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Induction of human gallbladder epithelial cells differentiating into functional hepatocyte-like cells by inhibiting
transforming growth factor p and Notch signaling pathways
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[ Abstract ]| Objective To induce human gallbladder epithelial cells (hGBECs) differentiating into hepatocyte-like
cells through adding small molecule compounds which could change cell fate. Methods The primary hGBECs were three-
dimensionally cultured in Matrigel by adding B27 supplement, N2 supplement, N-acetyl-L-cysteine, epidermal growth factor
and hepatocyte growth factor in the medium. Small molecule compounds/proteins were added to induce cell differentiation,
and the key molecules were screened out. Polymerase chain reaction (PCR), quantitative PCR, and immunofluorescence
staining were used to detect the expression of stem cell markers and liver cell related markers. The liver function was
evaluated by lipid BODIPY-493 staining, glycogen periodic acid-Schiff staining, and albumin enzyme-linked immunosorbent
assay. Results Three-dimensionally cultured hGBECs expressed hepatic stem/progenitor cells-related markers, such as
hematopoietic stem cell antigen CD133, epithelial cell adhesion molecule, and hepatocyte nuclear factor 4. Transforming
growth factor B (TGF-P) and Notch signaling pathway inhibitors were the key molecules for inducing hGBEC differentiation.
The cells obtained under differentiation conditions expressed liver cell functional markers al-antitrypsin, cytochrome
P450 3A4, albumin and fumarate acetate hydrolase. The cells could store glycogen, synthesize fat and secrete albumin.

Conclusion hGBECs can be cultured in vitro for a long time, and hGBECs can be induced to differentiate into hepatocyte-
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like cells with partial liver function by inhibiting TGF-f3 and Notch signaling pathways.

[ Key words | gallbladder epithelial cells; transforming growth factor B; Notch signaling pathway; hepatocytes; cell

differentiation
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Whnt, TGF-B % {5518 X HF 4 i & 5 Flfivis e g
FEREHE | ARBFTPEHE DMSO K AT T HiAH
{55 % OSM., S7359. S1143, S1067. S2714.
forskolin, VK 3t 8 A~43F, X =4ERE# 25 3~5 1%
SR R i ias o s o Y. g il S e S
PLHBM SRR s 5001, A o T

x1

WREH N 10 mmol/L. 55 1 %0k}, KL T
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forskolin, VK 5 4~ 73 + (C4 ) . LA S1067 F
S2714 V2 [E & B i 3143 MBS i OSM. S7359.,
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Wik 14 d.
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RNA. HEEAM LR T & RNA WREE, el
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Tab 1 Primer sequences

Gene Forward primer (5"-3")

Reverse primer (5'-3")

B-actin CATGTACGTTGCTATCCAGGC

CDI33 ACTACCAAGGACAAGGCGTTCA
LGRS TCGGTGTGCTCCTGTCCTTG
EpCAM GCCGCAGCTCAGGAAGAATGT
CK19 ACCAAGTTTGAGACGGAACAG
SOX9 ACGCACATCAAGACGGAGCA
HNF4a CACGGGCAAACACTACGGT

ALB TTTATGCCCCGGAACTCCTTT
AAT GATCAACGATTACGTGGAGAAGG
CYPIA2 CTTCGCTACCTGCCTAACCC
CYP3A44 AAGGGATGGCACCGTAAGTG

CTCCTTAATGTCACGCACGAT
CGCTGGTCAGACTGCTGCTA
GGTGAAGACGCTGAGGTTGGA
CGCTCTCATCGCAGTCAGGATC
CCCTCAGCGTACTGATTTCCT
GAGTTCTGGTGGTCGGTGTAGT
TTGACCTTCGAGTGCTGATCC
AGTCTCTGTTTGGCAGACGAA
CCTAAACGCTTCATCATAGGCA
GACTGTGTCAAATCCTGCTCC
GCATGTACAGAATCCCCGGT

LGRS: Leucine-rich repeat-containing G protein-coupled receptor 5; EpCAM: Epithelial cell adhesion molecule; CK19:
Cytokeratin 19; SOX9: Sex determining region Y box protein 9; HNF4a: Hepatocyte nuclear factor 4a; ALB: Albumin; AAT:
al-antitrypsin; CYP1A2: Cytochrome P450 family 1 subfamily A member 2; CYP3A4: Cytochrome P450 family 3 subfamily A member 4.
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U 3 v R 20 B 1 mL AR I B 40 i 45 3
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1.9 %it5 422  H GraphPad Prism 9 {44740
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7N, PRALIE] FLRER ST AR ¢ K 5, 224 [R) HR A
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Primary (day 8)

The 10" passage

B 1 hGBEC EMRIMNEMERE
Fig1 Organoids formed from hGBECs in vitro

Typical cell growth was photographed with inverted phase contrast
microscope. A: Primary hGBECs formed organoid-structures in
the Matrigel, with a diameter of 1.5-2.0 mm on day 8; B: The cells
formed organoids after passaging, and the lumen gradually
enlarged; C: After cryopreservation and recovery, hGBECs
could form organoids with transparent middle, regular shape
and large volume, and stably propagating to the 10" passage.

hGBEC: Human gallbladder epithelial cell.
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2 PCR#&ill h\GBEC T X EERIE
Fig 2 Expression of stem cell related genes in hGBECs detected by PCR
Different passages of hGBECs expressed stem cell marker gene (CD133), liver stem cell marker genes (EpCAM and CK19), and liver
precursor cell marker genes (SOX9 and HNF4a). P3, P5 and P7 represent the 3", 5" and 7" passage of hGBECs. PCR: Polymerase
chain reaction; hGBEC: Human gallbladder epithelial cell; DEPC: Diethyl pyrocarbonate water (negative control); EpCAM: Epithelial
cell adhesion molecule; CK19: Cytokeratin19; SOX9: Sex determining region Y box protein 9; HNF4a: Hepatocyte nuclear factor 4a.

Alexa Fluor 594 DAPI Merged

CK19

100 pm 100 pm 100 pm

Alexa Fluor 594 DAPI Merged

EpCAM

100 pm 100 pm 100 um

Alexa Fluor 594 DAPI Merged

HNF4a

100 um 100 um 100 um

Alexa Fluor 594 DAPI Merged

SOX9
100 pm 100 pm 100 pm

B3 fERAEELEE hGBEC HTFEREMRIRIE

Fig3 Expression of stem cell markers in hGBECs identified by immunofluorescence staining

hGBEC: Human gallbladder epithelial cell; CK19: Cytokeratin 19; EpCAM: Epithelial cell adhesion molecule; HNF40: Hepatocyte
nuclear factor 4 0; SOX9: Sex determining region Y box protein 9; DAPI: 4’,6-diamidino-2-phenylindole.

23 hGBEC Tif 554 4 M ta o bk tm fe 1046 RN S, TGF-P {5538 B3 6 71 S1067 .
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Fig 4 Expression of hepatocyte function genes of hGBECs affected by different conditions
The expression of genes was detected by quantitative polymerase chain reaction. Group Con: The 5" passage of hGBECs at day 7;
Group A: hGBECs cultured with OSM, S7359, S1143, S1067, S2714, forskolin, DMSO and VK; Group B: hGBECs cultured with
S7359, S1143, S1067, S2714, forskolin, DMSO and VK; Group C: hGBECs cultured with OSM, S1143, S1067, S2714, forskolin,
DMSO and VK; Group D: hGBECs cultured with OSM, S7359, S1067, S2714, forskolin, DMSO and VK; Group E: hGBECs cultured
with OSM, S7359, S1143, S2714, forskolin, DMSO and VK; Group F: hGBECs cultured with OSM, S7359, S1143, S1067, forskolin,
DMSO and VK; Group G: hGBECs cultured with OSM, S7359, S1143, S1067, S2714, DMSO and VK; Group H: hGBECs cultured
with OSM, S7359, S1143, S1067, S2714, forskolin and VK; Group I: hGBECs cultured with OSM, S7359, S1143, S1067, S2714,
forskolin and DMSO; Group J: hGBECs cultured with HBM; Group K: hGBECs cultured with HLEM; Group L: hGBECs cultured
with OSM; Group M: hGBECs cultured with S7359; Group N: hGBECs cultured with S1143; Group O: hGBECs cultured with
S1067; Group P: hGBECs cultured with S2714; Group Q: hGBECs cultured with forskolin; Group R: hGBECs cultured with DMSO;
Group S: hGBECs cultured with VK. "P<<0.05 vs Con group. n=3, x&s. hGBEC: Human gallbladder epithelial cell; HNF4a:
Hepatocyte nuclear factor 40; ALB: Albumin; AAT: al-antitrypsin; CYP1A2: Cytochrome P450 family 1 subfamily A member 2;
CYP3A4: Cytochrome P450 family 3 subfamily A member 4; OSM: Oncostatin M; DMSO: Dimethyl sulfoxide; VK: Vitamin K;

HBM: Hepatic basal medium; HLEM: Human liver expansion medium.
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Fig5 Expression of hepatocyte functional markers in hGBECs induced by inhibiting TGF-p and Notch signal pathways

The expression of functional genes in hepatocytes was detected by quantitative polymerase chain reaction. Group Con: The 5"
passage of hGBECs; Group A: hGBECs cultured with S1067, S2714, OSM, S7359, S1143, forskolin and VK; Group B: hGBECs
cultured with S1067 and S2714; Group C: hGBECs cultured with OSM, S7359, S1143, forskolin and VK; Group D: hGBECs cultured

with S1067, S2714 and OSM; Group E: hGBECs cultured with S1067, S2714 and S7359; Group F: hGBECs cultured with S1067,

S2714 and S1143; Group G: hGBECs cultured with S1067, S2714 and forskolin; Group H: hGBECs cultured with S1067, S2714 and

VK. "P<<0.05 vs Con group. n=3, x&s. TGF-f: Transforming growth factor B; hGBEC: Human gallbladder epithelial cell; HNF4a:

Hepatocyte nuclear factor 40; ALB: Albumin; AAT: al-antitrypsin; CYP1A2: Cytochrome P450 family 1 subfamily A member 2;

CYP3A4: Cytochrome P450 family 3 subfamily A member 4; OSM: Oncostatin M; VK: Vitamin K.
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BRI EER hGBEC 7L /5 HY AT 4R B4 A Fh AT R T BEAR S 53 70

Fig 6 Distribution of liver functional markers in hGBEC-differentiated hepatocyte-like cells detected by immunofluorescence staining

hGBEC: Human gallbladder epithelial cell; ALB: Albumin; AAT: al-antitrypsin; CYP3A4: Cytochrome P450 family 3 subfamily A

member 4; FAH: Fumarylacetoacetic acid hydrolase; GFP: Green fluorescence protein; DAPI: 4°,6-diamidino-2-phenylindole.
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Fig 7 Distribution of lipid droplets in hGBEC-differentiated hepatocyte-like cells displayed by BODIPY-493 staining
hGBEC: Human gallbladder epithelial cell; DAPI: 4’,6-diamidino-2-phenylindole.
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Fig 8 Periodic acid-Schiff staining showing a large amount of glycogen in hGBEC-differentiated hepatocyte-like cells
hGBEC: Human gallbladder epithelial cell.
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