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Jt Ca® Mg W2 £h 2% Wil (DPBS) , i Wi £ 4
FAR G PR/ 7] s Matrigel 255 (CB40230C), 3 [
Corning /A A ;1 mol/L. HEPES 2% #l ¥ (15630080) .
DMEM/F12 $5 7% 3 (11320-033) | 75 % % /4 % &
W (15140-122) \B27 @5 (17504044) N-2
wom R (17502048 )  Glutamix %S i (35050 —
061), ZEHE Gibco Thermo Fisher Scientific 23 & ;
NFEHE A EGF(315-09) , 3 [E Peprotech 23 Al ;Y-
27632 . FR £k (Y0503) N-Z k3 -1 I 2
(A7250), [ Sigma Aldrich /A F] ;R-spondin 2%
PRE 3R Ok A T R-spondin 41 5 ), Dr. Jeffery
Wittsett 5250 % ; Noggin 25 F 15573 Ok B T HEK-
293 Noggin #fififl ), Dr. Peihua Jiang 5555 % ; 4 Y
[B] Ui (354253) , 5% [E Corning 23 F] ; RNA fh #21:
Al & (12-183-018A), 3£ [ Invitrogen Thermo
Fisher Scientific 23 7] ; VILO Tl i ¥ (11755050) |
PCR i/ & (13001013), 2 [# Thermo Fisher
Scientific 2 Fl ;4% 2 & W % (BL539A ), Biosharp
2R A BR A H] 5 SuperBlock M 22 vh K
(37515), 35 E Thermo Fisher Scientific 2 &) ;OCT
AL HE ] (4583), 35 [H Sakura Finetek 23 ] ; £ F 5
(F6182), 3 [# Sigma Aldrich 28 7], A 56 i ¥t
RIERIER 1,

SP8 ol Ak 3 AR il BE . DMIS 8] 5t . {3t
Bi, kR A) ;Herace VOPS 2501 — % fLfik
B5 3746 T100PCR {X , Thermo 23 ] ; L550 % B >
BL, WA 7] YCTS-103H MIiE U4 IR, 1 e 5
SR A RA T
1.3 WA *E
1.3.1 /NakasssrE 8~10 J KM E C57BL/6
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BN a5 T, ¥ DPBS 1 Bk 5 B/ g R 1
st 38, 2, Bl s 3 0y B 3~4 cm, (R
BT 45 BN BT K 3~5 mm /NEEE T 15 mL B
DB HY DPBS TR E LG )G 7 L
A 5 mmol/LL EDTA ¥, ¥ K 37 °C,250 r/min 4z
¥ 10 min; W16 J5 DPBS % Ye 41 21—k, 7 L3,
HAGE & DPBS 2% 20~30 ¥k, HRUIFE K L
i 100 wm 400G RS T B A T T EHE
WG WELTR 1R, GIF 1iF; BlcE LG
250xg,4 CEC 10 min, ZBE L3, VO5E o A >
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Fig.1 Diagram of different segments

of small intestine
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FEMAEFFL 50 WL 7 1] 43 25 1 18 B ss vh i ACKH R
AR Matrigel £J5T , B2 48 ATIE 3 50 20,
R AR T 37 CHERG A 24 FLAR P, ARG IR
B & F 37 °C CO, 553746 30 min, I 5 o) R L o
A 500 plL 58 415 57 3 [ 85%~8T %L il i 77 3 3%
~5% R-spondin #5155 4 [10% Noggin % 1 55
FHE 1xB27 (%) \1xN2 (%) .50 ng/ml EGF,
1 mmol/l. N-acetylcysteine, 10 wmol/l. Y-27632)],
T2 d B — K SE ARG SR B AR 2L Leica

CCD % R WLEEFL 5% B g I A A8 b B A K o
R 4~6 d J5/NmAE R B ARG, SRR 2
B i 3R 5L 440 500 L ¥ DPBS, i & K 4T 60~
100 ¥ ,4 °C,300xg B> 5Smin, B B INA
AH N R TR Matrigel JE 5T, B i #4218 A b Oy i3
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BOHLIBE B OO VE TSR A8 B S DLRE I A 4% %
R EEME 15 min, M5 0.01% FF 3 % 5
WE R E 20 min, B0 5 UTTE A 20% 5 b
VBT 4 CIE; %6 2 K OCT IR F 4 | Leica ¥K
WY R AR BRI A DI R R S um,, PBS
THUEY A MAPUR B AW (5 A 2%9 11035 .0.3%

Triton X-100 ) SuperBlock #F ¥ ) = il 30
min; Il A —$t 4 Cid % (— P02 S A B L 51 an
1 ) PBS 16Uk 3 (45K 5 min) J5 il A —
PUE R E 30 min; PBS 35Uk 4 K (5K 5 min) )5
DAPL 24, H R HE 5 Leica SP8 WG R £k
i TUBE AR R Bass A3 g i e R HU B ] s
L 0.5~1 em M Be I T 3R BCOK R DT v, SR HCEH 2R
4%Z B WP 4 °CIH % 2 h,PBS e 4 3k (5
YK 5 min) , J5 2L KR D) R AR B e 5Ot K KGR
WOy 5 2R A B AR

x1 #k
Table 1 List of antibodies

FAR B AR AR R R wF A i Yo 451
E—cadherin i3 ab53033 Abcam 1:500
E-caderin b F Ab76055 Abcam 1:800
Lysozyme 73 ab108508 Abcam 1:300
Mucin2 b £ sc—515032 Santa Cruz 1:200
GLP-1 L F Sc—-7782 Santa Cruz 1:500
Chr-A(C-12) A sc—393941 Santa Cruz 1:500
Villin R Sc-58897 Santa Cruz 1:500
Anti-rabbit IgG—Alexa 488 L A11008 Invitrogen 1:1 000
Anti-rabbit IgG-Alexa 555 L A31572 Invitrogen 1:1 000
Anti-Mouse IgG-Alexa 594 L A31573 Invitrogen 1:1 000
Anti—goat IgG—Alexa 488 L A21206 Invitrogen 1:1 000
Anti-goat IgG—Alexa 568 e A21432 Invitrogen 1:1 000

1.3.4 RT-PCR f£fCHEFE 5~6 d NGRESE , X
BB 7% 2L 5 A 500 L v 40 e AT 90, K B 5
HE T vk bl X PR 40 v/min #87% 1 h; J5 800
r/min B UL RS BUTIE MR A E . RE B Mg
i 20 20 F RNA 4830757 & 98 B RNA, VILO &
B ¢cDNA,PCR 350 & 3K A% H A5 ™= 90, 3t B Wl e e
HLPK 730 HT PCR 455, 56 P 6 2 7 510 IE 1 12
PCR It 51 4nk 2 iR .

2 HBRE5SMW
21 FARRBRNNIEBZEEF

Jigo 386 20 2R ) 8y 265 A 2 i 2 A A 2% 0T ) fE G
SR, o 2 R 2 P T LT R R Y
Qe UK S A TR B i A R A T TS
Frsh SRy, AL Bk — 20 A A B A
ISR A AN 2K R A 9 ERAN I IR AR

3 U A L B WA i AR PR B T 4
A M 38 T 40 L 2 2 o3 1 R S R i SRR B AR A
SEE SV VL0117 < R Rt g 1771 i R 1 =S
T B BV ER IR AR IC I 38 T 40 B A 5% 2 RN BRI
253 T I A i L AR B SR DA 5 A
Jo 38 T A0 L N B s o 4, Pl T OR TR X B
AN BB B 4 B O, R R A B S 40 8 T i
[], DA /IN BRUZH 2 BR300 B s 40 8 i 0 B i) 20 25
min, 5 C R IE A 7 A FEH AL 46 0 T 1~2 £,
T3 AN AR T BRES o3 B Al R AR
H W 2a~2¢ Frs, T 246 B a5 A el g ]
ARAG AL >80% 1 B 55, 7 43 5 /1N o e s 22 B R Y
U IS5,

I3 B /N B s Ak BN B 1 d B SRIE AR
P () IR 5 K (A0 T8 2m) , 057 T /08 0 W 5 s BB 1Y)
40 ) AR 25 AL DU T 0 2t WA S kit



126 E N W 2022 4E55 2
x2 sl¥ME5
Table 2 Sequences of primers
Feix
L A B FF(5—37)
Gapdh £ 3514 . GCATGGCCTTCCGTGTTCC
T #% 51 4 : GATGCCTGCTTCACCACCTTCT (a) (b) (e)
Lgr5 L 51 4 . TAAAGACGACGGCAACAGTG
T #% 51 1 : GATTCGGATCAGCCAGCTAC
Olfm4  Ei#5 3514 . CCTTAGCATTCGCCGCCAGATC
T i# 3] 4 : GTTCACCACGCCACCATGACTAC
Bmill k#3514 . CACCCACAGTTCCCTCACATT
T #% 51 4 : TCGAGGTCTACTGGCAAAGGA
Cdx2  Ei# 514 . TGTAAATGCCAGAGCCAACCTGGA
T #% 5] 4 : AGATCAGT GACTCGAACAGCAGCA
Muc2 £33 4 .CTGACCAAGAGCGAACACAA
T 31 4 . CATGACTGGAAGCAACTGGA
Lyz1 L5149 : GAGACCGAAGCACCGACTATG
T #% 51 4 : CGGTTTTGACATTGTGTTCGC
Geg L 51 4 . TGAAGACAACGCCACTCAC
T #5314 . TGACGTTTGGCAATGTTGTT
Delkl #5314 : TGAACAAGAAGACGGCTCACTCC

T #% 5] 41 : GCTGGTGGGTGATGGACTTGG

B, HRFREE 3~5 d M B RRREM ARy BA 24
] S R ZF A 0 ST AR S5 A8 (LB 2d~2f A1 2m) , B
R AL/ N AR B A5 R, i EAS [ X BN
HAMMARRE, ARG HERENERK
FRPES Sato SO 9 AR KRR — 2, SR T AR
A E Y G B N, X AT RESK BT IR A I
BLAT 25 S L S A0 TR B 5% AR P B B SR 1]
RS E R B ZF AR B GE WOR WG I, T
AN ZERER BE A ST ALK BUBT I WA TE 2R AR, LA
RPN N R/ DB RS R RIZ5 4, JF H Fuller
PR R E RN 2D E N R E L
KA S Mo b BE T B ZPE M 4R AR, AR SCHEESL Y
A B BRI vA T LUR G (9 AR B R IR T i i 4 21
A T A0 R 3G B o AR RRAE . ] 2¢~2i 45 BIE
S5, N E SAEAE RIS E S T g
Bk, 43t 2 h KRR 5 AR B 5508 WA
B R BERGE , R Z 5T 3~5 d 55 R i R
AE A (I 2j~21) 5 DA R 4 RSN T AR
RUAHEG, DA 38 T 40 ok Sk mh i 888 B 8 9%, By
AR, i H 40 2 AL G 88 B A R FE A

T (a)~(e) BB+ =480 == W B s 5 (d)~ () A3
FReE 4 RMALT Z 45l = RS E IR ()~ () A
RIBAUERIFR 2 h 5+ 480 = WIS )~ e
RIGEIEFRHE 4 K+ 450 = il 688 B, (m) h/h
IR B A KA, ARR: (a)~ () (g)~(i) FI (m) H 50
pm; ()~ (O F ()~ H 100 pm,

B2 TRXRMIERERKRERESR
Fig.2 Primary and subculture of small intestinal

orgnaoids in different section

AR (Kl 2g~21), HA KBS TR E
P
22 MNIEXBEBABCANGELEEHHFIER
R R

o iE b B — A Z A A, B T AT
Fass I m i T an ot o b A A
2 R MR WA 2R A A AR 3 A4 Y A
FIAR A0 i E 200 M | P 0 8 200 S R A AR A i
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SN g A 2R R A i EL A R R B ERLRD B A R WA B A PE R AR A (Chramogrin A, Chr—
TR E R IIEE, SAEmIE F g Ad e, i b A), B PN 43 I 40 A 455 2% 0k AT T v I b 2R R
17 20 i ik 3R 85 26 2 11 (E—cadherin) ; 718 P 43 K=1(GLP-1)RY L-HI 40y, Fe 45 7 B Ik (GIP)

E-cadherin E-cadherin/villin Lysozyme
£BE A4 XBE XBE 4

+=iEk

(a) (b) (¢)

(d) (e) €9

(g (h) (i)

Muc2/E-cadherin E-cadherin/Chr-A E-cadherin/GLP-1

) (k)

(m) (n)

(p) (q) (r)
& Bl E-cadherin  Villin , Lysozyme \Mucin2 ,ChromograninA Al GLP-1 Ht 44 73 5l b5 ic 38 1 5z 400 | 05 e 40 i 9% £C 20 i ARAR
AR S K LR (a)~(e) ()~ (D) R T AR AR R R T 5 (d)~(f), (m)~(0) A5 IR E R GE5EORIE 5 (2)
~(i), (p)~(r) N B G F MR TR, AR N EFRLN 100 pm , /Mg ALZER R 50 wm,

B3 ®EEASFTARRE/NGLERE R/ LR MAIEAK

Fig.3 Representative immune—fluorescence images of organoid and tissue of different segment of small intestine
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T R0 B AE AR Al R ORI R
(Mucin2) ; BEWS ™ A= T T 4E 45 7 38 1 40 i F- A5 1Y
2o NS ISRV Guaa b /N N0 7 BIER T QAN Vi U ST e R
T B (Lysozyme ) 5 /17 T8 W WS 40 i 3 35 A7 805 AR R 14
UBh & F 454 811 Villing A R R 40 0 85
IR, AT R AR E 8 A DUAR S5 S 5%
Jeor A T i 28 AR E S A I T8 bRz A0 M2 A
& 3a.3d F1 3g Frs i b EEE 1 (E—cad-
herin) bRICH) /N 2R &8 B 5 /Nm RS R LW, 1
EEMSTS/NHHA LR BA B, hp
2 E ARG, i H bR RGNS
B R 25 R, 1 & Villin, Lysozyme \Muc2 ,Chr—
A Jo GLP-1 853838 /Nm 2848 5 SR /MNn
ZLEATH R 69 22 A ML 2 s i . LR v iR 1
LIS 1Y) A0 2R A R S BIF 53455 8 1) 448 P — ) ke
S, T L2 i ) e A s n] RS R 0 B A
PRI ECAE . anlEl 4 Bros ,RT-PCR 2347 1 i 1 240
G e AT R TR A AN TR) A 0 M0 38 26 4% B 45 11E 4
SE B, 45 R S BRI YO A R B, R
W1 1 18 25 4 B 5 W 1 20 21 EL A AR [R) 40 P 2H R i
HIX A B A R AR E P . ERRHAELE 5 R W
5 A AR P, W S A A R A &
4 T A AR ARAS E PEARAE , 7 ELIR] it s iR 1
Ji7n TE A 5 R 200 i 2R 1% 240 T A 285 B — e Jip 1 ZH 21
ARG 5, LT RAYE R Y S 1 E A
A P B A W 4R A AL TS A4 A S F Y

e

3 i

AR SCE 2 53 S A T 1 T A0 M R T e
23 AN IR RE B IE BS54t g R 400 i 2 AR
LR i 2648 E e B HoA ] LU, i H AR
PR Z 8] AT A A R BRI A0 M 20 )i A e 1, 7T LA
B TR SR T S DR oy T REVEAY, B R
WAL S AR B i S A AR A7 T

Z % x #

[1] MAUDE L G, SOPHIE T, DORIANE A, et al. In-
testinal plasticity in response to nutrition and gas-

trointestinal surgery[J]. Nutrition Reviews, 2019, 77

P RN\ D g
& 3 e PN Pt @

+ ZfElm 4L

+ R IP3FARE

+ ZHEHP8 AR

ZERA R

ZEHP3AAE

22 P8R E

I 7H A

[ P32 & &

[l P8 B

B4 AEXBGELRABRGSEAREERET
—iER . =h EREAAREIR P3PS REFEMNRIE
Fig.4 Expression of coding genes of marker proteins

of different types of intestinal epithelial cells
duodenum, jejunum and ileum tissue, organoids of

homologous passage 3 and passage 8

(3): 129-143.

[2] WILLIAMS J] M, DUCKWORTH C A, BURKITT M
D, et al. Epithelial cell shedding and barrier func-
tion;: A matter of life and death at the small in-
testinal villus tip[J]. Veterinary Pathology, 2015, 52
(3): 445-455.

[3] CAI' TS, QI Y J, JERGENS A, et al. Effects of
six common dietary nutrients on murine intestinal
organoid growth[J]. PLos One, 2018, 13(2):
e0191517.

[4] PEARCE S C, COIA H G, KARL J P, et al. In-
testinal in wvitro and ex vivo models to study host—
microbiome interactions and acute stressors[J]. Fron-
tiers in Physiology, 2018, 9. 1584.

[5] BARKER N, VAN ES J H, KUIPERS J, et al. I-
dentification of stem cells in small intestine and
colon by marker gene Lgr5[J]. Nature, 2007, 449
(7165): 1003-1007.

[6] SATO T, VRIES R G, SNIPPERT H J, et al. Sin-
gle LgrS stem cells build crypt—villus structures in

vitro without a mesenchymal niche[]J]. International



B286 H2M

AR RBEDNRADMEZERIE R k2L

129

[10]

[11]

[12]

[13]

[14]

[15]

Abstract

Weekly Journal of Science, 2009, 459 (7244).
262-265.

ANGUS H C K, BUTT A G, SCHULTZ M, et al.
Intestinal organoids as a tool for inflammatory bowel
disease research|]J]. Frontiers in Medicine, 2019, 6:
334.

SINGH A, POLING H M, SPENCE ] R,

Gastrointestinal organoids: A next generation tool for

et al.

modeling human development[J]. AJP Gastrointestinal
and Liver Physiology, 2020, 319(3): G375-G381.

BARTFELD S, CLEVERS H. Stem cell —derived
organoids and their application for medical research
and patient treatment|[]J]. Journal of Molecular
Medicine, 2017, 95(7): 1-10.

DROST J, CLEVERS H. Translational applications
of adult stem cell-derived organoids|J]. Development,
2017, 144(6): 968-975.

LIU F K, HUANG J, NING B, et al. Drug discov-
ery via human—derived stem cell organoids[J]. Fron-
tiers in Pharmacology, 2016, 7. 334.

SUN J. Intestinal organoid as an in wvitro model in
studying host —microbial interactions[J]. Frontiers in
Biology, 2017, 12(2): 94-102.

JATTAN J, RODIA C, LI D, et al. Using primary
murine intestinal enteroids to study dietary TAG ab-
sorption, lipoprotein synthesis, and the role of
apoC =1l in the intestine [J].
search, 2017, 58(5). 853-865.

LIUY L, GUO S G, XIE C Y, et al. Uridine in-

hibits the stemness of intestinal stem cells in 3D

RSC Advances,

Journal of lipid re-

intestinal organoids and mice []].
2020, 10(11): 6377-6387.

WILSON S S, TOCCHI A, HOLLY M K, et al. A
small intestinal organoid model of non-invasive en-
teric pathogen—epithelial cell interactions[J]. Mucosal

Immunology, 2015, 8(2): 352-361.

[16]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

KAR S K, HEE B V D, LOONEN L M P, et al.
Effects of undigested protein—rich ingredients on po-
larised small intestinal organoid monolayers[J]. Jour-
nal of Animal Ence and Biotechnology, 2020, 11:
51.

SORRENTINO G, PERINO A, YILDIZ E,

Bile acids signal via TGRS to activate intestinal

et al.
stem cells and epithelial regeneration[J]. Gastroen-
terology, 2020, 159(3): 956-968.

WANG Z B, LI J, WANG Y, et al. Dietary vita-
min A affects growth performance, intestinal devel-
opment and functions in weaned piglets by affecting
intestinal stem cells[J]. Journal of Animal Science,
2020, 98(2): 2.

XIE Y, DING F, DI W ],

highfat diet on intestinal stem cells and epithelial

et al. Impact of a

in  middleaged female mice [J].
Molecular Medicine Reports, 2020, 21(3): 1133-1144.
XU D, ZHANG Y W, WU J F, et al. Tu913 role

of dietary and non-digestible carbohydrates in gut

barrier function

microecosystem and intestinal mucus degradation [J].
Gastroenterology, 2020, 158(6): S-1216.

BEUMER J, CLEVERS H. Regulation and plasticity
of intestinal stem cells during homeostasis and re-
generation[]J]. Development, 2016, 143(20): 3639.
MIZUTANI T, CLEVERS H. Primary intestinal ep-
ithelial organoid culture [J].
2020, 2171 185-200.
FULLER M K, FAULK D M, SUNDARAM N, et
al. Intestinal crypts reproducibly expand in culture
[JI. Journal of Surgical Research, 2012, 178 (1):
48-54.

PARK J H, KOTANI T, KONNO T, et al. Promo-

tion of intestinal epithelial cell turnover by commen-

Intestinal Stem Cells,

sal bacteria: Role of short—chain fatty acids[J]. PLoS
One, 2016, 11(5): e0156334.

Establishment of ex Vivo Culture Method of Small Intestinal Organoids

of Different Segments of Mouse

Guo Qingbin,

Qin Yumei,

Huang Weiwei,

Guo Shijie,

Han Jianzhong

(School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018)

Intestinal tract is the major organ for digestion and absorption of food nutrients. The establishment of an effec-

tive intestinal ex vivo model is helpful to promote the development of a novel evaluation system for absorption and effi-
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cacy of food nutrients and functional active substances. Based on the intestinal crypt containing intestinal stem cells, we
created an integrated set of organoid culture of different intestinal segments (including duodenum, jejunum and ileum) of
mouse through optimizing the isolation method of intestinal crypt from different intestinal segment and the composition of
culture medium. In addition, RT-PCR and immunofluorescence results demonstrated that the organoids derived from dif-
ferent segment recapitulate the structural characteristics and cell composition of corresponding intestinal tissues. These
characters had high stability during in wvitro repeated passage. In short, the establishment of orgnaoid culture of different
intestinal segment may provide a promising ex vivo model for the evaluation of absorption and function of food nutrients
in the food research field.

Keywords small intestine; crypt; stem cell; intestinal organoid



