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Optimization of the in vitro culture system for chicken small
intestinal organoids

LI Jing, WANG Liya, MA Dingyun, LI Senyang, LI Juanfeng, MENG Qingda, LI Junqiang,
JIAN Fuchun’

College of Veterinary Medicine, Henan Agricultural University, Zhengzhou 450002, Henan, China

Abstract: In order to establish a stable in vitro culture platform for chicken small intestine
three-dimensional (3D) organoids, in this study, crypt cells were collected from the small
intestine of 18-day-old embryos of AA broilers. On the basis of the L-WRN conditioned
medium, we optimized the culture conditions of chicken small intestinal organoids by adjusting
the proportions of nicotinamide, N-acetylcysteine, LY2157299, CHIR99021, Jagged-1, FGF,
and other cytokines to select the medium suitable for the long-term stable growth of the
organoids. The optimization results showed that the addition of 1.5 pmol/L CHIR99021
significantly improved the organoid formation efficiency and organoid diameter. When 0.5 pmol/L
Jagged-1 was added, a small amount of bud-like tissue appeared in organoids. After the addition
of 50 ng/mL FGF-2, the rate of organoid germination was significantly increased. The 1.5 umol/L
CHIR99021, 0.5 pmol/L Jagged-1, and 50 ng/mL FGF-2 added in the medium can cooperate
with each other to improve the formation and speed up the proliferation and differentiation of
organoids, while improving the stemness maintenance of cells. The morphology, cell types, and
culture characteristics of chicken small intestinal organoids were studied by HE staining,
transmission electron microscopy, reverse transcription quantitative real-time polymerase chain
reaction (RT-qPCR), indirect immunofluorescence, and immunohistochemistry. The results showed
that the 3D organoids of the chicken small intestine cultured in vitro were morphologically
consistent with the chicken intestinal tissue and contained differentiated epithelial cells. In
summary, we successfully established an in vitro culture system for chicken small intestinal
organoids, providing a new method for the subsequent research on chicken intestinal physiology,
pathology, and host-pathogen interaction mechanism and the development of relevant drugs.
Keywords: small intestine; crypt; intestinal stem cell; chicken small intestinal organoids
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FGF4 #1 FGF10 4 MCE A H], Gentle Cell
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(3) /N B ES A B W ) 2%

# 150 uL 0.5 mol/L EDTA % & T 30 mL
Hanks’# W H, RG2S, £ 0.22 um JEREE
JE, BIATAS34 2.5 mmol/L EDTA f4 i [ 55 73
B, BT 4 CIAER

(4) L-WNR 25455 35 BL i il 5

# 2x107 4~ L-WRN 4l ig & T T75 K5 -
BiFE, FRANMESE K T75 B3R BEm A
1k, FFEIHEE IR, A 20 mL L-WRN $5 773,
24 h JolcsE EIEE 1L BgRh, ESsE
3, IBA, BT 50 mL B0, 800xg F T ES
O 5 min, Y VW, 4 0.22 pm IR IR,
—20 °CUKFHTRAF -

(5) A XG /N2 4S B 58 415 37 2 (chicken
small intestinal organoids medium, CIOM)

CIOM 0 S Hi M4 : 50%
L-WRN ZFRE 32 3L H 50% DMEM/F12 LAl 5
FER(F 10% FBS) 1:1iRA)JE, Wi 1xB-27,
IXN-2 007 . 1 mmol/L -4 2% . 10 mmol/L
HEPES. 1% & &% % /4% K . 50 ng/mL human
EGF. 100 ng/mL human Noggin, 0.5 pmol/L
galunisertib (LY2157299). 10 umol/L SB202190 .,
0.25%M 1ML 35 A1 5 pmol/L Y-27632 (HIEREFRHY
i 2 KA

CIOM 1 S 15555 7 CIOM 0 ‘S5 5= 3E 1)
JERf I 10 mmol/L AR AT 500 ng/mL
human R-spondin 1,

CIOM 2 S8 783, . 78 CIOM | SR F I
JER I 1 mmol/L i N-Z Bt B R

CIOM 3 S #5574 72 CIOM 2 S5 HEn)
Feht EUSN 3 umol/L ) CHIR99021

CIOM 7 S#5 5L . 76 CIOM 0 S F AR
Femt F SN 250 ng/mL ) PGE,, 5% 100 ng/mL
human Noggin F1 500 ng/mL human R-spondin 1.

CIOM 9 S #5545 78 CIOM 3 S F AR
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FEA FAN 1 pmol/L ) Jagged-1, B2 1 mmol/L
) N-Z kY ok 240

CIOM 10 535553 . 7F CIOM 9 S35 4
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(¥ 10% FBS) X fili 85 52 BB A 50%
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Hemt E¥sIN 50 ng/mL FGF4 fil 50 ng/mL FGF10,

CIOM 9.5 SR 4L: £ CIOM 9 515373
s F AN 50 ng/mL FGF2, 50 ng/mL FGF4
#1 50 ng/mL FGF10,
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A 30 mL D-Hanks ¥ e KFE# R 30 s, 1
70 wm 2 I PR AT 50 RN i B A R R

(4) R FH 253 B9 0o vk L BR B A M, RIVKE XS /)N
1 % 4 i B TR SE 200xg B0 S min, WA RO A
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*1 WNARRE LRERMEEERESHEXITICERE RT-qPCR 314751

Table 1
protein associated marker gene

RT-gPCR primer sequence of chicken small intestinal organoid epithelial cells and tight junction

Gene Forward primer (5'—3") Reverse primer (5'—3’) Primer bank ID
LGR5 TCAATACCTGAGCGTGCGTT TGTGAGTGTCAAACTCTCCAGAC XM_425441
MucC2 CCCTGGAAGTAGAGGTGACTG TGACAAGCCATTGAAGGACA XM_001234581.3
CHGA GCTATCTCCCTTCCTGTGACAAATG TGAGTTCTCTCATTGGCACCTTG XM 421330

LYZ TGAGTTCTCTCATTGGCACCTTG CTCCCATCGGTGTTACGGTT NM_205281

S GTACGCTACGCTTGGAGGTT TGAAGAGTCACATCCATCGCAT XM_015291762
MAT2A GGGTGTTGGTGCAGGTTTCCTA TTCGCTCTTCTGCGACGTTC XM_025142868.1
f-actin CAACACAGTGCTGTCTGGTGGTAC CTCCTGCTTGCTGATCCACATCTG XM_027015741.1
gapdh TGTGACTTCAATGGTGACAGC GCTATATCCAAACTCATTGTCATACC NM_204305

Tff2 GCTGTAGCCCTCATCAGCTC TGTGACTTCAATGGTGACAGC XM 416743
GAPDH  CACGCCATCACTATCTTC GACTCCACAACATACTCAG NM_204305.1
CLDNI1 GTGTGTTTGTTGCTGTGA ACTCTGTTGCCATACCAT NM_001013611.2
CLDN3  GTCATCTTCCTGCTCTCC AGCGGGTTGTAGAAATCC NM_204202.1
OCLN CCAGCGGTTACTACTACA CAGGATGACGATGAGGAA NM_205128.1
Z0-1 ATGAATGAAGGATGGTATGG GATGTATGTCTGCTGTCTG XM _015278981.2

1.2.5 FENFALFID LB ENREGIESE
E. HE £, SHMBREXLEE

B 18RI AA AXS/NBASURT 2-3 cm
AR SR S A/ NG RBEET 4% 2 RKH
M, SR ISR PR A B IR 4R R
AR A BN AT A I AL L [ Y A
(4 pm)ihil #5 .
1.2.6 8/)0\7 3D KB EEHERER ., BHH
B

K ER 1.2.5 Hl #0980 g 3D R E A
W U) R EAT IR e e DO IS . i B HL AR
. WEIRAEESR 5 d MXS/NGREE,
AHBEEER, 4 CHOGIRA . IR FE S
% B R R AL YR A R R T8 O
BEFE (80 nm R Y o)A 4% o
1.2.7 GitESHh

% HH GraphPad Prism 8.0.2 11 SPSS 26 %%

GE R TG 22 50, ns: Not significant; *;
P<0.05; ", P<0.01; o, P<0.001; - P<0.000 1,

2 ZERE54

21 /MBS EER
10 1 AR BB BRUEs S ik AR B R T
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s A A 1), AT RZXS NGRS E
RS
2.2 B/NBF 3D XREIEFEMFIRER
M 2 ArHEl, AT R-spondin 1 f#
CIOM 0 K53 3EmF, X9/ 288 B 1 K e 22
8, R RAR, 5-7 d AHZE, 85 11 KAl gk
A, BEMARERE A K 2218, R-spondin 1
LA 245 T 440 L R BB e

F1 DE4NENRE4M

FRR=200 pm
Figure 1 Isolated and purified crypt cells. Scale
bar=200 pm.
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FRILFAEEIE 7 d BRI E IR R L 258
HHEAM M ZFAE I AT X, &3 CIOM 9
REFRILBEFR R E B R . AR 2R
DLRCR B by, A ZERALT 50%, 2R
o B N\ Wi 2R T R IR S o T

N BRI, e IR 4
IIA AR BC ) FGF2 . FGF4 #ll FGF10, A& ¥
N FGE2 () CIOM 9.1 #ig5dk, Ky E %
B3] g F k(K 3, P<0.000 1), 5 CIOM 0
WAL, 538 E 0 2R R A2 ER TR L
EAEAE T #FH M 22 R(P<0.01), LA CIOM
9.1 JEFRBEMEAT IR BL 250 .

PO
(CIOMO)

Pl
(CIOMO) |

2 CIOM 0 3FF £ PO K)F P1 K/ EE SRR E N FEIRTE BRI SR E RIS E

FpR=200 um

Figure 2 Growth state of intestinal organoids cultured in primary CIOM 0 culture medium (PO generation)
and P1 generation at different time periods. Scale bar=200 um.

CIOM 0

CIOM 1

B3 ARECIOMIEFREEFREE T RHNLSFE
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CIOM 2

FRR=500 pum.
Figure 3 Organoids cultured on different CIOM media to the 7th day. Scale bar=500 pm.
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K CIOM 9.1 3537 FE 45 550G [ s 4 e, vT
HELEFR 35d, 15 6 RIS/ 3D K& (5 d
AR 1 W), AP R i i i 1 AN o fh RE
(B 5). JRACEEFE 5 d B/ NGRIB BTSSR
(Bl6), AERIE. Fik. Stk IR LLRIIEAE,
I HIE RIS/ MaRAFE R, HAR 100-2 000 pm
NG LR TR, AR XS NG 2R A
B R FEIE AT USRI BEAT A /N 2R 3 B B K RS

2.3 35/\B7 3D EBRE SBMEHEAERS
FERF—H

X/ 3D g E ME G/ Mp A AT
AT WEE, HE Q@ RRY], /Mg 3D 2
o B AT AW S BRI s - B A SE, 5
It /N AT S ARLE 7).

KN 3D KAV EES R ELUR TN, 15
/N 3D ZRARE R R 0 b B AN M 2

REHTR (P 8A . 8B). 3 FL T L 31 40 i) f 55 7 142
A | ## . B C
100( '. e —
& 5™ 5 30
o 2 300 kS
g% E S 20 Yy
E = 200 2
= E 2
z 20 2 100 e 1
§ 5
: e 2
SEFES SN ISR IS e
FF &S &0
FEFFFTEPEL e E A RS

== CIOMO = CIOM2 = CIOM9 ==CIOMII
== CIOM]1 == CIOM3 == CIOM10 == CIOMI2

4 B CIOM EFEEFE 7 RNB/NMBEREH=EA), XH[VEEEGBMEFHER©)
*P<0.05; ™. P<0.01; ™. P<0.001; "**. P<0.000 1

Figure 4 The number (A), diameter (B) and germination (C) of small intestinal organoids of chickens
cultured with different CIOM media on day 7. # P<0.05; . P<0.01; ik, P<0.001; #H#E. P<0.000 1.

ﬂ'e,‘ jo —o7 k‘ P =
5 CIOM 9.1 XFEEHEFEMENKIER  FER=500 um
Figure 5 Passage culture of CIOM 9.1 organoid medium. Scale bar=500 pm.

http://journals.im.ac.cn/cjben



T % | BIGREE ML RO

863.6
926.9

200 pm

e
300 pm

1364

i

1151

i
.

500 um 500/pm

El6 CIOMO.1IEHFRERNREFE S RHARERS WOLFMERERTNER, B0 um.
Figure 6 Organoid morphology on the 5th day of primary culture in CIOM 9.1 medium. The yellow lines
represent the diameter of the organoids, unit: pm.

Chicken small intestine HE section of chicken small intestinal 3D organoids
3 E

7 BRENBRLELNM 3D XREHL HE & A-B: X/Np HE VI 4. C-F: M/ 3D KEE
Figure 7 HE staining of primary tissues and 3D organoids of chicken embryos’ small intestine. A—B:
Chicken small intestine HE section. C—F: Chicken small intestine 3D organoid section.
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FEAPRLZE R (] 8C), DA R S8Ry b iz 4 g
(R =W~ S NNE= 3 A NN 0 SN S D L
PR MRS, 76 b K At A Tt AT 00 oK 5 HE 51 48 5
IS E(# 8A),
2.4 F5/\B7 3D A B ERIRIE
R TR/ N 3D AR E LA 24
PE, AT R RIARIC BRI A SRR, K
SRR 7 d WX/ IMg 3D S a8 B UE TR S e
G Y 8 RN R A - o R - 25 e YL 4 (Alcian
Blue-Periodic Acid-Schiff , AB-PAS) (& 9 Fi1[&] 10).
EIR IR, B2 F-actin [HYE, FBH40Y

o P il 28 F (villin B BHAE
R b R A A AFAE ;. F-actin A1 villin &
TR AVE 1 Yk A DA TR A BRI [ A1 R T s ] 47
RIWE WML ES . AR EN, /N E
e 0 ] N Z5 49 . B b Rz A0 e (Rl 8 VR
E-cadherin FI'E%iE#24) ZO-1 HEAIE ML,
B, P AT UA— &Y B it [l i e g, AL fm]
AeFFA R mE R RS e MR e e, AT DR
MIIEFINRE . /MAAIZUR 3D 88 E Bt i
TRBRYL I L BAVE(E 10), AR Y 3D 258
HALUARRER, RUTEMRAA AL,

8 FERIEFS dB8/\i7 3D XREEFBRRER

SHER. C: AT RIS/ N R A T E A

A: FREAMEMAEMANNA. B: EZANN

Figure 8 Transmission electron microscopy images of 3D organoids in chicken small intestine after 5 days
of primary culture. A: Epithelial microvilli and organelles. B: Epithelial cell tight junction. C: Chicken small

intestinal organoid epithelial cells arranged neatly.

F-actin

Merge

Villin

B9 MNBAERFBEMRE HrRN=50 um

E-cadherin

DAPI

DAPI

Figure 9 Characterization of small intestinal organoids of chicken. Scale bar=50 pum.
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/ =

Chicken small intestine

50 pm Chicken small intestinal 3D organoids_50 pm

& 10 f7EZHLAFNRS 3D L2 E AB-PAS S8 BAFi L ArHe HFRIR 40

Figure 10 AB-PAS staining of intestinal tissue and intestinal 3D organoids. The black arrow indicates

goblet cells.
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Figure 11 Relative expression levels of different
epithelial cells and closely connected related genes
in 3D organoids of small intestine in PO and P4
generations. ns: Not significant; ": P<0.05;

P<0.01.
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