Z VWjcYVcXZ d[ R. gnavus h^\c^[^XVcian

^cXgZVhZY 'B^\, 2`+c( ^c i]ZhZ ild b^XZ bdYZah, EbedgiVcian* i]Z \gdli] d[ B. breve lVh

^c]^W^iZY ^c W^aZ hVaih ^c V XdcXZcigVi^dc+YZeZcYZci bVccZg 'OjeeaZbZciVgn B^\, /.V(*

l]^aZ R. gnavus lVh gZh^hiVci id W^aZ hVaih 'OjeeaZbZciVgn B^\, /.W(, PV`Zc id\Zi]Zg*

djg YViV ^cY^XViZ i]Vi X]daZXnhiZXidbn XVc gZYjXZ i]Z aZkZa d[ B. breve VcY ^cXgZVhZ i]Z

aZkZa d[ R. gnavus, =XXdgY^c\ id i]Z gZk^ZlZg&h hj\\Zhi^dc* lZ Xdchda^YViZY i]ZhZ

b^XgdW^diV YViV ^cid V [jaa [^\jgZ ^c B^\, 2 'ViiVX]ZY WZadl(, =ahd* lZ VYYZY i]Z VWdkZ

hiViZbZcih ^c i]Z gZk^hZY bVcjhXg^ei dc LV\Z 6+7,



5EC)-) :DA CPO IE?MK>EKO= LMKBEHAN EJ ?DKHA?SNOA?OKIS L=OEAJON =J@ IE?A IK@AHN) = {+Y^kZgh^in d[ i]Z

\ji b^XgdW^diV Vi Vaa aZkZah ^c D? VcY C>m eVi^Zcih 'SZaX]th t iZhi(, > JI@O d[ WVXiZg^Va Xdbbjc^i^Zh

WVhZY dc >gVn+?jgi^h h^b^aVg^in, ? REL hXdgZ d[ i]Z LHO+@= ^c \ji b^XgdW^diV, @ EcYZm '{+Y^kZgh^in( d[

i]Z \ji b^XgdW^diV WZilZZc O]Vb)=KI-@OO VcY C>m)=KI-@OO b^XZ, 'SZaX]th t iZhi* c : 5 kh 7(, A

JI@O d[ WVXiZg^Va Xdbbjc^i^Zh WVhZY dc >gVn+?jgi^h h^b^aVg^in 'c :5 kh 7(, B REL hXdgZ d[ i]Z LHO+@=,

REL hXdgZh lZgZ jhZY id gVc` i]Z VW^a^in d[ Y^[[ZgZci iVmV id Y^hXg^b^cViZ WZilZZc i]Z ild \gdjeh, = iVmdc

l^i] REL hXdgZ ; 0,. lVh Xdch^YZgZY ^bedgiVci ^c i]Z Y^hXg^b^cVi^dc 'c : 5 kh 7(, C NZaVi^kZ VWjcYVcXZ

'eZgXZci gZVYh( d[ B. breve WVhZY dc bZiV\Zcdb^Xh hZfjZcX^c\, D P]Z gZaVi^kZ VWjcYVcXZ d[ R. gnavus

WZilZZc ]ZVai]n VcY X]daZXnhiZXidbn eVi^Zcih, E P]Z gZaVi^kZ VWjcYVcXZ d[ B. breve WZilZZc i]Z



O]Vb)=@ VcY C>m)=@ \gdje 'c : 5 kh 7(, F NZaVi^kZ VWjcYVcXZ d[ R. gnavus WZilZZc

O]Vb)=KI-@OO VcY C>m)=KI-@OO b^XZ 'c : 5 kh 6(, G fL?N VcVanh^h d[ B. breve VWjcYVcXZ ^c

O]Vb VcY C>m b^XZ 'c : 3 kh 4(, H fL?N VcVanh^h d[ R.gnavus ^c O]Vb VcY C>m b^XZ 't iZhi* c : 3 kh

4(, I fL?N VcVanh^h d[ B. breve VWjcYVcXZ WZilZZc =L?+O]Vb VcY =L?+C>m b^XZ 'c : 4-\gdje(, J

fL?N VcVanh^h d[ R. gnavus ^c =L? b^c-)b^XZ 'SZaX]th i iZhi* c : 4-\gdje(, P kVajZh lZgZ YZiZgb^cZY Wn

IVcc S]^icZn U iZhi [dg C(G' I* VcY lZgZ ^cY^XViZY ^c ZVX] [^\jgZ, JI@O* cdcbZig^X bjai^Y^bZch^dcVa

hXVa^c\9 REL* kVg^VWaZ ^bedgiVcXZ ^c egd_ZXi^dc, OdjgXZ YViV VgZ egdk^YZY Vh V OdjgXZ @ViV [^aZ,

1,1 B^\jgZ aZ\ZcYh VgZ hi^aa cdi hZa[+ZmeaVcVidgn, Bdg ZmVbeaZ* l]Vi aZh^dch YdZh B^\,

1? egZX^hZan h]dl,

Response: Ec VYY^i^dc* lZ gZk^hZY i]Z YZhXg^ei^dc d[ i]Z [^\jgZ aZ\ZcYh ^c dg^\^cVa B^\,

1X* l]^X] ^h cdl egZhZciZY Vh B^\, 0X id bV`Z ^i hZa[+ZmeaVcVidgn, DZgZ* i]Z ]^hidad\^XVa

ha^YZh h]dlZY VXjiZ ^c[aVbbVi^dc Vi 2 lZZ`h VcY X]gdc^X ^c[aVbbVi^dc Vi /. lZZ`h

[daadl^c\ =KI ^c_ZXi^dc,

2, P]Z Ac\a^h] hnciVm cZZYh id WZ i]dgdj\]an gZk^hZY ^c eVgi^XjaVg id ZmegZhh

fjVci^iVi^kZ YViV egdeZgan* Z,\, rbdgZ hZkZgZ ijbdg Y^hig^Wji^dcs 'a^cZh 133+134( YdZh

cdi bZVc Vcni]^c\, P]Z bZVc^c\ d[ hZkZgVa di]Zg hZciZcXZh ^h jcXaZVg* [dg ZmVbeaZ*

a^cZh /11 VcY /258 rijbdg Y^hig^Wji^dcqaVg\Zg VcY l^YZgs9 a^cZ /25 rXdadgZXiVa ijbdg

Y^hig^Wji^dcq\gZViZg 9 a^cZ 0.. bdgZ dWk^djh ?N? e]ZcdineZ9 a^cZ 171 rV bV_dg gdaZ

^c i]^h egdXZhhs8 l]^X] egdXZhh YdZh i]^h gZ[Zg id<9 a^cZh 174+175* ri]Z igVch[dgbVi^dc

[gdb ?@?= id Q@?= q]Vh egdkZc [ZVh^WaZs9 a^cZh 210+211 rKjg gZhjaih h]dlZY i]Vi

i]Z XdbW^cVi^dcq,id i]Z Xdcigda \gdjes, H^cZ 210* gZ[ZgZcXZ 11 ^h cdi Veegdeg^ViZ,

HVc\jV\Z ZY^i^c\ Wn Oeg^c\Zg JVijgZ ^begdkZh gZVY^c\ d[ i]Z bVcjhXg^ei,

Response: SZ VeegZX^ViZ i]Z gZk^ZlZgh& gZXd\c^i^dc d[ i]^h XdbbZci,

3, P]Z cjbWZg d[ gZea^XViZh ^h cdi ^cY^XViZY [dg Vaa fjVci^iVi^kZ YViV ^c [^\jgZ aZ\ZcYh,

@ZiV^ah VgZ Vahd aVX`^c\ gZ\VgY^c\ i]Z ]^hideVi]dad\^XVa VcVanh^h d[ i]Z Xdadc ^c b^XZ,

P]Z hXdgZ lVh i]Z VkZgV\Z d[ hXdgZh YZiZgb^cZY Wn ild ZmeZgih, Ec[dgbVi^dc ^h aVX`^c\



gZ\VgY^c\ i]Z ^cigV+ VcY ^ciZg+dWhZgkZg kVg^VW^a^in ^c i]^h hXdg^c\ VcVanh^h< Ec[dgbVi^dc

^h Vahd aVX`^c\ gZ\VgY^c\ i]Z Y^hig^Wji^dc d[ aZh^dch Vadc\ i]Z Xdadc* ^,Z,* egdm^bVa kh,

Y^hiVa, Ddl lZgZ i]Z Y^[[ZgZci \gVYZh d[ ]^hidad\^XVa hZkZg^in [djcY ^c ZVX] bdjhZ iV`Zc

^cid VXXdjci, Ec VYY^i^dc* ^i ^h cdi heZX^[^ZY l]^X] eVgi d[ i]Z Xdadc dg ^[ i]Z Zci^gZ Xdadc

lZgZ jhZY [dg NP+L?N VcVanhZh,

=aa i]Z YZiV^ah egdk^YZY ^c i]Z gZhedchZ h]djaY WZ ^cXajYZY ^c i]Z bVcjhXg^ei, P]Z

cjbWZg d[ gZea^XViZh h]djaY ZmXZZY 1, E[ dcZ \dZh ^c dcZ Y^gZXi^dc* VcY i]Z di]Zg ild ^c

i]Z deedh^iZ Y^gZXi^dc* gZegZhZciVi^kZ d[ i]gZZ ^h Vabdhi gVcYdb, P]Z aZ\ZcY d[

gZegZhZciVi^kZ ^bV\Zh ^h b^haZVY^c\* Z,\, B^\, 0X* 0[8 ^i ldjaY WZ bdgZ Veegdeg^ViZ id

h]dl XVgX^cdbV* D@C VcY H@C* l]^X] VgZ Vaa [djcY ^c Wdi] O]Vb VcY C>m* i]Z

Y^[[ZgZcXZ ^h dcan fjVci^iVi^kZ,

Response: SZ ]VkZ ^cXdgedgViZY Vaa i]Z YZiV^ah egdk^YZY ^c i]Z gZhedchZ ^cid Wdi] i]Z

bV^c iZmi VcY hjeeaZbZciVgn bViZg^Vah d[ i]Z gZk^hZY bVcjhXg^ei, P]Z cjbWZg d[

gZea^XViZh ^h ^cY^XViZY [dg Vaa fjVci^iVi^kZ YViV ^c Vaa [^\jgZ aZ\ZcYh VcY ZVX] ZmeZg^bZci

]Vh WZZc gZea^XViZY dkZg i]gZZ i^bZh, SZ ]VkZ VYYZY i]^h ^c i]Z IZi]dYh VcY [^\jgZ

aZ\ZcYh, Bjgi]ZgbdgZ* lZ Vahd bVYZ i]Z gZk^h^dch id i]Z YZhXg^ei^dch d[ i]Z [^\jgZ

aZ\ZcYh [dg i]Z dg^\^cVa B^\,0X VcY B^\, 0[* l]^X] lZgZ cdl egZhZciZY Vh B^\, /X VcY

B^\, /[ gZheZXi^kZan* id Zc]VcXZ i]Z XdbegZ]Zch^W^a^in d[ i]Z [^\jgZh,

4, OdbZ hiViZbZcih a^`Z rV[iZg X]daZXnhXiZXidbn* i]Z ZciZgd]ZeVi^X X^gXjaVi^dc d[ W^aZ

VX^Y lVh VXXZaZgViZYqs 'a^cZ //3( lVh cdi h]dlc ^c i]Z egZhZci hijYn* VcY ^[ i]^h ^h i]Z

XVhZ* i]Z egdedgi^dc d[ Xdc_j\ViZY W^aZ VX^Yh h]djaY WZ YZXgZVhZY gVi]Zg i]Vc ^cXgZVhZY

Vh [djcY ]ZgZ 'a^cZ //6(,

P]^h hiViZbZci ]Vh WZZc XdggZXiZY,

Response: SZ VeegZX^ViZ i]Z gZk^ZlZgh& gZXd\c^i^dc d[ i]^h XdbbZci,

5, =aa VWWgZk^Vi^dch h]djaY WZ YZ[^cZY,



P]ZgZ VgZ hi^aa jcYZ[^cZY VWWgZk^Vi^dch* Z,\,* >OD,

Response: SZ h^cXZgZan VeegZX^ViZ i]Z XdbbZci gV^hZY, SZ ]VkZ XVgZ[jaan X]ZX`ZY i]Z

Zci^gZ bVcjhXg^ei VcY YZ[^cZY Vaa VWWgZk^Vi^dch ^c i]Z gZk^hZY bVcjhXg^ei,

Ec XdcXajh^dc* i]Z Vji]dgh VYYgZhhZY hZkZgVa XdbbZcih* Wji V [dXjh dc i]Z bdhi

Xdch^hiZci YViV ldjaY WZ bdgZ Xdck^cX^c\ id egdedhZ V bZX]Vc^hb* l]ZgZWn

X]daZXnhiZXidbn bVn egdbdiZ XdadgZXiVa XVcXZg ,

8AQEARAM $, %8AI=MGN OK ODA 2PODKM&1

P]Z Vji]dgh ]VkZ XdcYjXiZY V h^\c^[^XVci cjbWZg d[ ZmeZg^bZcih i]Vi ]VkZ hjWhiVci^Vaan

^begdkZY i]Z dkZgVaa fjVa^in d[ i]Z^g bVcjhXg^ei, DdlZkZg* V [Zl Xg^i^XVa ed^cih gZbV^c

id WZ VYYgZhhZY WZ[dgZ i]Z bVcjhXg^ei ^h hj^iVWaZ [dg ejWa^XVi^dc,

/, CQ@?= VcY PQ@?= egdbdi^dc d[ ?N? lVh dcan YdcZ ^c i]Z hZii^c\ d[ C>m l^i]

hjegVe]nh^dad\^XVa VYY^i^dc d[ i]ZhZ W^aZ VX^Yh, P]Z fjZhi^dc d[ l]Zi]Zg dg cdi

e]nh^dad\^XVa aZkZah d[ i]ZhZ W^aZ VX^Yh ^cYjXZY Wn C>m VgZ i]ZbhZakZh egd+ijbdg^\Zc^X

gZbV^ch jcVYYgZhhZY, @^Y i]Z Vji]dgh iZhi ^[ PQ@?= dg CQ@?= VYY^i^dc ^c i]Z

VWhZcXZ d[ C>m XVc gZXVe^ijaViZ C>m egdbdi^dc d[ ?N?< E[ hd* i]^h h]djaY WZ h]dlc

VcY Y^hXjhhZY, NZ\VgYaZhh* i]Z Vji]dgh h]djaY bZVhjgZ [ZXVa aZkZah d[ CQ@?= VcY

PQ@?= V[iZg dgVa \VkV\Z [dg i]Z ZmeZg^bZciVa XdcY^i^dch i]Zn Yd h]dl id jcYZghiVcY

]dl i]ZhZ gZaViZ id e]nh^dad\^XVa aZkZah ^cYjXZY Wn C>m,

Response: SZ ]^\]an VeegZX^ViZ i]Z kVajVWaZ hj\\Zhi^dc egdk^YZY, SZ ]VkZ XdcYjXiZY

i]ZhZ ZmeZg^bZcih WZ[dgZ* VcY VYYZY i]Z gZaZkVci YViV d[ PQ@?= dg CQ@?= ^c i]Z

VWhZcXZ d[ C>m ^c XdadgZXiVa ijbdg^\ZcZh^h Vh [daadlh, SZ dWhZgkZY i]Vi PQ@?= dg

CQ@?= igZVibZci XdjaY YZkZade Vc ^cXgZVhZY cjbWZg d[ ijbdgh 'OjeeaZbZciVgn B^\,

/4Y(* V ]^\]Zg ]^hideVi]dad\^XVa \gVY^c\ 'OjeeaZbZciVgn B^\, /4Z(* VcY ^cXgZVhZY aZkZah

d[ ?A= VcY ?=/7+7 'OjeeaZbZciVgn B^\, /4[+\(, P]ZhZ gZhjaih hj\\Zhi i]Vi \VkV\Z d[



Z^i]Zg CQ@?= dg PQ@?= ^c i]Z VWhZcXZ d[ C>m XVc hi^aa egdbdiZ i]Z YZkZadebZci d[

?N?, P]ZhZ cZl [^cY^c\h ]VkZ WZZc VYYZY id OjeeaZbZciVgn B^\, /4 ^c i]Z gZk^hZY

bVcjhXg^ei* heZX^[^XVaan dc LV\Z /0,

EbedgiVcian* VXXdgY^c\ id i]Z gZk^ZlZg&h hj\\Zhi^dc* lZ bZVhjgZY i]Z aZkZah d[ CQ@?=

dg PQ@?= ^c [ZXZh V[iZg \VkV\Z d[ CQ@?= dg PQ@?= ^c i]Z VWhZcXZ d[ C>m, P]Z

YViV h]dlZY i]Vi i]Z [ZXVa aZkZah d[ CQ@?= dg PQ@?= ^cXgZVhZY h^\c^[^XVcian

'OjeeaZbZciVgn B^\, /4W+X(* l]^X] lZgZ XdbeVgVWaZ id i]Z [ZXVa aZkZah d[ PQ@?= V[iZg

X]daZXnhiZXidbn 'OjeeaZbZciVgn B^\, /1X(, P]ZgZ[dgZ* dgVa \VkV\Z d[ PQ@?= dg

CQ@?= [dg i]Z ZmeZg^bZciVa XdcY^i^dch ^h XdbeVgVWaZ id i]Z e]nh^dad\^XVa aZkZah

^cYjXZY Wn X]daZXnhiZXidbn,

9PLLHAIAJO=MS 5EC */) 6;432 =J@ :;432 C=Q=CA LMKIKOAN ?KHKMA?O=H OPIKMECAJANEN' MAH=OA@ OK

5EC) .) = AmeZg^bZciVa YZh^\c [dg b^XZ dgVaan \VkV\ZY l^i] JO 'Xdcigda(* CQ@?= dg PQ@?=, > BZXVa

CQ@?= aZkZa V[iZg CQ@?= \VkV\Z 'IVcc+S]^iZcZn U iZhi(, ? BZXVa PQ@?= aZkZa V[iZg PQ@?=

\VkV\Z 'SZaX]th t iZhi(, @ NZegZhZciVi^kZ Xdadc^X bdge]dad\^Zh VcY VkZgV\Z ijbdg cjbWZg ^c ZVX] \gdje,

A NZegZhZciVi^kZ ^bV\Zh d[ D%A hiV^c^c\ 'je( VcY hZb^fjVci^iVi^kZ VcVanh^h 'Ydlc(, D^hidad\^XVa ha^YZh



h]dl^c\ cdgbVa* YnheaVhi^X bjXdhVZ VcY XVgX^cdbV ^c i]Z ZmeZg^bZci, P]Z Wdiidb hXVaZ WVg ^h 0.. }b

VcY i]Z ide hXVaZ WVg ^h 0. }b, B(C OZgjb ?A= %B& VcY ?=/7+7 aZkZah %C& ^c ZVX] \gdje, n : 4-\gdje, P

kVajZh lZgZ YZiZgb^cZY Wn =JKR= [dg @(C VcY lZgZ ^cY^XViZY ^c ZVX] [^\jgZ, JO8 cdgbVa hVa^cZ, OdjgXZ

YViV VgZ egdk^YZY Vh V OdjgXZ @ViV [^aZ,

0, S]^aZ i]Z ZmeZg^bZcih jh^c\ g^Wd[aVk^c id ^c]^W^i >OD ^c >, WgZkZ VcY Q@?= id

^c]^W^i 5|+DO@D ^c N, \cVkjh VgZ hjeedgi^kZ d[ i]Z XdcXZei i]Vi WVXiZg^Va bdYjaVi^dc

d[ PQ@?= aZkZah jcYZga^Z ijbdg^\Zc^X ediZci^Va* i]ZhZ ^c]^W^idgh XVc ]VkZ

e]VgbVXdad\^X ^beVXih WZndcY bdYjaVi^dc d[ W^aZ VX^Yh, EYZVaan* i]Z Vji]dgh h]djaY

bZVhjgZ [ZXVa PQ@?= aZkZah ^c i]Z egZhZcXZ d[ i]ZhZ ^c]^W^idgh id hjeedgi i]Z kVa^Y^in

d[ i]Z^g bZX]Vc^hbh d[ VXi^dc, E[ i]^h XVccdi WZ YdcZ* VYY^i^dcVa Xdc[djcY^c\ VXi^dch

d[ g^Wd[aVk^c VcY Q@?= h]djaY Vi aZVhi WZ Y^hXjhhZY ^c i]Z bVcjhXg^ei,

Response: SZ \gZVian VeegZX^ViZ i]Z XdchigjXi^kZ XdbbZci, SZ ]VkZ VYYZY i]Z YViV id

YZiZgb^cZ i]Z [ZXVa PQ@?= aZkZah ^c i]Z egZhZcXZ d[ i]ZhZ ild ^c]^W^idgh, CVkV\Z l^i]

B. breve gZYjXZh i]Z [ZXVa PQ@?= aZkZa* l]^aZ g^Wd[aVk^c XVc ^cXgZVhZ i]Z PQ@?=

aZkZa bZY^ViZY Wn B. breve 'OjeeaZbZciVgn B^\, O/5Y(, IdgZdkZg* Q@?= igZVibZci XVc

gZkZghZ i]Z ZaZkVi^dc d[ PQ@?= aZkZah bZY^ViZY Wn R. gnavus 'OjeeaZbZciVgn B^\,

O/5Z(, P]ZhZ gZhjaih ^cY^XViZ i]Vi WVXiZg^Va bdYjaVi^dc d[ PQ@?= aZkZah XVc ^cYZZY

eVgi^X^eViZ ^c X]daZXnhiZXidbn+bZY^ViZY ?N? dcXd\ZcZh^h,

SZ ]VkZ VYYZY i]ZhZ cZl [^cY^c\h ^c OjeeaZbZciVgn B^\ /5 ^c i]Z gZk^hZY bVcjhXg^ei*

heZX^[^XVaan dc LV\Z /1,

9PLLHAIAJO=MS 5EC) *0) :DA ?KMMAH=OEKJN KB B. breve =J@ R. gnavus REOD >EHA =?E@N' =J@ ODA BA?=H

HAQAH KB :;432 REOD EJDE>EOKMN =@IEJENOM=OEKJ' MAH=OA@ OK 5EC) .) @ BZXVa PQ@?= aZkZa V[iZg B. breve

\VkV\Z l^i] dg l^i]dji g^Wd[aVk^c, A BZXVa aZkZa d[ PQ@?= [daadl^c\ i]Z \VkV\Z d[ R. gnavus ^c i]Z



egZhZcXZ dg VWhZcXZ d[ Q@?=, n : 4-\gdje, P kVajZh lZgZ YZiZgb^cZY Wn =JKR= [dg @(A VcY lZgZ

^cY^XViZY ^c ZVX] [^\jgZ, N^Wd* g^Wd[aVk^c, OdjgXZ YViV VgZ egdk^YZY Vh V OdjgXZ @ViV [^aZ,

1, S]^aZ i]Z Vji]dgh ]VkZ YZbdchigViZY YZXgZVhZY ^ciZgVXi^dc WZilZZc BTN VcY |+

XViZc^c* ^i gZbV^ch jcXaZVg ^[ i]^h ^h i]Z gZhjai d[ YZXgZVhZY BTN ZmegZhh^dc dg hdbZ

di]Zg bZX]Vc^hb, EcYZZY* i]Z BTN Xd+EL gZhjaih hZZb id h]dl YgVbVi^XVaan gZYjXZY |+

XViZc^c ^ciZgVXi^dch ^c C>m )=@ XdcY^i^dch XdbeVgZY id O]Vb ) =@ YZhe^iZ h^b^aVg

ejaa Ydlc d[ BTN, P]^h hj\\Zhih i]Vi YZXgZVhZY |+XViZc^c ^ciZgVXi^dc l^i] BTN ^h YjZ

id hdbZ VaiZgcVi^kZ bZX]Vc^hb* hjX] Vh XdcY^i^dcVa ^ciZgVXi^dch YZeZcYZci dc BTN

W^cY^c\ id V\dc^hi^X kh, VciV\dc^hi^X W^aZ VX^Yh* ]dlZkZg* i]^h lVh cZ^i]Zg iZhiZY cdg

Y^hXjhhZY ^c i]Z bVcjhXg^ei,

Response: SZ ZmegZhh djg h^cXZgZ VeegZX^Vi^dc [dg i]Z ^ch^\]i[ja XdbbZci egdk^YZY,

JjXaZVg BTN ]Vh WZZc gZedgiZY id ^ciZgVXi l^i] |+XViZc^c id [dgb V XdbeaZm* l]^X]

hjWhZfjZcian ^ciZg[ZgZh i]Z igVchXg^ei^dcVa VXi^k^in d[ i]Z |+XViZc^c-P?B, Kjg YViV

h]dlZY i]Vi i]Z ^ciZgVXi^dc WZilZZc BTN VcY |+XViZc^c YZXgZVhZY* VcY hjWhZfjZcian

i]Z |+XViZc^c igVchXg^ei^dcVa VXi^k^in lVh ^cXgZVhZY V[iZg X]daZXnhiZXidbn, Kc i]Z dcZ

]VcY* CQ@?= dg PQ@?= ]VkZ WZZc ^YZci^[^ZY Vh cVijgVa VciV\dc^hih d[ BTN* l]^X]

XdjaY ^c]^W^i i]Z ZmegZhh^dc aZkZa d[ BTN 'Cell Mol Life Sci. 2022; 79: 527; J Clin

Invest. 2020; 130(1): 438 - 450(, =cY lZ Y^Y dWhZgkZ i]Vi BTN ZmegZhh^dc YZXgZVhZY

V[iZg C>m* VcY igZVibZci l^i] CQ@?= h^\c^[^XVcian YdlcgZ\jaViZY BTN ZmegZhh^dc ^c

^ciZhi^cVa Ze^i]Za^Va dg\Vcd^Yh, P]ZgZ[dgZ* i]Z YZXgZVhZY ^ciZgVXi^dc WZilZZc BTN VcY

|+XViZc^c lVh Vi aZVhi eVgi^Vaan Viig^WjiZY id i]Z YZXgZVhZY BTN ZmegZhh^dc,

Kc i]Z di]Zg ]VcY* i]Z BTN Xd+EL gZhjaih hZZb id h]dl YgVbVi^XVaan gZYjXZY |+XViZc^c

^ciZgVXi^dch ^c C>m )=@ XdcY^i^dch XdbeVgZY id O]Vb ) =@ YZhe^iZ h^b^aVg ejaa Ydlc

d[ BTN* ^bean^c\ i]Vi hdbZ VaiZgcVi^kZ bZX]Vc^hb b^\]i Vahd Xdcig^WjiZ id i]Z

YZXgZVhZY |+XViZc^c ^ciZgVXi^dc, LgZk^djh hijYn h]dlZY i]Vi PQ@?= dg CQ@?= lZgZ

bdaZXjaVgan YdX`ZY l^i] i]Z a^\VcY + W^cY^c\ YdbV^c 'H>@( d[ BTN* Wdi] lZgZ

hjggdjcYZY Wn Vb^cd VX^Y gZh^YjZh a^`Z =g\11/* IZi043* D^h225 VcY Png147 ^c i]^h

YdbV^c (Nat Med. 2018; 24(12): 1919-1929), Ei ]Vh WZZc gZedgiZY i]Vi BTN XVc W^cY

id |+XViZc^c i]gdj\] i]Z VXi^kVi^dc [jcXi^dc '=B( hjg[VXZ* Y^hgjei^c\ i]Z VhhZbWan d[



i]Z XdgZ |+XViZc^c-P?B2 XdbeaZm (Mol Metab. 2024; 79: 101841). S]Zi]Zg BTN

W^cY^c\ id V\dc^hi^X dg VciV\dc^hi^X W^aZ VX^Yh V[[ZXih ^ih W^cY^c\ id XViZc^c ]Vh cdi WZZc

gZedgiZY nZi, DZgZ* lZ XdbejiVi^dcVaan ^ckZhi^\ViZY i]Z Y^gZXi ^ciZgVXi^dc WZilZZc BTN

VcY |+XViZc^c Wn bdaZXjaVg YdX`^c\ 'ViiVX]ZY WZadl(, P]Z BTN-a^\VcY XdbeaZm

higjXijgZh VkV^aVWaZ ^c i]Z L@> YViVWVhZ lZgZ XViZ\dg^oZY ^cid jca^\VcYZY hiViZh 'Ved+

BTN( VcY a^\VcYZY hiViZh (Comput Struct Biotechnol J. 2021; 19: 2148-2159). Bdg i]Z

Ved+BTN 'L@> E@8 3M.G( VcY |+XViZc^c 'L@> E@8 /F@D(* i]Z W^cY^c\ [gZZ ZcZg\n lVh

XVaXjaViZY id WZ +40.,// `XVa-bda* eg^bVg^an YjZ id i]Z [dgbVi^dc d[ h^m hiVWaZ ]nYgd\Zc

WdcYh i]gdj\] i]Z =B hjg[VXZ 'OjeeaZbZciVgn B^\, 01V(, Ec XdcigVhi* l]Zc PQ@?= dg

CQ@?= lZgZ YdX`ZY ^cid i]Z VciV\dc^hi^X a^\VcY hiViZ d[ BTN 'L@> E@8 2SR@(* i]Z

W^cY^c\ [gZZ ZcZg\n ^cXgZVhZY id +236,12 VcY +245,/2 `XVa-bda* gZheZXi^kZan, P]^h

gZYjXi^dc lVh Viig^WjiZY id V YZXgZVhZ ^c i]Z cjbWZg d[ ]nYgd\Zc WdcYh 'OjeeaZbZciVgn

B^\ 01W VcY X(* ^cY^XVi^c\ V lZV`Zg W^cY^c\ V[[^c^in, P]Z Xdc[dgbVi^dcVa X]Vc\Zh

dWhZgkZY ^c i]Z =B hjg[VXZ d[ BTN VgZ a^`Zan gZhedch^WaZ [dg Y^[[ZgZci W^cY^c\ V[[^c^in,

P]ZgZ[dgZ* i]Z VciV\dc^hi^X W^aZ VX^Yh hjX] Vh PQ@?= dg CQ@?= ^cYjXZY Wn

X]daZXnhiZXidbn bVn ^ciZggjei i]Z ^ciZgVXi^dc WZilZZc BTN VcY |+XViZc^c* l]^X]

b^\]i Vahd WZ V ediZci^Va bZX]Vc^hb Xdcig^Wji^c\ id i]Z YZXgZVhZY W^cY^c\ d[ BTN VcY

|+XViZc^c,

=XXdgY^c\ id i]Z gZk^ZlZgth hj\\Zhi^dc* lZ ]VkZ VYYZY i]Z VWdkZ Y^hXjhh^dc ^c i]Z

@^hXjhh^dc hZXi^dc d[ i]Z gZk^hZY bVcjhXg^ei dc LV\Z 0/+00,



9PLLHAIAJO=MS 5EC +,) 7KHA?PH=M @K?GEJC KB ODA EJOAM=?OEKJ >AORAAJ 5<8 =J@ X(?=OAJEJ) =

@dX`^c\ d[ i]Z Ved+BTN 'L@>8 3M.G( ̂ cid i]Z |+XViZc^c 'L@>8 /F@D(, > @dX`^c\ d[ i]Z CQ@?=-BTN 

'L@>8 2SR@( ^cid i]Z |+XViZc^c 'L@>8 /F@D(, ? @dX`^c\ d[ i]Z PQ@?=-BTN 'L@>8 2SR@( ^cid i]Z 

|+XViZc^c 'L@>8 /F@D(, P]Z BTN lVh XdadgZY XnVc* VcY i]Z |+XViZc^c lVh XdadgZY e^c`, P]Z ]nYgd\Zc 

WdcYh lZgZ ̂ cY^XViZY l^i] gZY YVh]ZY a^cZh, CQ@?=* PQ@?= VcY gZh^YjZh Xdcig^Wji^c\ ]nYgd\Zc WdcYh 

lZgZ ]^\]a^\]iZY Vh hi^X` bdYZah,



2, Ec i]Z gZhjaih hZXi^dc d[ i]Z bV^c iZmi jcYZg i]Z ]ZVY^c\ r>, WgZkZ VcY N, \cVkjh

Xdcigda XdadgZXiVa ijbdg^\ZcZh^h i]gdj\] CQ@?= egdYjXi^dc* i]Z Vji]dgh hl^iX]

WZilZZc YZhXg^W^c\ CQ@?= ^c ]jbVc VcY PQ@?= ^c bdjhZ l^i]dji ZmeaV^c^c\ ]dl

i]ZhZ ild Y^[[ZgZci W^aZ VX^Yh gZaViZ id ZVX] di]Zg, P]^h ^h XdkZgZY Wg^Z[an ^c i]Z

Y^hXjhh^dc hZXi^dc Wji cZZYh id VeeZVg ^c i]Z gZhjaih hZXi^dc Vh eVgi d[ i]Z ad\^X [adl hd

i]Vi i]Z VkZgV\Z gZVYZg XVc jcYZghiVcY l]n i]Z Vji]dgh VgZ egZhZci^c\ i]Z YViV Vh ^i ^h,

Response: SZ \gZVian VeegZX^ViZ i]Z kVajVWaZ VcY XdchigjXi^kZ XdbbZci egdk^YZY, SZ

]VkZ VYYZY i]Z ZmeaVcVi^dc l]n lZ hl^iX] WZilZZc YZhXg^W^c\ CQ@?= ^c ]jbVc VcY

PQ@?= ^c bdjhZ ^c i]Z gZhjaih hZXi^dc id bV`Z ^i bdgZ jcYZghiVcYVWaZ ^c i]Z gZk^hZY

bVcjhXg^ei dc LV\Z /0,



=4A84B4= 2;994:?>

ISdWSeS` $- %IS[O`Ya b] bVS 9cbV]`&6

JSdS`OZ WaacSa VOdS PSS\ QZO`WTWSR Pcb O \c[PS` ]T Q]\QS`\a `S[OW\*

KVS [cZbW^ZWQWbg ]T RObO O\R bVS TOQb bVOb aSdS`OZ TWUc`Sa O`S abWZZ \]b aSZT)Sf^ZO\Ob]`g Oa

[S\bW]\SR W\ [g ^`SdW]ca `SdWSe( [OYS bVS ^`SaS\bObW]\ Q]\TcaW\U*

K]USbVS` eWbV aV]`bQ][W\Ua( bVSg [OYS bVS Q]\QZcaW]\a c\QS`bOW\*

-* KVS OcbV]`a aV]cZR [OYS QZSO` T`][ bVS PSUW\\W\U %W\QZcRW\U bVS OPab`OQb& bVOb bVS

[OW\ TW\RW\Ua eS`S ]PbOW\SR W\ be] []caS []RSZa ]T ;I;* A\ bVS aSbbW\U ]T bVSaS

[]RSZa( QV]ZSQgabSQb][g O^^SO`a b] PS O\ OUU`OdObW\U TOQb]` ]T ;I; RSdSZ]^[S\b( O\R

W\T]`[ObW]\ Wa ZOQYW\U `SUO`RW\U RgaPW]aWa O\R QVO\USa W\ :9 [SbOP]ZWa[ Ob POaSZW\S

W\ bVSaS []RSZa* KVSaS []RSZa O`S dS`g RWTTS`S\b T`][ ^ObWS\ba eV]aS W\bSabW\S

^`Sac[OPZg eOa VSOZbVg*

Response: MS aW\QS`SZg O^^`SQWObS g]c` Q]\ab`cQbWdS Q][[S\ba* ISUO`RW\U bVS TW`ab

^]W\b( eS VOdS `SdWaSR bVS OPab`OQb O\R bVS PSUW\\W\U ^O`b ]T bVS [O\caQ`W^b b] Sf^ZWQWbZg

abObS bVOb bVS [OW\ TW\RW\Ua eS`S RS`WdSR T`][ be] []caS []RSZa ]T ;I;*

MS VOdS ^`]dWRSR O RSbOWZSR RSaQ`W^bW]\ ]T bVS POaSZW\S W\T]`[ObW]\ `SUO`RW\U bVS

QVO\USa W\ Ucb [WQ`]PW]bO O\R PWZS OQWRa W\ bVSaS []RSZa* KVS RObO RS[]\ab`ObSR bVOb

bVS`S eOa \] aWU\WTWQO\b RWTTS`S\QS W\ B. breve O\R R. gnavus PSbeSS\ bVS be] U`]c^a

Ob POaSZW\S %Jc^^ZS[S\bO`g >WU* 4Q)R&( eVWZS bVS OPc\RO\QS ]T B. breve aWU\WTWQO\bZg

RSQ`SOaSR( O\R bVS OPc\RO\QS ]T R. gnavus W\Q`SOaSR %>WU* 0Y)\& OTbS` QV]ZSQgabSQb][g

W\ bVSaS be] [WQS []RSZa* E]`S]dS`( \] aWU\WTWQO\b RWTTS`S\QS eOa RSbSQbSR W\ bVS TSQOZ

KL<;9 ZSdSZ PSbeSS\ bVS be] U`]c^a Ob POaSZW\S %Jc^^ZS[S\bO`g >WU* -0R&*

;V]ZSQgabSQb][g `SacZbSR W\ VWUVS` ZSdSZa ]T KL<;9 W\ bVSaS be] [WQS []RSZa

%Jc^^ZS[S\bO`g >WU* -.Q O\R Jc^^ZS[S\bO`g >WU* -0Q&* KVca( ]c` TW\RW\U acUUSaba bVOb(

W\ bVS 9GE+<JJ O\R 9H;[W\+' []RSZa( QV]ZSQgabSQb][g ZSR b] bVS QVO\USa W\ a^SQWTWQ



a^SQWSa O\R PWZS OQWR* MS VOdS ORRSR bVSaS \Se RObO W\ ^OUS 5 O\R -- W\ bVS `SdWaSR

[O\caQ`W^b*

>WRRNHOHPVDT[ 5LJ( /( ?KH JWV OLFTQELQVD GLXHTULV[ LP >KDO DPG 61Z OLFH& DPG OLFTQELQVD

DEWPGDPFH LP >KDO& 0<2'>KDO& DPG 59? OQWUH OQGHNU& THNDVHG VQ 5LJ( ,( F _H;I O\OZgaWa ]T

B. breve OPc\RO\QS W\ JVO[ O\R 9H;)JVO[ U`]c^a* G _H;I O\OZgaWa ]T R. gnavus OPc\RO\QS W\

JVO[ O\R 9H;)JVO[ U`]c^a*

5LJ( ,( ?KH JWV OLFTQELQVD RTQILNHU LP FKQNHF[UVHFVQO[ RDVLHPVU DPG OLFH OQGHNU( M _H;I

O\OZgaWa ]T B. breve OPc\RO\QS W\ JVO[ O\R ?:f [WQS* N _H;I O\OZgaWa ]T R. gnavus W\ JVO[ O\R

?:f [WQS* O _H;I O\OZgaWa ]T B. breve OPc\RO\QS W\ 9H;)JVO[ O\R 9H;)?:f [WQS* P _H;I

O\OZgaWa ]T R. gnavus W\ 9H;[W\+'[WQS*

>WRRNHOHPVDT[ 5LJ( *,( 1LNH DFLG RTQILNH DIVHT FKQNHF[UVHFVQO[ LP 0<2OLP)% OLFH& DPG IHFDN NHXHN

QI ?@320 EHVYHHP >KDO DPG 0<2'>KDO JTQWRU( G >SQOZ KL<;9 ZSdSZ PSbeSS\ JVO[ O\R

9H;)JVO[ U`]c^a*



>WRRNHOHPVDT[ 5LJ( *+( 1LNH DFLG RTQILNH LP OLFH DIVHT FKQNHF[UVHFVQO[( F >SQOZ PWZS OQWR ^`]TWZSa

PSbeSS\ JVO[ O\R ?:f [WQS*

>WRRNHOHPVDT[ 5LJ( *,( 1LNH DFLG RTQILNH DIVHT FKQNHF[UVHFVQO[ LP 0<2OLP)% OLFH& DPG IHFDN NHXHN

QI ?@320 EHVYHHP >KDO DPG 0<2'>KDO JTQWRU( F >SQOZ PWZS OQWR ^`]TWZSa PSbeSS\ 9H;)

JVO[ O\R 9H;)?:f U`]c^a*

Gc` []caS []RSZa eS`S SabOPZWaVSR b] [W[WQ QS`bOW\ Oa^SQba ]T ;I; ]\Q]US\SaWa OTbS`

QV]ZSQgabSQb][g* 9ZbV]cUV bVSg [Og \]b TcZZg `S^ZWQObS bVS Vc[O\ aWbcObW]\( bVSg

^`]dWRS dOZcOPZS W\aWUVba W\b] bVS ^]bS\bWOZ [SQVO\Wa[a* E]ab W[^]`bO\bZg( eS T]c\R

bVOb QV]ZSQgabSQb][g ZSR b] O RSQ`SOaS W\ bVS YSg POQbS`Wc[ B. breve( O\ W\Q`SOaS W\ bVS

O[]c\b ]T R. gnavus( O\R O\ W\Q`SOaS W\ KL<;9 W\ P]bV QV]ZSQgabSQb][g ^]^cZObW]\

O\R QV]ZSQgabSQb][WhSR [WQS( W\RWQObW\U bVOb bVSaS []caS []RSZa QO\ PS caSR b]

aW[cZObS O\R Sf^Z]`S bVS ^]aaWPZS [SQVO\Wa[a ]T QV]ZSQgabSQb][g)`SZObSR ;I;* MS

ORRSR bVWa Sf^ZO\ObW]\ W\ bVS `SdWaSR [O\caQ`W^b ]\ ^OUS -4)-5*

.* >WUc`S 1 Wa O\ SfO[^ZS ]T TWUc`S( W\ eVWQV bVS [cZbW^ZWQWbg ]T Q]\RWbW]\a [OYSa Wb

Q]\TcaW\U* Ab `OWaSa O [OX]` W\Q]\aWabS\Qg 6 ;V]ZSQgabSQb][g %?:f& ' I* ?\Odca '

L<;9 QOcaSa ZSaa ;I; bVO\ QV]ZSQgabSQb][g %V&( eVS`SOa L<;9 UOdOUS aV]cZR

W\Q`SOaS ?L<;9( O\R bVS`ST]` W\Q`SOaSa ;I; %X&* KVS ZSdSZ ]T KL<;9 W\ L<;9)TSR

[WQS eOa \]b QVSQYSR* Kg^WQOZZg bVWa TWUc`S Wa \]b aSZT)Sf^ZO\Ob]`g6 9PP`SdWObW]\a acQV

Oa 9<( :J@iO`S \]b RSTW\SR7 P( Q Wb aV]cZR PS a^SQWTWSR WT bVWa Wa TSQOZ :9a7 T bVS`S Wa

O\ S``]` W\ bVS ZSUS\R I*U\Ocda W\abSOR ]T I* U\Odca*



Response: KVO\Y g]c dS`g [cQV T]` g]c` Q][[S\ba* K] QZO`WTg bVS Tc\QbW]\ ]T POQbS`WOZ

3s)VgR`]fgabS`]WR RSVgR`]US\OaS %@J<@& OQbWdWbg W\ ?:f)[SRWObSR ;I;( eS QO``WSR

]cb O\ Sf^S`W[S\b caW\U bVS 3s)@J<@ W\VWPWb]` L<;9* Gc` TW\RW\Ua RS[]\ab`ObSR bVOb

bVS OR[W\Wab`ObW]\ ]T R. gnavus `SacZbSR W\ O `WaS W\ bVS \c[PS` ]T bc[]`a( OZ]\U eWbV

O\ W\Q`SOaS W\ bVS ^`]^]`bW]\ ]T ORS\]QO`QW\][O( VWUV)U`ORS Rga^ZOaWO( O\R Z]e)U`ORS

Rga^ZOaWO( eVWZS bVSaS STTSQba eS`S [WbWUObSR Pg bVS 3s)@J<@ W\VWPWb]` L<;9 %>WU*1V&*

H`SdW]ca abcRWSa W\ P]bV Vc[O\a O\R [WQS VOdS `SdSOZSR bVOb c^]\ L<;9 b`SOb[S\b(

ZWbV]QV]ZWQ OQWR %D;9& PSQ][Sa bVS []ab OPc\RO\b Q]Z]\WQ PWZS OQWR []RWTWSR Pg

W\bSabW\OZ POQbS`WO (Acta Pharm Sin B; 2022; 12(5): 2129-2149; Am J Physiol

Gastrointest Liver Physiol. 2017; 312(6): G550-G558; Sci Rep. 2020; 10(1): 3895).

A\ ORRWbW]\( eS VOdS [SOac`SR bVS STTSQb ]T L<;9 ac^^ZS[S\bObW]\ ]\ TSQOZ PWZS OQWR

ZSdSZa O\R T]c\R bVOb bVS ZSdSZa ]T L<;9 O\R Wba [SbOP]ZWbS D;9W\Q`SOaSR aWU\WTWQO\bZg(

eVWZS \] aWU\WTWQO\b RWTTS`S\QS eOa ]PaS`dSR W\ bVS ZSdSZa ]T KL<;9 %Jc^^ZS[S\bO`g

>WU* -4Q&* KVca( eS PSZWSdS bVOb ]c` `SacZba O`S \]b Q]\b`ORWQb]`g ]` W\Q]\aWabS\b( O\R

eS VOdS W\Q]`^]`ObSR bVSaS \Se RObO ]\ ^OUS -0 O\R W\QZcRSR `SZSdO\b RWaQcaaW]\a W\

bVS #<WaQcaaW]\# aSQbW]\ %^OUS .-& ]T bVS `SdWaSR [O\caQ`W^b*

>WRRNHOHPVDT[ 5LJ( */( ?WOQT PWOEHT DPG SWDPVLVDVLXH DPDN[ULU QI 7$4 UVDLPLPJ LP OLFH& DU

YHNN DU VKH ELNH DFLG RTQILNH LP 61Z OLFH VTHDVHG YLVK @320 DIVHT 0;9)3>> VTHDVOHPV& THNDVHG

VQ 5LJ( -( F >SQOZ PWZS OQWR ^`]TWZSa W\ ?:f [WQS eWbV ]` eWbV]cb L<;9 b`SOb[S\b*

>W\OZZg( eS VOdS QO`STcZZg Q]``SQbSR bVS RSbOWZa bVOb bVS `SdWSeS` [S\bW]\SR* 9ZZ

OPP`SdWObW]\a acQV Oa 9<( :J@( SbQ* VOdS PSS\ QZSO`Zg RSTW\SR SWbVS` W\ bVS TWUc`S

ZSUS\R ]T bVS `SZSdO\b aSQbW]\ ]` W\ O RSRWQObSR OPP`SdWObW]\ ZWab* E]`S]dS`( eS VOdS

QZSO`Zg a^SQWTWSR W\ bVS TWUc`S O\R TWUc`S ZSUS\R bVOb bVS RObO W\ P O\R Q O`S RS`WdSR T`][

TSQOZ PWZS OQWRa( O\R Q]``SQbSR bVS S``]` W\ bVS ZSUS\R ]T T*



/* >WUc`S 3 Wa O\]bVS` SfO[^ZS ]T \]b aSZT)Sf^ZO\Ob]`g* =dS\ bV]cUV bVS OcbV]`a ̂ `]^]aS Sf^ZO\Ob]`g* =dS\ bV]cUV bVS OcbV]`a ̂ `]^]aS 

O [SQVO\Wa[ ]T V]e ?L<;9 O\R KL<;9 []RWTg bVS W\bS`OQbW]\ PSbeSS\ >NI O\R 

s)QObS\W\( Wb Wa \]b c\RS`abO\ROPZS eVg QV]ZSQgabSQb][g VOa acQV O R`O[ObWQ STTSQb ]\ R`O[ObWQ STTSQb ]\ 

>NI ^`]bSW\ Sf^`SaaW]\ %>WU* 3S&* DWYSeWaS( Wb Wa RWTTWQcZb b] c\RS`abO\R eVg G;9( 

eVWQV Wa O\ >NI OQbWdOb] (̀ e]cZR VOdS acQV O R`O[ObWQ STTSQb ]\ >NI Sf^`SaaW]\ %>WU* 

3S&* E]`S]dS (̀ Wa \]b a^SQWTWSR SWbVS` W\ bVS >WU* ZSUS\R ]` ESbV]Ra( eVWQV ^O`b ]T bVS eVWQV ^O`b ]T bVS 

W\bSabW\S eOa O\OZghSR W\ >WU* 3S* MOa Wb bVS WZSc[ ]` bVS Q]Z]\8 MOa Wb W\ bc[]`OZ ]` 

\]\)bc[]`OZ bWaacS8 >NI Wa R]e\)`SUcZObSR W\ bc[]`OZ bWaacS( Oa O `SacZb ]T `SUcZObSR W\ bc[]`OZ bWaacS( Oa O `SacZb ]T 

RSRWTTS`S\QWObW]\ %\]b b] [WabOYS T]` O RW`SQb STTSQb ]T :9a&*

Response: MS O^^`SQWObS g]c` RSbOWZSR O\R Q]\ab`cQbWdS Q][[S\ba* A\ bVS `SdWaSR 

[O\caQ`W^b( eS VOdS QZSO`Zg abObSR W\ P]bV bVS TWUc`S ZSUS\R O\R bVS [SbV]Ra aSQbW]\ 

bVOb bVS Q]Z]\ QO\QS`]ca bWaacSa eS`S O\OZghSR* H`SdW]ca `SaSO`QV VOa W\RWQObSR bVOb 

G;9 WaWa OPZS b] OQbWdObS bVS >NI (J Hepatol. 2016; 64(5): 1158-1166) O\R aWU\WTWQO\bZg 

^`][]bSa >NI Sf^`SaaW]\ %Cell. 2019; 176(5): 1098-1112. e18; Biomed Pharmacother. 

2017; 96: 1292-1298)* MS ]PaS`dSR bVOb >NI Sf^`SaaW]\ RSQ`SOaSR OTbS` ?:f( O\R 

b`SOb[S\b eWbV G;9 aWU\WTWQO\bZg c^c^`SUcZObSR >NI Sf^`SaaW]\ W\ Q]Z]\ QO\QS`]ca 

bWaacSa %>WU* 3S&* 9a bVS `SdWSeS` [S\bW]\SR( eS RWR ]PaS`dS bVOb QV]ZSQgabSQb][g VOROR

O R`O[ObWQ STTSQb ]\ >NI Sf^`SaaW]\ W\ Q]Z]\ QO\QS`]ca bWaacSa( O\R Wb Wa ^`]POPZS bVOb

a][S ]bVS` STTSQba acQV Oa RSRWTTS`S\bWObW]\ W\ bc[]` bWaacSa Q]\b`WPcbSR b] bVWa STTSQb* 

K] dOZWRObS bVS STTSQb ]T QV]ZSQgabSQb][g ]` G;9 ]\ >NI Sf^`SaaW]\( eS Tc`bVS` 

RSbSQbSR bVS Sf^`SaaW]\ ]T >NI W\ bVS \]\)bc[]` bWaacSa ]T ?:f [WQS b`SObSR eWbV ]` 

eWbV]cb G;9* ;]\aWabS\bZg( bVS `SacZba RS[]\ab`ObSR bVOb G;9 Q]cZR abWZZ `SdS`aS bVS 

`SRcQbW]\ ]T]T >NI Sf^`SaaW]\ QOcaSR Pg QV]ZSQgabSQb][g %Jc^^ZS[S\bO`g >WU* ..U&* MS 

VOdS RWZWUS\bZg W\Q]`^]`ObSR bVSaS \Se TW\RW\Ua W\b] bVS `SdWaSR [O\caQ`W^b( 

a^SQWTWQOZZg ]\ ^OUSa -3-3 O\R .0.0*



>WRRNHOHPVDT[ 5LJ( ++( 5C=)a'FDVHPLP ULJPDNLPJ LU DNVHTHG DIVHT ;20 VTHDVOHPV LP 61Z OLFH

QT 6@320'VTHDVHG LPVHUVLPDN QTJDPQLGU& THNDVHG VQ 5LJ(.( J H`]bSW\ Sf^`SaaW]\ ]T >NI O\R

?9H<@ W\ bVS Q]Z]\ bWaacSa W\ SOQV U`]c^*

H`SdW]ca abcRWSa `SdSOZSR bVOb ?L<;9 ]` KL<;9 eS`S WRS\bWTWSR Oa \Obc`OZ

O\bOU]\Waba ]T >NI( eVWQV Q]cZR W\VWPWb bVS Sf^`SaaW]\ ZSdSZ ]T >NI (Cell Mol Life

Sci. 2022; 79: 527; J Clin Invest. 2020; 130(1): 438 - 450). MS RWR ]PaS`dS bVOb >NI

Sf^`SaaW]\ RSQ`SOaSR OTbS` ?:f( O\R b`SOb[S\b eWbV ?L<;9 aWU\WTWQO\bZg

R]e\`SUcZObSR >NI Sf^`SaaW]\* KVca( Wb Wa PSZWSdSR bVOb QV]ZSQgabSQb][g ZSR b] O\

W\Q`SOaS W\ bVS ZSdSZa ]T bVS >NI O\bOU]\Waba KL<;9 ]` ?L<;9( eVWQV W\ bc`\

W\VWPWbSR >NI Sf^`SaaW]\ O\R bVWa W\VWPWbW]\ Q]cZR PS `SdS`aSR Pg G;9*

0* KVS aVWTb PSbeSS\ bVS . []RSZa ]T ;I; 9H;[W\+' da 9GE+<JJ Wa \]b XcabWTWSR O\R

OZa] RWTTWQcZb b] T]ZZ]e*

Response: MS O`S Sfb`S[SZg U`ObSTcZ T]` g]c` Q][[S\b `SUO`RW\U bVS aVWTb PSbeSS\ bVS

9H;[W\+' O\R 9GE+<JJ ;I; []RSZa W\ ]c` abcRg* @c[O\ Q]Z]`SQbOZ QO\QS` O`WaSa

T`][ bVS W\b`WQObS W\bS`^ZOg ]T P]bV US\SbWQ O\R S\dW`]\[S\bOZ TOQb]`a* KVS 9H;[W\+'

[]RSZ ^`SR][W\O\bZg aS`dSa b] aW[cZObS US\SbWQOZZg)R`WdS\ ;I;* A\ Q]\b`Oab( bVS

9GE+<JJ []RSZ ]^S`ObSa bV`]cUV QVS[WQOZ W\RcQbW]\* Gc` TW\RW\Ua W\RWQObSR bVOb( W\

P]bV []caS []RSZa( QV]ZSQgabSQb][g ZSR b] O RSQ`SOaS W\ bVS OPc\RO\QS ]T B. breve O\R

O\ W\Q`SOaS W\ bVS OPc\RO\QS ]T R. gnavus %>WU*0W)\&* E]`S]dS`( eS ]PaS`dSR VWUVS`

ZSdSZa ]T KL<;9 W\ P]bV []caS []RSZa T]ZZ]eW\U QV]ZSQgabSQb][g %Jc^^ZS[S\bO`g

>WU* -/Q( -0Q&* KVWa TW\RW\U acUUSaba bVOb W\ P]bV bVS 9GE+<JJ O\R bVS 9H;[W\+'

[]RSZa( bVS QVO\USa W\ YSg POQbS`WO O\R PWZS OQWRa W\RcQSR Pg QV]ZSQgabSQb][g O`S

Q]\aWabS\b* E]`S W[^]`bO\bZg( eS ]PaS`dSR bVOb QV]ZSQgabSQb][g SfOQS`PObSR SO`Zg O\R

ZObS Q]ZWbWa W\ [WQS %>WU* .&( O\R Q]Z]`SQbOZ bc[]`WUS\SaWa RSdSZ]^SR [cQV SO`ZWS` OTbS`

QV]ZSQgabSQb][g %>WU* J/&* JW\QS bVS 9GE+<JJ []RSZ ^ZOQSa ^O`bWQcZO` S[^VOaWa ]\

W\TZO[[ObW]\)`SZObSR QO`QW\]US\SaWa( eS [OW\Zg aSZSQbSR bVWa []RSZ T]` acPaS_cS\b

abcRWSa* MS VOdS ORRSR bVS OP]dS Sf^ZO\ObW]\a W\ bVS RWaQcaaW]\ aSQbW]\ b] [OYS bVS

aVWTb []`S Q][^`SVS\aWPZS* J^SQWTWQOZZg( bVSaS ORRWbW]\a QO\ PS T]c\R ]\ ^OUS -4)-5*



1* CSg W\T]`[ObW]\a `SUO`RW\U EObS`WOZa O\R [SbV]Ra( eVWQV eS`S ^`SdW]caZg `S_cSabSR(

acQV Oa eVWQV ^O`b ]T bVS W\bSabW\S eOa O\OZghSR QO\\]b PS ^`]dWRSR ]\Zg Oa

ac^^ZS[S\bO`g Sa^SQWOZZg Oa a] ZWbbZS RSbOWZa O`S ^`]dWRSR W\ >WU* ZSUS\Ra*

Response: MS O^^`SQWObS g]c` RSbOWZSR O\R Q]\ab`cQbWdS Q][[S\ba* MS VOdS ORRSR bVS

YSg W\T]`[ObW]\ W\ bVS `SZSdO\b TWUc`S ZSUS\Ra b] [OYS Wb []`S c\RS`abO\ROPZS*

2* KVS OPab`OQb Wa OZa] ^]]`Zg W\T]`[ObWdS `SUO`RW\U bVS [SbV]Ra caSR*

Response: MS VOdS ORRSR []`S W\T]`[ObW]\ `SUO`RW\U bVS [SbV]Ra W\ bVS OPab`OQb(

eVWQV VOa PSS\ VWUVZWUVbSR W\ `SR W\ bVS OPab`OQb*

9RRWbW]\OZ Q][[S\ba

3* KOPZS J-6 QVO\US VSOZbV T]` VSOZbVg7 F9>D< T]` E9>D< %b] RSTW\S&

KVS OcbV]`a e`]bS6 jA[^]`bO\bZg( ^`SdW]ca abcRWSa aV]eSR bVOb bVS ]QQc``S\QS `ObS ]T

;I; W\Q`SOaSR [O`YSRZg OTbS` QV]ZSQgabSQb][g %:` B ;O\QS *̀ .,,/7 446 35)4/7 HD]J

G\S* .,-37 -.6 S,-4-41.7 >`]\b ESR* .,..7 56 -,,,12/&* KVS`ST]`S( W\bSU`ObW\U bVS

^`SdW]ca ZWbS`Obc`S O\R ]c` TW\RW\Ua acUUSaba bVOb bVS `WaY ]T ;I; ]QQc``S\QS W\Q`SOaSa

OTbS` QV]ZSQgabSQb][g*k

A e]cZR RSZSbS [O`YSRZg O\R QVO\US bVS .\R aS\bS\QS( T]` j@]eSdS`( bVS RWTTS`S\QS eS

T]c\R W\ bVS W\QWRS\QS ]T ;I; PSbeSS\ QV]ZSQgabSQb][WhSR O\R VSOZbVg acPXSQba eOa

\] aWU\WTWQO\b( eVWQV Q]cZR PS Sf^ZOW\SR Pg O a[OZZ aO[^ZS aWhS*k

Response: A\ bVS `SdWaSR KOPZS J-( eS VOdS QVO\USR bVS e]`R #VSOZbV# b] #VSOZbVg#*

ESO\eVWZS( eS VOdS QVO\USR #F9>D<# W\b] #E9>D<# O\R VOdS RSTW\SR #E9>D<#

W\ bVS `SdWaSR [O\caQ`W^b*

ISUO`RW\U bVS acUUSabW]\a T]` bVS bSfb( eS VOdS RSZSbSR bVS e]`R #[O`YSRZg# O\R

QVO\USR bVS .\R aS\bS\QS Oa j@]eSdS (̀ bVS RWTTS`S\QS eS T]c\R W\ bVS W\QWRS\QS ]T ;I;

PSbeSS\ QV]ZSQgabSQb][WhSR O\R VSOZbVg acPXSQba eOa \]b aWU\WTWQO\b( eVWQV Q]cZR PS

Sf^ZOW\SR Pg O a[OZZ aO[^ZS aWhSk*

4* >WU* J-26 O* ^ZSOaS RSTW\S OZZ OPP`SdWObW]\a7 P* Q]Z]` S``]` ]T ]\S R]b %]`O\US W\abSOR



]T PZOQY& b] Q]``SQb W\ bVS ?L<;9 U`]c^7 Q* eVg bVS abObWabWQOZ bSab eOa RWTTS`S\b W\ P

O\R Q8 S* ^ZSOaS aV]e Rga^ZOabWQ [cQ]aOS O\R QO`QW\][O Pg RWTTS`S\b O``]ea*

Response: A\ bVS `SdWaSR [O\caQ`W^b( OZZ bVS OPP`SdWObW]\a VOdS PSS\ QZSO`Zg RSTW\SR W\

bVS TWUc`S ZSUS\R* E]`S]dS (̀ bVS S``]\S]caZg Q]Z]`SR ]`O\US R]b W\ >WU* J-2P VOa PSS\

`SQbWTWSR b] PZOQY* ISUO`RW\U bVS abObWabWQOZ bSaba( W\ >WU* J-2P( bVS be] RObOaSba RWR \]b

SfVWPWb O \]`[OZ RWab`WPcbW]\* ;]\aS_cS\bZg( \]\)^O`O[Sb`WQ abObWabWQOZ [SbV]Ra eS`S

S[^Z]gSR* ;]\dS`aSZg( W\ >WU* J-2Q( bVS be] RObOaSba ORVS`SR b] O \]`[OZ RWab`WPcbW]\7

bVca( ^O`O[Sb`WQ abObWabWQOZ [SbV]Ra eS`S cbWZWhSR* >W\OZZg( eS VOdS caSR RWTTS`S\b

O``]ea b] aV]e Rga^ZOabWQ [cQ]aOS O\R QO`QW\][O `Sa^SQbWdSZg W\ >WU* J-2S*

5* >WU* 0* KVS ZSUS\Ra ]T U* O\R V* O`S \]b Q]\aWabS\b

Response: A\ bVS `SdWaSR [O\caQ`W^b( eS VOdS `SdWaSR bVS ZSUS\Ra T]` >WU* 0U O\R >WU*

0V b] [OW\bOW\ bVSW` Q]\aWabS\Qg*

-,* KVS`S O`S abWZZ O \c[PS` ]T ag\bOf S``]`a( S*U* ZW\Sa 4.)4/( jaWU\WTWQO\bZg RWTTS`S\QSk(

ZW\Sa -2.)-2/( jK] RSS^Zg Sf^Z]`SiMSik7 ZW\Sa .12).13( j9a Q]\XcUObSRiMS

^`SdW]caZgik7 ZW\S .41( jiW\VWPWb]`a L<;9ik

Response6 MS O`S Sfb`S[SZg U`ObSTcZ T]` g]c` Q][[S\ba O\R acUUSabW]\a* ISUO`RW\U

bVS a^SQWTWQ S``]`a g]c [S\bW]\SR6 A\ ZW\Sa 4. ) 4/( bVS ^V`OaS “aWU\WTWQO\bZg RWTTS`S\QS”

VOa PSS\ `SQbWTWSR b]“aWU\WTWQO\b RWTTS`S\QS”* >]` ZW\Sa -2. ) -2/( bVS Q]\ab`cQbW]\ jK]

RSS^Zg Sf^Z]`SiMSik VOa PSS\ O[S\RSR b] jK] RSS^Zg Sf^Z]`SieSik* A\ ZW\Sa .12

) .13( j9a Q]\XcUObSRiMS ^`SdW]caZgik VOa PSS\ ORXcabSR b] j9a Q]\XcUObSRieS

^`SdW]caZgik7 W\ ZW\S .41( jiW\VWPWb]`a L<;9ik VOa PSS\ `SdWaSR b] jbVS 3s)@J<@

W\VWPWb]` L<;9k*

A\ ORRWbW]\ b] ORR`SaaW\U bVS WaacSa ^]W\bSR ]cb Pg bVS `SdWSeS`a( eS VOdS Q]\RcQbSR O

Q][^ZSbS U`O[[O` QVSQY bV`]cUV]cb bVS [O\caQ`W^b b] Od]WR ag\bOf S``]`a W\ bVS

`SdWaSR dS`aW]\*

ISdWSeS` $/ %IS[O`Ya b] bVS 9cbV]`&6



KVS OcbV]`a VOdS ^S`T]`[SR YSg Sf^S`W[S\ba bVOb ORS_cObSZg ORR`Saa bVWa `SdWSeS`la

Q]\QS`\a* KVS [O\caQ`W^b Wa \]e acWbOPZS T]` ^cPZWQObW]\*

Response6 MS O`S b`cZg U`ObSTcZ b] `SQSWdS bVS ^]aWbWdS TSSRPOQY*



REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

The authors carefully addressed my comments and clarifications have been provided.

Yet, the conclusions are overstated. Colorectal carcinogenesis was exacerbated or

accelerated in the mouse models rather than promoted as indicated in the results and in

the title. Cholecystectomy exacerbates or accelerates colorectal carcinogenesis would

be more appropriate. The mechanisms also remain questionable. Figure 8 indicates that

the effect of cholecystectomy on colorectal carcinogenesis is mediated by GUDCA but

GUDCA was not increased in cholecystectomized mice. It was increased in

cholecystectomized humans who did not develop significantly more colorectal cancer.

Response: We sincerely appreciate the constructive comments. We have revised the

expressions in the results section, and used “exacerbates” to replace “promotes”. And

we also changed the manuscript title into "Cholecystectomy-related gut microbiota

dysbiosis exacerbates colorectal tumorigenesis". These updates can be found on page

1, 2, 4, 6, 18, 25, 46, 47 and 48.

Actually, in our mouse model, we observed that both GUDCA and TUDCA could

exacerbate colorectal carcinogenesis. Since TUDCAwas the predominant form in mice,

we have revised the mechanism diagram by replacing GUDCA with TUDCA in both

Figure 8 and its corresponding legend.

Minor comment: In the discussion, lines 400-401 “Given that the AOM/DSS model

places great emphasis on inflammation-related carcinogenesis, this model was used for

the following study”. What does Following refers to?

Response: Thank you for this meticulous question. To enhance clarity, we have revised

the sentence to: “Given that the AOM/DSS model places great emphasis on

inflammation-related carcinogenesis, we employed this model in the following study,

which involved fecal microbiota transplantation, single bacterial colonization, and bile

acid supplementation”.


