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Direct reprogramming to differentiate into hepatocyte-like cells from canine
cutaneous fibroblast
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_ In this study, we aﬁplied direct reprogramming in differentiating of canine
BMSCs by transfecting Foxal and Hnf4a into hepatocyte-like cells. The characterization of cBMSC was

proved by plastic adherent, differentiation into adipocytes, osteoblasts and chondrocytes, and
analysis of cell surface antigens. A virus mixing Foxa 1 and Hnf 4 a was transfected to cBMSCs,
and iHep cells was differentiated. Morphology of iHep cells was exhibited circular to equilateral
circular shapes. Expression levels of ALB and CDH m-RNA were increased approximately 5,000 and 10,
000 times compared to cBMSC, respectively. Protein expression ALB and E-CDH was confirmed by
immunohistochemistry, and LDL metabolic ability and Urea production were increased. In the present
study, canine BMSCs were successfully induced into functional iHep cells, and they were expected to
provide insights into the construction of liver models in drug discovery research and potential
therapeutics for liver disease.
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The expression of cell surface molecules in canine cBMSCs was assessed by flow cytometry.
This histogram shows the expression of cell surface molecules in canine cBMSCs.  The
red-filled portions represent cells labeled with the indicated cell surface molecules, and the

black lined portions represent negative isotype controls.
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Figure. 2. Tri-lineage differentiation ability of cBMSCs.  a) Staining with Oil Red O indicates
differentiation into adipocytes, b) Alkaline phosphatase staining indicates differentiation into
osteoblasts, and c¢) Alcian blue staining indicates differentiation into chondrocytes.

Observation after differentiation to chondrocytes was performed with a stereomicroscope.

Scale bars, 100 pm.
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Morphologies of (a, b, ¢, d) mock-infected cBMSCs and (e, f, g, h) iHep cells.
Morphology of canine iHep cells showed exhibited circular to equilateral circular shapes, and
they formed colonies (f, g). The arrowheads (f) indicate a cluster formed by cBMSCs-derived
hepatocyte-like cells.  The Mock group consistently exhibited a spindle-shape morphology
throughout culture.  (d, h) F-actin staining revealed cytoskeleton structure, and the picture
was observed with a confocal microscope.  In iHep cells, strong fluorescence was observed
within the cell membrane.  In the Mock group, a filamentous cytoskeleton (F-actin) was
clearly observed in the cytoplasm.  Day, days after transfection of cells. Scale bars, (a, b, c,
e, f, 2) 200 um, (d, h) 7.5 ym
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Gene expression analysis for iHep cells, qualitative and quantitative RT-PCR were performed
for gene expression analysis of iHep cells.  (a) Qualitative PCR of transfected genes, Foxal and

Hnf4a, were expressed in iHep cells in culture on day 10 and 20, respectively.  (b) Qualitative



PCR analysis revealed that transthyretin (TTR), albumin (ALB), alpha-fetoprotein (AFP), tyrosine
aminotransferase (TAT), alpha 1-antiproteinase (alpha 1-AT), and the cytochrome P450 group
(CYP3A12 and 2E1) genes in iHep cells on day 10 and 20, respectively.

(c) Gene expression analyses by quantitative PCR in iHep cells. The expression levels of iHep on
each day were shown as a ratio of compared cBMSCs (Day 0), respectively. P values were
calculated based on t-test, comparing ALB or CDH gene expression levels of iHep cells and
cBMSCs (Mock) with those of cBMSC (Day 0), and were considered significantly different at P
<0.05. Day, days after transfection of cells.
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Immunostaining analysis demonstrated the differentiation of c¢cBMSCs into iHep cells.
Mock-infected cBMSCs, iHep cells, and canine adult liver were stained withanti-Albumin (a, b,
¢) and anti-E-cadherin (d, e, f). Nuclei were stained with DAPIL. The area enclosed by the
dashed line is magnified at the lower left of each panel. D, days after transfection of cells.
Scale bars, 50 pm. g) Graph shows the percentage of cells marked with Albumin or
E-cadherin in Mock infected cBMSCs and iHep cells (400-800 cells were counted for each
cell).

5. ERRERLE
UdesEsmsg) GGE o 1)

(Fa¥E) Gt 3 1)



(KE) G 1)

(PE B PE A ]
OiRdL Gt 0 1)

A PR
FWHE
MR
FH¥H
FHa
HREAE

E RS DI

Ok Gt )

ZAFR
L
MR
FHYH -
iRl
US4 -
EWNs DR -

(Z D)
R B — D

S

6. WFFEHAE

(D AF7Es s 7e L
T/ K4
SRS SEvE A

AT A FERE R4,
BHYEEZ

kA

WHEEE S (84T) -

Q)Mo 1E
W B R4 AR
o —<FK4 : Suzuki Atsushi

e B R4 - fRET
o —< K4 : Neo Sakurako

KB IC K D058, FEZ DO AR L FEICBOTEBET 25D T, £D7d, WFFEDEMMOVIER D AKEFIC
SWTIE, EOZRFEFIZES GO TR TONFERRICET S RALEMEL, MEAEACRE S ET,



