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Abstract

AIM: To investigate intraperitoneal transplantation of
microencapsulated hepatic-like cells from human umbili-
cal cord blood for treatment of hepatic failure in rats.

METHODS: CD34" cells in umbilical cord blood cells
were isolated by magnetic cell sorting. In the /n vitro
experiment, sorted CD34" cells were amplified and
induced into hepatic-like cells by culturing with a com-
bination of fibroblast growth factor 4 and hepatocyte
growth factor. Cultures without growth factor addition
served as controls. mRNA and protein levels for he-
patic-like cells were analyzed by reverse transcription-
polymerase chain reaction, immunohistochemistry and
immunofluorescence. In the /n vivo experiment, the
hepatic-like cells were encapsulated and transplanted
into the abdominal cavity of acute hepatic failure (AHF)
rats at 48 h after D-galactosamine induction of acute
hepatic failure. Transplantation with PBS and unen-
capsulated hepatic-like cells served as controls. The
mortality rate, hepatic pathological changes and serum
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biochemical indexes were determined. The morphology
and structure of microcapsules in the greater omentum
were observed.

RESULTS: Human albumin, alpha-fetoprotein and
GATA-4 mRNA and albumin protein positive cells were
found among cultured cells after 16 d. Albumin level in
culture medium was significantly increased after cultur-
ing with growth factors in comparison with culturing
without growth factor addition (P < 0.01). Compared
with the unencapsulated group, the mortality rate of the
encapsulated hepatic-like cell-transplanted group was
significantly lower (P < 0.05). Serum biochemical param-
eters, alanine aminotransferase, aspartate aminotrans-
ferase and total bilirubin in the encapsulated group were
significantly improvement compared with the PBS control
group (P < 0.01). Pathological staining further supported
these findings. At 1-2 wk post-transplantation, free mi-
crocapsules with a round clear structure and a smooth
surface were observed in peritoneal lavage fluid, surviv-
ing cells inside microcapsules were found by trypan blue
staining, but some fibrous tissue around microcapsules
was also detected in the greater omentum of encapsu-
lated group by hematoxylin and eosin staining.

CONCLUSION: Transplantation of microencapsulated
hepatic-like cells derived from umbilical cord blood cells
could preliminarily alleviate the symptoms of AHF rats.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Substantial efforts have been made with regard to cell
transplantation as an effective supporting system for he-
patic failure and assisted therapies. However, immunologi-
cal rejection has always been an important problem for
cell transplantation. Alginate-poly-l-lysine-alginate (APA)
microcapsules have proven to be effective in protecting
enclosed target cells from immune rejection following
transplantation into experimental animals, thereby elimi-
nating the problems of immunosuppressive therapy' .
Extensive studies have also been conducted on the
cote of this therapy, namely the cell sources. The investi-
gated cells have included liver stem cells, embryonic stem
cells, human umbilical cord blood (UCB) cells and bone
marrow stem cells. Human UCB cells have some advan-
tages that other cells do not have. The frequencies of
UCB hematopoietic stem/progenitor cells exceed those
from bone marrow and peripheral blood. In our previous
study, we confirmed the differentiation of mononuclear
cells (MNCs) from human UCB into hepatocytes in three
different ways, namely co-culture with injured liver cells,
growth factor-assisted culture, and MNC transplantation
in animal models of liver injury™. In the present study, we
found that CD34" cells derived from human UCB could
be converted into hepatic-like cells that generate hepato-
cyte lineage cells. Furthermore, we encapsulated the he-
patic-like cells using an alginate method and transplanted
them into acute hepatic failure (AHF) rats to evaluate the
effects of encapsulated hepatic-like cell transplantation.

MATERIALS AND METHODS

Isolation and identification of CD34" cells

UCB (more than 80 samples) from full-term deliveries
were obtained from the Obstetrics Department of Peking
University Shenzhen Hospital. UCB cells were harvested
after written inform consent was obtained. The study
protocol was approved by the Ethics Committee of Pe-
king University Shenzhen Hospital. MNCs were isolated
from the UCB samples by density-gradient centrifugation
at 2000 r/min for 35 min using Ficoll-Hypaque (Huajing,
Shanghai, China). CD34" subpopulations were isolated
using a Miltenyi Direct CD34 Progenitor Cell Isolation
Kit (Miltenyi Biotec, Bergisch Gladbach, Germany). The
specific steps were as follows: (1) isolated MNCs were re-
suspended in a final volume of 300 pL. of PBS that con-
tained 5 g/ bovine serum albumin (BSA); (2) 100 pL of
FeR Blocking Reagent and 100 pL. of CID34 Micro Beads
per 1 X 10° total cells were sequentially added, mixed well
and incubated for 30 min in a refrigerator at 4°C; (3) cells
were passed through a magnetic column twice and puri-
fied; and (4) CD34" cells were collected, resuspended in
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Gene Primer (57-3) Amplicon
(bp)

Forward primer Reverse primer

ALB CTTTCAAAGCAT- GCAGCAGCACGA- 411
GGGCAGTAG CAGAGTAA

GATA-4 ACCTGGGACTTG- GACAAGGACATCTT- 250
GAGGATAG GGGAAA

AFP TGAGCACTGTTG- CTGAGACAG- 308
CAGAGGAG CAAGCTGAGGA

ALB: Albumin; AFP: a-fetoprotein.

100 uL PBS, incubated with 10 pL. CID34-phycoerythrin
for 10 min at 4°C and identified by flow cytometry.

Differentiation in vitro

Freshly isolated CD34" cells were primarily cultured
in Dulbecco’s modified Eagle’s medium - low glucose
(DMEM-LG, Gibco, Carlsbad, CA, USA), amplified for
3-5 d with a combination of 12.5 ug/mlL thrombopoi-
etin (TPO) (R&D Systems, Minneapolis, MN, USA),
50 ng/mL stem cell factor (SCF) (R&D Systems) and
50 ng/mL Flt-3 (R&D Systems); then induced into he-
patic-like cells by culturing in DMEM-LG that contained
50 mL/L fetal bovine serum (Gibco), 100 U/mL penicil-
lin, 100 pg/mL streptomycin, 4.7 pug/mL linoleic acid, 1 X
insulin-transferrin-selenium and 1 X 10™* mol/L L-ascorbic
acid 2-P supplemented with 100 ng/mL fibroblast growth
factor (FGF)4 (R&D Systems) and 20 ng/ml hepatocyte
growth factor (HGF; Sigma, St. Louis, MO, USA). CD34"
cells were incubated in 24-well plates at 37°C in a 5% CO2
atmosphere. Culture medium was replaced every 3 d. Cul-
tured cells were collected after 8 and 16 d. Cultures with-
out growth factors served as controls.

Total mRNA isolation and reverse transcription-
polymerase chain reaction

Total mRNA was extracted from collected cells using
Trizol (Mrcgene, Cincinnati, OH, USA). mRNA was
reverse-transcribed and the resulting cDNA was amplified
using the primer sets shown in Table 1 and a RobusT I
reverse transcription-polymerase chain reaction (RT-PCR)
Kit (Finnzymes, Espoo, Finland). Reverse transcriptase
reaction was run at 48°C for 45 min and PCR was initi-
ated with pre-denaturation at 94°C for 2 min, followed by
35 cycles of 30 s at 94°C, annealing at 58°C for 30 s and
extension at 72°C for 30 s, with 72°C for 7 min for final
extension. The PCR products were separated on a 1.2%
agarose gel.

Immunocytochemistry for CD34" cells

Cytospins prepared from cells were fixed with 4% para-
formaldehyde and 0.15% pictic acid in PBS at room tem-
perature for 20 min, then permeabilized and blocked with
10% goat serum and 0.1% Triton X-100 in PBS at room
temperature for 10 min. The cells were sequentially incu-
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bated with a mouse anti-human albumin antibody (R&D
Systems) for 30 min, a biotinylated peroxidase-conjugated
secondary antibody (Zymed, South San Francisco, CA,
USA) for 10 min, and diaminobenzidine for 10 min. Be-
tween the above steps, cells were washed with 0.1 mol/L
PBS that contained 1 g/L BSA.

Albumin determination

Culture media were collected for the quantitative deter-
mination of human albumin by ELISA using a Human
Albumin ELISA Kit (Alpha Diagnostics International,
San Antonio, TX, USA) according to the manufacturer’s
instructions.

Cell encapsulation

Cells collected after 16 d induction were washed with PBS
and resuspended in the alginate. The alginate-cell mixture
was passed though a microcapsule generator and extruded
into 40 mL 1.1% CaClz solution. The airflow rate was
adjusted for the regulation of the microcapsule diameter
between 300 and 800 pum. The capsules and CaClz solu-
tion were then transferred to 50-ml. conical tubes. After
removal of the supernatant, the capsules were gently
mixed with the wash solution and allowed to settle for
2 min. Before transplantation, a few drops of encapsu-
lated cells were placed on a slide, stained with 0.4% Try-
pan blue, covered with a cover glass and lightly pressed to
force cells out of the microcapsules. Numbers of living
cells were counted and expressed as percentages.

Induction of AHF and cell transplantation
Sprague-Dawley rats were purchased from the Experi-
mental Animal Center of Southern Medical University
(Guangzhou, China). The Scientific Committee at Pe-
king University Shenzhen Hospital approved the use of
animals for experimental purposes. Forty-cight hours
before transplantation, the Sprague-Dawley rats (weight:
180-250 g) were intraperitoneally injected at 1.4 g/kg
with a 10% D-galactosamine solution in normal saline.
On the day of the experiment, microencapsulated cells at
a density of 2 X 10° cells/ml. were prepared and trans-
planted into the abdominal cavity of rats. Transplanta-
tion with PBS only or unencapsulated hepatocyte-like
cells were performed for the establishment of control
groups. As UCB samples ate not delivered on the same
day, animal experiments were carried out by batch and
the transplantation of cells performed also on different
days. The mortality rate, hepatic pathological changes
and serum biochemical indexes were determined.

AHF rats grouping

We obtained total 135 AHF rats 48 h after injection of
D-galactosamine. They were divided into three groups
on the day of the transplantation. Namely, encapsulated
group (transplantation with encapsulated hepatic-like
cells, #» = 55), unencapsulated group (transplantation with
unencapsulated hepatic-like cells, » = 40), PBS group
(transplantation with PBS, # = 40). Among these, 76 AHF
rats were determined for hepatic pathological changes and
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serum biochemical indexes (encapsulated group, #» = 36;
unencapsulated group, # = 20; PBS group, # = 20). The
remaining 59 rats were determined for mortality rate (en-
capsulated group, # = 19; unencapsulated group, 7» = 20;
PBS group, # = 20).

Histology

The liver and greater omentum from all three groups
were fixed in 4% buffered formaldehyde overnight. Af-
ter paraffin embedding, 4-5-um thick serial sections were
stained with hematoxylin and eosin (HE) and observed
under the light microscope.

Statistical analysis

Data were expressed as the mean * SD. Mortality rate
analysis was determined by Fisher’s exact test. Serum
biochemical index statistical analysis was performed by
ANOVA using SPSS version 13.0 (SPSS Inc., Chicago,
IL, USA). Differences with P values < 0.05 were consid-
ered statistically significant.

RESULTS

Differentiation of CD34" cells into hepatic-like cells
Approximately 3 X 10°-9 X 10°/mL sorted cells were ob-
tained using the CD34 immunomagnetic bead method, and
91% of them expressed CD34 by flow cytometry analysis
(Figure 1). CD34" cells were firstly amplified 20-fold by a
combination of TPO, SCF and Flt-3, and then they were
cultured with HGF and FGF4. At 16 d, they developed
larger volumes, richer cytoplasts, and binucleated struc-
tures, as observed under a Hoffman microscope (Figure 2).
The RT-PCR showed no human albumin, a-fetoprotein
(AFP) and GATA-4 mRNA expression in CD34" cells
before the induction procedure. The expression of albu-
min and GATA-4 mRNA increased with the culture time
after the addition of growth factors, whereas the amount
of AFP mRNA expression peaked after 8 d and reduced
at 16 d (Figure 3). Cells that expressed albumin and AFP
were verified by immunocytochemical staining and ELISA
(Figures 2 and 4). The percentage of albumin- and AFP-
positive cells at 16 d was 30% and 24%, respectively. The
albumin product in culture medium was significantly
increased after culturing with HGF and FGF4 in compari-
son with control groups (P < 0.01).

Cell encapsulation and transplantation

The APA microencapsulation technique was used to en-
capsulate hepatic-like cells. The percentage of living cells
was > 80%, as determined by trypan blue staining. The
AHF animal model was successfully established using
Sprague-Dawley rats by the injection of D-galactosamine.
Pathological section of the AHF liver revealed that the
structure of the hepatic lobules was destroyed and the
hepatic cord was disordered, with large areas of denatured
and necrotic hepatocytes, and infiltrating lymphocytes
were found on the portal area at 48 h after injection. On
the day of the experiment, microencapsulated cells at a
density of 2 x 10° cells/mL were prepared and transplant-
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Figure 2 Cell culture and analyses. A: After 16 d; B: A binucleated cell; C, D: Positive staining for albumin (C) and a-fetoprotein (D) after 16 d of indction.

ed into the abdominal cavity of AHF rats. The mortality
rate and hepatic pathological changes were determined.
At 48 h after transplantation, HE staining of the encap-
sulated group revealed that the hepatic lobules were still
intact; denaturation was the major change in hepatocytes
and the area of necrosis nidus was small, and congestion
and hemorrhage were almost undetectable (Figure 5). The
mortality rate at 48 h after transplantation in three groups
was 42.1% (encapsulated group), 65% (unencapsulated
group) and 75% (PBS group), respectively. Compared
with the unencapsulated group, the mortality rate of the
encapsulated group was significantly lower (P < 0.05). In
addition, the serum biochemical indexes of ALT, AST
and total bilirubin in the microencapsulated group dif-
fered significantly from those in the PBS group (P < 0.01)
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at 48 h after transplantation, but there were no differences
between the encapsulated and the unencapsulated group
(Table 2). At 1-2 wk post-transplantation, free microcap-
sules with a round clear structure and a smooth surface
were observed in peritoneal lavage fluid, surviving cells
in microcapsules wete found by trypan blue staining, but
some fibrous tissues around microcapsules wete also de-
tected in the greater omentum of encapsulated group by
HE staining (Figure 6).

DISCUSSION

With the continued increase in people with hepatic failure
from cirrhosis and hepatocarcinoma, cell transplantation
as an effective therapy is becoming a matter of concern

February 21, 2011 | Volume 17 | Issue 7 |
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Table 2 Changes in serum biochemical indexes at different times

48 h after 48 h after transplantation 7 d after transplantation
injection D-GaIN
All 3 groups Encapsulated group Unencapsulated PBS group  Encapsulated group Unencapsulated PBS group
group group
ALT (U/L) 3242.3 + 2403.24 93.93 + 63.45" 126.1 +54.35 2459 + 67.87 42.25 +11.86 45.07 £ 10.56 47.27 +£11.08
AST (U/L) 4237.20 £ 1372.07 168.87 + 89.33° 275.7 +52.74 439.7 +£133.01 162.6 + 54.29 12452 +24.61 114.83 +16.50
TBIL (umol/L) 5.57 +1.86 1.73+1.01° 223 +£1.98 3.50+1.23 1.90 £ 0.52 2.72 +£0.96 3.72+1.18

Data are shown as means + SD. °P < 0.05; "P < 0.01, in comparison with PBS group. TBIL: total bilirubin; AST: Aspartate aminotransferase; ALT: Alanine ami-
notransferase.
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Figure 3 Reverse transcription-polymerase chain reaction analysis of Figure 4 Determination of albumin expression by Enzyme-Linked Immu-

umbilical cord blood CD34" cells cultured in vitro d 0, d 8 and d 16. ALB: nosorbent Assay. ALB: Albumin.
Albumin; AFP: a-fetoprotein.
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Figure 5 Pathological changes in the livers of acute hepatic failure rats. A: Liver at 48 h after injection of D-galactosamine; B: Liver at 48 h after microcapsule
transplantation; C: HE staining of the liver shown in section (A); D: HE staining of the liver shown in section (B).
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Figure 6 Encapsules observation. A: Microcapsules created by the Alginate-poly-I-lysine-alginate microencapsulation method; B: Microcapsule masses in the peri-
toneal lavage fluid; C: Free microcapsules in the peritoneal lavage fluid; D: HE staining shows microcapsules in the greater omentum.

for more scientists. Cell transplantation could offer meta-
bolic support when liver function is damaged, and extend
the waiting time for a liver donor™. Hepatic cell trans-
plantation via the peritoneum or spleen has shown good
prospects in clinical and animal experiments. However,
the cell sources for transplantation and the requirement
for long-term immunosuppression have caused stagnation
in this field.

There have been some intriguing studies that have de-
scribed adult stem cells displaying plasticity in recent years.
These studies have led us to consider that using adult
stem cells might cure diseases such as AHF'™, Human
UCB cells are entiched in hematopoietic stem/progenitor
cells that exceed those in the bone marrow and peripheral
blood. In compatison with bone marrow stem cells, UCB
stem cells are even more immature and with lower im-
munogenicity. In our previous study, we confirmed that
the conversion of UCB MNCs into hepatocytes by three
different ways, namely co-culture with injured liver cells,
growth-factor-assisted culture, and MNC transplantation
in AHF animal models. In the present study, we explored
the possibility that CD34" cells derived from human UCB
could be converted into hepatic-like cells. At present, the
curative effect of hepatic-like cells derived from CD34"
cells in the bone marrow has already been confirmed by
in vivo animal experiments” . This showed that an AHF
model was initially set up using immunodeficient mice,
and CD34" cells enriched by immunobeads were injected
through the tail vein or portal vein into the model animals.
Expression of differentiation markers of donor cells in
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recipient livers at different times after transplantation was
determined by fluorescence 7 sitn hybridization, immu-
nohistochemistry and molecular biological techniques. It
was found that stress-induced signals, such as increased
expression of stromal-cell-derived factor 1, matrix metal-
loproteinase-9 and HGF, recruits human CD34" progeni-
tors with hematopoietic and/or hepatic-like potential to
the liver of NOD/SCID mice'”. Furthermore, another
study has confirmed that FGE, leukemia inhibitory fac-
tor, SCF, HGF, FGF4 and oncostatin M contribute to
the proliferation and/or differentiation of hepatic cells
in different ways, and that combinations of these factors,
especially HGF and FGF4, are necessary for human UCB
cells to convert into albumin-producing cells*.

With a combination of HGF and FGF4, we have
established a 16-d culture system to induce CD34" cell
differentiation. The cultute system with HGF and FGF4
displays the capability to convert the CD34" cells from hu-
man UCB into cells with hepatocyte phenotypes, as con-
firmed by RT-PCR, immunohistochemical staining, and
ELISA. Moteovet, the positive ratio of albumin-contain-
ing cells by immunocytochemical staining was about 30%,
which is consistent with the study of Kakinuma ez 2/, All
these indicate that after proliferation and differentiation,
we could obtain many transplantable hepatic-like cells.

Although the lower immunogenicity of UCB stem
cells has advantages in heterogenic transplantation, un-
treated UCB cells can sometimes cause serious immune
rejection. How to resolve this problem is therefore a key
point for further studies. Microencapsulation offers a
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possibility to overcome the difficulty. This technique uses
microcapsules such as APA microcapsules to coat target
cells or organs, and is beneficial for heterogenic trans-
plantation because its biocompatible and semi-permeable
membranes are capable of intercepting substances with
molecular weights above 11 X 10*. Since Lim ez al™ first
presented the concept of bio-microcapsules in 1980,
artificial cell microcapsules as an effective barrier system
for immunoprotection have been successfully applied in
diabetes, parkinsonism, spinal cord injury, and peripheral
nerve regeneration[ls’m].

Our study examined coated hepatic-like cells derived
from UCB by the APA microencapsulation technique. The
obtained microcapsules exhibited a good smooth surface
and integrated appearance. Furthermore, living cells inside
the microcapsules were > 80% as determined by trypan
blue staining, The mortality rate of AHF rats transplanted
with microencapsulated hepatic-like cells significantly de-
creased in comparison with AHF rats transplanted with
unencapsulated cells. In addition, there were significantly
better outcomes in serum biochemical indexes such as
ALT, AST and total bilirubin in the encapsulated group
than in the PBS group, but no differences were observed
between the encapsulated and the unencapsulated groups.
Liver pathological staining supported these findings. The
reason why the latter two groups showed no difference re-
quires further exploration, although it is possibly related to
the lower number of encapsulated cells. There have been
some studies to support the notion that microcapsules
provide the encapsulated cells with a good living space,
and can significantly increase their survival time, therefore,
we could theoretically reduce the number of transplanted
cells”
croencapsulated hepatic-like cells could offer a metabolic
support to AHF rats in the short term, but it is not suf-
ficient to interrupt or repair the damage of the recipient
hepatocytes.

In our study, the pathological staining clearly showed
liver recovery at 7 d after induction of AHF with D-galac-
tosamine. At 2 wk post-transplantation, the morphologi-
cal form of free microcapsules could be observed in the
peritoneal lavage fluid, and showed round clear structures
and smooth surfaces, and some microcapsule fragments
were observed as well. HE staining revealed that some
microcapsules attached to the greater omentum exhibited
lymphocyte invasion surrounded with fibrous tissues.
Although transplantation of microencapsulated hepatic-
like cells could preliminarily alleviate the symptoms of
AHTF rats, their short lifespan and varying stability are
still problems for the further use of the technique. The
improvement in the airflow encapsulation system might
be considered to yield sufficient uniformity in the size of
microcapsules“sj.

Transplantation of microencapsulated cells could
provide a temporary metabolic support to AHF patients
and/or be a transitional treatment, because its mechanism
is not only related to the immunosuppressive and substitu-
tion effects of the transplanted cells, but is also associated

. Our data suggest that the transplantation of mi-
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with liver repair promoted by the transplanted cells. This
new approach could provide a potential alternative for se-
vere liver diseases.

COMMENTS

Background

With the continued increase in people with hepatic failure from cirrhosis and
hepatocarcinoma, cell transplantation could offer metabolic support when liver
function is damaged, and extend the waiting time for a liver donor. However, the
cell sources for transplantation and the requirement for long-term immunosup-
pression have caused stagnation in this field.

Research frontiers

Alginate-poly-I-lysine-alginate (APA) microcapsules have been proved effective
in protecting enclosed target cells from immune rejection following transplanta-
tion into experimental animals. Many studies have been conducted on the cell
sources such as liver stem cells, embryonic stem cells, umbilical cord blood
(UCB) cells and bone marrow stem cells.

Innovations and breakthroughs

The research team led by Professor Yu has established an artificial cell micro-
capsules platform, which is based on APA microcapsule technology and stem cell
differentiation, to study the therapeutic effects of intraperitoneal transplantation of
microencapsulated hepatic-like cells derived from UCB cells on AHF in rats. The
effective immunoprotectivity of artificial cell microcapsules has been observed in
this study, which suggests that the transplantation of microencapsulated hepatic-
like cells could offer a metabolic support to AHF rats in the short term, but it is not
yet sufficient to interrupt or repair the damage of the recipient hepatocytes.
Applications

Transplantation of microencapsulated cells could provide a temporary metabolic
support to AHF patients and/or be used as a transitional treatment. This new
approach could provide a potential alternative for severe liver diseases.

Terminology

UCB was obtained from full-term deliveries at the Obstetrics Department of Pe-
king University Shenzhen Hospital. Hepatic-like cells were induced from UCB
CD34" cells by culturing with FGF4 and HGF. Alginate-poly-I-lysine-alginate
microcapsules have biocompatibility and semi-permeable membranes, and can
intercept substances with molecular weights > 1.1 x 10°.

Peer review

Zhang et al reported that CD34" cells sorted from human UCB cells were
cultured for 16 d in a specific medium and could differentiate into hepatocyte-
like cells. When the hepatocyte-like cells were encapsulated by alginate and
intraperitoneally transplanted into rats with galactosamine-induced AHF, the
number of surviving rats increased compared to that of control rats at 2 d after
transplantation. Although the differentiation of CD34" cells derived from UCB
to hepatocyte-like cells has been reported, it is interesting to use the peritoneal
injection of alginate-encapsulated hepatocyte-like cells for the alleviation of
AHF. If the preserved UCB cells are used for the treatment of AHF and related
diseases, it will be beneficial to the patients.
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