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Abstract

Objective: This study aims to investigate the differentiation process and molecular mechanisms of
hepatic oval cells (HOCs) into bile duct epithelial cells. HOCs, known as hepatic oval cells, are stem
cell-like cells in the liver with bidirectional differentiation potential, capable of differentiating in-
to hepatocytes and bile duct epithelial cells to restore liver function under severe liver injury con-
ditions. To systematically elucidate the differentiation mechanisms of HOCs in liver regeneration,
this study utilizes high-throughput single-cell transcriptome sequencing of cultured mouse he-
patic oval cells induced to differentiate into bile duct epithelial cells. The findings reveal specific
cellular subpopulations and key regulatory mechanisms involved in the differentiation of HOCs
into bile duct epithelial cells. Methods: Hepatic oval cells (HOCs) were cultured under in vitro con-
ditions with a combination of epidermal growth factor, stem cell growth factor, and leukemia in-
hibitory factor to induce cell differentiation into bile duct epithelial cells. Single-cell sequencing
was performed to detect cellular transcription profiles. Integrated sequencing data underwent
quality control, principal component analysis (PCA) for dimensionality reduction, cell clustering,
and t-distributed stochastic neighbor embedding (t-SNE) analysis. Results: Following induction,
the morphology of HOCs changed from oval-shaped with strong birefringence to elongated spin-
dle-shaped cells with cobblestone-like growth pattern. Principal component analysis (PCA) of sin-
gle-cell sequencing data separated the differentiated cells into 17 clusters. Re-evaluation of HOCs
differentiation using cluster tree analysis based on the expression levels of specific marker genes,
such as Twfl for HOCs and Krt19 for bile duct cells, resulted in the classification of HOCs into 6
distinct cellular subpopulations. Conclusion: Single-cell sequencing data identified five distinct
heterogeneous cell types derived from the differentiation of HOCs into bile duct epithelial cells.
These cell types were designated as Hepatic Oval Cell 1, Pre-Cholangiocytes 1, Pre-Cholangiocytes
2, Pre-Cholangiocytes 3, and Hepatic Oval Cell 2. Additionally, there was a group of cells that could
not be definitively identified, labeled as “Unknown” cells.

Keywords

Hepatic Oval Cells, Cell Differentiation, Single-Cell Sequencing

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

JH-51 [ 41 /1 (Hepatic Oval Cells, HOCs) & I H ) — SR IRA LA, B XWm) 7 AL TE RE, ARy
ST AR AR, 22 P 1 G 52 2 IS AT A0 D 2 B ER R A A R[] [2] [3]. WAL IE R
HAE L FAERE I [4] [5]. HHIERA “XUZE” MA RS, Hoh 4 A Sk 40 i 365 | ﬁét)ﬁﬁf (=l
A0 B 3G 5 S AR, P AEL 20 P S O (58 4 7 02 P 47 30 1 P U AR S AR [6] [7]. FEAEH S AT RE SRR T
JiT 41 it =% AT #HL 41 it (Hepatic Progenitor Cells, HPCs)[{) B & & i, 785 45 2 5h ¥ bt Fx jjﬁrrﬁﬂﬂéﬁiﬂ@
(Hepatic Oval Cells, HOCs), 54 7T I\ -4 e S0 75 AR A 440 i A1 s 28 22 () ok R4 B [8]

HHT, BFFt HOCs 8 JH I A b 1) 7 AL B 1 A FE 345, B HOCs 1 434k i A A 2R SR
PRI N AT B AR VR T R4 T AT e . AR SCIE T /0N BF AR I v 5 B JH O [ 40 i 5 1) 15 7715 5 AL
S N 4 B, 1) P B4 B I 7 (Single Cell Sequencing, SCRNA-seq) 5z A, 78 BN 40 i /K 7 3E 474 T A6l

DOI: 10.12677/acm.2024.1451496 819 e R 2= 273k e


https://doi.org/10.12677/acm.2024.1451496
http://creativecommons.org/licenses/by/4.0/

HRIRE 2%

HRZE HOCs 7 Abid R h A i SRR AR A0, 87 I P 2R TR v 25 A I AR P A AN B B 2, AT TR
N T AR R BB

2. MB5EFE
2.1. M8

1) /I ERCFEAE BT A B B (R 40 HOCs #EAT 4115 77 A1 SCF + EGF + LIF XA B S R, CHikS
SRR bR ARM[9], I HXAE AR M AL AR A [ AR P4 R FF B (53] 200 M o) % RS P SR A B, AT B
S A o

2) 1#ifH 10 x Genomics Chromium Controller (10 x Genomics)~F- 5 , 44 v £ 17 £ 24241 i 2 v 241 i 5
A A T SRS G ) 1R 2k (Gel Beads) B2 AE M 1, 20024 R i mRNA 5 514454 772 cDNA,
#%E cDNA SCPE, {4 Illumina Navaseq 6000 ~F- & 56 Bl Al . 467 R ALY fastq ZdiE%H Cell
Ranger? #4770 47, B IREHE 4> Jic F N 4HH cell barcode #7iC ) barcodes.csv S idskRAN LR ID
LR 44 1) features.csv SCAHs  AAFRA AT it % IR 304 B 25 B 1 matrix.mtx (B8 A AE YRS (L) B R

).
22. B

22.1. BB, BIELIE. RN

AKX HOCs P4 41 HuAE A BRI e £icdi R R 1 5 (4.3.1), %3¢ Seurat £9,(4.3.0.1). clustree
(0.5.0). monocle (2.28.0). GSVA (1.49.3). GSEABase (1.62.0) R fux 5.4 it il F BdiE A7 S B A bR vEA L
KIE,

IRIEHIFEIEE seurat X5, FHFLIEE CAEIET AN LRk R SE IR 1A i (B2 AN IR AR BL.45 &
ISR, BRI yEst: 1) LRifkEER < 5%; 2) AR Feature /D7 =M FRIE, 4
4l 2 /b3 IE 200 4 feature.

2.2.2. HOCs B 4Hag%R4H PCA P& Hr
2] PC FE A FRIA: EELAT 20 /> PC, BN LR EE 8 NEEE, 20 B4 PCA FER K,

2.2.3. FARAE BN
B R E S AR M B AR % E (K 3 B AN clustertree JEAT A0 M4 B o 22t & AN MO EE (K] marker
FER/ N EE

2.2.4. FERMAAXBIFIRTIRL

221 marker & R 2505 P BEA T A MO T 43 2 - K 5S4 AT PR 200 PRSI AR 40 4 B s S P marker 3 R34
MOFEEAT VRS, FE@it t-SNE [ 45 v LAk 40 o 37 B
3. &R
3.1. FFOREI4HRRMpRE ST

RFEMEAR HOCs, 4Hitss, AMMsisE KEWIN, B sy: EEEE LR ZEEAr . F
BAVE FHF 404 KB T(SCF). FREAKFT(EGF). A LB MHIF T(LIF KBS TR, ik SEA
JT ORI 40 o A 43 A O B b R i ff . AR A5 i RAR I SRR, diMAZ 3R 58, 2B TR/NE A,
ST KR TE M, 2B ARRAER, BRSSP K, BEEZmRE S, Wiz
%, FEEEHZET T 2 EE 71[9].
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Figure 1. Morphology of HOCs cell differentiation
[E 1. HOCs #f 53 (L I FE 7S

3.2. HOCs R 4upaNIFHiERE

AT 7 38 I AR A P4 I e e T SR R SR B B 2R A S DR K ) B B S AR,
JEIE AN LA S N AN, IR ZRIA R T 200 FF/NT 7500 FOAHML . SRR SED /N

T 5% A (4 2).
n_genes_by_counts total_counts pet_couts_mt
8000 120000
100000
6000 80000
3 E
S 4000 S 60000
40000
2000 20000
0 ‘ 0

Figure 2. HOCs single-cell sequencing data: number of expressed genes per cell, total number of molecules per cell, percen-
tage of mitochondrial genes

[ 2. HOCs B4R FF 201 : MRRRIAEEY. ERS TR, LHFEE L

3.3. PCA BEHE ST #

BT AR B R B B R, FEEAT AR AN U8 e AR 5, R S0 0 A i SR R ) B
M. 56T B RS 2 (principal components analysis, PCA)X #iA B HE4T PR 4EAb 3, AR5 7 %
Y Ji5 45 SRR 1 B R 2R3 HT[10], {4 t-SNE (t-distributed Stochastic Neighbor Embedding)*} PCA 44
JE R HARE FEAT AL ], JF S A5 SR TR .
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Figure 3. Heatmap of the top 20 principal component genes in HOCs single-cell sequencing data
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3.4. YARARRIST T

PR E 1) 17 /> PCA & B4 dims 7218 AR 70 12 clustertree RTARAL A1) 43 BETG O, 7270 HEER
KA, —35 R 17 4 cluster, t-SNE &7-AN[A] cluster (AR 7 B #EAT AT 4046 (141 4). H1 17 A0S
% L RHT 10 A E 3 MR SE R AR (] 5), 454 BT OR R 40 i 5 P marker JE[R A6 (Twfl). Tfrc.
Pkm FIRHE b 5z 240 i (05 3 marker 3£ Krt19. Krtl8 7640 0 fE b 3L R R TA B i/ MEEE(E 6), K
cluster0. 1. 2. 3. 6, cluster4. 5. 10, cluster9. 13. 14, Cluster7. 8. 11, clusterl5. 16 % 5§ 10 %
DRI 7E 40 B P e 1) AR R0k, B AU 454 clustertree [a] FIBHARI 403824 0.1 B, R ENIRENS 47
LRI RN F— R 7). FeJats 17 A cluster 225K cluster0. 1. 2. 3. 6, cluster7. 8. 11, cluster4.
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Figure 4. Cell t-SNE clustering plot
B 4. 4HAE t-SNE SR KE

3.5. marker ZE4ApERE

24 M SCHRAT Cellmarker2.0 %i#fs 2 (hittp://117.50.127.228/CelMarker/) Rl F R 1 5 /N EE B Al KAk
marker & [K] ) 2 18 5 (14] 8),  HEA A5 4t it SV A 70 2 1A AR T 20 B RR 1% 1Y) marker JE[X] Itgbl. Cd44. Ly6a
MARE AR IR Alb Afp, & IA 5P [ 40 s 7 1% marker EE () Twfl, Tfrc. Pkm 8¢
4 Hepatic Oval Cell 1. Hepatic Oval Cell 2; Sk IR b 5 40 B i) 4 5 P marker JE A ) Krt19, Krtl8,
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Jf4 Cholangiocytes 1. Cholangiocytes 2. Cholangiocytes 3, ' Cholangiocytes 3 [F] B = R IAAR G HDIRES
[F)3 K Top2a. Pcna. MKi67; #/5 1 clusterl5. 16 #5340 s A T RE LR, (B SO LA R OR R
4 marker [, E B AR A Unknown

FEWTFE A0 MR B R 2 AR AR b, AR IR AN 2 B oM EL S B AR AR, T R R IE S B
15, DS OkG R) DAAE o S R 1) A AL B R DR R ok, ot T, 3 ) DAHERT AN A5 1 G
HERR IO DRI [11] o % 20 o B 3R I 1 45 SR FH AR 2R ME [ 4E t-SNE mI#RAK (14 9), 4374 Hepatic Oval Cell 1.
Pre-Cholangiocytes 1. Pre-Cholangiocytes 2. Pre-Cholangiocytes 3. Hepatic Oval Cell 2. Unknow 6 /™4 g .
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Figure 6. Violin plot of cell marker gene expression levels
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