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The differentiation of human multipotent adult
progenitor cells into hepatocyte-like cells induced by
coculture with human hepatocyte line L02
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Purpose: The aim of this study was to establish an /in vitro method to purify human multipotent adult progenitor cells
(hMAPCs) and assess their possible differentiation into hepatocytes by coculture with human hepatocyte line L02.
Methods: hMAPCs were isolated by magnetic activated cell sorting (MACS) depletion selection using CD45 and GlyA
microbeads. After indirect or direct coculture of hAMAPCs and human hepatocyte line L02, the expression of albumin (ALBJ,
alpha-fetoprotein (AFP), cytokeratin (CK) 18, and CK19 by hMAPCs was detected by immunocytochemistry.

Results: With the MACS method, (5-10) x 10°/mL hMAPCs could be separated from 1 x 10°/mL bone marrow mononuclear
cells. The purity of CD45-/GlyA- cells separated from bone marrow adherent cells was more than 98%, as determined
by flow cytometry. In the coculture without cell-to-cell contact, hAMAPCs expressed high AFP on day 1, and then tapered
daily to low expression on day 7; ALB expression reached its peak on day 5, and remained high on day 7; CK18 was initially
expressed on day 5 and was higher on day 7; CK19 was negative in all assays. In the coculture with cell-to-cell contact,
ALB and CK18 were expressed by most cells while AFP appeared in only a few on day 5.

Conclusion: hMAPCs were induced to differentiate into mature hepatocyte-like cells by coculture with a hepatocyte cell

line, either with or without cell-to-cell contact, but the former seemed more effective.

[Ann Surg Treat Res 2015;88(1):1-7]
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INTRODUCTION

Human multipotent adult progenitor cells (hMAPCs), a
subgroup of highly-purified mesenchymal stem cells (MSCs),
can differentiate into hepatocytes [1,2] and thus have important
potential for future clinical applications. At present, common
methods for inducement of differentiation of hMAPCs to
hepatocytes include use of cellular factors and pathological
serum [3,4], which require long periods of time to produce

mature phenotypic hepatocytes, and therefore do not meet
the requirements of hybrid bioartificial liver (HBAL), which
calls for production of a large quantity of hepatocytes having
specific functions in a short time period. In addition, the
practical application of such methods is also restricted due to
the high cost of cellular factors. As another method to induce
stem cell differentiation, coculture is advantageous because
of its low cost. Although the method lacks previous intensive
investigation and a clear description of the mechanisms
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involved, it has been shown previously that embryonic stem
cells (ESCs) cocultured with hepatocytes express premature
hepatocyte phenotypes in 2 days, and that this was more
effective than methods using cellular factors requiring 15
days [5]. Meanwhile, cell proliferation may be promoted by
the mutual support of cells in contact in coculture [6]. In a
word, coculture methods could fulfill the requirements of
HBAL because of the short time required to induce stem cells
to differentiate into massive quantities of relatively mature
hepatocytes for relatively low cost. In this study, the possibility
of differentiating hMAPCs into hepatocytes by coculture with
human hepatocyte line L02 in vitro was assessed, in order that
new resources for HBAL and hepatocyte transplantation might
be provided.

METHODS

Preparation, culture, and analysis of hMAPCs
Bone marrow tissues were obtained by aspirating proper

volumes of bone marrow from volunteers; mononuclear cells
were isolated by gradient and density centrifugation, and were
then cultivated by adherent culture. Bone marrow adherent cells
were collected and isolated by magnetic activated cell sorting

(MACS) depletion selection using CD45 and GlyA microbeads.
The purity of CD45- and GlyA- cell isolates was determined by
flow cytometry, according to previously reported methods [7].
Expression of CD29, CD44, CD34, and human leukocyte antigen
(HLA)-DR (Sigma-Aldrich Co., St. Louis, MO, USA) by hMAPCs
determined by flow cytometry.

Indirect coculture of hMAPCs and human hepato-

cyte line LO2 (without cell-to-cell contact)
The human hepatocyte line L02 (Shanghai Cytobiology

Institution) was cocultured indirectly with hMAPCs in order
to induce differentiation into hepatocyte-like cells. In brief,
hMAPCs and L02 hepatocytes were spread on separate cover
slips, both at 1 X 10°/mL, and then were put together into a
culture dish (10 cm) in medium containing 5% fetal calf serum
(FCS) and no leukemia inhibitory factor. During cell cultivation
and inducement, morphology changes were observed using
an inverted phase contrast microscope. The expressions of
albumin (ALB), alpha-fetoprotein (AFP), cytokeratin (CK) 18,
and CK19 (Sigma-Aldrich Co.) on hMAPCs were detected by
immunocytochemical analysis at different time points (after 1,
3, 5, and 7 days of indirect coculture). Separate cultures of LO2
hepatocytes and hMAPCs served as the positive and negative
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Fig. 1. Expression of CD29, CD44, CD34, and human leukocyte antigen (HLA)-DR on human multipotent adult progenitor
cells (hnMAPCs). (A) The purity of CD45- GlyA- cells separated from bone marrow adherent cells was more than 98%, as
determined by flow cytometry. Expression of CD29 (B), CD44 (C), CD34 (D), and HLA-DR (E) on hMAPCs. Panel F is for

negative control. FITC, fluorescein isothiocyanate.
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controls, respectively. The start of coculture was defined as
Day 0. Semiquantitative immunocytochemical findings were
obtained by the following method [8]: 5 representative cells/
high power field (x200) were chosen for each experimental
sample, cells were counted, and the percentage of positive cells
was ascertained. Take the mean value and take every 20% as a
"+,

Direct coculture of h(MAPCs and human hepatocyte

line LO2 (with cell-to-cell contact)
hMAPCs were labeled by 5,6-carboxyfluorescein diacetate

succinimidyl ester (green, Molecular Probes, a division of Life
Technologies, Carlsbad, CA, USA) and then were cocultured
with L02 cells (I X 10*mL of each cell type). Subsequently,
the mixed cells were seeded on a spearal dish for detection
by laser scanning confocal microscope (LSCM) (TCSP-II,
Leica Microsystems, Wetzlar, Germany). Strept Avidin-Biotin

Complex (SABC)-Cy3 (Boshide Co., Wuhan, China) was used for
double indirect immunofluorescence staining. Experiments
were performed using standard methods and manufacturers'
protocols. The expression of ALB, AFP, and CK18 on hMAPCs
was determined by LSCM: nondifferentiated hMAPCs were
green; positive, differentiated hMAPCs/hepatocytes were
yellow; and control LO2 cells were red.

RESULTS

Expression of CD29, CD44, CD34, and HLA-DR on

hMAPCs
The fraction of CD45- GlyA- cells purified from the bone

marrow adherent cell cultures was more than 98% pure, as
ascertained by flow cytometry (Fig. 1A). By flow cytometry,
hMAPCs were positive, as follows: for CD29, 99.2%; CD44,
08.3%; CD34, 1.2%; and HLA-DR, 5.3% (Fig. 1B-E).

Fig. 2. Morphology observations during human multipotent adult progenitor cell (h"MAPC) coculture (A) hMAPC growing
morphology (6 generation, x100). (B) hMAPC morphology on day 7, indirect coculture (x100). (C) Direct coculture
morphology on day 5 (x100). (D) L-02 morphology (x100).
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Morphology observations during hMAPC coculture
When cultivated alone, h(MAPCs looked like endothelial cells

(shuttle-shaped) or like fibroblasts (oblong-shaped) (Fig. 2A).
In both coculture conditions (direct and indirect), the MAPCs
became spindle-like, irregular, circular or polygonal with the
passage of time, similar to the L02 hepatocytes (Fig. 2B, C).

Immunocytochemistry staining of indirect cocultures
As shown in Table 1, expression of ALB, AFP, CK18, and CK19

on hMAPCs was detected by immunocytochemistry at different

Table 1. Immunocytochemistry results

Study day ALB AFP CK18  CK19
1 + ++++++ - -
3 4+ +++ - -
5 -+ + ++ -
7 4+ + +++ -
Positive control -+t + o+ -

Negative control - - - _

Five representative cells/high power field (x200) for each
condition were chosen, and the percentage of positive cells was
determined. Mean values were scored as follows: —, 0%; =+,
<10%; +, 20%; ++, 30%; +++, 40%; +++++, 50%; +++++,
60%,; ++++++, >70%.

ALB, albumin; AFP, alpha-fetoprotein; CK, cytokeratin.

ASTR

time points (after 1, 3, 5, and 7 days of indirect culture). On day 1,
hMAPCs expressed high AFP, as do premature hepatocytes (Fig.
3A). The expression of ALB was very weak, while CK18 was not
expressed on day 1 (data not shown). On day 3, ALB (expressed
by mature hepatocytes) increased while AFP decreased (data
not shown). On day 5, ALB reached its peak (Fig. 3B) while AFP
continued to decrease, and the initial expression of CK18 (also
expressed by mature hepatocytes) occurred. On day 7, ALB
remained high and CK18 increased (Fig. 3C), whereas there was
little expression of AFP.

Immunofluorescence staining of direct cocultures

by LSCM
In the direct coculture of hMAPCs and human hepatocyte

line L02 (with cell-to-cell contact), on day 5, the expression of
ALB, AFP, and CK18 on hMAPCs was determined by LSCM
(as qualitative observation). The yellow immunofluorescence
means expression of ALB and CK18 appeared on many cells,
while AFP appeared on only a few (Fig. 4A-C).

DISCUSSION

Since 1999, when Petersen et al. [9] reported for the first
time that bone marrow-derived cells could differentiate into

Fig. 3. Immunocytochemistry staining of indirect cocultures. (A) On day 1, indirect coculture, AFP cells (ABC method, DAB
developing, x200), Positive: light brown stainin§. (B) On day 5, indirect coculture, ALB cells (S-P method AEC developing,
ay

x200), Positive: reddish brown staining. (C) On

)
7, indirect coculture, cytokeratin 18 cells (ABC method, DAB developing,

x200), Positive: light brown staining. (D) LO2 hepotocytes ALB cells (S-P method, AEC developing, positive control, x200),
Positive: red stain. (E) Undifferentiated human multipotent adult progenitor cells AFP immunocytochemistry (ABC method,
DAB developing, no light brown staining, negative control, x200). ABC, avidin-biotin complex; DAB, diaminobezidin; S-P,

streptavidin-perosidase; AEC, 3-amino-9-ethylcarbazole.
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Fig. 4. Immunofluorescence staining of direct cocultures by laser scanning confocal microscope (LSCM). (A) On day 5,
direct coculture, ALB immunofluorescence LSCM (x400). (B) On day 5, direct coculture, CK18 immunofluorescence LSCM
(x400). (C) On day 5, direct coculture, AFP immunofluorescence LSCM (x400). (D) Separately cultured LO2 hepatocytes, ALB
immunofluorescence LSCM (positive control, x400). (E) Separately cultured human multipotent adult progenitor cell ("MAPC),
ALB immunofluorescence LSCM (negative control, x400). CFSE and SABC-Cy3 double staining indirectly, Positive cells: yellow
fluorescence. ALB, albumin; AFP, alpha-fetoprotein; CFSE, carboxyfluorescein diacetate succinimidyl ester; SABC, strept avidin-

biotin complex; CK18, cytokeratin 18.

hepotacytes, these cells have been the focus of much investi-
gation. Thus far, many such subgroups of marrow-derived
cells have been identified [8]. In this study, the subgroup of
hMAPCs isolated by MACS depletion selection using CD45 and
GlyA microbeads actively proliferated in vitro. Flow cytometric
analysis indicated that these isolated and purified hMAPCs
were characteristic of MSCs and that they were relatively pure
[10].

Methods using cellular factors have been most commonly
used to induce stem cells to differentiate into hepatocytes
[11-13]. Jang et al. [14] cocultured hematopoietic stem cells
(HSCs) indirectly with injured liver tissue, separated by a
semipermeable membrane, and found that HSCs differentiated
into hepatocyte-like cells, indicating a decisive role for the
pathological microenvironment in this inducement, but not a
course of cellular integration. Does this inducing effect take
place in the normal hepatic microenvironment? Yamazaki
et al. [15] cocultured mice bone marrow-derived cells with
nonparenchymal hepatic cells and detected strong expression
of genes specific to hepatocytes. Recently, Lange et al. [16]

cocultured mouse original-generation hepatocytes with
MSC and induced expression of specific mature hepatocytic
phenotypes, and further pointed out that the mechanism
involved stimulation by the organ-specific microenvironment.
Results of the current study, in which hMAPCs were cocultured
both directly and indirectly with a highly differentiated human
hepatocyte line, L02, derived from normal hepatocytes of
adults, were consistent with previous reports.

In coculture without cell-to-cell contact, hMAPCs expressed
high AFP, as do premature hepatocytes. The expression of ALB
was very weak, while CK18 was not expressed. On day 3, ALB
(expressed by mature hepatocytes) increased while AFP de-
creased. On day 5, ALB reached its peak while AFP continued
to decrease, and the initial expression of CK18 (also expressed
by mature hepatocytes) occurred. On day 7, ALB remained
high and CK18 increased, whereas there was little expression
of AFP. There was no expression of CK19 (expressed by mature
biliary duct cells) at any of the time points assayed. These
results suggest that, in coculture without cell-to-cell contact,
hMAPCs differentiated into relatively mature hepatocyte-like

Annals of Surgical Treatment and Research
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cells in 7 days. This study demonstrated the advantages of
coculture, consistent with investigations by other researchers.
The microenvironment inducement theory, as an explanation
of the mechanism of for lateral differentiation of stem cells, is
supported by the current findings.

Later, coculture with cell-to-cell contact was performed.
Results showed that ALB- and CK18&-producing cells were
widespread, while AFP only appeared in a few cells. This
indicated that hMAPCs were induced into relatively mature
hepatocyte-like cells on the fifth day of direct coculture, even
earlier than in indirect coculture, suggesting that, apart from
specific features of the microenvironment, contact between
cells, which permits signaling communication, may also play
a role in this inducement. Another explanation for the earlier
differentiation in direct coculture may be the relatively high
concentration of cellular factors inducing differentiation in the
location of contact. Moore et al. [17] examined the effects of
cocultivated hepatocytes on the hepatospecific differentiation
of murine ESCs, utilizing an established mouse ESC line
expressing high or low levels of E-cadherin. They compared
cocultures of cadherin-expressing ESCs (CE-ESCs) with cultured
rat hepatocytes, allowing for either paracrine interactions
(indirect cocultures) or both juxtacrine and paracrine
interactions (direct cocultures, random and patterned).
Comparison of single ESC cultures versus cocultures show that
direct contact cocultures of hepatocytes and CE-ESCs maximally
promoted ESC commitment towards hepatodifferentiation,
suggesting cooperative effects of cadherin-based juxtacrine and
paracrine interactions. In contrast, E-cadherin deficient mouse

ESCs cocultured with hepatocytes failed to show increased GOP
expression, confirming the role of E-cadherin expression.

Mizuguchi et al. [6] demonstrated that, when cocultured with
hepatocytes, bone marrow-derived matrix cells proliferated
more actively, compared to when they are cultured separately,
and the functions of hepatocytes were enhanced by coculturing,
In light of this finding, we assume that massive proliferation of
hMAPCs could occur in vitro. These could then be cocultured
with human hepatocyte lines, or an original generation of
human hepatocytes. With the development of cell culture
methods such as sandwich collagen gel formation [18], we can
generate 10° cells differentiated from hMAPCs and having
comparatively good functions specific to hepatocytes in a short
time period, as required for HBAL.
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