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Abstract

AIM: To investigate the differentiation of rat bone mar-
row stem cells in liver after partial hepatectomy.

METHODS: Bone marrow cells were collected from the
tibia of rat with partial hepatectomy, the medial and left
hepatic lobes were excised. The bone marrow stem
cells (Thy*CD3'CD45RA™ cells) were enriched from
the bone marrow cells by depleting red cells and
fluorescence-activated cell sorting. The sorted bone
marrow stem cells were labeled by PKH26-GL /in vitro
and autotransplanted by portal vein injection. After 2
wk, the transplanted bone marrow stem cells in liver
were examined by the immunohistochemistry of albumin
(hepatocyte-specific marker).

RESULTS: The bone marrow stem cells (Thy"CD3"
CD45RA’ cells) accounted for 2.8% of bone marrow cells
without red cells. The labeling rate of 10 pM PKH26-
GL on sorted bone marrow stem cells was about 95%.
There were sporadic PKH26-GL-labeled cells among he-
patocytes in liver tissue section, and some of the cells
expressed albumin.

CONCLUSION: Rat bone marrow stem cells can dif-
ferentiate into hepatocytes in regenerative environment
and may participate in liver regeneration after partial
hepatectomy.
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INTRODUCTION

Recent studies indicate that mice and human bone marrow
cells can differentiate into hepatocytes in normal liver
and rat bone marrow cells can turn into hepatocytes in
severely damaged liver with the suppression of hepatocyte

1-6)
1 However, whether rat bone marrow stem

proliferation
cells can differentiate into hepatocytes in liver after partial
hepatectomy remains unclear. The aim of this study was to
investigate the differentiation of rat bone marrow cells in

regenerative environment after partial hepatectomy.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats weight 170-190 g were obtained
from the Animal Center of Peking University People’s
Hospital. They were allowed to have free access to standard

laboratory chow and kept in a 12 h light/dark cycle.

Materials

Erythrolysin, phycoerythrin-conjugated mouse anti-rat
CD45RA and phycoerythrin-conjugated mouse anti-rat
CD3 wete purchased from Becton Dickinson Inc. Fluo-
rescein isothiocyanate-conjugated mouse anti-rat Thy-1.1
was obtained from Pharmingen Inc. PKH26-GL was pur-
chased from Sigma Inc. Mouse anti- albumin antibody was
obtained from Dako Inc. FITC-labeled anti- mouse IgG
was supplied by Zhongshan Inc. RPMI 1640 was from
Gibco Inc.

Partial hepatectomy rat model

The rats were anesthetized with intraperitioneal injection
of sodium pentobarbital (35 mg/kg body weight). Local
skin was sterilized by routine method. Partial hepatectomy
rat model was established by resecting medial and left liver
lobes.

Bone marrow stem cell enrichment
Under general anesthesia, bone marrow was aspirated
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Figure 1 Bone marrow stem cells sorted by flow-cytometry. A: Control; B:
Percentage of Thy'CD3'CD45RA" cells in bone marrow cells without erythrocytes
(about 2.8%).

from tibia with a syringe containing 1 mL heparin with
an 18-gauge needle. The marrow cells were transferred
to a sterile tube and mixed with 10 mL culture medium
(RPM1640 supplemented with 10% fetal bovine serum,
100 p/mL penicillin G and 100 pg/mL streptomycin). Red
blood cells in bone marrow were depleted by erythrolysin.
After washed three times with phosphate-buffered
saline (PBS), the cells were incubated at 4°C for 30 min
with fluorescein isothiocyanate-conjugated anti-Thy,
phycoerythrin-conjugated anti-CD3 and phycoerythrin-
conjugated anti-CD45RA. The cells were washed three
times and resuspended in medium. Labeled cells were
analyzed and separated with FASC-vantage (Becton
Dickinson, San Jose, CA). Gating was based on Thy-
positive, CD3-negtive and CD45RA-negtive.

Bone marrow stem cell staining with PKH26-GL

The sorted Thy' CD3' CD45RA cells were labeled by 10
uM PKH26-GL. Labeling conditions employed were
essentially as described by the manufacturer. Briefly, cells
were suspended in Diluent C at a density of 2 X 10° cells/
ml and mixed with an equal volume of the PHk26-GL
dye in Diluent C to give a final dye concentration of 10
umol/L. Labeling was carried out at room temperatutre
for 3 min. The labeling reaction was terminated by the
addition of an equal volume of fetal bovine serum.
Labeled cells were diluted with culture medium containing
serum and washed three times.

Bone marrow stem Cell transplantation

The PKH26-GL-labeled bone marrow stem cells were sus-
pended in 300 pl. of RPM1640 without serum at a con-
centration of 1 X 10° cells and autotransplanted by portal
vein injection.

Immunochemistry

The liver tissue was obtained at two weeks after partial
hepatectomy. Frozen sections were made and incubated
overnight at 4°C in 50 pl. anti-albumin antibody (1:50),
then washed three times in PBS and incubated for 1 h
at 37°C in 50 yL FITC-labeled second antibody. After
washed three times with PBS; the slides were occluded by
glycerin buffer and observed under confocal laser scanning
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Figure 2 PKH26-GL labeling of Thy’CD3'CD45RA" cells. A: Control; B:
Percentage of PKH26-GL-labeled cells in Thy’CD3'CD45RA" cells. (M1: unlabeled
cells; M2: labeled cells).

Figure 3 Red Thy'CD3'CD45RA" cells with PKH26-GL under fluorescence
microscope.

microscope.

RESULTS

Bone marrow stem cell enrichment

After erythrocytes were depleted in tibia bone marrow cells
from rats after partial hepatectomy. Bone marrow stem
cells were enriched by sorting the Thy CD3 CD45RA
cells. The sorted cells accounted for about 2.8 % (Figure 1).

Enriched bone marrow stem cell staining with PKH26-GL
The Thy CD3 CD45RA cells were labeled with 10 uM
PKH26-GL. The percentage of labeled cells was about
95% (Figure 2). The labeled Thy CD3 CD45RA’ cells were
red under fluorescence microscope (Figure 3). PKH26-
GL had no obvious effect on bone marrow cell viability.
Trypan blue staining assay showed that the cell viability of
PKH26-GL-labeled bone marrow cells was higher than
85%.

Immunohistochemistry staining for albumin

PKH26-Gl could emit red fluorescence at the wavelength
of 567 nm, while FITC could emit green fluorescence at
the wavelength of 494 nm. We tested liver tissue sections
under confocal laser scanning microscope at the two wave-
lengths respectively. There were sporadic cells with red
fluorescence among hepatocytes in liver sections (Figure
4A), suggesting that PKH26-GL- labeled bone marrow
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Figure 4 Red sporadic PKH26-GL-labeled cells (A), green hepatocytes (B), and
yellow PKH26-GL-labeled cells expressing albumin (C).

stem cells could migrate into liver. Hepatocytes showing
green fluorescence suggested that hepatocytes expressed
albumin (Figure 4B). Yellow was mixed with red and green.
Yellow cells derived from PKH26-GL labeled 7# vitro bone
marrow stem cells expressed albumin (Figure 4C). The
findings indicated that bone marrow stem cells could dif-
ferentiate into hepatocytes in regenerative hepatic environ-
ment after partial hepatectomy.

DISCUSSION

Seventy percent hepatectomy rat model is a classical animal
model to study liver regeneration. The remaining hepatic
lobes of the model rat can restore the liver mass at 2 wk
after partial hepatectomy. It has been considered that the
regeneration process is due to the proliferation of residual
mature hepatocytes. Recently, important developments
have been achieved in the field of stem cell study. Petersen
et al” used 3 separate approaches to follow transplanted
bone marrow cells and found an extrahepatic source for
the liver cells. In a careful histological analysis of irradiated
female mice that received male donor cells, the Y chromo-
some could be detected in some hepatocytes 2 to 6 mo
after transplantation in the absence of any intentional liver
injury”. In human female recipients of male bone marrow,
some hepatocytes contain the Y chromosome'™. These
findings suggest that there is a linkage between bone mar-
row cells and liver. It is hypothesized that, similar to other
organ systems, the liver has 3 levels of cells: “mature” he-
patocyte, original tissue-determined stem cells represented
in the adult organ by cells in the terminal bile ductules
(canals of Hering), and a multipotent stem cells in the liver
derived from circulating bone marrow stem cells”. How-
ever, whether circulating bone marrow stem cells can dif-
ferentiate into hepatocytes in regenerative liver after partial
hepatectomy remains unclear.

PKH26-GL shows little or no toxicity except for some

phototoxicity following prolonged exposure of PKH26-
GL labeled cells to excitation light and can be used to track
lymphocyte migration for weeks to months"'" Tt is the
dye of choice for cell migration and proliferation studies.
PKH26-GL has been used to 7z situ label mouse spleen
cells and peripheral blood neutrophils, and is particularly
effective in monitoring the iz vivo homing and proliferation
of haemopoietic stem cells"*"”. Our study showed that
10 pmol/L PKH26-GL could effectively label rat bone
marrow cells and has no obvious effect on cell viability.
PKH26-GL-labeled bone marrow cells were autotrans-
planted in rats during partial hepatectomy. After 2 wk,
there were PKH26-GL-labeled cells in liver, and the cells
expressed hepatocyte-specific marker albumin. The result
showed that bone marrow cells could differentiate into
hepatocytes in regenerative hepatic environment. Bone
marrow cells consist of white cells, erythrocyte, a few stem
cells, eze. Only stem cells could differentiate into other type
cells. As a result, the experiment indicated that circulating
bone marrow stem cells could differentiate into hepato-
cytes in liver after partial hepatectomy and bone marrow
stem cells might participate in hepatic regeneration. Fu-
jii' examined the differentiation of mice bone marrow
cells in liver regeneration after partial hepatectomy and
found that bone marrow cells participate in liver sinusoid.
They believe the bone marrow cells participation in liver
regeneration after hepatectomy, where the majorities were
committed to sinusoidal endothelial cells probably through
endothelial progenitor cell mobilization.

It has been accepted that the hepatocyte regeneration
process after partial hepatectomy is associated with the
proliferation of remaining hepatocytes. We hold that
the mechanism of hepatocyte regeneration after partial
hepatectomy includes at least two ways. That is, the
remaining mature hepatocytes proliferate and circulating
bone marrow stem cells migrate into residual liver and
differentiate into hepatocytes. With the development
and application of stem cell technique, it is possible
to obtain stem cells from bone marrow or blood and
to make the stem cells proliferate in a great deal. Stem
cell autotransplantation may become a new method to
promote liver regeneration.
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