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Abstract
AIM: To investigate the influence of immune tolerance
induced by intrauterine exposure to fetal hepatocytes on
liver transplantation in the adult rat.

METHODS: LOU/CN rat fetal hepatocytes were injected
into the fetuses of pregnant CHN rats (14-16 days of
gestation). At 7-9 weeks of age, the surviving male rats
received orthotopic liver transplantation (OLT) from male
LOU/CN donors and the survival period was observed and
monitered by mixed lymphocyte reaction assay and
cytotoxicity test.

RESULTS: (1) A total of 31 pregnant CHN rats with 172
fetuses received fetal hepatocytes from LOU/CN rats via
intrauterine injection. Among them, thirteen pregnant rats
showed normal parturition, with 74 neonatal rats growing
up normally. (2) The mean survival period after OLT in rats
with fetal exposure to fetal hepatocytes was 32.1±3.7 days,
which was significantly different from the control (11.8±2.3
days, P<0.01) in rats without fetal induction of immune
tolerance. (3) Mixed lymphocyte proliferation assays yielded
remarkable discrepancies between the groups of rats with- or
without fetal exposure to fetal hepatocytes, with values of
8 411±1 361 and 22 473±1 856 (CPM±SD, P<0.01) respectively.
(4) Cytotoxicity assays showed values of 21.2±6.5 % and
64.5±7.2 % (P<0.01) in adult rats with or without fetal
induction of immune tolerance.

CONCLUSION: Intrauterine injection of fetal hepatocytes into
rat fetuses can prolong the survival period of liver transplant
adult male rats recipients, inducting immune tolerance in OLT.
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INTRODUCTION
In both experimental study and clinical practice, rejection
responses induced by organ transplants necessitate the use of
potent immunosuppressive drugs[1-7]. It should be noted,
however, that excessive dosage of immunosuppressive agents
may result in severe side effects such as hypertension and

hepatic and/or renal toxicity. Moreover, prolonged usage of
immunosuppressants often leads to severe infection and
increased susceptibility to malignancy, thus critically affecting
the health of recipients. Particularly in juvenile patients,
immunosuppressive drugs can lead to stunted growth. It is
therefore imperative to assess, as an alternative to
immunosuppressants, the protective effect of induced immune
tolerance on organ transplantation. The ideal strategy is to
induce a low responsiveness or irresponsiveness in the
recipients toward donors’ grafts, while preserving normal
immunological functions for the recognition of tumor antigens
and prevention of infection. Thus immunosuppressive agents
can be avoided or be used at dramatically reduced dosage.
The key steps toward successful transplantation therefore
include either attenuated immune reactions or induced immune
tolerance to grafts[8-15].
      In utero, the stem cell transplantation represents a new
therapeutic approach of experimental nature toward the
treatment of hematopoietic diseases, immunodeficiency
diseases, metabolic disorders and genetic diseases[16-19]. Some
reports support the possibility of using this method to induce
immunologic tolerance in both human subjects and animals
receiving organ transplantation[20-22]. But the effect of in utero
fetal exposure to fetal hepatocytes on liver transplantation in
adulthood is unclear. In the present study, we injected fetal
hepatocytes intraperitoneally into rat fetuses and then performed
orthotopic liver transplantation (OLT) in surviving adult male
rats. Some parameters were tested in order to confirm the anti-
rejection effect of in utero injection of fetal hepatocytes.

MATERIALS AND METHODS
Animals
Male and female LOU/CN and CHN rats weighing 200-250 g
were obtained from the Laboratory Animal Center of The Fourth
Military Medical University, and fed with standard rat chow.

Timed pregnancy of CHN rats
Male CHN rats, or male LOU/CN rats, were housed individually
in standard cages with a metal divider with 0.25-inch holes. One
female CHN or LOU/CN rat was placed in the corresponding
empty side. The cage divider was then removed 48 hrs later.
Pairs of CHN or LOU/CN rats were allowed to mate overnight
separately. The pairs were then separated with the females placed
singly in cages. The presence of vaginal plug marked day 0 of
gestation. Normal gestation is about 21 days.

Preparation of LOU/CN fetal rat hepatocytes
Pregnant LOU/CN females were killed by cervical dislocation
at 15 to 16 days of gestation. All subsequent handling was
done under sterile conditions. The uterine horns were removed
and dissected in phosphate-buffered saline (PBS). Fetuses were
separated from decidua and extraembryonic membranes and
transferred to 35 mm petri dishes filled with PBS. Fetal livers
were removed, with 5 to 10 livers placed in 1 to 2 ml RPMI
1640 medium (GIBCO BRL, Grand Island, CA) with 15 %
fetal calf serum (FCS, GIBCO BRL, Grand Island, CA). Cell
suspensions were prepared by repeated pipetting of the livers
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through a 23-gauge needle attached to a 1ml pipette. The
mononuclear cells were separated by centrifugation at 500 g
for 20 minutes and filtered through a Nitex filter with a 41 µm
pore size (Huamei chemical company, Henan province, China).
Cell viability counting (usually greater than 90 %) was done
using trypan blue exclusion test, and the final cell suspension
was prepared in PBS/15 % FCS at a concentration of 5×107/ml.
The cell suspension was used for intrauterine injection within
4 hours of preparation.

In utero intraperitoneal injection into CHN rat fetuses with
LOU/CN fetal rat hepatocytes
Micropipettes were prepared from capillaries using a Brown
and Flaming micropipette puller. The end of the needle was
cut under a microscope with ophthalmological forceps, and
the tip was sharpened on a micro-grinding wheel. Pregnant
(11 to 13 days of gestation) CHN rats were anesthetized i.p.
with sodium pentobarbital, and the uterine horns were
exteriorized with ophthalmological forceps. Fetal hepatocytes
from LOU/CN rats were injected into CHN fetuses through a
hand-drawn glass micropipette with a beveled edge. The
placenta was penetrated at an oblique angle. The number of
cells injected per fetus was 106 (about 5×1010 cells/kg of
recipient weight), except in experiments in which the effects
of different cell concentrations and volumes of cell suspension
used were examined. Muscle layers were closed with 4-0 silk
suture, and 1-0 silk thread was used for skin suture.

Orthotopic liver transplantation (OLT)
Orthotopic whole-liver transplantation was performed[23-26]

using the simplified cuff technique for portal and intrahepatic
vena cava anastomosis, whereas the hepatic artery was not
reconstructed. The twenty male CHN rats, aged 7 to 9 weeks
that survived intraperitoneal injection with fetal liver cells from
LOU/CN rats, were taken as graft recipients, with normal male
LOU/CN rats as liver donors. Both donors and recipients were
anesthetized with methoxyflurane. After explantation, livers
were stored at 0-4  for 1 hr in UW solution. Grafts were
connected to suprahepatic vena cava with a running 7-0 prolene
suture. We insert cuffs into the corresponding vessels, and
anastomose the bile duct and hepatic artery over an intraluminal
polyethylene splint. Transplantation required less than 40 min,
while the portal vein was clamped for 12-15 min during this
period. After transplantation, the recipients had free access
to standard laboratory chow and tap water. Animals that died
within 3 days were considered technical failures and were
excluded from data collection. The rate of success of liver
transplantation was more than 90 % in this study. Five rats
were sacrified at 5 days after OLT. Immediately before
sacrifice, the livers were removed for histological
investigation. Liver samples from 10 normal male CHN rats
were taken as controls.

Mixed lymphocyte reaction assay
Mixed spleen cells were used for setting up lymphocyte
cultures. Briefly, the spleens were aseptically removed from
experimental CHN rats that survived in utero intraperitoneal
injection of fetal LOU/CN rat liver cell, and from control CHN
rats. Then they were separately disrupted mechanically using
a pair of sterile forceps. LOU/CN spleen cells were treated
with 25 µg/ml mitocin-C (Kyowa Hakko Kogyo, Tokyo, Japan)
at 37  for 45 min. Then the two groups of cells were washed
by PBS, followed by lysis of erythrocytes in Tris-NH4Cl
solution (pH 7.2). After further washes, the cells were finally
resuspended in RPMI 1640 with 10 % FCS. The numbers of
two groups of spleen cells were adjusted, and 5×105 spleen
cells from each of the two sources were mixed together (final

volume 0.2 ml) and added to triplicate wells of 96-well round-
bottomed microtiter plates. Cells were cultured for 120 hr, and
1 u Ci [3H]-thymidine was added into wells 18hr before cell
harvesting. Radioactive thymidine incorporation rate was
measured by a liquid scintillation counter (1205 Betaplate),
with data expressed as CPM±SD[27,28] .

Complement-dependent cytotoxicity test
Recipient CHN rats were tested one week after OLT for
complement-dependent cytotoxicity test against lymphocytes
suspensions from LOU/CN donor rats. Sera from recipients
were prepared and added into the wells of 96-well round-
bottomed microtiter plates (1 µl per well). Then 1 µl
lymphocytes (about 2 000 cells per 1 µl volume) were added
into the same wells. They were gently mixed and incubated
for 30 min at 22 ±2 , then 5 µl rabbit complement (Huamei
chemical company, Henan province, China) was added, and
the mixture incubated for 60 min at 22 ±2 . Afterwards,
the mixtures were stained with eosin (50 g/L) for 5 min. The
cells were fixed in 36 % formalin for 2 hr and observed with
an inverted phase-contrast microscope (Olympus, Tokyo,
Japan). Cytotoxicity was determined by eosin exclusion and
percentage enumeration of cells killed by sera from OLT[29,30].

Histology
Livers from CHN rats that underwent OLT were fixed in 10 %
neutral formalin for five days and then embedded in paraffin.
Five micron sections were cut and stained with hematoxylin
and eosin for histological examination. Sections from normal
rat livers served as controls.

Diagnostic criterion of graft rejection
Several diagnostic criteria were used to determine the existence
of rejection response following hepatic transplantation. The
first is survival of recipients over 7 days post-transplantation.
The second entails the occurrence of acute hepatic dysfunction
as typified by inappetence, weight loss, auricle or nail jaundice,
depressed mood, with incidental diarrhea or ascites in some
cases. The third criterion involves typical histological changes,
such as enlarged liver bulk, yellowish white appearance of the
liver, and the presence of liver conglutination to muscles or
abdominal walls, and viscera. Also frequently encountered are
apparent degeneration or necrosis of hepatic cells, and
infiltration of numerous lymphocytes, especially at liver
sinusoidal area. The fourth denotes the presence in good
condition of the recipients plus good appetite, accompanied
with normal weight 3 days after successful transplantation.
The recipients that died from post-surgical complications such
as necrosis of bile duct, intra-abdominal hemorrhage and
infection were excluded from data collection.

Statistics
All the data were analyzed by Student’s t test and expressed as
mean ±S. The statistical difference P<0.05 was considered
significant and P<0.01 as very significant.

RESULTS

Influence of intraperitoneal injection into fetus in utero on
survival of neonatal CHN rats
Thirty-one pregnant CHN recipients who later delivered 172
fetal CHN rats were injected into their fetuses with isolated
fetal hepatocytes from LOU/CN rats. Among them, eleven
pregnant females died from various surgical complications,
and seven females aborted or consumed their litters. There
were 17 pregnant rats with normal parturition, and 74 neonatal
rats grew up normally.



Suppression of rejection response to rat liver transplantation
after intrauterine injection
The mean survival period of rats with fetal intraperitoneal
injection of fetal hepatocytes prior to OLT was 32.1±3.7 day,
in comparison to control values of 11.8±2.3 day (P<0.01)
obtained from rats without this procedure.

Inhibitory effect of intraperitoneal injection in utero on mixed
lymphocytes reaction assay
Mixed lymphocytes reaction assay showed significant
differences in [3H]-thymidine incorporation rates in groups
of CHN rats that were either fetally exposed (8411±1361,
CPM±SD) or not (22473±1856, CPM±SD) to intraperitoneal
injection of fetal hepatocytes in utero (P<0.01).

Suppressive effect of fetal intraperitoneal injection in utero
on cytotoxicity test after rat liver transplantation in adulthood
Cytotoxicity test revealed percentage values of dead cells to
be 21.2±6.5 % vs 64.5±7.2 % (P<0.01) respectively from the
two groups of CHN rats with or without fetal intraperitoneal
injection in utero prior to OLT in the adult rats, the difference
being statistically significant.

DISCUSSION
With rapid advances in antenatal diagnostic technology, many
prenatal diseases (congenital metabolic liver disorders,
congenital heart disease and hemophilia, e.g.) can be diagnosed.
Therefore organ transplantation becomes a very useful choice
for treating these diseases in afflicted children. However, routine
regime of immunosuppression in use today suffered from many
serious side effects, including stunted growth seen in children
using most immunosuppressive drugs[31-34]. If we can induce
low responsiveness or even irresponsiveness in the recipients
to the donors’ grafts, immunosuppressive drugs can then be
used at much reduced dosage. Until now, low responsiveness
or irresponsiveness to the graft has not been achieved in clinical
practice. Therefore, induction of immunologic tolerance
becomes imperative in clinical transplantation[35-42].
     Clonal deletion theory maintains that burst of cell
proliferation during embryonic period is very frequent, with
resultant formation of multiple specific clones of lymphocytes
capable of responding to respective antigens[43,44]. During
embryonic period, the lymphocyte clones encounter internal
antigens or artificially introduced antigens, with consequent
damage to, or suppression of these clones, the so-called
abstinence clones. In postnatal life, the abstinence clone
remains inactive to an internal antigen or an artificially
introduced foreign antigen that has been present in utero, a
status of immunologic tolerance in the adult to an antigen
following prior exposure during the embryonic period. On the
contrary, if a lymphocyte clone meets an antigen that has never
been introduced during the embryonic period, the specific
immunological response would ensue. According to the theory,
intrauterine injection is considered a useful tool for the
induction of immunologic tolerance, especially for clinical
transplantation. Some advantages of intrauterine injection for
evoking immunologic tolerance should be noted. Firstly,
because the host at fetal stage can’t recognize a foreign
substance and thus display immunologic tolerance to a xenogen
(the earlier the fetal stage of the host, the stronger the tolerance
effect to the antigen), no immunologic reaction is seen between
the host and ecdemic grafts. Therefore intrauterine injection
spares tissue-matching work needed in routine transplantation
and makes easier graft transplantation. Meanwhile,
immunologic tolerance induced by intrauterine injection makes
unnecessary pretreatment with immunosuppressive drugs, thus

avoiding possible side effects of immunosuppressive agents
on the body. Secondly, fewer fetal liver cells are needed for
transplanting into the recipients during embryonic period because
of their small body size and weight. The latter assures little
influence and gentle torture for the recipients. Thirdly, in addition
to exempt from infection due to microorganism, the maternal
body offers adequate nutrition and energy to the fetuses, thus
the uterus can be seen as an ideal ‘isolation room’[45-51].
     We also compared the effect of using rat spleen or bone
marrow cells, with that of fetal liver cells, for intraperitoneal
injection in utero into fetuses in pregnant rats. It was observed
that the survival birth rate using fetal liver cells was much
greater than that with spleen or bone marrow cells. Several
factors may help to explain the discrepancy. The most
important one may be that the response against the host is
induced by active lymphocytes located in the spleen or bone
marrow cells. In contrast, the main components of fetal liver
cells are hematopoietic stem cells possessing two effects, with
the first reducing graft versus host reaction, and the other for
the maintenance of chimerism because hematopoietic stem
cells are characterized by self-renewal and multipotential for
differentiation[52,53].
      As evidenced by both in vivo and in vitro data in the present
study, the method of fetal hepatocytes in utero injection can
prolong the survival period of rat liver transplants. Although
complete immune tolerance can not be induced, partial immune
tolerance observed in our study is sufficient for liver
tranplantation. Further work will be needed to reveal if chimerism
is induced by transplantation itself, as well as its possible
influence on the immune system in the grafted recipients.
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