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In vitro study of intestinal organoids in female 11p-HSD1 knockout mice

Ding Fei, Xia Fan, Di Wenjuan, Ding Guoxian”

Department of Geriatric Endocrinology , the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029,
China

[Abstract] Objective: To study the changes of intestinal organoids function in female 118-HSD1 knockout mice. Methods: The
intestinal tissues of age-sex matched C57BL/6J mice and 118-HSD1 knockout mice were collected. Fluorescence-activated cell sorting
analysis and quantifications of the intestinal epithelial stem cells, progenitor cells and Paneth cells. Real-time quantitative PCR was
used to detect the expression of marker genes in stem cells and Paneth cells. Crypt units were isolated for primary organoid culture in
vitro, and the percentage of organoid per crypt ratio and the number of crypt-domains per organoid were observed. Immunofluorescence
staining was performed to study the localization and quantification of stem cells and Paneth cells among organoids. Results: Compared
with the control group, the number of Paneth cells in the small intestine epithelium of the 113-HSD1 knockout mice was significantly
increased , the number of stem cells was not significantly different, the number of progenitor cells was increased, and the expression of
the intestinal stem cell marker gene Lgr5 in the intestinal epithelium was elevated. Similar results were observed in the epithelium of
the large intestine. The number of large intestine stem cells, progenitor cells and gene Lgr5 expression were increased in the 113 -
HSD1 knockout group. In vitro studies showed that the organoid per crypts ratio was increased , and the organoids derived from the 113-
HSD1 knockout group proliferated and differentiated into more complex structures and consist a greater number of crypt-like domains
than the wild group. However, there was no significant difference in the results of colonic crypt organ culture. Immunofluorescence
staining of stem cells and Paneth cells of small intestinal organs revealed that the intestinal organoids of 113-HSD1 knockout mice

contained more Paneth cells, and the number of stem cells also increased although not significant. Conclusions: The composition of

[(BRETIE]  FEXARPAHEEIH (81370950)
EIE1EE (Corresponding author) , E-mail : dinggx@njmu.edu.cn



© 654 - [ S N

39855 51
20194F5 A

intestinal epithelium changed after 113 -HSD1 mutation. In the small intestinal epithelium, the number of Paneth cells increased

significantly. In the large intestinal epithelium, the number of stem cells, progenitor cells and stem cell marker genes increased

significantly. In vitro studies have shown that the 113 -HSD1 knockout group contains more Paneth cells, which have more robust

proliferation and differentiation ability.

[ Key words ]

113 -5 5625 [ i B &0 1 (118 -hydroxysteroid
de- hydrogenase, 113-HSD1) 2t fb & V£ 11 Bl ;=)
CRT RS ) 2 b Ry 15 P 2 O P ), 5 T PP 3
PSR R ST 2R S AR TE R B R TR, 118-HSD1
AN RS S h e VA &l = R R
AFUE R RZm . 118-HSD1 LA 8URe S J7 =X
VAR R B R AR AR S 50 R R R
o MR T A rh Z B . 118-HSD /K F
T i 55 AR B 5 DD AE DGR, H AT E 4 B 18-
HSD1 7EFE B 255 | M B T s Wk s
V5 MRS s & 2B, BRI 118-HSD1
AT RE R —NIRYT 2 BRI B AR 25 B 1E W T e
B AR FSE EIN , AHE Lo R 2 s
i 1 T3 T AR B R LM R AR MR R I
RUNE LR BB, LA sh) S i T4 9%
AR AT ] AR 1) 2% B 38 H 00 75 48 /N BRAE A5
XA, SRR E A HZ R RN ARG, A
WFFE I IR H &, SR FH P AR e /N BRVE S 98 0 42
DU G M40l B AL o i T 1 Ry 2 R £ 110 2
— 1P, S 5 B IR Tl S AR 4
TE AR 38 B 0 e 2 R PN G 6 28 AR 7 it R S K
I 5 548 B DI RE , [R] B i S ML E B S e A8
FEVE 1 HLAR 59 S AR KO- T 1 & 45 B H o
BT BRIl ERAD il I8 11 AIDA 4ifih—Fh
Aida FEPRE R /N I R A R R
B /N WO 15, TR REJRE 2 o Aida 3 A
g -5 S5 3 R I W R A AR . B iE
h T AR S AR 2 A AR 0 e A L B T A
(I RRET , ASAF 52 M TE AT, 38 2 A 5 05 Bz o i R
“TRIFE R A 11B-HSD1 X} i 18 45 44 I T g 1 5%
M), DTS A ZE V58 S BEL L PR IR S Jie B D18 1 5 0 1)
KA SR I PR FH JEL

AT iz T i 220 B 53 8 F RT-PCR AR 73 A
R 20 R ) 2H RN S PR bR AR P Ak O, R
3D KA B IR AR R B ARAEARSME RN R
J2 GEAR I ), WS40 B G5 A oAb BE FT o AR
aE R oK, 11B-HSD1 B [E /N B I 1 2848 B %

11B-HSD1 ;intestine ; intestinal epithelium ; organoids ; mini-gut ; stem cells ; Paneth cells

[J Nanjing Med Univ,2019,39(05) :653-658 ]

BEA TG SRR, st i kB
HEAE & A LB i AR

1 #MRFTTE

1.1 ##

WEPE C57BL/6) /)N ERAIMEME 118-HSD1 /MR, 12
% (g st R s bty ), SPFERST T
(23 + 1)C. U402 {X BD FACS ARIA 1T (BD
Biosciences 2~ Hl , FEH ) . WG E & PCR Y ABI
7000 StepOne-Plus (ABI 2~ &), & [H ) . A K FF
EFG . R-spondin 1, Noggin 1 Wnt3a (Pepro Tech, 2%
A, 3 ), 3D £% 77 3 i Matrigel 356231 (Corning 23
Al SEED .

1.2 7k
12.1 AR5 &

CS7BL/6J il 113-HSD1™ 12 A I M /N R 45 6
B 8500 A B8 J B /) LR A fi 3 0 K
@7 RN DI SR SCEE 2 7RD N Y 7N
W) o BEEAT] 6 em(+ —48MAERIT) EF
122 Mhil k& fm i X Ar

/NEU A DL IS 4 PBS o RS A 8 mmol/L
EDTA Z &, 58 IHAL I F ) 48 b B2 IR
ATETE, 100 pom I8 R D8RO 5 AR bR AR A,
FH TrypLE Express (Gibco 28 Al , JE [ ) I Kz 4 i 53
BN, 40 wm JEEUE S B O UCEE b Rz 4n i,
Be N WSS B, A AR IC BUAA : LerS/GPR49 -
APC(R&D System v w] , JE[F ) , CD24-PE (BD Biosci-
ences ATl ,EH ), CD326 (EPCAM) - FITC (eBiosci-
ence 2y A, FE[E ). 407 L 5514 - LarS" CD326/Ep-
cam” , FL N0 16 2544 : LarS™ Epcam”, 7 FC 20 ffd i &
514 : CD24"Sidescatter” CD326/Epcam ™',

123 Wi bR R AR 14 4% e fe 50 2 PCR

W I Kz 5 RNA i i3 TRIzol Reagent (Invitrogen
o], S ED AR e IR 6 U B A R BUEL RNA
T3 5 cDNA . AL cDNA SHBERANA PCR 514
(%2 1) f1 SYBR Green Real - time PCR Master Mix
(Roche ATl ZEE), MR NAKZR N 10 pL, FEFFEIE



H39EH S
20194F5 H

T O3E,E L BOCHE, S MEVE 11B-HSD 1 fl% /N BB B 2 2 B RS MIFSE ) ].
B ERICEF A (H ARBRERR) , 2019,39(05) : 653-658 © 655

PLB-actin YEHINZ:, PCR LW 4544 : 95 °C 10 min;
95 CAE M 15 5,60 C iRk 60 s, 40 4~ FF , 60°C~
95 °C, M RTHE 1 °Ci 5% 1 IR GAEAE 4 i il
2§ (ABI 7000, StepOnePlus 23 A, £ [E ) . L2729k
TR,

&1 PCR3IMFFI(/NR)
Table 1 Primer sequences(mice)
JEP 24 IWFs1(5'—3")
Legr5 F:GAGTCTGGATTGTCGCAGTTG
R:GGCCTTGGTGGAAGGTTGAGGA

11B-HSD1 F:CTGGGAGCTTGCTTACAGCATCA
R:TGATGCTGTAAGCAAGCTCCCAG
B-actin F:TAAAGACCTCTATGCCAACACAGT

R:CACGATGGAGGGGCCGGACTCATC

124 WiE LI 5 BRE JRRBERAFLERRE

/NFAEFESS B Z153 85 2 em BT T K
/NIRRT e B RIBR A , I 100 U/mL 75
B2, 10 mg/mlL 5E 55 3 A TCHG BE HBSS-Z nh i i Ut
4~5 K FIERETE o KA B A/ NmH SR A
8 mmol/L EDTA AL, vk EIFFF HE A
(30~60 min) , i 5 mL A2 AR HI JJ AT, B2 50%~
809 1) 85 F I [ J2= i v, MACARe e 412 B g 1 i
T, 70 wm 3 3E , 800 r/min .0 5 min, FEAFFRES T
VE o B BRsE B 5 MR AR S 1 3 IS Matrigel #2
10~15 AN/ WLIR A B 5 A R8s B A7 1Y Matrigel J% 7F
24 ALIEFEAR AL PO R R ERCR R A R S Y
3D LRSS . A BLBLHY 5E A 15 IR DMEM/F12
(Gibeo 28 7l , 32 [ ) N2 Supplement (Life Technolo-
gies /v H) , 32 [F ) | B27 Supplement (Life Technologies
NA) L, EE)  GlutaMAX (Gibeo A F] L, JEE ) (1 wmol/L
N-Z 2 b 2 2 (Sigma-Aldrich, 35 [E) 100 U/mL 7
R Z 100 pe/mL 55 K (Gibeo A F], 32 ) .50 ng/mL
EGF (Pepro Tech A ], £ [# ) |1 pg/mL R-spondinl
(Pepro Tech 2y w] , 3¢ [ ) #1 100 ng/mL Noggin (Pepro
Tech 2~ w), ) , KIHZEATE RFRW T3 N 100 ng/mL
WNT-3a(Pepro Tech A ], E[E)“ ", & F 5% CO,,
37 CHNBIF B AR SR B ROEE , 45 48 h B 1 00K
T TR 6 dJm , BERIEFRIR , PBSTHVES LA 2%
25 R W e -2% )L R [ 7, 47 151 72 52k ) Matrigel £ A
20% FEMHA, ELEDUR GER3 d), OCT 3, A
RURIGYIR VIR TR 10 wm, 0.2 mol/L H 2RI I
P K 15 min, 0.15%Triton B 5 15 min, 3% BSA % ifit
M1 1~2 ho LgrS/GPR49 fe—#1 (1:200, Novus Bio-

logicals 2% 7 , 9% [# ) 5% Lysozyme #— $ (1: 200,
R&D System 23 ), [ )4 CHFE LK . Cy™3-con-
jugated IgG £ —$1(1:200, Jackson Immuno Research
2], ) FIRFE 1.5~2.0 h, DAPTAZ ",
1.3 %itFF ik

>R FH SPSS16.0 Gt it 45, &dls DL 3 & bs i 22
(x + ) FR , I HURRN AT FEAS 1 1255, P < 0.05
hERAGIEE L

2 # R

2.1 B R ih L LR Fe tm

MK ] 2 B Ak U i 7 52 2 3 15 /N RO
TEHZUE 1A H) , AL E K AR L 3 22 5 (1A
1C, D)o JiaX4ipasr#r & B, 11B-HSD1 f /MR 5
YA ZH A L, /N b R i A i 4 1
(D), Tanp sk H oo 8 22 5 (K 1E) , 140 %k
HiZ (E1F), hiE T 20 Mabr 53 K Lers £/
R s AR (- 16) . [FRTE K R4
AU LS, 11B-HSD1 B4 4 K% T 40+
YA H K Lers FERFe R = (B 1) K L) .
22 ARINEADIE KB ER AN K E

JiE b R R R AR e TR A — B
T 41 i B T 200 B A P 2 R A U A AR
OFRAT S ERSE 11B-HSD 1 E: K Bl g 6/ U i
T4t 5 AL RE T AR, R 3D SR8 B AR RS
FRH AR AT TRSMIFSE (24 . B) , 2553 B 7R 18-
HSD1 i B3 417N B s 2 25 B B9 A 34 = ok 35
(Kl 2D), 11B-HSD1 i B 2 34 58 434k HY B 2 2 B %ot
LU F AR 20 HLA W SR (R S R S 2B E 2B e
IR (E 2C E) (AR B EE BA B R IR as ok W
F25(E2B.F),
23 Nk RE T gk K i ) 5 R

W ICH R S A A e T N e, 2 AiE T
YN A A 1) T LA A, W E AN M3 e B WNT [
X6 24 B A SCREAE T [RTH DG 40 Ak mT L)
A3 WA RRARAR BT, AT 4 B R B R s
hy it — AR IR N TR ) B i 2 B (R A BAA A
X§7IN 6 AW ES BT S e gL AT T A
550 FCANM AT 5 LU & B0, 118-HSD1 bk N iE
PR E S EA A T A, T A i g H R A 4
2R (E3),

3o #

Wt K2 S R AR N W BB 20 A A I 2 A



39855 51

- 656 - Moa BE R K R 20194F5
A B
K157 P<0.0l
i e S e O R G | “\1\0}7.1“‘ 1 ‘P-"“:,-"?-‘{‘:Jf T A L L l‘l'% -’-H% —
‘3' T - - % 1.0
[ g ) 4|5| CATRAR ST G 00 N W A B e A < L5
2 [— — . e E
Z 00
Con HSDI1-/-
C 40 D E F G
. P<0.01 =
- g 10 2=y o 8 o 007 P<005 2 4 poos
=30 o8 5 6 g - S 3 — =
B o0 S 6 i = 40 &
K == N4 N P
®HE E E 2R
T 54 H5 H35 90
= "‘1 = ) - "-l 1
S s 2 = = =
0 < 0 S0 S 0 <
C KO
o Con KO Con KO Con KO Con KO
H 1 J K P<0.05 L
R T . R 8 = O = 407 —= & 257 P<001
E e e = = = Z 90
i S g S5
4 Y =20 -
u 45, uE 2R 10
ol ) S K10 2 o0s
2 8 X NP K N .
0 0 0 K 00
Con KO Con KO Con KO Con KO

A NHFMIEES, 20K/ 3T B, 4500 /N izt v s B - i 20 21 HSD 1 B ik &t (n=4~5) 5 C: /NI BEE £ (n=6) ; D : /N 1 B2 385 Q4
NI 45 2R (n=3) s B /N b T AR U 45 2R (n=3) s o /N b SAR AR 30045 2R (n=3) ; G . /N | 1 Lgr5 FER ikt (n=5) 5
H: RIGRAIE s 1 KR B 1t (n=6) ;) : KM 1 e T AR A S 4550 (n=3) s K. KW L B AL AN 02 4336 25 R (n=3) s L K L Lgr5

LA (n=5),
E1

NRBFEARAKRERS . ERAREER R ERRE

Figure 1 Morphology, epithelial cell composition and gene expression of mouse intestinal tissue
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Figure 2 3D-culture and morphological analysis of intestinal organoids
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Figure 3 Immunofluorescence staining and quantifications of stem cells and Paneth cells from the small intestinal organoids
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