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Abstract: Background: Hepatocytes transplantation (HCTx) is an alternative method to orthotopic liver
transplantation used in treatment of several liver injuries. It can be used either fresh or as encapsulated hepatocytes.
Expression of Hep Par 1, CK7 and Albumin were performed to identify and analyze the transplanted isolated adult
hepatocytes in hamsters spleens. Aim: This work aimed to study the expression of Hep Parl, CK7 and Albumin in
intraspelinically transplanted hepatocytes. Methods: The study was performed on histopathological archival paraffin
sections hamsters spleens having two models of liver injury (CCl, induced hepatotoxicity and Schistosoma mansoni
infection). Histopathological examination achieved. Immunohistochemical expression of Hep Parl, CK7 and
Albumin evaluated in intraspelinically transplanted hepatocytes. Results: Regarding the phenotype, the
intrasplenically transplanted hepatocytes aberrantly expressed the biliary marker CK7 alongside with the hepatocytic
marker Hep Par 1. Their expression values were the highest on the 10" day post transplantation with a subsequent
gradual decrease along the remaining duration, reaching the least value on the 45™ day post transplantation.
Regarding the function, all the transplanted hepatocytes kept their hepatocytic function and expressed Albumin.
Conclusion: Intrasplenically transplanted hepatocytes approved aberrant "metaplastic" biliary phenotype through
expression of CK7 without losing its essential hepatocytic phenotype or function by keeping expression of Hep Parl
and Albumin.
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1. Introduction: the liver or ectopic sites such as spleen can support
Transplantation of the whole or part of the liver liver function in times of hepatic insufficiency (5).The
is currently the only well-established treatment of a main obstacle for wider usage of hepatocytes
spectrum of life threatening liver diseases, including transplantation is their rapid elimination by recipient
acute liver failure, hepatic cirrhosis, and several macrophage (6). The microencapsulating technique as
inherited metabolic diseases that result from an a preliminary step toward allogeneic hepatocyte
absence or deficiency of hepatocyte-derived gene transplantation without immunosuppression initiated
products (1). However the chronic shortage of donor by Lim and Sun (7) brought new hopes for artificial
livers and parallel growth of transplant waiting list liver and hepatocyte transplantation as result of the
mean that substantial proportion of patients die while potential to immunoisolation of these cells retained in
waiting for donor graft (2). This situation motivated a semi permeable membrane that both protects them
the development of various alternative methods to from immune system and maintain their survival and
conventional liver transplantation such as treatment to metabolic function (3).
alleviate chronic or terminal liver illnesses at least as a The immunohistochemistry technique is used in
temporary procedure until organ procurement is the search for cell or tissue antigens ranging from
possible (3). The most satisfactory results are obtained amino acids and proteins to infectious agents and
from hepatic cell transplantation by using a graft of specific cellular populations. Immunostaining for cell
already differentiated cells such as hepatocytes which markers represents a way to “talk with cells”, because
means transferring of normal hepatocytes into it allows not only the histological origin of the cell to
diseased liver to allow the retention of hepatic be identified but also indicates its function in vivo,
functions until procuring an organ and in some cases when duly investigated with the correct antibodies (8).
can achieve hepatic regeneration (4). Hepatocyte One of immunohistochemical parameters used to
transplantation in animals can reconstitute defective ensure hepatocyte transplantation is Hepatocyte
hepatic enzymes in metabolic models, improve Paraffin 1 (Hep Parl) which recognizes an epitope
survival rate in acute hepatic failure and improve liver localized in hepatocyte mitochondria (9). It is
function in cirrhosis (2). Hepatocytes transplanted in normally positively expressed in hepatocytes and
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small intestinal epithelium and negatively expressed in
bile duct adenoma and hepatoid adenocarcinoma (10).
It is used by pathologists to determine hepatocellular
origin, particularly in panel with other markers to
differentiate ~ hepatocellular ~ carcinoma from
cholangiocarcinoma or metastases to liver (11).
Cytokeratins are proteins of keratin containing
intermediate filaments found in the intracytoplasmic
cytoskeleton of epithelial tissue (12). The subsets of
cytokeratins which an epithelial cell expresses
depends mainly on the type of epithelium, the moment
in the course of terminal differentiation and the stage
of development. Thus this specific cytokeratin
fingerprint allows the classification of all epithelia
upon their cytokeratin expression profile (13). Keratin,
type II cytoskeletal 7 (cytokeratin-7 "CK-7") is a
protein that in humans is encoded by the KRT7 gene.
It is specifically expressed in the simple epithelia
lining the cavities of the internal organs and in the
gland ducts (14). CK7 is expressed normally in
hepatic progenitor cells (HPCs) and in cholangiocytes
but not in normal hepatocytes (15). On the other hand,
CK7 expression in hepatocytes may represent
activation of hepatic progenitor cells or a regenerative
phenomenon of hepatocytes themselves (16) it's
expression is believed to reflect a metaplastic change
in the setting of cholestasis and loss of hepatocyte
contact with the biliary tree (17).

Albumin is synthesized in theliver as pre-
Albumin. It has an N-terminal peptide that is removed
before the nascent protein is released from the
rough endoplasmic reticulum. Its expression by the
mature hepatocytes indicates functioning hepatocytes
(18). It confirming that functioning hepatic cells are
capable of expressing of Albumin as protein
characteristics feature for hepatocytes (19).

2. Material and methods:

This work was done using archival paraffin
blocks of hamsters spleens transplanted with
hepatocytes, 11 weeks post Schistosoma mansoni
infection and post hepatotoxicity induced by CCl,.

1. Hepatocyte isolation, microencapsulation
and transplantation:

Fresh hepatocytes were isolated from hamster's
liver using Seglen's in situ collagenase perfusion
technique (20). After isolation of hepatocytes, count
and test of viability of yield cells was performed by
using 0.4% trypan blue exclusion dye test (21).
Isolated cells were microencapsulated in sodium
alginate according to the modification of Lim and Sun
(7) and Fritschy et al. (22) methods. Fresh and
microencaosulated hepatocytes were suspended in
sterile normal saline in aseptic conditions.
Transplantation of one million-cell suspension of each
was injected slowly into hamsters spleens (23).
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2. Animals:

Male Syrian golden hamsters, average weight
110 gm + 20, were bred and maintained at the
Schistosome Biological Supply Center (SBSC) of
Theodor Bilharz Research Institute (TBRI), Giza,
Egypt. Animals were housed in a controlled
temperature and light environment, and were given
water and commercial chow ad libitum. The animal
experiments were conducted at the animal unit
according to the international ethical guidelines for the
care and use of animals for research purposes.

3. Experimental design:

Two strategies of hepatocytes transplantation:

A) Fresh hepatocytes transplantation (HCTx): Two
models of liver injuries were performed:

1) Schistosoma mansoni infected group:
Cercariae of S. mansoni (Egyptian strain) were
obtained from infected intermediate host snails
maintained at SBSC. Hamsters were infected
intraperitoneally with a single dose of 50 + 5 cercariae
/ hamster (24). One hundred and five male Syrian
golden hamsters, average weight 110 gm + 20 were
divided into 3 main groups: donor group (10
hamsters), normal group (5 hamsters) and schistosome
infected group (90 hamsters). This group was
subdivided into six subgroups each containing fifteen
hamsters at the start of the experiment, one was
untreated for 11 weeks. One million of isolated
hepatocytes were intraspleniclly transplanted 11
weeks post infection in each hamster after treated with
PZQ 7 weeks PI and sacrificed: 7 Days (G Al-I), 10
days (G A1-II), 15 days (G A1-III), 25 days (GA1-
IV), and 45 days (G A1-V) post intrasplenic
hepatocytes transplantation.

2) Hepatotoxicity induced by CCl; group:
Forty Hamsters, as model of liver cirrhosis using CCly
toxic dose were intraperitoneally injected with 0.02 ml
of 10% CCly per 100 gm of body weight for each to
induce hepatotoxicity (25, 30). Hamsters were
sacrificed 10 days post intrasplenic hepatocyte
transplantation (G A2). One million of isolated
hepatocytes were transplanted 24 hours post CCly
injection.

In fresh hepatocytes transplantation, hamsters
were treated orally with immunosuppressive drug
“cyclosporine” 24 hours before intrasplenic injection.
B) Microencapsulated hepatocyte transplantation
(HCTXx):

The same schedule was applied to hamsters with
the two models of liver injury [Schistosoma mansoni
infected group (GB1) contain 15 hamsters and CCly

hepatotoxicity induced group (GB2),contain 15
hamsters] using microencapsulated hepatocyte
transplantation instead of fresh cells. Isolated

hepatocytes were microencapsulated in 4% sodium
alginate (ALG) according to Lim and Sun (7) and
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Fritschy et al. (22).
4. Immunohistochemical assessment:

Immunohistochemical staining was performed on
5-um, formalin-fixed, paraffin-embedded sections
using the Hep Parl, CK7 & Albumin antibodies at
1:50 dilution (DAKO, Carpinteria, CA). Antigen
retrieval was performed in all cases by steam heating
the slides in a 1-mmol/L solution of EDTA (pH 8.0)
for 30 minutes. After blocking of endogenous biotin,
staining was performed using an automated
immunostainer (DAKO) followed by detection by
using a streptavidin-biotin detection system (DAKO).
Positive and negative control sections were used for
each assay. The mean number of expressed Hep Parl,
CK7 and Albumin of transplanted hepatocytes per five
high power fields (SHPFs) were calculated for each
case (26).
Statistical Analysis

Data were expressed as mean values = SD by the
statistical software package SPSS (version 16.0).
Continuous variables are presented, and frequencies

with their respective percentages are given for
categorical variables. Comparisons between 2 groups
were done using the Student’s t-test. P-value equal to
or less than 0.05 was considered significant.

3. Results:

The mean number of viability of isolated
hepatocytes that used either in fresh or
microencapsulated transplantation was a about 92.97+
1.2%.

A- Assessment of the phenotype of the
transplanted hepatocytes:

The transplanted hepatocytes were found in the
red pulps in the parafollicular / interfollicular areas as
well as in the splenic subcapsular area; all among an
epithelioid granulomatous reaction.

Hep Parl, CK7 and Albumin were expressed in
cytoplasm of transplanted hepatocytes. The mean
number of expressed Hep Par, CK7 and albumin
showed in table (1).

Table (1): Albumin, CK7 & Hep Par 1 expression in hamsters spleens in five high power fields.

Groups Name Albumin CK7 Hep Par 1
GAl-I 7 days post (HCTx) 40 38 36
G Al-II 10 days post (HCTx) 45 44 32
G Al-IIT 15 days post (HCTx) 30 29 20
G Al-IV 25 days post (HCTx) 30 28 19
G Al-V 45 days post (HCTx) 19 17 14
G A2 Hamsters with CCL4 induced hepatotoxicity (0.02 mg/kg) having fresh (HCTx) 10 days post transplantation 35 31 21

G BI. Shistosoma mansoni infected hamsters with microencapsulated HCTx 10 days post transplantation 24 23 17.2

G B2. Hamsters with CCL4 induced hepatotoxicity with microencapsulated HCTx 10 days post transplantation 25 23 22

I. The expression of Hep Parl and CK7 in
transplanted fresh hepatocytes into spleens of

S.mansoni infected hamsters according to the

duration of transplant:
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Hep Par 1

HCTx

Group A-ll

HCTx

Group A-lll Group A-IV Group A-V

7 days post |10 days post | 15 days post | 25 days post | 45 days post
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Chart (1): The expression values of both Hep Par 1 and CK7 post different durations of fresh (HCTx) into

S.mansoni infected hamsters.

* expressed as number in five high power fields (SHPF).

The expression of Hep Parl and CK7 after fresh
hepatocytes transplantation in Schistosoma mansoni
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infected group is presented in chart (1). It represents
the relation between the mean number of expression
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with the duration of time after hepatocytes
transplantation. Their expression values were
inversely correlated with post transplantation
duration. The CK7 expression values come in
conjunction with Hep Parl expression but in higher

values (chart 1& figure 1). Moreover, the expression
values of Hep Par 1 & CK7 in Schistosoma mansoni
infected group are higher than those of CCl, induced
hepatotoxicity group (chart 2, figure 1).
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Chart (2): The expression values of both Hep Par 1 and CK7 10 days post fresh (HCTx) in two models of liver

injury.

* expressed as number in five high power fields (SHPF).

vl

Figure (1): Spleen sections of hamsters transplanted with fresh hepatocytes. A&C- Expression of CK7 in
CCly(x200) and schistosome (x400) groups respectively. B&D-Expression of Hep Par 1 in CCly and schistosome

groups(x200) respectively.
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II- The expression of Hep Parl and CK7 in models of liver injury transplanted  with
microencapsulated hepatocytes transplantation in microencapsulated hepatocytes for 10 days is nearly
two models of liver injury: equal in both groups, that showed in chart (3) and

The expression of Hep Parl and CK7 of two figure (2).
25

20

= =
o wn

The mean of expression value*
w

0

GB1 G B2
M Hep Par1 17.2 22
mCK7 23 23

Chart (3): The expression values of both Hep Par 1 & CK7 10 days post microencapsulated (HCTx) in two models
of liver injury.
* expressed as number in five high power fields (SHPF).

B B ‘1- i = AXE

Figure (2): Spleen sections of hamsters transplanted with microencapsulated hepatocytes. A&C- Expression of
CK7 in CCly and schistosome groups (x400) respectively. B&D-Expression of Hep Par 1 in CCl, and schistosome
groups (x400) respectively.
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B — Assessment of the function of the transplanted hepatocytes  exhibited a positive cytoplasmic

hepatocytes: expression of Albumin represented in table (1), chart
The transplanted hepatocytes in all groups either (4) & figure (3).

with  fresh or microencapsulated transplanted

B Hep Par 1
20 BCK7
15 - m AlbLmin

The mean of expression value®
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Groups

Chart (4): Hep Par 1, CK7 and Albumin expression in hamsters spleens of different groups either fresh or
microencapsulated transplanted with hepatocytes.
* expressed as number in five high power fields (SHPF).
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hepatocytes transplanted in Schistosma mansoni infected and CCly induced hepatotoxicity groups respectively
(x400). C&D: Microencapsulated hepatocytes transplanted in Schistosma mansoni infected and CCl, induced
hepatotoxicity groups respectively (x400). C: The transplanted microencapsulated transplanted hepatocytes located
in the subcapsular area (arrow).
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4. Discussion:

Hepatocytes transplantation is a potential
therapeutic modality for overcoming the shortage of
liver donors. There are two major problems with
allogenic hepatocyte transplantation: protection of
transplanted  hepatocytes from rejection and
stimulation of the rapid proliferation of surviving cells
without immunosuppression (27). It alleviates acute
and chronic hepatic injury in many studies when they
transplanted particularly in spleens (28, 29). These
data demonstrate the feasibility and efficacy of fresh
or microencapsulated hepatocyte transplantation in the
spleen (30).

Spleen is the most appropriate site for
transplantation as it provides a rich blood supply to
the transplanted cells as well as good access to the
liver through the portal circulation without the fear of
massive embolization after intraportal injection
(31,32). From this perspective, hamsters spleens were
the ideal model organ for our study.

Microencapsulation of hepatocytes by Na-
alginate provides a three dimensional
microenvironment for cellular attachment and
proliferation. It separates the external environment by
an  unidirectional  semipermeable = membrane
preventing  immunologic  tissue  rejection  of
transplanting hepatocytes. This showed improvement
of rats’ acute fulminant hepatitis by transplantation of
hepatocytes from golden hamsters after treatment
either with sodium alginate or with ultraviolet
irradiation  (33). Accordingly, the intrasplenic
transplantation of microencapsulated hepatocytes
could provide a temporary liver support and reduce
the mortality in S. mansoni-infected animals. Its
mechanism is not only related to the
immunosuppressive and substitution effects of the
transplanted cells, but also is associated with liver
repair promoted by the transplanted cells (33). Despite
of this, our study showed that there is no significant
role for the microencapsulation in protection and
viability of the transplanted hepatocytes in hamsters
spleens.

Hep Par-1 is a hepatocytic marker normally not
expressed in spleen (9).

CK7 is a biliary marker usually not expressed by
normal non neoplastic hepatocytes or in spleen as well
(17). From this point, Hep Par 1 & CK7 were used for
phenotypic evaluation. Albumin is considered one of
hepatocyte functional products which is not expressed
normally in spleen. In this study, Albumin was used
for functional evaluation of the transplanted
hepatocytes in hamsters' spleens (34).

In the current study, the transplanted hepatocytes
were founded in the parafollicular and interfollicular
areas as well as in the splenic sub-capsular area; all
among an epithelioid granulomatous reaction. This

comes align with Mito M and Kusano M findings
(35). Moreover, transplanted hepatocytes in spleen
expressed high values of Hep Parl ten days post
transplantation. Their numbers decreased gradually by
time to reach half of its value 45 days post
transplantation. This comes in agreement with
Fujikura et al, (36) who stated that when fetal
hepatocytes transplanted heterotopically, a mass
consisting of hepatocyted and bile duct-like structures
founded 7 weeks after transplantation. Isolated adult
and fetal hepatocytes were able to survive in the
spleen for various periods. After transplantation, these
cells might be functionally equivalent to hepatocytes
37).

Furthermore, our study showed that transplanted
hepatocytes in the spleen expressed high value of CK7
ten days post transplantation and gradually lowered
till half value on the 45" day post transplantation.
Watanabe et al.; (37) interpreted this by the fact that
transplanted hepatocytes can assume the biliary
phenotype by transdifferentiation / metaplasia. The
positive association between hepatocyte CK7
expression and liver disease stage suggests that the
increased extracellular matrix present in severe
fibrosis and cirrhosis may produce a survival or
maturation factor (38,39).

Regarding the function of the transplanted
hepatocytes in hamsters spleens they kept their
function which approved by Albumin expression in all
groups and in values similar to CK7 expression
values. This result agrees with the results of David
(2001) (34) who mentioned that serum Albumin
production was observed up to 32-49 days post
transplantation. In the same context, the Albumin
expression was noticed regardless presence or absence
of the microencapsulation which comes along with
Volpes ef al. (40) and Wen ef al. (41) data.

Conclusion:

Intrasplenic transplanted hepatocytes approved
aberrant metaplastic cholangiocytic phenotype by
expression the biliary marker CK7 in hamsters
spleens. Nevertheless, they didn’t lose their essential
hepatocytic functional expression of Albumin or its
Hep Par 1 positive hepatocytic phenotype.

Footnotes:
List of abbreviation

CCl, Carbon Tetrachloride

CK7 Cytokeratin 7

HCTx Hepatocytes transplantation
HepParl Hepatocyte Paraffin 1

SBSC Schistosome Biological Supply Center
TBRI Theodor Bilharz Research Institute
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