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I(mammalian target of rapamycin complex 1, mTORC1)
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B, AT W 5 T T v Y A B RN i A5 T T B 2 08
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A BT B e B3 TR R B SRR, {ELIRT  B
B S, 2 B b4 8 S SIS CsX I AR 1
SN, BANEE R IE BT AR N R
HA W 7% 38 3 9 55 Wnt/B-cateninfs 5 1% FHIHIISCs 1 H
WHEH, IELRISCs /MU N 14 240 i A ik FC 4N, Ik
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Wht, ‘B B2 & 4 & 1 (bone morphogenetic protein,
BMP), Notchf{i 5 il M AEISCsH Rk T ik, &2 5ISCs
FEFAAN > A R 1) 1 BAE Sl . WatfE 5 AMUIRE)
ISCsHi %8, &5 Paneth Ml (K B . Wntliti4 5
ISCs# I 4 it 2 1 AMIC S B2 IR £ 1 32 A4 AH G 1 (low
density lipoprotein receptor-related protein, LRP)LRPS5-
LRP645 %, #llifilB-cateniniz & Ak, 755 B-catenin(M1% 5
A7 55 4 A% A 9 2 08 5 DX/ T48 i DX 5 (LEF/TCF)
FREEFEN TR A, RANBE Wt . Wil
DickkopfBH M 2% K B H (1) Wnt/B-cateninfs 51% 2,
/AP LGRS" ISCs, M BHEIE B2 53 244807 i v 55 Wnti
Zh7IR-spondin | AT 3 b 3 38 BF 489 712,

BMP{5 5 il 8% XIS Cs i [ F 58 & il A48
E AR TE A, 2S5 % 2BMPRIIL, BMPRI, TGF, R-
SMADHISMADAZR I i %5 1 7 4% 2. 17 76 5 40
FEAE R ABMP2FIBMP4, 0E B 2 AR/ 7 2 IR
F I PE 0 B8 i 32 /A BMPRIFIBMPRITE 44, #F
— Pl SMAD R [ M BERR AL IR 40 S N K35 K
IR IIBMPAE Z X ISCs I /E FH, BMPHE$HLHI WNog-
gin, Gremlin-1F1Gremlin-27E & & 1) =1 fE R Re %
R BEISCs 7>,

Notch{E 5 T LY 2 5 i 2 18 70 i &,
Notchfs 5% F ({40 IR A0 1 %R, Hesl
YE N Notchfs 5 i B L IH], W0 J5 4% s b S HH 4
i Atoh 110K, AT BBl ] W etk & 1) 434k T
Hes1 625 FlAtoh 1 Y R 1A R HEISCsIa] 73 Wb 1 2 43
1{[],20].

O 25381 I Wnt, BMP, Notch{s 5 il 4% 1%
ERBEHMM A REE. ERES, Wathl
Notchfit A B ik FRA R o, HrpWnt (5 57K I
BRI AR 510 A, MABR B9 B R0 i Wt

KPR, TIBMPAE S5 I, 3 [F T E T
A E 75 A R AR KR 75 5 8 % IR -spondinf{&
SR ILEIVER, IRENUANZIE NISCs B 35 ET A
W R AT, TESSE T KT DLOCBEE 2 i i %
SRR FR 0 1) & AR, A R e T AR A i e I
Tt 5 280 B s 92 0 X 0 R A B S . AR T AE AR Y
1 #E [l Wit BiNotch A] 58 T BUSCsHE 38 BT K JE.
U, TR B AR IR A IS Cs T 8 f A2 A5 T

AR T RIVE N 2 ARV L eI . e
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G SR BT, AN N R S FLAT R
BELIRE SIS Cs [ i FR 40 M 7340 22 o A2 ) LA AE A
NGB AR R FLRT R WIL B H A 40 T 40
B R R T bR GRS AR B R 4 & 5F
FAL S5 #3585 H 2(nucleotide-binding  oligomerization
domain 2, NOD2), Z&f# A J5 s 7= AN R /Mg B es 4m
NESETE A TR, R E SRR, ATt AR
KB R, ML R A B A R
A PFRISCsIFED, A/INATK 4 B R B i et
FEAE FH e R o A = M AR ISCs 3G 5 . /b IR A
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E R R A F L RRZE Bk b, e R A RiE
B Bk E A2, MR E AR S EHEA 2T
Toll#£ 5244 5(Toll-like receptor, TLRS)HI4E 4T
T TR R, M (S TLRSS: A0S A
R B2 -7 (mitogen-activated protein kinase phospha-
tase-7, MKP-7)#% 5%, JEAMHIINKAE 5 I8 BIE 1%, AT
D REE A T, RN RS B A e s e
S5, 78 45 W E R 2R 1 ] S TSCs M TLRS T AF
JANADPH4 /L 1 (NADPH oxidase 1, NOX1)#Eik, ¥
TG 1 4 (reactive oxygen species, ROS)H5® 3 [ A K
PR F B2 AR I B, (R4 BmISCsit g,

B AT gEIE I JETLRS A T s 2 R 1%
ERE. B, o5 R R & E G s ke s g iE +
Y bR S YOLFMARH I 20 B i) %2, Pk B Ra 5 T4
Thi, BIRIETLGRS" ISCsHIMYN A% it 2 5
TLRS 1. LA K Desulfovibrio vulgaris$i 5 (i@ i
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Figure 1 Mechanisms of gut microbiota metabolism-mediated host ISCs proliferation and differentiation

JETLRS RIS e s £k, SEREAE
SRR HE Z 19(Leucine-rich repeat containing 1 9,
LRRCIMEAE 5 3 45 e e, 1EDSSHS 2 4%
1,

B4k, 4 B 1 R] REIE I 51 S SN, HR AT
it ds. BT R W HEE 8 AT 5 R TLRS A 3 fIL-
22F14 CARDSS #4358 [fINODFY: 52 44 5K ik Fit 51 4(NOD-
like receptor family CARD domain-containing protein 4,
NLRCAH/ FIL-18f# 74 1L-22i% S STAT3 & (4
PR AL SIL- 1825 N R 8 74, L TL-18(2 it
#E H2F I B H B B (protein Kinase B, Akt)-#%
SR T-4(transcription factor 4, Tcf4)fs 5% FLGRS"
ISCs 4, (R gUsE™. XN AH T iliEE
FRE SR LT I AR, e rr W, HEEERAEA T

4

TLRSZ AR BB AETLRS &2, FSWiE LY )Es)
Z5 i N LA W IS Cs B, A it A8 Ak Bl o
A g% I AR SUE S

212 B
ISCs ik A% TR 45 & 5 B A 45 M 1 FE 32 4K (nu-

cleotide-binding oligomerization domain-like receptors,
NLRs), = YNODI1AINOD2 i %4, AT R 51l 41 ffa B ik 5%
FELL NODI A B 2 [ BT B 41 BB kSR 1
FRAEPE A 7 — & FE B — R (diaminopimelic acid,
DAP)“* DAPJE )% BRI 15 5 8 B (immune  defi-
ciency, IMD) A 217 S 4™, HIMD#E JE PR 80E ik

RPN R ALCRZAK, HA& 82 piE PISCs Y
B, e R A
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NOD2 #8775 i BE i — ik (muramyl-dipeptide,
MDP)45i#. B £, MDPHEIELGRS™ ISCsH)
NOD2, i F BEAH I 16FF 2 1 13 [F) A S0 26 ki 4
E I, 15 FRISCsH i B ROS, 19 ISCs % 32 A0 M
13, 3 MISCs KU LAYE Rzt b e R0 wesh, &
T 9 3 WP o SR 426 1ok it R ke g 2% i 7= AEMIDP, - L
WOENOD2, S bR AN Y, BDAPH fE R K
FEVER. RO 7 R BHMDP 5 DAP 3% Bk & I a0 S
NOD 1 HINOD2 2 - i #7HR 40 it £ & 5 7= A= 6 2 1 P
AT B, T BRI U A e e A ),

213 JE& 4

fig % ¥ (lipopolysaccharide, LPS)/& &= >% G4 B
2T B M ) — Aol i 5T, 3 I B A R AR R T
W5 R, LGRS™ ISCs4H i FIALPSHLIATLRA, £/
i FR S TLRA W] @it pS3 L I T2 4% K F(p53  up-
regulated modulator of apoptosis, PUMA)IEH. -t
T A& TR E A 5 190 N 87 SISCs IR T2, BF st &9,
LPSHEUHTLRAEHEPUMAE B K%, (FFF1SCsI FH
Ao PHTEHEN, RS T BT PU R TIRSS Ky st 4%
5 M (TIR-domain containing adaptor inducing interfer-
on-B, TRIF), T AKHT-HEFE 710 KT 88(Myeloid dif-
ferentiation primary response gene 88, MyD88)$HTNF-a[53].
SR I s VA SN L P S BRI /N g AR 400 i 25 12 DA B s Y
1 5 41 i A% 1) (proliferating  cell nuclear antigen,
PCNA)E KT, i bR T s 2, B
TP AR, VBRI JOE ) LPSAbEE [ 2K e Ty
P IKLGRSFTOLFM4 5% el 16 /K1, /b i e s
B R, PR TR w4, Efrin
Uiy 435 i AV W K 83 TRV RS e A% O AR P 7 AE (R LPS
REf% 8L TLR4/TNF-o/RIPK 1/RIPK 315 5 B B/ 5 45
LGRS ISCsER iz ™ B4 M i LR AEHEI 12, AT 40
0 b R BT, IR HEISCs AR 2 i 43 A1,

LPSTEIE & A B2 N 401 /N7 B K 1S Cs 5
FORREE T, FEIEIE S A B AR 18 SO B LR,
LPSI e fpiafifn. WM, 5 pg/mLEREZLPS
REME At ST 1L s 45 I 2 2 B I A A B L B n K
FHE, #2HKi67, PCNA, HopxMIOLFM4#iA, F
4 5 94 T S 7 G AR,

B4, LPSHIREAE il K & R IEA w AR, Hlik
XLPSHI A —EMERE REEEMN, LPSiEd

Kriippel £ [A - 5(Kriippel-like factor 5, KLF5)# 3¢ X
BG4, JFIE I KLFS{EESTATSA &
5 TS M T4, Jt R k4 5 B s 2,
BHFFLRY, LPS AR AE & bk iE: % A 251 R &
EC, AR ELPSAE SN2 2 ANH R TR0 R
WA AT e Thae, AR TR T T R
ﬁﬁ_[él’ﬁ],

2 LFTIR, 2B AT I w A PR A, LPSHIH]
ISCsHYFEAR BT £ Wi 4 0E K AR B, TR HFISCs
FALE AL, Bl & A VD RVR IO AN (R FILPS B 14 %,
4 NG R ALE /AR Ak, LPSIEEME ke 2 A1, i
X LPSHIEMEZ R A F A LPS A B 7 :0AI7) &,
AL LPSHE N IE [F R EISCs I XA 7 FB, #—25
RAE Gy EAE .

22 AYIEEREGE TAREE
221 FEEEMERRR

P 3B T A AR = — 7 T AT DA D AE AR
JEA, 5 — 7 AT ME NG 5 T IR AR 2 pp A B
Atk s R S IE N B S R R AR B,
e R IERE LT A=A DL AR IR TR ANEMNE
% & 7% (short-chain fatty acids, SCFAs)'*”. B %t K I,
WSSl R BE. REWRE. MR
HERM, LSS RE s R K6 7R M4l 2 &3 5
SCFAsIR & R IEAI5. SCFAs7E 24414 [ 2 2Bk
B35 1)/ Notch S8 3 [ Hes | # 56 380, (R HEISCsa)
it 2240 L 17,

TR #h 2 o T8 AR AR = ) B T E I — L
FEIE W AEFROLT, 25 W 4 R e ook 19 2 4 g A 0 &1
MG SE A R A AR T IR SRR S FL R BRI M 42
HEYEHE, (R AF kG R 5 R FH A A R IS Cs B FR 7
R TR ERIOIAEEY . Ll A G, il
BRI S8 T R A Gyt NG, s g m
% S R T Fox O35 1, HAIISCsH 5™, 1R v 1) 4214
FEISCsIIGTE, TRERIE 3 piE 5- 72 (L ik BetP & o I
T8 2 ARUHAH JG BE R ( Z R F2 1L -2 (tryptophan  hydro-
xylase 2, TPH2)IRIA(EdES-F2 (e r= Az, it 5- 32
JY: 5 7 1 IR R E2(prostaglandins E2, PGE2) B 41 i
WA FPGE2M¥F"4:, TMPGE25 % /KEP1/EPALE &, 1
SRISCsH FIWnt/B-cateninf{s 5% S, (EHISCsHIHFE,
Gk
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BRI R A FLRR AE AR & LS CFAs I HiT 44 i,
155 W AR v 45 o v IR BE B, BRREAS 9 45 17 40
fthe, NEAESESIRE . BUHRRE L
FFBE AR =, 200 A 5K 13 /8 52 3(solute car-
rier family 13 member 3, SLC13A3)# 12 £ISCsN, &
R E KL AL MIROSEE T, HY IRLGRS RIS (EHEISCs
WP LRI E 50 mmol/L i B 3 R A M R XS 5Y
1000 pmol/LIF H1HR Ab 1 i 1 25 2% T 35 Re 8 Y S LGRS
FIPCNARIZIED, 1M 5 — T 72 £ W, 100 mmol/L i
TR IR B TR T N KBRS vy 45 W i 25 0 25 1 4 3
BH, R/ Wi e e RN B, B AR AR BE T A
AR T R FE. AR BRI B (1 B3 BRI 13k 40
PRGBS, e IR M S A 7,
Hrp RGO T2 — B 7. FLERRE 3G ke
B L RLAR T, 5 GEE PR EK 2 74 81(G-protein
coupled receptor 81, GPR81)4h &G ISCs 1 1) Wnt/p-
cateninfg 5, MIRIBISCsHi ™). 4 b, MW 5
[JSCFAs & IS ISCs DI RE S R 28, (H B it =y ]
REE A I #3 HEAE H, BRI TE K S
222 eaBRREY

S R AR R R = 25— 7E JFF I 0 e s e Jie
2,3- X4 B (indoleamine 2,3-dioxygenase, IDO)EK (%
FIR2,3- X NN B (Tryptophan  2,3-dioxygenase, TDO)
FACE R IR . (E X P E RGN i+ HTPH
ERIMTE R, LLRE B A YA A b AT
AW, Unvs| -3- B % (Indole-3-carboxaldehyde, I3A).
N5| k-3 A i (Indole-3-carbinol, 13C). Wj|WE-3-FLIREE.
ORI v] AL TR T s W, R AAAE TV 2 5
2 RPN 22 QB BRI RIR
S R AT POUAT BB, 0 R AT A T 0 S
J& 52K (aryl hydrocarbon receptor, AhR), Z5liziE I
BB . Wit Ra s R i JRE AT, I3A R N
W 475 7 1 AhRRFIPCNA 19 %347 ARRYE S 4
JEIR AR 3 MAIL-22, i — DR STAT3 B MR AL, {2
PHISCsHhH, KA 2. Hesh, 1BAFFARR/
IL-10/Wntf5 S H0FISCsH A /LT I BLIRBE e
WS ARRFIIL-10{2 HERRIR AR 431k, T iZid 72 51L-22
i T IRNTG L, 06 W3- LR 78 S8 AN B B
TE v 20 M B TR ) SR AN ], Mgl e-3-FLER (L 4 /N
UE K672 IE, A BN R TE K67 R 1k %

6

R I3CHmH i 25 38 B I R 8 IF LAARRMCHE T7
AT/ R A AR G0 B k. 13CHE I 1 AR R
t.B-cateninHI7K T, I NotchE 5 i g i 32 T Vi i 3
[KHes1, #4125 53 ihilk R 534k IMath1, 3R BHIXFhiH
5 7T #E B Wt FINotehf 5 il B A S RRETFI3AK
I3CARE o> e R 04k, MEIWR-3- 2 FR ] 40 WA 1% 2R 4>
b, 58 ANRINHITSCs 2 L A4 T W I T FIR 1) 4344 B
Fhe A kT

223 RFEPEABR

RH R (bile acids, BAs) 1] 73 AR AKX BAs. ]
B As FH AT A A (0 RE R A i, A0 N i B 0 B T o 7
IR, FEAE /N BE R K I B S A i Ve
IR TodR 3L, FEALNIRBAs. 95%AR R4
iy i PR S B T GO N BT, R0 4% 5 % B 2% 4 HE
HE R BAs T il iE TGR5/R-spondin(Rspo) i 1
BFXR/Rspo EAK ML L HEISCs M TE. IXZLBAs
WIS e R TGR5W5 F Rspo3 ik, M5 Wnt/p-
catenin{Z 5 il %, HE (2 HEISCs [ 35 50 Ak 5 54
TENZEF/NR A, TGRSFRIAMHR AT F 2718 2% AE,
HHIISCSHTE R b, HIR I - Ra ™. B, &
HBAs/ii EHEZ (deoxycholic acid, DCA) ] GEFIHIFXR
M SLGRS ™ ISCsHIFH™ . 174 4 J5 14 K ABAs
(K36 AN AR Uit DA K JFF AT () SR S R 13 B, S 2%
HR (hyodeoxycholic acid, HDCA)&4 1) 3= k%
BAs, W] S FXRINHIPI3K/AKT M i B AR W 4 41-5% i
TG AR SV WPCNAFIZN i A R D1 IR IE,
401 i b B P ks ™"

ZFIR FBAsEENS SLIMISCsHI L Thag, Hifx
HUEIA AR [F. HDCA#HI+ =38 1% 5 [51 7 P 2 b 41
MRSk, IR 38025 i N 426N, CCK, DRI s
M4 A= i 421 R (Tauroursodeoxycholate,
TUDCA)RE5 22 fift 19 J57 X i 2 49 30 J 3 2 5 801
P J5 R 7 38, D 4 A R K A, DR 2 A T B
bEfs, WKERREREDY. DCAMIT FIHARRLE S %
INISCsIor L Thfe, MM EUMOIR 41 i FTM U C2 98
A BN RIA, HATRERIFLE] R DCA R I K
YIRIDO LG TE, FEmRe 5 RIRER K55 /i, F3L
ARRFEEAAA 2™ B, WA 8 FRDCABIR = A IL-
22 [ 40 i 11 3 751 R AR Ik EXL 4 B I B BB TL-22 0K °F,
SHUASCs Mk 93 A i FIBR R 20 s 5.
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H BIAE R 1R 22 P A Bl R A 444 F O AT 7
A JRERYE, AW A2 — R E A PR,
— 5T, R T RAE A IR B ASHE L (8
L AL ENEE)

3 T RS T AR E R T

Aefir B, WpiERE S TPISCsHEE WiE K A R A
B, i AR f AR A e R, B
B AR T BOR S P R EI R, o2 T-1il
LhieHYIIE K B I EZTTRERD.

31 AW

i 2F T A SR RENS O e BRI EY, B
FEAMEE . WEARE. FAFRES. AR
W FEIRAE YR AN 2 25 B 0G0 i A A s A

F 1 FHRCEYIREIET AR E TR TR
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Recent advances in the interaction between microbiota and intestinal
stem cells regulating intestinal development in young animals
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Intestinal stem cells continuously migrate upwards along the crypt villus axis through proliferation and differentiation, so as to
constitute the entire intestinal epithelium and serve as the structural basis for intestinal development during early life. Gut microbiota
can regulate the fate and function of intestinal stem cells via their surface molecules or metabolites, thereby influencing the trajectory
of intestinal development. This review examines how the intestinal stem cells and epithelial renewal drive intestinal development and
restore intestinal homeostasis in young animals. This study focuses on elucidating the intricate regulatory mechanisms of the surface
components of gut microbiota, short-chain fatty acids, tryptophan metabolites and secondary bile acids on the proliferation and
differentiation of intestinal stem cells. Additionally, the stimulatory effects of nutrients, such as probiotics and prebiotics and
microbial transplantation on the development of intestinal stem cells are thoroughly explored in this review, which providing a
reference for studying the interactions between microbiota and intestinal development during early life.
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