
International Journal of Stem Cells Vol. 3, No. 2, 2010

ORIGINAL ARTICLE

154

Accepted for publication June 3, 2010
Correspondence to Alaa Ismail

Surgery Department, Faculty of Medicine, Ain Shams University, 
1 Tadhyia Square, Cairo, Egypt 
Tel: ＋20-122142526, Fax: ＋20-122142526
E-mail: AHISMAIL2002@yahoo.com

Migration of Human Umbilical Cord Blood Cells into Rat Liver

Alaa Ismail1, Ehsan Hassan2, Mohamed I Seleem3, Medhat Hassan3, 
Firas Z ElDeen1, Ahmed Salah1, Abdulhafez A Selim4

1Surgery Department, Faculty of Medicine, Ain Shams University, Cairo, Egypt, 2Pathology Department and 3Surgery Department, 
National Hepatology and Tropical Medicine Research Institute, Cairo, Egypt, 4Research and Development, Osteotech Inc., NJ, USA

Background and Objectives: Cell therapy provides an effective strategy for the treatment of an impaired liver. Human 
umbilical cord blood progenitor cells have the potential to differentiate into hepatocytes. Progenitor cells transplanted 
into the spleen could migrate directly into the liver through portal circulation. To track migration of human umbilical 
cord blood progenitor cells in cirrhotic rat liver after intrasplenic transplantation and to prove the possibility similar 
behavior of human umbilical cord blood nucleated cells in humans.
Methods and Results: Umbilical cord blood samples from full-term deliveries will be collected after obtaining an in-
formed consent from the mother. The collection procedure will be conducted after completion of delivery and will 
not interfere with the normal obstetric procedures. Adult male Sprague Dawley rats were subjected to liver cirrhosis 
by intraperitoneal injection of thioacetamide. Cirrhotic rats were treated with human umbilical cord blood nucleated 
cells by intra-splenic transplantation. Migration of intrasplenic transplanted human umbilical cord blood cells to the 
liver was successfully documented with Immunohistochemistry. The liver and spleen from recipient animals were 
removed. Histopathological and immunohistochemical analysis were performed 20 weeks after intrasplenic injection 
of the cells. Intrasplenically injected cells migrate to the liver of recipient animals.
Conclusions: Human cord blood nucleated cells have the potential to differentiate into hepatocytes and substantially 
improve the histology and function of the cirrhotic liver in rats. Relocation into liver after intrasplenic transplantation 
could be detected by immunohistochemistry. Transdifferentiated cells could be efficiently stained with antihuman 
hepatocytes.
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Introduction 

  Cell transplantation provides an effective strategy for 
the treatment of an impaired liver or liver failure. When 
compared with orthotopic liver transplantation, stem cell 
transplantation has the advantages of lower cost, lower 
risk, and simpler manipulation of the procedure. Autolo-
gous cell transplantation helps prevent immunologic re-

jection, which is always a problem for orthotopic liver 
transplantation, and it bears great potential usefulness as 
a transient therapy before liver transplantation (1).
  Exploitation of high regeneration and differentiation of 
stem cells may solve this problem. Transdifferentiation of 
different kinds of stem cells into hepatocytes has been pre-
viously demonstrated with embryonic stem cells, hepato-
blasts (mostly in fetal liver), hepatic oval cells (mostly in 
mature liver), pancreatic progenitor cells, bone marrow 
hematopoietic stem cells, and mesenchymal stem cells 
(MSCs) (2-5). Bone marrow-derived stem cells exhibited 
better prospects in terms of practical applicability as sur-
rogates of hepatocytes for transplantation in MSCs. Both 
in vitro and in vivo, studies appeared to support bone 
MSCs (BMSCs) as being more potent in hepatocytic trans-
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differentiation (6-9). 
  In the late 1980s and early 1990s, physicians began to 
recognize that blood from the human Umbilical cord and 
placenta was a rich source of stem cells. This tissue sup-
ports the developing fetus during pregnancy, is delivered 
along with the baby, and, is usually discarded. Since the 
first successful umbilical cord blood transplants in chil-
dren with Fanconi anemia, the collection and therapeutic 
use of these cells has grown quickly (10). There have been 
suggestions that umbilical cord blood contains stem cells 
that have the capability of developing cells of multiple 
germ layers (multipotent) or even all germ layers, e.g., en-
doderm, ectoderm, and mesoderm (11).
  The cells can be delivered into the recipient using one 
of the following routes; systemic, intraperitoneal, intra-
hepatic or intrasplenic.

Systemic infusion
  Peripheral infusion is an easy and convenient way of 
stem cells delivery, with less invasive and non-traumatic, 
without the need of advanced medical equipment, there-
fore most stem cell implantations are done via this strat-
egy (12).
  However, as a systemic administration, there are con-
cerns of side effects, such as fever and immune reaction. 
Moreover, systemic intravenous delivery of stem cells may 
cause entrapment of donor cells in the lungs (13). Pretre-
atment with the vasodilator sodium nitroprusside may re-
duce the number of cells entrapped (14).

Intraperitoneal injection
  The peritoneal cavity has long been used as a favorable 
site for therapeutic cell transplantation, with the advant-
age that large volume of cells can be implanted, techni-
cally easy to perform, less traumatic and less invasive, and 
no concern of organ embolism (15). In addition, in the cir-
cumstances of liver disease, proliverproliferation growth 
factors and cytokines produced from transplanted cells 
can be drained directly to the portal venous system, thus 
enhancing liver regeneration (15).

Intrahepatic injection
  Intrahepatic injection of stem cells is another route of 
local administration. When fractionated human mesen-
chymal stem cells, CD34＋cells (5), where directly xeno-
grafted to allylalcohol (AA) treated rat liver by intra-
hepatic injection, human hepatocyte like cells, evidenced 
by positive human AFP, albumen, cytokeratin (8), cyto-
keratin (18) were observed in recipient livers with mesen-
chymal stem cell fractions (16). In the congenital absence 

of albumin in Nagase analbuminemic rats (NARs), liver 
infusion of allogenic bone marrow stem cells (BMSCs), 
eight weeks later, the serum albumin levels demonstrated 
significantly higher levels to the control group. On the 
mean time, the hepatocyte-like cells expressing albumin 
in the liver of NARs were detected indicating that BMSCs 
can differentiate into hepatocyte-like cells when infused 
intrahepatically (16).
  Direct hepatic infusion of stem cells would be favorable 
for the cells repopulating in the liver, however, the proce-
dure is complicated and invasive, severe trauma may oc-
cur, in addition, in diseased liver, the microenvironment 
of the liver may not be amenable for the stem cells to re-
populate and function (17). Stem cells infused from portal 
vein may reside in the periportal areas and repopulate 
quickly compared to the peripheral systemic infusion (18). 
In a clinical setting, intraportal infusion of autologous 
BMSCs subsequent to portal venous embolization of the 
right liver segments, used to expand the left lateral hep-
atic segments, results showed a 2.5 folds increased mean 
proliferation rates of the left lateral segments compared 
to the conrol group. These data highlights the therapeutic 
potential of intraportal injection of autologous BMSCs for 
accelerating hepatic regeneration (19).
  Stem cells infusion via portal vein may have some dis-
advantages. Firstly, the procedure is complicated and 
invasive. Secondly, it may cause portal hypertension and 
further liver damage. Finally, transplanted cells may mi-
grate to systemic veins and cause embolism of other or-
gans, such as lung and brain (20).

Intrasplenic injection
  The intraportal method of administration has obvious 
advantages, however, the liver carries the inherent dis-
advantage that is a vital organ and can’t be removed if 
problems arise following transplantation, in this regard, 
the spleen has unique anatomic affinity with the liver, 
when the diseased liver is not suitable for stem cells trans-
plantation, intrasplenic transplantation may retain the 
cells in the spleen and implement the functions. Blood in 
spleen directly drains to liver, so in intrasplenic trans-
plantation, the factors and cytokines drains to the remnant 
liver, this maintains the factors in high concentration in 
portal system and in remnant liver, so enhances the rem-
nant liver regeneration (20). Intrasplenic transplantation 
has long been used as a route of cell delivery for liver 
diseases. Intrasplenic transplantation of hepatocytes in-
creased survival of the totally hepatectomized rats (21). 
Intrasplenic transplantation of human fetal immortal hep-
atocytes could prolong survival of 90% hepatectomized 
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rats (22).
  However, because splenic vein directly drains to the 
portal vein, some stem cells transplanted in spleen may 
reside in spleen, majority of the cells will migrate to liver 
via portal vein system, this can cause portal vein embo-
lism. Previous reports showed that cells intrasplenically 
transplanted can cause impairment of hepatic microcir-
culation and hepatic function, and cause complications in 
the early transplantation (23). Hence, certain methods 
have been developed to prevent the intrasplenic trans-
planted cells from migrating to the systemic circulation, 
such as the temporary complete occlusion of splenic vessel 
during infusion may reduce embolization, sudden death 
and portal hypertension (23).
  Since both fulminant and chronic liver failure may re-
quire replacement of more than 10% of functional liver, 
the cell mass required for transplantation into the liver 
will be significantly higher. 
  The liver cell mass is restored primarily through divi-
sion of the majority of mature hepatocytes. A stimulus to 
regeneration such as two-thirds partial hepatectomy pro-
motes increases in carbamyl phosphate synthetase I activ-
ity with subsequent liver hypertrophy. This early experi-
ence suggests that this therapeutic approach has the po-
tential of enhancing and accelerating hepatic regeneration 
in a clinical setting (24). Much of the excitement in stem 
cell research centers on embryonic stem cells because of 
their high plasticity, but this approach remains con-
troversial for ethical reasons (25). The injected embryonic 
stem cells formed teratomas when injected subcutaneously 
in non obese diabetic/severe combined immunodeficient
(NOD/SCID) mice (26). However, adult stem cells from 
bone marrow (BM) are well characterized and have long 
been used therapeutically (27).The BM compartment is
largely made up of hematopoietic stem cells (HSC) and 
committed progenitor cells, non-circulating stromal cells 
(called mesenchymal stem cells (MSC)) that have the abil-
ity to develop into mesenchymal lineages (28). HSC are 
adult stem cells and can be identified by their ability to 
differentiate into all blood cell types and reconstitute the 
hematopoietic system in a host that has been lethally mye-
lo ablated (29). It was previously thought that adult stem 
cells were lineage restricted, but recent studies demon-
strated that BM-derived progenitors in addition to haema-
topoiesis also participate in regeneration of ischemic my-
ocardium, damaged skeletal muscle and neurogenesis (30).

Materials and Methods

Induction of cirrhosis in rats
  Six-week old male Sprague Dawley rats were used. 
Liver cirrhosis was induced by intraperitoneal injection of 
thioacetamide (TAA) 20 mg/kg body weight, twice weekly 
for 12 weeks. TAA was dissolved in 0.9% NaCl and was 
injected intraperitoneally according to Horri et a1., 1993 
(31). At the end of the 12 weeks, biochemical analysis for 
liver function tests as well as histopathological analysis of 
the liver was done to confirm induction of cirrhosis.

Preparation of cells
  Collection of UCB: Human cord blood was obtained 
from Department of Obstetrics and Gynecology, Ain 
Shams University and El Galaa teaching hospitals after in-
formed consent obtained from mothers. At the end of the 
normal delivery process and after the complete separation 
of the placenta, blood was collected under complete asep-
tical technique and was transported immediately to the 
laboratory. Separation procedures were usually performed 
within 2-3 hours from collection.
  Isolation of nucleated cells from UCB: Fifty ml of 
umbilical cord blood was taken from each sample (n=46) 
and diluted with an equal volume of phosphate buffer sol-
ution (PBS). The diluted umbilical cord blood was layered 
over an equal volume of Ficoll-Paque (1.077 g/mL-Gibco). 
Nucleated cells (NCs) were recovered from the gradient 
interface and washed twice with PBS after centrifugation 
at 1200 rpm/min for 20 minutes.

Intrasplenic transplantation procedures
  The animals were anesthetized using ether inhalation 
and abdominal incision was done, the spleen was exposed, 
the cells were injected into the spleen parenchyma over 
approximately 10∼15 seconds. Using a 26-gauge syringe, 
cells were injected at a dose of 5×105 cell/ rat in 0.5 ml 
PBS. The control group received PBS instead of cells. The 
abdominal incision was closed and the animals were moni-
tored closely until recovery. Eight weeks post-trans-
plantation and before scarification, blood samples were 
drawn from the inner plexus of the eye and liver function 
tests were performed. The animals were sacrificed, the liv-
er and spleen were excised, and tissue pieces were taken 
for histopathology and immunohistochemical studies.

Histopathological and immunohistochemical study 
  Rat liver and spleen were dissected; several random 
strips from each lobe were fixed in 10% formalin and em-
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Fig. 1. (A) cirrhotic nodules sur-
rounded by thick fibrous tissue sep-
ta (Masson trichrome ×200). (B) 
Thin resolved septa and regenera-
tion of hepatocytes 8 weeks post-tr-
ansplant (HE stain ×100).

bedded in paraffin. Tissue sections 4um thick were taken 
from each rat and organ. For histopathological examina-
tion, sections were stained with H&E as well as Masson 
trichrome stain for detection of fibrosis. To investigate the 
hepatic differentiation of cord blood cells injected into the 
spleen of cirrhotic rats and their liver engraftment, we 
traced UCB cells by immunostaining analysis with antihu-
man hepatocyte antibody (Clone OCHIE 5; DACO) as the 
primary antibody which reacts only with human hep-
atocytes but not with rat hepatocytes. The sections were 
deposited on charged glass slides. Slides were dried com-
pletely and deparaffinized and rehydrated in xylene and 
grades of alcohol, the slides were exposed to epitope re-
trieval by placing them in boiling water containing 0.01 
ml/L sodium citrate buffer (PH6) for 15 min. Followed 
by quenching of endogenous peroxidase with 1% hydrogen 
peroxide (H202) for 10 minutes. The primary antibody 
was applied for 24h in humid chamber. The primary anti-
body was detected using ABC complex and developed with 
DAB as substrate the slides were counterstained with 
hematoxylin, mounted in DPX and covered with cover 
slips.

Results

  In our study mortalities between animals during the in-
duction of cirrhosis reached 60%. There was elevation of 
the liver enzymes and impairment of the synthetic func-
tions of the liver represented by the significant decrease 
in serum albumin and the significant rise of total bilir-
ubin and INR of cirrhotic; these results confirm the in-
jurious effect of Thioacetamide on hepatocytes rats. Gross 
examination of livers retrieved after animal sacrifice 
showed yellow firm, shrunken liver with nodular surface, 
cut section showed yellow cirrhotic nodules. Histopatho-
logical examination revealed distorted architecture, ductu-
lar proliferation and regenerative parenchymatous nodules 
surrounded by fibrous connective tissue septa Fig. 1A. In 
this study, we injected nucleated cells derived from UCB 
into the spleen of immunocompetent rats after induction 

of cirrhosis without immunosupression. The histological 
sections didn’t show significant inflammatory aggregates 
indicating that graft was not rejected. No apoptosis was 
detected indicating that implanted cells survived in the re-
cipient tissues. Histopathologic examination also showed 
significantly decreased fibrosis and marked liver re-
generation as well as better restoration of architecture as 
shown by H&E (Fig. 1B). 
  Liver sections of transplanted animals were stained pos-
itive for anti-human hepatocyte antibodies (Fig. 2A-C), 
which stains only human hepatocytes, while none of the 
control animals showed such staining (Fig. 2D). Sections 
of spleens of the recipient animals showed no human hep-
atocytes by immunostaining (Fig. 2E, F) indicating that 
UCBSCs had migrated to the liver and engrafted, multi-
plied and differentiated into human hepatocytes.

Discussion

  Cell therapy can be defined as ≪the use of living cells 
to restore, maintain or enhance the function of tissues and 
organs≫ (32).Such a therapeutic strategy was put forward 
as an alternative to orthotopic liver transplantation (OLT), 
which requires major surgery and is limited by the avail-
ability of donors. Indeed, it was shown that significant 
clinical results can be obtained with the transplantation 
of isolated hepatocytes corresponding to as little as 1-5% 
of the total hepatocyte mass (33). The procedure seems 
relatively safe, provided portal pressure and/or portal flow 
are monitored during cell infusion in order to prevent vas-
cular thrombosis (34).
  Hepatocyte transplantation has recently been used as an 
alternative to OLT in patients with liver-based congenital 
metabolic disorders, such as Crigler-Najjar disease, Alpha 
1-antitrypsin deficiency, glycogen storage disease type Ia, 
Ornithine transcarbamoylase deficiency, and the defi-
ciency of factor VII.
  The main factor limiting the practice of hepatocyte 
transplantation is again the availability of liver grafts for 
cell isolation. Moreover, the metabolic effects of cell trans-
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Fig. 2. (A-C) Liver sections from recipient animals showing positive staining cells for human hepatocytes ABC technique X-200. (D) Liver 
section of control group (injected with PBS instead of cells) showing negative immunostaining. (E, F) Sections of spleen of the recipient
animals showing negative immunostaining (H&E and ABC complex X-100).

plantation seem to be fading with time, a problem which 
can partially be solved by repeated hepatocyte infusions, 
but which probably indicates the progressive loss of the 
terminally-differentiated exogenous cells. In theory, both 
problems could be solved by replacing the hepatocyte with 
stem or precursor cells, provided they can be isolated from 
a more affordable source (35).
  Stem cells present in adult BM and UCB are undiffe-
rentiated long-lived cells that have the ability to pro-
liferate extensively and maintain the ability to differen-
tiate into multiple cell types including bone cells, cartilage 
cells, fat cells, tendon cells, muscle cells, marrow stromal 
cells, astrocytes, etc. Potential liver-cell progenitors have 
been identified from BM, peripheral blood, UCB, fetal liv-
er, adult liver and embryonic stem cells (36). Stem cells 
are present in UCB and possess several typical traits. Clo-
nal culture of fluorescence-activated cell sorter CD34＋ 

UCB and BM cells revealed a higher incidence of col-
ony-forming cells with greater proliferation capacity in 
UCB than BM CD34＋ cells. UCB CD34＋ cells also dem-
onstrated a higher secondary plating efficiency than BM 

cells. Rats transplanted with UCB mononuclear cells 
showed significantly higher levels of chimerism than those 
transplanted with BM mononuclear cells. Recipients of 
UCB transplants from HLA-identical siblings have a lower 
incidence of acute and chronic graft versus-host disease 
than recipients of BM transplants from HLA-identical 
siblings. CD34＋ UCB cells are rich fractions in hepatic 
progenitor cells, and transdifferentiation from UCB cells 
into hepatocytes and cell fusion simultaneously occur (37). 
In a primary culture system supplemented with growth/ 
differentiation factors, about 50% of UCB cells in 21-day 
cultures express ALB, and ALB＋ cells co express hep-
atocyte lineage markers. ALB-expressing cells are able to 
proliferate in the culture system. In the cell transplan-
tation model of liver-injured SCID mice, inoculated UCB 
cells develop into functional hepatocytes in the liver, 
which release human ALB into the sera of the recipient 
mice. Thus, human UCB is a source of transplantable hep-
atic progenitor cells (38).
  It was reported that human UCB cells can migrate into 
NOD-SCID liver and become mature hepatocytes. No cell 
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fusion can be detected in any of the human cells found 
in mouse liver. UCB contains an array of different im-
mune cells, some of which probably play a role in the low-
ered levels of GvHD manifest byUCB, compared with BM 
transplantation, and some of which may influence the sur-
vival and engrafting capability of CB HSC (10). One of 
the advantages of UCB is the immaturity of the immune 
system at birth. This should decrease the alloreactive po-
tential of the lymphocytes within a cord blood graft, and 
thereby reduce the incidence and severity of GVHD after 
HLA-matched or mismatched transplants (39, 40). The 
spleen has unique anatomic affinity with the liver, when 
the diseased liver is not suitable for stem cells trans-
plantation, intrasplenic transplantation may retain the 
cells in the spleen and implement the functions in this 
study, we injected nucleated cells derived from UCB into 
the spleen of immunocompetent rats after induction of 
cirrhosis without immunosupression and the results were 
astonishing, that examined liver sections didn’t show sig-
nificant inflammatory aggregates indicating graft rejection 
and no mortalities were detected between transplanted 
animals. Histopathologic examination showed decreased 
fibrosis with liver regeneration and better restoration of 
architecture. Liver sections of transplanted animals were 
stained positive for antihuman hepatocyte antibodies, 
which stains only human hepatocytes, while none of the 
control animals showed such staining. Sections of spleens 
of the transplanted animals showed no human hepatocytes 
by immunostaining indicating that UCBSCs had migrated 
to the liver and engrafted, multiplied and differentiated 
into human hepatocytes which deny the concept of hepati-
zation of the spleen which this study was trying to explore 
and these results are in agreement with those obtained by 
many authors (20-22, 40).
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