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Abstract

AIM: To explore the expansion and differentiation of
hepatocytoid cell induced from myeloid mesenchymal
stem cell (MSC) /n vitro, in order to find suitable resource
of hepatocytes for bioartificial liver or liver transplantation.

METHODS: The rat myeloid MSC was isolated and di-
vided into three groups which were cultured by Frieden-
steion method, and then were induced by culture fluid,
culture fluid plus cholestatic serum and culture fluid plus
hepatocyte growth factor (HGF), respectively. Hepato-
cytoid cell as well as expression of CK18 and AFP was
observed by immunohistochemistry.

RESULTS: After the induction for 21 d, hepatocytoid cell
was observed, and its expression of CK18 and AFP was
detected by immunohistochemistry in MSC cultured with
cholestatic serum. Furthermore, on the 35™ d, albumin
mRNA was expressed in the cell, suggesting the inducing
effect was similar to that by HGF.

CONCLUSION: Rat myeloid MSC can differentiate into
hepatocyte lineage under appropriate condition. This
method is easy to operate.
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INTRODUCTION

Over the past few years, great progress has been made in
the research of stem cell. It has been proved that some
stem cells in bone marrow can differentiate into various
kinds of cells. Therefore, through culturing myeloid stem
cells 7 vitro, and providing suitable conditions, these cells
can be induced to generate and differentiate into other
cells. There have been some reports that application
of cytokines such as hepatocyte growth factor (HGF),
fibroblast growth factor-4 (FGF-4) might promote myeloid
stem cells to proliferate and differentiate into hepatocytoid
cell. However, the cytokines are costly. This study was to
explore a convenient way to induce myeloid mesenchyme
stem cell (MSC) into hepatocytoid cell 7 vitro.

MATERIALS AND METHODS

Materials

One-month-old Wista rats were provided by the Animal
Center of Tongji Medical College, Huazhong University
of Science and Technology. Rat recombinant hepatocyte
growth factor (HGF) (R&D Co.), Dulbecco’s minimum
essential medium (DMEM) (Gibco), fetal bovine
serum(FBS, Hyclone), N-2-hydroxyethylpiperazine-N’
-2’-ethanesulfonic acid (HEPES), galactose solution of
insulin, transferrin and selenite(ITS) (Sigma), micotinamide,
trypsinase(Gibco), proline(Wuhan Lingfei Bio. Co.), alpha
fetoprotein(AFP) monoclonal antibody (MoAb) (Santa
Cruz Co.), cytokinin 18 (CK18) MoAb, biotin labeled
Ab, diaminobenzidine(DAB), streptavidin peroxidase
(S-P) (Beijing Zhongshan Co.), deoxy-ribonucleoside
triphosphate (dANTPs), Pyrotest Taq enzyme(Bao Bio
Ltd. Co.), Bio-11-dUTP (Huamei Biotech Co), Deion
formamide, salmon sperm DNA(Sigma), fluorescein
isothiocyanate (FITC) labeled antibiotin(Boshide) and
albumin primer 5’ATACACCCAGAAAGCACCTC3, 5’
CACGAATTGTGCGAAGTC AC3’ (Shenggong Co)

were prepared.

Methods

Isolation and culture of myeloid MSC: According to
the literature!”) rat femurs were separated under aseptic
condition. The myeloid cell, after douched and blew
out from the bone with culture fluid (5 mL DMEM +
10% FBS), was added to the culture fluid to make cell
suspension. Then the culturing was begun with the
supplementation of fluid of DMEM, 10% FBS, 100 U/
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mL penicillin and 100 U/mL streptomycin, at 37°C, in 50
mL/L CO2 environment. On the third day non-adherent
cell was removed and the remaining cells were allowed to
grow. On the 10th d the confluent cells were trypsinized
and passaged. When the laminating cell with typical cellular
appearance was observed, 0.25% trypase was added for
digestion for 5-10 min and then the whole medium was
added to terminate the digestion. When the innoculation
density was 1 X 10"/cm’, the nutrient medium was added
and the serial subcultivation was begun. The above
procedute was repeated to passage for every 3-4 d.

MSC differentiation potency detection: The third
generation MSC was inoculated onto 6-well culture plate
(density: 5 x 10*/mL), and the induction culture fluid (0.05
g/L vitamin C, 40 ng/ml. dexamethasone, 10 mmol/L 8
sodium glycerophosphate) was added. Then the cell was
passaged for every 4 d. On the 15" d autoclaved coverslips
were put into the media and 3 d later the coverslips were
taken out and were stained by alkaline phosphatase.

Cholestatic serum preparation: Male rats with weight
of 400 g were anesthetized with Pentothal and their
abdomens were degermed. After the abdominal cavities
were opened, their choledochuses wete ligated and then
the bellies were sutured. Given normal feed for 10 d, those
rats wete dissected again at abdomen to obtain blood from
inferior caval vein. The serum was separated and preserved
in refrigerator at -40°C.

Group division: Three groups, including MSC culture
group (only with culture fluid), MSC cultured with
cholestatic serum (5%) group and MSC cultured with
HGF (0.5 mg/mL) group, wete divided. The culture fluid
composed of DMEM, 10% FBS, 15 mmol/L HEPES,
10 mmol/L niacinamide, 1 mmol/L vitamin C, 10~
mol/L dexamethasone, 1 mg/mL galactose, 30 ug/mL
proline, ITS and antibiotics. All the cells were inoculated
onto 6 well culture plate and allowed to cteep on the
plate coverslips custodited with polylysine (0.025%). The
morphology of the cell was observed on the 7" 14" 21"
and 35" d according to the literature ! and during those
days the coverslips were taken out and fixed with paraform

(4%) for 30 min.

Detection methods: The expression of CK18 and AFP
by the cells was detected by immunohistochemistry and
S-P method, with PBS instead of Ist-antibody in negative
control. The albumin expression was detected by iz situ
hybridization. Biotin random primer labeling method was
applied as albumin labeling probe.

RESULTS

Observation of cell growth condition

Growth condition of MSC culture group: The
primary cells adhered to the wall after cultured for 48
h, and the adhered cells increased gradually afterward.
After 3 passages, on the 14™ d, the cells showed uniform
morphology (Figure 1) like fibroblast and grew as grass
bunch or whirlpool.

Figure 1 After 3 passages, on
the 14" d, the cell showed uniform
morphology: fusiform shape or
polygon shape, like fibroblast and

. grew as grass bunch or whirlpool
(100 x).

Figure 2 Growth condition of MSC cultured with cholestatic serum. A: Cultured
with cholestatic serum for 7 d, peripheral cell of the clone showed cuboidal
morphology, which is characteristic of hepatocytes (100x); B: Cultured with
cholestatic serum for 35 d, all MSCs showed cuboidal morphology, which is
characteristic of hepatocytes (100x).

Figure 3 Growth condition of MSC cultured with HGF. A: Cultured with HGF for 7
d, peripheral cell of the clone showed cuboidal morphology, which is characteristic
of hepatocytes(100x); B: Cultured with HGF for 35 d, all MSCs showed cuboidal
morphology, which is characteristic of hepatocytes (100x).

Growth condition of MSC cultured with cholestatic
serum group: From the 35" d, the cell shape changed
from fusiform to polygon and the proportion of the
polygon cell increased with time. Meanwhile, the cell
proliferation was also slowed. These phenomena appeared
first in the periphery of the cell clone, and gradually
extended into the whole cell clone (Figure 2).

Growth condition of MSC cultured with HGF group:
The characteristics of the cell in this group were similar to
that in MSC cultured with cholestatic serum group (Figure 3).

MSC identification

After induced by vitamin C, dexamethasone and 3 sodium
glycerophosphate, respectively, the cells gradually changed
to different morphological forms, like triangle, fusiform
and polygon. With the prolongation of culturing time,
the cell population increased and cell volume enlarged.
On the 15" d, the cell endochylema was full and the
cells connected with each other with ecphyma. Alkaline
phosphatase staining showed positive (Figure 4). This
verified that the cells isolated were MSCs.

Expression of CK18 and AFP

Expression of AFP by the cell was observed on the 14"
d and expression of CK18 was detected on the 21™ d
in MSC cultured with cholestatic serum. And these two
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Figure 4 MSC identification. A: Induced by vitamin C, dexamethasone and f
sodium glycerophosphate, MSC differentiated into osteoblast (200x); B: Alkaline
phosphatase stain showed positive (400x); C: Alkaline phosphatase stain negative
control (100x).

Figure 5 Expression of CK18 and AFP. A: Cultured with cholestatic serum for 14 d,
MSC expressed AFP by S-P method (100x); B: Cultured with HGF for 14 d, MSC
expressed CK18 by S-P method (100x); C: Negative control (100x).

manifestations could still be observed on the 35" d. As
comparison, MSC cultured with HGF also showed the
same distinction but the other groups did not show the
feature (Figure 5).

Expression of albumin

Albumin was expressed both in MSC cultured with
cholestatic serum and MSC cultured with HGF groups,
but the former was more significant (Figure 06).

DISCUSSION

There are two approaches to isolate MSCs including whole-
bone marrow method ” and density gradient centrifugation
method”. The former, by which we employed in this
experiment, is to purify MSCs by removing the non-

attached cells when culture fluid is changed, according to
the different adhering capabilities of stem cell. The latter
is by adherently culturing mononuclear cell, based on the
conception that different cell component in myeloid has
different density. Nowadays, some new techniques have
been developed to isolate MSCs, such as flow cytometry
and immunomagnetic beads method. However, those
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Figure 6 Expression of albumin. A: Culture with cholestatic serum for 35 d,
expression of albumin was confirmed by in situ hybridization (FITC dyeing ) (400
x); B: Culture with HGF for 35 d, expression of albumin was confirmed by in situ
hybridization (FITC dyeing ) (400x).

|

new methods, being costly and technically difficult, have
defect of inhibiting proliferation after sorting. So we
preferred the whole-bone marrow method to purify MSC
in this experiment, although the cells were of inadequate
uniform, and heterogeneous in population.

Up to now, there has been no agreement on the
phenotypical characterization of a “pure” population
of human MSC despite the panoply of surface antigens
reported to be expressed on MSC"®. Therefore,
identification of MSC has been a puzzle. In 1999, Pittenger
et al” isolated MSC from human flank bone marrow and
proved that MSC is pluripotent stem cell in that it could be
induced into osteoblast, chondrocyte and lipocyte. Thus,
through analyzing the differentiation phenotype during
culturing, we could identify MSC. In our experiment, it
was observed that osteoblast cytoplasm was basophilic
and AKP stain positive. Because the osteoblast was the
unique cell in differentiated MSC population, it proved the
existence of MSC.

Recently, Verfaillie ¢ a/” demonstrated that multipotent
adult progenitor cells(MAPCs) from rat, mouse and
human could differentiate into functional hepatocytes.
They detected that the cells could synthesize urea, albumin
and amylon, possess activity of cytochrome P450, adsorb
a-low-density lipoprotein and did not have carcinogenesis
process. It was not clear whether the MSCs we isolated
included MAPCs; nevertheless, the cell could excrete
CK18, AFP and albumin, which functions were similar to
that of hepatocytes. AFP and CK18 are the characteristic
proteins expressed during hepatocyte development.
In addition, the method we used was convenient, easy
to perform, not expensive and the cell still maintained
cleavage and differentiation activity after numerous
generations, thus it has wide application value in future.

Many investigationsm have revealed that bone marrow
stem cell (BMSC) or purified hepatic stellate cell (HSC)
can differentiate into hepatocytes. To find a suitable
inducing condition has become a research hotspot lately.
From the results of our study, it could be inferred that the
induction of MSC by the cholestatic serum was probably
through humoral signal pathway. The likely mechanism is
as follows: after the choledochus was ligated, acute hepatic
necrosis developed, and the liver was atrophy with a large
amount of ascites in abdominal cavity; then hepatocyte
growth promoters such as HGF, EGF and FGF were
produced; and the cholestatic serum containing those
cytokines might promote differentiation of MSC.

The concentration of cholestatic serum in our study,
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50 mI./L, with coincidence to the literature™'” had a

good effect to induce hepatocytoid cell to secrete CK18,
AFP and albumin. But the constituent of cholestatic
serum, being complicated and with individual variation
could not be detected precisely; therefore it needs further
exploration to define ingredients of the cholestatic serum,
and moreover, to verify the function of synthesis and
secretion, as well as metabolism and non-carcinogenesis
nature of the induced hepatocytoid cell. Bone marrow
stem cells represent a safe and accessible source of stem
cells, and the use of MSCs provides a potential treatment
approach for severe liver diseases.
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