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Effects of nobiletin on intestinal stem cell proliferation in vitro and in vivo
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[ Abstract | Objective To investigate the regulatory effect of nobiletin (NOB) at typical effective
doses on intestinal stem cells in vivo and in vitro. Methods After a 3D culture model of mouse colorectal
tumor cell line MC38 was constructed, the death and survival of the obtained colonies were observed after
treatment of different concentrations of NOB. Mouse small intestinal crypts were cultured in the Matrigel to

generate organoids. Different concentrations of NOB were added to the culture system, and the sprouting and
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growth of the organoids were observed. MTT assay was used to calculate the area and absorbance values of the
organoids after staining. The organoid growth was observed by removing 50 and 100 pwmol/L NOB for different
periods. The effects of exogenous R-spondinl and CHIR99021 (activators of Wnt pathway) on the growth of
organoids were observed in the culture system with 50 and 100 pmol/L NOB treatment. C57/B6J mice were
infused with different concentrations of NOB by gavage for 4 consecutive days. The ratio of intestinal crypt to
villus length, cell apoptosis, and number of OLfm4 and BrdU double positive cells were calculated and
observed. Results Compared with the control group, 50 wmol/L NOB significantly promoted the death of
MC38 cells after sphere formation and significantly reduced the colony formation rate ( P<0.001). The dose
also significantly inhibited the budding of intestinal organoids, and 50 ~ 200 pmol/L NOB significantly
inhibited the growth of intestinal organoids in a dose-dependent manner when compared with the control group
(P<0.001). After NOB withdrawal, the growth of intestinal organoids in the 50 pwmol/L group was partially
recovered, but it was difficult to recover to normal level in the 100 wmol/L NOB group. Enhanced Wnt
pathway activation could partially rescue the inhibitory effect of NOB on intestinal organoids. In wivo
administration of higher concentrations of NOB did not induce apoptosis of intestinal crypt cells, did not affect
the crypt to villus ratio, and had no effects on the number and proliferation status of intestinal stem cells.
Conclusion NOB possesses the ability to inhibit normal intestinal stem cells by regulating stem cell-related
pathways such as Wnt, but this cellular inhibition cannot be phenocopied in vivo. Our study suggests the safety

of NOB at regular concentration and also raises a caution to explain the inhibitory role of NOB in cancer models.
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B Ll 55 22 Fh 2 O E ) g 20 FA A R
AMTEPEAE R o SN0 S 0 S84 B ) 245 0
XoF gy 1 2 SR R TR TE RS A RIE T . Ry
fF9E 45 SR AIE 55 NOB Xf 45 B W 9% 40 i 19 1C5, 7
50 wmol/L 1 1-'*) {E3E A T 9 NOB & 75 e
HHE 1) IE B L2 B 0 i b R 2 LA R e i TR 5 F
HYIRES:

J b B B SR 2 d KR s R i T 4 (intestinal
stem cell, ISC) 3t [ F& BB AAMEK S HF/Y' > 78
ARSI r A S 240 R] - 0 40 35 I 1) SR, R SR
T A IR R K R e m Y . FER

TAAE IR AT AR BB S & B AR BN O PR A7 A
AL, DRI 22 4 180 2 B DR A A T AR
AHIEFER /N IMNA S8 B 2 25 A BRI TE 1A 23 245 b 3
PR, R G0 M 8¢ NOB X iz 38 T 4 Hu 33 5 14 5% 1),
R BRGHAH S o

1 #M#ERE

1.1 ##

L1 /N C57/ B6J BFAERUAEM: /N, 8 ~ 10 J4]
W%, AT 23 ~26 g, W 3 U AE /R A= W R A R
AT SR T SPE BrlEj N, B i R R E I AUK, AR S R
il 12 h BRI 12 h (R, & 22~25 C, g5t
WA R ZE R S B

1.2 4] DMEM =8 35 97 2 s 4 L7 FBS |
DPBS 4 H Biological Industries 2y @] (3EH ) , %5 2 -
7 &, PBS, MTT, EDTA, EGTA, BSA . Penicillin
streptomycin solution(100x) i H 32 = KA\l (HHE) ,
JBe & H M-EDTA Wy { Cytiva 22 @] (€ [E ), Zinc
Formalin Fixative ,BrdU ( 5-Bromo-2’ -deoxyuridine ) i B
Sigma A F] (K H) ,D-ILALEE [ BBI 25 (FhE) ,
B AR R B (R ED , BT BRI A AR A
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(D, BB Z (NOB) g B MCE 23 7] (£ ),
DMSO .TRIZOL reagent 4 H Thermo 2\ &) (3£ H ), Y-
27632 dihydrochloride ( ROCK inhibitor ) i H Sigma 2y
H (2 EH), IntestiCult™ Organoid Growth Medium
( Mouse ) ,Chir99021 i) H STEMCELL A &] (&K,
Advanced D-MEM/F-12 (1 x) | GlutaMAX™ Supplement
(100 x ) . B-27 Serum-Free Supplement ( 50 x ), N-2
Supplement ( 100x ) g B Gilbco /4] (E£H ), /K S
Bl B B R LA R (D) AR A S R
T R S A Py it RELIBT 55 L AR S e 2R 1L 3470/
L 1gG 91 bR s e AL L FHT /N B TeG 5T PBS
Gemfn AR (pH=7.3) (A MR . DAB I €8 551477 &
(20x) g g rp E b gt p a2 et A w () |, iz
TritonX-100 g A R E /A5 (FE), BrdU g § BD
Pharmingen /A #] , Ofm4XP®  Rabbit mAb Ity B CST 2y
Al (), R W LT 4E K 0 B i R AR W) FHE A
( Hr ), Recombinant Human R-spondinl [ H
PeproTech /A ] (32 [E ) , MATRIGEL MATRIX High ¥y
H Corning A ] (3EH) .

1.2 7%

1L.2.1 249 il B A S ] DMSO 3% fif
NOB jif, 100 mmol/T. 8 B9 J& KA PRAF 35 FH, A2 FH i
i P % 5 0 ) s B 22 4 0 19 AR MR 10,25 .50,
100,200 wmol/T; 7E 4S5 : A4 /I BRUA BT i 1155 120
/NERRZSIE PR B, 25 24570) 4% 100,200,400 me/'kg 43
A IR TR RFLERM(0.5%) h,H#EH,
300 pl/ A,

1.2.2 /NER&5 s MC38 40 & 3D 55 MC38
/1N B P 9 A L 28 P T S R X A 3 2 A Y
B RS oFF 4 °C Hve 1Y Matrigel fiIA 96 fLE5 37
TR B FLARIS R JS , 37 C TR E 30 min, 4 i fE S
W AT LA A MC38 248 i 3 1k J5 148, #4110 000
A S0 L BE IR BT , B Mt T 96 LAk, 37 C |
5%C0,,30 min, 4 50 L B FHE, VKIBE 0 C,#%
Bt ‘Matrigel = 19 UmA Matrigel,‘]ﬁ'/}f}j][]/\%}LEP o
37 C 5%CO, 55 5% 4 d /oAy, i T WS T A 4 M A
BRIG IR 2 25 AL B, 7390 455 50,100 pumol/T. NOB, [F]
I 3 B X BRI 2%0DMSO 7570 HRGH, Ab 3 4 d 5 {59
BB A IR, HEAT IO P AR e R (MTT) 3% P A
T G AR AR B, ST 53 Bt 3D BRIA Y R AR L
MTT 4t J5 iy 3ski4 10D fH .

1.2.3  /NEUN B 2R A B B R EEBEN
[16], 76 W 355 T CSTBL/B6J B 1k 7 /N L 22 SR AL
J5 . 75% ST 1 min, B /N iz {8 JG 1 vk DPBS

M B NS 5 RN 2R N 2 T R
AL N . 3908 0.5 em g B, TT0CH #il¥% EDTA
ZEEW 50 mL BLOA T BRIK 4 CIER 30 min J5
# DPBS, 7K E#fIE 15 min, R BT ERB 8T
J B G E 52,70 wm B8 A 2o 8 S B O IS R B
AR, 0. 19 BSA-PBS YE % 2.0 Fit £ M
Matrigel H &, #% 10 wL ) Matrigel 75 30~50 /™ fiss
T 96 fLAR H,37 °C 5% CO, W¥EFRAF T 17 ~
22 min, % 100 pL/fL % 0 & %A B-27 ( Glibeo, Cat:
17504-044 ) F1 N-2 ( Gilbco, Cat: 17502-048 ) Hy
Intescult™ 2588 B 58 4215 55 3 (Stem cell Technologies,
Cat:06005) , [A]fF 1 d BEHEFRIL,
1.2.4 NOB {R4}5E 55 /NERVINY BB AR 96 LR
W SR 24 b ARG DA [V BE Y NOB 4b 3 72 hy
NOB /¥ i & 10,25 .50,100,200 wmol/L, 7 NOB
2z 78 96 fLAR R 5 FF 48 h 5, 43 w4 T 50,
100 wmol/L f) NOB 4b¥f,24 h 5§ 48 h J5 , EHH A
T NOB [l et 155 R A AOES . 2y J S s 1 o
IS Y/N

. Y JE T AR - i AR

= st e

1 NOB U0 ¥R s 5 vh , i 1 28 4 B 78 96 LA
HEEFE 48 h, 45T 50 wmol/L [ NOB $r2E4b #4351
AU 1.2 wg/mL 9 R-spondinl m¥, 2 .4 nmol/L
CHIR99021 WiAh 251k JE AT 55 % , B A AL FE 72 h I
AT MTT e @RI 5 fr A b 2E 3 5 25 6 BT 2 2%0
DMSO 4bHHZ (Veh) . 2 ZHITE 25 P40 3L (] 24 b
30 8 W RUBE A0 IR, JF 20 i ge it e e 2RO
[[IEA
1.2.5 R&HBEUE ffi 11 EVOS M5000 4% & ¢
(ThermoFisher) fA3 245 B o HLIE LART AORE ", 2
TG (10D) Xf 4 MTT JL 2K 88 B
AT UG FN 537 o
1.2.6 NOB{AHNSEE:  /DNERAIIR 1~2 85, FEdLsT
A, BCE R R4 J2 100,200,400 mg/kg 1) NOB &b 34
(n=4) /AT, ] 0. 5% R P ILLT4E R
(CMC-Na) JEE: NOB, 60 Hz . 37°C #7757k 30 min,
B, B RIC NS A B2l 220 B 4 d, /N
FUBCM T 2 h 25 7 I8 S BrdU (100 mg/kg) |, 4R
i T8 % 4 4 I PR L, I O PR AE
1.2.7 AL HE 3Lt VN R A e )
K AMAMERE 3 wm PI R, YT ARG @ RTHE T,
SRIG RS ITTE B RK Th IR BE . RARKE g, 431k 2~
3 min, AR 2L Gy  BRRE S K. VIS

x100%
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TE W 2Bl KU T B A e AR R, Image-Pro Plus (6. 0 Ji) U2 5 B A9 17 BN
BB, ST A/ NS RS S E L MREIKRT  BEUE%E 10D,

PAT/MACRE B

1.2.8 gkt NEUNEY) R FESERT T
PRACHR SR IG S I AE RSV, AAFEIRZZvh 2.1 NOB =T A4 4) 3D 3% 64 f i A 78 4 JEL
B R, SR 5 3% I WA K BT, —Bt 4 °C I VRN ERUIR 20 i MC38 BETE | 64T 3D 153 4H
B VG AR, =40, 8 1 h J5317 DAB ek, RHIIBEE % 50,100 wmol/L 4b¥E, 4 d J5,5
geta, Jetn )5 BOKE R FHEARET BB R, Sit XTERAIAIEL,NOB 50 pumol/L 4bFHZH M38 ER{& 4775
Pass ik +4 A2 LA Olfmd+F1 BrdU+PY A0 HER, JEXT R A9 0 EK, 4Bk R T 15 f# 25, NOB 100 pwmol/L i #i2H

2 R

HiAT G0 B AL T A (B 1A) o GEit i R
L3 St Foaf 71, NOB AL RHZH MC38 2 /il 5% f) JCBR R B0 0] B4 2 2%

SR R AL 3 U IR LA s R AL FEIR(P<0.001, 5] 1B) o 7E Z Bl AN ]2 1 _E T LASE
() 22 57 FLROR AR B ¢ K S BN 3R T7 220 i, B i Mi0L%E 21 NOB 50 pumol/L Ak B 5 iy R 14 i 5 ( 14
i GraphPad 9. 0 #4770 #ro BN R I 20 fii 1 1C) . NOB 50 wmol/L AbBHZY MTT Bt ()5 v - 14
Tukey’s ZHEAE M. P<0.05 FonEfifgiites 10D (H 8K TX ML (P<0. 001, 5 1D E) .

Veh NOB 50 pmol/L NOB 100 pmol/L 150
s v - - ™ i it % |
E o = .: ‘ ”: e - : ;. - . g 3 a
B T :.*-‘, o " . fepRer ¥, Y. 5
: = : - A" = 7 . < 100 —
% s o .‘a.*’..v.f '!.‘h‘..*‘. o 8
s S P ." * g.’ ¥ - '-. .;'9‘?“[‘ '~N+
® 300pm - B ¥ A0, 30w by
» o NEEF, ol g = = 50+
© N B ) By =
‘% -Q $‘oﬁg .“ w’#" 3 ; @' * )a' . u.:‘
sb & - o O o
) iz 9 ¥ B S8 e =
i@ ) ‘éﬂl“ 1@@ * - . "i-i%a . Aé\ @°\\\) &&\\) B
: b &9}{]% S “%"5 el T T 150um Q%@\‘”% &
L ria 6 e .ﬂ. S : e A RN
2 LRI I 2 ) a5
;‘;7. . Y‘I.{Wi‘f,; 7 ’.
:14; 150 pm 150 pm 150 pm - 150 pm
L g - - -
=
s a -
i atoyy | Sy | oS | . | g .
=) " - <
v e
= : :
o . ’ ’
4 2 5 ® M“ / o I_SOin. / & lﬂ)—wx-i & M N E()_pu_lr}l
NOB 50 pmol/L 1.5
a
1.0
()
S
0.5
D 0-

Veh NOB 50 pmol/L.  E
2151

a:P<0. 001
A:NOB xf MC38 4@t 3D 3 3% & 469 % v B & 2L IR R xd b 4ot C AL AR Z-4 AZ P (A1 1R 2 p/ ) 5
D:#3t 3D B A2 % P A MTT &k & B8, E.D | /4 10D %it 547

E 1 NOB xt 3D #53RH) MC38 ME 4R EI 200 (n=3)
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2.2 Fp) I 5 dm e AL
REMER

Sk NOB Xof /)n B /) i e 5 4 A A A 7 o0 i
FH BN INz BB H2FP T Matrigel Hr,24 b J5 43500
AMNFEER NOB, it —0 R 24 h J5 , AR
A E R RAL (B 2A) o X RRAE 2 g B R
IR TG B 4% BAREE 1, J8 FELA 210 2R A B
EEAREEH . NOB 50 pmol/L sl B & A0 ] 1 28 4% 1
BT (B 2A) 5 2 0] DU S 25 i 6%, 23
KAVE L ARG (B 2A) IR T 1 2R R (P<
0.01,[& 2B) . 2 10 pmol/L & 25 wmol/L NOB 4b
e ER R AR A5 (8 2A) , 552 48 h
J& , 48 200 wmol/L b BR A28 4R M s 3L 1 B 1Y
YHMIBET- R AR (& 2C) o TR RO DU 1 BUS
KEL, SR A e, NOB b B 20 () 25 % B - 34 1 A
WA (P<0.01, & 2D) o 3B B0 ) e 40 i
WP 1) NOB e SN n] LLBH 5 410 il i 38 T 40 g 1SC Fn
R A

#1289 NOB =T A 474 > B %

Veh NOB 10 pmol/LL. NOB 25 pmol/L. - NOB 50 wmol/L.  NOB 100 }LmOl/L NOB 200 pmol/L

ll

NOB 10 wmol/L. NOB 25 wmol/L.  NOB 50 pmol/L.  NOB 100 wmol/L. NOB 200 pmol/L

2.3 HFARJE NOB 4 18 2 25 B 09 20m AL A iRt
N T 2 RSE NOB X i+ 4 M i 1 1 7
HELEMEE NOB 50 wmol/L b P AN [F] B ] n3 2R 4
MIEAS, B ER AR B AR . SN IR L,
NOB b BHALE AR B B &k 4 T W22 fh (18 3A) ,
I HIX ML HEREE NOB Ab BRI Fp 22 47 75 (18] 3A)
TEFEA B A LAl LAFE ) NOB A FT IS [ R X 2
A E AR R Y] (18] 3B) o AEAEY RN WL
9050, AE Al LLB R W ) 2 AR B Wk S0,
100 wmol/L T+ ,NOB f ] 48 h J5 il 25 5 Fr 2 45 25 4
%%%Ek/]\%ﬁX%ﬁ, Al NOB 4L B 24 h )5 fi( 2y
RAFE MR B 48 h 2 RS R (P<0. 05, ]
3C~E) , HIZX P K 2 I A RESE 10 5% NOB (1) 1) il
OV (EI3C.E) o X UtHI NOB X 245 B i 1 A
A IS TE AR , JEL B ) DAY ) 0 T a mT LA e 4 3, {EL
JEEE NOB A FH [A]GE 4, OGS A 5 A4 il 4 i Ul
HELLF A IE

o 25 000
5 20 000

E15000 §. C b
% 10000 Ai%i%:

'<_ 5000

1:Veh;2:NOB 10 pmol/L;3:NOB 25 pmol/L;4:NOB 50 pmol/L;5:NOB 100 wmol/L;6:NOB 200 pmol/L;a:P<

0.05, b:P<0.01
A RRBRENOB &2k EE 24 h 5B

DB RFRET R & B & F £ %t (n=3);C. RF K E NOB

ABEEERBhEEBZEABRAMIT RE/ELEEEAER LD RRRETENALEETBRLH (n=45)
2 NOB 3/MNR/NAEBEERKIMEAME
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Veh

NOB 50 pmol/L

[

FrEEAbTRLE

LB 24 h 240

=]
b
50 000 b
b

NOB 50 pmol/L

NOB 100 pmol/L

——Veh
400004 NOB 50 pmol/L
=
2 30000
E
m 20 000
B
K 10 000
ﬂ- o+ 1 T 1
1 2 3
I fi/d B
50 000 -

JbBE 48 h 24

40 000
o
£ 30000+
g
= 20 000~
10 000~
0

QE%IJ
y 400007
, b
= 30 000
g S 20 000-
10 000
1 2 3 4
) E

1:Veh 41,2, B4k AL 40,3 AL 22 24 h 425 40,4 4L 32 48 h #2541 ;2. P<0. 05, b: P<0.01
A:NOB £ # 5 R B 9] £ 2 E B4 ;B:NOB & # 5 R F af {] £ AR B E@AREA(n=30);C: MTT & b Aen
NOB 50,100 wmol/L 4t 22 j& &-28 % 32 & %4 B 4% ;D:NOB 50 pmol/L 4 32 & & 41 % 2 F 10D %3t 54 (n=45) ;
E:NOB 100 pwmol/L 432 j5 -2 % % & 10D %it 447 (n=45)

3 NOB xf/MR/N7 R B KM H AR 3%

2.4 HFE R NOB st i T 4n fead dp k] A A T i 04

AR NOB X288 B m A il P B AN — 35, a4k
SIS R I, SRS B AA L ,NOB 50 pmol/L 4k
FE 24 h JE NS A E O HE K R PR AT LIS B
(P<0.01,5 4A B) ,{H 24 48 h J5iiZh 412538 B
KRGS A L 22 5 G 3 L (Bl 4A B) ;
24 NOB ¥k B F %] 100 pwmol/L B ( it 2F ) 28 B i 1
i), SRFELALPHZ A L, 302 4 FE R 2 R R A2k
aE I H 22 R B A G R L (P<0.01, & 4C
~E) o XSGR RTERE WAL NOB 0BT, X iz i
T 44t L 0 ) 2 T, B 430 BR Y ISC AT AR 15
1k, %5 NOB #:BR J5 R AP sk P 52 176 SRR A 5 T o Wk 32
A ] NOB 4b #2243 1SC Y2 B2k o3 Ak
1B o | 5 W NI B Uy O 111K

2.5 3 Wnt 8% T A HE NOB st i L BF
& 37 ) 2L

T Wnt i B 7E NOB 4b 2 3% 2 o (1 Y 7E AR
LRI E R SR RS 4 5 MA R-spondinl I GSK
5 ( CHIR99021 ) A T #i it Se i . RAR B HE R 1A
ZHESMIIAAIFIH ) NOB Al R-spondinl (& 5A),
55l NOB ZbFRZHAH LE , R-spondinl (2 pg/mL) 233N
FEREWAR/N, I 22 7 B G243 L (P<0.01, &
5B) ; 58k NOB 4bHZH A e, CHIR99021 Ab# . 3% fin
TREFE RN AR 22 7 G255 L (P>0. 05, &
5C.D) . #Rifi, 7£ NOB ZbFELL 1, Wnt 76 R0 R Ay
FERE R/ IMIBSR/INTF1 77 %) B 26 ( P<0. 001, €] 5B D)
FWIBTE Wit S % AT DA S NOB X2 v 1SC
(M HIVE T, NOB ] LA 2 455538 B3 i 1SC,
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NOB 50 pmol/L
AbPE 24 h A2

Veh TR g

KbFE 48 h 2G4

o b
% ¢
s 2 s - 0
o : T
% . £ =
= - v
= #HINIE
0 T . T T
1 2 3 4
415 B
3 b
1
= —
5 2-
i
NOB 100 pmol/L H
Veh Rl WH2ANHEEE A48 bR iy

D

1:Veh 2832 #4400 40 ;3. 4032 24 h H 25 40;4 . 40 72 48 h #2520 ;2. P<0. 05, b:P<0.01, c:P<0.001
A:NOB 50 pmol/L 425 &KX B EMBLNE A KWE ;B S AMBELBEEHRKESFL(n=30);C:NOB
100 pmol/L 2225 &AL B EHANEARE ;D S AL BT EN B F 1 (n=3);E. S ARG BEEANLE
B F KA %t (n=45)

4 NOB xf/NNR/NHERRE ER IS BT

2.6 NOB f/hBER 5 JA 7R % v it T/ A8 m L4 340 34
TEMRNBFFE H NOB F1|HE—fi Ay 100~200 me/kg "™
R T 250K NOB 544 iy g FH 4T e 65 T L AH 4t g
B TAHE R IR NOB JE 4245 253 /N
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TV s 20 T REL 20 30 9 1 17 6 1K 20 20 6 397 g
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B AN SR WL S R R (] 66 H) o O T itk — 20
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