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Abstract
AIM: To investigate whether irradiation (IR) and partial 
hepatectomy (PH) may prepare the host liver for non-
parenchymal cell (NPC) transplantation.

METHODS: Livers of dipeptidyl peptidase Ⅳ (DPP
Ⅳ)-deficient rats were pre-conditioned with external 
beam IR (25 Gy) delivered to two-thirds of the right liver 
lobules followed by a one-third PH of the untreated lob-
ule. DPPⅣ-positive liver cells (NPC preparations enriched 
for liver sinusoidal endothelial cells (LSECs) and hepato-
cytes) were transplanted via the spleen into the recipient 
livers. The extent and quality of donor cell engraftment 
and growth was studied over a long-term interval of 16 
wk after transplantation. 

RESULTS: Host liver staining demonstrated 3 different 
repopulation types. Well defined clusters of donor-derived 
hepatocytes with canalicular expression of DPPⅣ were 
detectable either adjacent to or in between large areas 

of donor cells (covering up to 90% of the section plane) 
co-expressing the endothelial marker platelet endothelial 
cell adhesion molecule. The third type consisted of for-
mations of DPPⅣ-positive duct-like structures which co-
localized with biliary epithelial CD49f.

CONCLUSION: Liver IR and PH as a preconditioning 
stimulus enables multiple cell liver repopulation by do-
nor hepatocytes, LSECs, and bile duct cells. 
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INTRODUCTION
Hepatocyte transplantation is considered to be a promis-
ing option for the treatment of  both acute and chronic 
liver failure as well as for the correction of  end stage 
metabolic liver disease[1]. However, host liver repopula-
tion by transplanted hepatocytes requires a special pre-
parative regimen combining the induced failure of  en-
dogenous cell proliferation with some strong mitogenic 
stimulus. There are a number of  experimental protocols 
based on the application of  DNA-damaging toxins such 
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as the pyrrolizidine alkaloids retrorsine[2] or monocrota-
line[3], which efficiently inhibits the proliferative capacity 
of  endogenous hepatocytes; however these systemically 
harmful and potentially carcinogenic substances are not 
suitable for preparation of  the human liver. 

Recently, we developed a preclinical rat model using 
external beam liver irradiation (IR) with 25 Gy admin-
istered to the right liver lobules (2/3 of  liver mass) in 
combination with 1/3 partial hepatectomy (PH) of  the 
untreated left liver lobule. In that study, the aim was to 
prime the residual host liver mass for selective donor 
cell growth, leading to significant liver repopulation by 
donor hepatocytes[4]. In a further study, we investigated 
the underlying molecular effects, demonstrating that IR 
suppressed the regeneration of  endogenous hepatocytes 
in response to PH through a persistent block of  the cell 
cycle[5]. Additionally, we were able to reveal considerable 
damage to the liver sinusoidal endothelial cells (LSECs), 
contributing to the notion that these cells are particularly 
vulnerable to IR[6,7]. However, there is a paucity of  data 
regarding the possible IR damage to bile duct cells and 
its consequences for cell therapy purposes.

Therefore, the aim of  this study was to investigate 
whether liver injury following IR and PH could not only 
enable donor hepatocyte proliferation, but more impor-
tantly the growth of  transplanted non-parenchymal cells 
(NPCs) in the host parenchyma. With this in mind, we 
hypothesized that host liver IR permits the replacement 
and reconstitution of  endogenous endothelial as well as 
biliary cells by donor cells.

MATERIALS AND METHODS
Reagents
Medium and buffers were supplied by Gibco Brl, Ger-
many. All further chemicals were reagent grade and, 
unless specified otherwise, were supplied by Sigma-
Aldrich (Munich, Germany). Primary antibodies were 
used in this study as summarized in Table 1. Secondary 
peroxidase-conjugated antibodies (EnVision Kit) were 
purchased from DAKO Diagnostica, Germany. Second-
ary species-specific fluorescence conjugated antibodies 
(Alexa Fluor 488, Alexa Fluor 555) were obtained from 
Molecular Probes (Goettingen, Germany). 

Isolation of primary hepatocytes and NPC preparation
Hepatocytes and NPCs were isolated in a 2-step in situ 
collagenase digestion of  the liver[8]. The hepatocytes were 
segregated using gradual centrifugation steps at 35 g for  
10 and 5 min and processed separately. Freshly isolated 
hepatocytes (purification grade approx 98%) displaying 
a vitality of  greater than 90% (tested with trypan blue 
exclusion) and cell attachment greater than 70% proved 
to be sufficient for further transplantation experiments. 
NPCs in the supernatant were centrifuged for 7 min at 
400 g and resuspended in 20 mL phosphate-buffered 
saline (PBS). The suspension was further processed by a 
2-step Percoll gradient centrifugation (25% and 50%) for  

10 min at 1000 g aimed at enriching the endothelial cell 
content. The cells of  the interface were washed for 10 min  
at 200 g and resuspended in 800 μL PBS for transplanta-
tion. Cytospins were performed to characterize the trans-
planted cells with immunohistochemistry.

Animals, liver preconditioning, and transplantation 
experiments
As recipients, a strain of  dipeptidyl peptidase Ⅳ (DPP
Ⅳ)-deficient Fisher 344 rats was established in the animal 
care facility of  the University Medical Centre Goettingen, 
Germany. Syngeneic donor Fisher 344 rats were pur-
chased from Charles River, Germany. All animal breeding, 
care, and experimentation procedures were in accordance 
with German national legislation on animal protection. 
All procedures were performed under constant sevoflu-
rane/oxygen inhalation. Buprenorphine (0.1 mg/kg body 
weight) was applied intraperitoneally during anesthesia, 
and was repeated subcutaneously 8-12 h later.

Recipient livers of  rats were preconditioned with ex-
ternal beam, computed tomography-based partial liver IR 
(25 Gy) of  the right liver lobules (2/3 of  hepatic mass) 4 d  
prior to 1/3 partial hepatectomy (PH) as described previ-
ously[4]. For transplantation experiments, the spleen was 
mobilized and the cell suspension was slowly injected over 
3 min into the parenchyma, from where they are known 
to migrate via the portal vein into the recipient liver (all 
residual liver lobules). In experimental group 1, rats were 
transplanted with 20 × 106 NPCs and additionally re-
ceived 12 × 106 hepatocytes. Experimental group 2 was 
only transplanted with NPC preparations. Control animals 
were transplanted with hepatocytes only. 

Rats were sacrificed for tissue analysis after 1 wk and 
after the long-term interval of  16 wk following trans-
plantation. Tissue samples from each liver lobe were 
excised and snap frozen in 2-methylbutane at -80℃. 
Cryosections of  5 μm thickness were fixed in ice-cold 
acetone for 10 min. 

Immunofluorescence analysis
Cytospins of  cell preparations (3 × 104 cells were centri-
fuged onto a glass slide at 28 g for 5 min) or cryosected tis-
sues were immunostained for the first antigen (incubation 
with the first primary antibody [anti-CD49f, anti-CD45, 
anti-desmin, anti-CX32, anti-platelet endothelial cell adhe-
sion molecule (PECAM) or anti-hepatic sinusoidal endo-
thelial (HSE) marker], using Alexa 488-conjugated goat 
anti-mouse IgG or anti-rabbit for fluorescence detection 
[1:400, 1 h at room temperature (RT)] and then further 
processed with the second immunostaining protocol. Af-
ter rehydration in Tris buffer, specimens were blocked and 
subsequently incubated with the second primary antibody 
(anti-DPPⅣ), rinsed with Tris buffer and exposed to the 
second Alexa Fluor 568 goat anti-mouse IgG2a (1:400, 
1 h at RT). Slides were finally covered with Vectashield® 
mounting medium with DAPI (1 μL/mL) (Vector Labo-
ratories, UK) to visualize the cell nuclei. Negative controls 
were used for each antibody by omitting the primary an-
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tibody from the protocol. Multiple immunofluorescence-
labeled specimens were serially excited and observed with 
the TEXAS Red-, FITC- and UV-filter sets on an inverted 
confocal microscope (LEICA DM IRE2, Bensheim, Ger-
many). Pictures of  each filter set were digitally merged 
using image layering software (Leica FW 4000, Version 
1.1). The labeling index was expressed as a percentage of  
positive cells counted.

RESULTS
Characterization of NPC preparations
Immunofluorescence co-localization studies were per-
formed on cytospins of  freshly isolated NPC prepara-
tions enriched with LSECs (Figure 1A), of  which 80% 
were immunoreactive for DPPⅣ. The majority of  all cells 
displayed the hepatic sinusoidal endothelial marker HSE 
(60%). For technical reasons, the anti-HSE could not be 
co-stained with DPPⅣ, as both antibodies are mouse 
monoclonal of  the same subtype (IgG2a). We therefore 
used anti-PECAM to co-localize the endothelial marker 
with the donor-specific antigen in sections of  transplanted 

livers. Indeed, when examining cytospins of  NPC prepa-
rations, all PECAM-positive cells co-expressed donor spe-
cific DPPⅣ (Figure 1B). Biliary epithelial cells expressing 
CD49f  represented the second largest fraction (7.1%), 
and these cells were colocalized with DPPⅣ too (Figure 
1C). Furthermore, we assessed co-staining with CD45 
and desmin to identify other NPCs. We detected CD45-
positive cells (7.8%), representing hematopoietic cells, 
and were mostly negative for the donor cell antigen (apart 
from very few activated T lymphocytes) (Figure 1D).  
Desmin-positive cells (4.9%) did not display DPPⅣ either 
(Figure 1E). Figure 1F depicts the labeling indices as stat-
ed. We could not detect any cytokeratin 18-positive cells in 
the NPC preparations, indicating there was no contamina-
tion with hepatocytes (data not shown). 

Qualitative assessment of liver repopulation
NPC preparations and hepatocytes from donor wild-
type rats (DPPⅣ-positive) (experimental group 1) were 
transplanted into DPPⅣ-deficient recipients following the 
repopulation stimulus of  partial IR and PH. Immunofluo-
rescence co-localization studies assessed the extent and 
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Table 1  Antibodies used for immunofluorescence analysis

Antibody/detected antigen Species Manufacturer Cat. No. Dilution

DPPⅣ (dipeptidyl peptidase Ⅳ = CD26) Mouse monoclonal IgG2a BD pharmingen 559 639 1:100
CD45 (leukocyte common antigen) Mouse monoclonal IgG1 BD pharmingen 554 875 1:20
CD49f (integrin α6) Mouse monoclonal IgG1 Serotec MCA 2034 1:500
Desmin (hepatic stellate cells) Rabbit Lab vision RB-9014 1:500
Connexin 32 = CX32 (gap junction protein) Rabbit Sigma-aldrich C3595 1:5000
HSE (hepatic sinusoidal endothelial cells) Mouse monoclonal IgG2a IBL 10 078 1:500
CD31 (PECAM-1 = platelet endothelial cell adhesion molecule-1) Mouse monoclonal IgG1 BD pharmingen 55 025 1:1000

Figure 1  Characterization of non-parenchymal cell preparations by immunofluorescence on cytospins. Hepatic sinusoidal endothelial (HSE) (red) identifying 
approximately 60% of all cells as hepatic sinusoidal cells (A), donor specific dipeptidyl peptidase Ⅳ (DPPⅣ) (red) co-localized with platelet endothelial cell adhesion 
molecule (green) (B), and with CD49f as bile duct marker (green) (C). Donor cells were negative for CD45 (D) and desmin (E). Labeling indices (F), nuclear 
counterstaining with DAPI (blue), original magnification × 200. 
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quality of  liver repopulation after 1 and 16 wk. One week 
following transplantation, single DPPⅣ-positive cells and 
small clusters were detectable in the host liver parenchyma 
(data not shown). However, after 16 wk, extensive repop-
ulation by donor cells and descendents was documented 
in the transplanted livers of  all groups. On gross examina-
tion, the repopulated areas appeared histologically identi-
cal to normal, unharmed liver tissue. Morphological evalu-
ation revealed 3 different types of  donor-derived cell [Fig-
ure 2A (overview) and more detailed in Figure 2B]. Firstly, 
well-defined clusters of  donor cells displaying DPPⅣ in a 
canalicular (garland-like) pattern were found in close prox-
imity to the portal areas. These compact clusters appeared 
to comprise mature hepatocytes with the characteristic en-
zyme expression of  DPPⅣ in the basolateral membranes. 
Their size varied and ranged from 40-50 to several hun-
dred cells in diameter. Cells in these clusters co-expressed 
the hepatocyte differentiation markers cytokeratin 18, 
connexin 32 (CX32) (gap junction protein enabling inter-
cellular communication) and cytochrome p450 subtype 
2B1, revealing intact metabolic function (data not shown). 
Secondly, large areas of  DPPⅣ-positive donor cells were 
arranged in a string-like pattern and emerged from the 
portal veins. They covered a maximum 90% of  the sec-
tion plane and expressed the donor specific antigen as it 
is known from LSECs (longitudinal cells expressing DPP
Ⅳ in the cytoplasm as well in the membranes). Thirdly, 
formation of  duct-like structures expressing DPPⅣ could 
be detected. These donor-derived cells were mostly found 
in association with the bile duct system of  the recipient 
liver and co-stained with an antibody detecting the biliary 
epithelial CD49f  (Figure 2C). The red fluorescent DPP
Ⅳ on the apical side partially overlapped with the green 
cytoplasmatic staining of  CD49f  resulting in a yellow ring. 
These duct-like structures were also found as individual 
formations outside the donor hepatocyte clusters, mostly 
but not always encircled by endothelial donor cells.

In experimental group 2 (transplantation of  NPC 
preparations only), the extent of  repopulation was simi-
lar, apart from the fact that no clusters of  hepatocytes 
could be detected in these host livers. Subtotal repopu-
lation by DPPⅣ-positive endothelial cells could be 
visualized in these animals and donor-derived bile duct 
structures were as frequent as in group 1, being scattered 
throughout the parenchyma but generally in close prox-
imity to the portal triads. 

Phenotypic analysis of NPC repopulation
Subsequent analysis revealed the phenotypic characteris-
tics of  the transplanted cells and their descendents. The 
pan-endothelial marker PECAM (CD31) is most com-
monly used to detect LSECs in situ. In the present study, 
this marker was also employed to co-localize LSECs 
with donor specific DPPⅣ. Co-staining of  DPPⅣ and 
PECAM resulted in a yellow-orange overlay, suggesting 
the endothelial phenotype of  the string-like repopulation 
areas (Figure 3A-C). The merged figure clearly illustrates 
that both antigens were present in the squamous layer of  
cells that lined the interior surface of  the sinusoids. It has 

to be pointed out that there was no donor-specific DPPⅣ 
co-expression in the endothelial cells of  the portal vessels. 

When the repopulating LSECs were double-labeled 
for DPPⅣ and CX32, the punctuated canalicular pat-
tern seen in hepatocytes was not apparent (Figure 3D). 
Additionally, the LSECs were negative for desmin, a 
marker of  hepatic stellate cells (Ito cells) (Figure 3E). 
Indeed, desmin-positive host cells could be clearly vi-
sualized in between the repopulating donor endothelial 
cells but also in the surrounding tissue. In both cases, 
the distribution pattern was not different from healthy 
liver. Furthermore, there was no evidence of  CD45 co-
expressing donor blood cells in transplanted livers (data 
not shown). Figure 3F shows DPPⅣ-positive ductular 
cells co-expressing CD49f. In this picture, the donor 
biliary epithelial cells form duct-like structures of  differ-
ent sizes, which is representative of  the overall repopu-
lation of  this kind. Some ductules only have a narrow 
diameter, whereas others form large ducts consisting of  
some dozen surrounding cells. On examination of  serial 
sections, it appears that the duct formations possess a 
3-dimensional structure of  communicating tubes.

DISCUSSION
Hepatocyte transplantation has been used in many ani-
mal models. Preconditioning of  the host liver prior to 
cell transfer is regularly used to enhance proliferation 
of  the transplanted cells, up to a near total repopula-
tion of  the host liver by donor hepatocytes and their 
descendents. However, little is known as to whether the 
replacement of  endogenous NPCs may be facilitated in 
terms of  a preparative regimen for cell therapy. 

Hepatic IR is an established stimulus for priming the 
host liver for hepatocyte repopulation purposes in preclini-
cal models[4,9]. Moreover, IR is already being considered 
for human application in the upper abdomen for the high 
dose treatment of  gastrointestinal and hepatic primary 
malignancies or metastases[10-13]. IR can be therapeuti-
cally targeted to a whole organ or to small portions, but 
photons always affect the variety of  cells present. The 
liver comprises different cell types, of  which the majority 
represents hepatocytes, making up approximately 80% of  
hepatic cells[14]. The NPC fraction (20%) comprises endo-
thelial cells, Kupffer cells, stellate cells, epithelial cells of  
bile ducts, and some neural cells. However, when consider-
ing therapeutic strategies, the endothelium and bile duct 
cells are known to be highly susceptible to injuries follow-
ing microenvironmental changes (e.g. caused by ischemia/
reperfusion, endotoxemia, tumor growth, angiogenesis or 
the response to cytotoxic treatment)[15-17]. Radiation also 
induces oxidative stress through the mitochondria-depen-
dent generation of  reactive oxygen species and is therefore 
another potent candidate that may harm NPCs of  the 
liver[18,19]. Considering liver IR as a preparative regimen 
with clinical prospects, we wanted to demonstrate whether 
the suggested “multi-cell” damage may be compensated 
for by subsequent transplantation of  liver cell suspensions 
explicitly containing NPCs solely or in addition to hepato-
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cytes. We used a reliable transplantation model (hepatocytes 
isolated from wild type Fisher 344 rats were transplanted 
into DPPⅣ-negative hosts) to assess the extent and quality 
of  liver repopulation by donor cells[20]. 

As proof  of  concept, our study demonstrated that the 
preparative regimen of  IR and PH led to recipient liver 
repopulation by sinusoidal endothelial and biliary cells. 
Replacement of  the endothelium was extensive, covering 
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Figure 2  Characteristics of dipeptidyl peptidase Ⅳ-positive cells in the liver following transplantation of non-parenchymal cell preparations and hepatocytes. 
Frozen sections were obtained from recipient livers present at 16 wk post-transplantation. Acetone-fixed frozen sections were single or double-labeled by indirect 
immunofluorescence analysis with an antibody detecting the donor cell specific dipeptidyl peptidase Ⅳ (red) (A-C) and bile-duct specific anti-CD49f (green) (C). Merged 
images are combined with blue nuclear DAPI-staining. Circumscribed and compact clusters of hepatocyte repopulation could be distinguished from large areas of 
endothelial repopulation which covered a maximum of 90% of the section plane. Formation of bile duct-like structures could be detected by co-staining with the duct marker 
CD49f. PV: Portal vein. 
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Figure 3  Phenotypic assessment of the non-hepatocytes liver repopulation showing extensive and string-like repopulation by liver sinusoidal endothelial 
cells emerging from the portal veins. Donor derived cells were identified by dipeptidyl peptidase Ⅳ (DPPⅣ) immunofluorescence staining (red) (A), which co-
localized with the endothelial marker PECAM (green) (B), overlay (C). Donor endothelial cells could be clearly distinguished from endogenous hepatocytes which were 
outlined by the hepatic differentiation marker CX32 (green) (D), desmin-positive cells (green) were detectable with a regular staining pattern for normal (unharmed) 
liver (E). Additionally, DPPⅣ-positive donor cells formed bile duct structures which expressed the specific marker CD49f (green) (C), nuclear counterstaining with 
DAPI (blue), original magnification × 200. 
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up to 90% of  the section plane. Bile duct-forming struc-
tures could often be detected in the neighborhood of  en-
dogenous bile ducts, but biliary cells derived from donors 
were also seen as individual ductular arrangements in the 
recipient parenchyma. It has to be pointed out that both 
types of  cell engraftment (endothelial and biliary) were 
not necessarily bound to additional hepatocyte transplan-
tation. In the experimental group of  NPC transplantation 
only, engraftment and repopulation occurred to the same 
level and extent as following transplantation in addition to 
hepatocytes. In the latter group, repopulation by all 3 cell 
types was rarely seen separated from each other, but more 
frequently at the same site. 

Our results are in line with recent literature reporting 
that hepatic IR is a highly desirable preparative stimu-
lus[9,21,22]. However, IR in those studies was always per-
formed as an invasive procedure (by laparotomy) with 
doses of  15-50 Gy administered to the whole liver. We 
focused on a more clinically acceptable approach of  non-
invasive external beam IR administered to selected lobules 
of  the liver. The workgroup of  Guha also demonstrated 
the outstanding role of  the hepatic sinusoidal endothe-
lial barrier as a key player supporting subsequent donor 
hepatocyte engraftment[9]. They found that IR caused 
a transient disruption of  the endothelial cell lining with 
exfoliation facilitating the subsequent passage of  donor 
hepatocytes. Indeed, this report confirms our previously 
published results revealing the significant damage to 
LECs following IR [prolonged detection of  double strand 
breaks (phosphorylated histone H2AX)][5]. These observa-
tions encouraged us to perform the present transplanta-
tion study elucidating the feasibility of  NPC replacement 
in irradiated liver.

There are a few reports in the literature confirming 
the engraftment of  NPCs in preconditioned liver. Bril-
liant and co-workers used injections of  mitomycin C to 
demonstrate that bile ducts and endothelial cells could 
be generated within 4 wk following transplantation[23]. 
This substance is commonly known as a cytotoxin widely 
used as an effective anti-cancer agent, e.g. to treat blad-
der carcinoma or gastrointestinal tumors[24,25]. Mitomycin 
C and PH offered a rapid protocol to assess the engraft-
ment efficiency of  fetal liver as well as adult liver isolates. 
However, the preconditioning protocol resulted in a high 
morbidity (up to 100%) which could be reduced, though 
not totally eradicated by the additional application of  an-
tibiotics (gentamycin). In our study, both morbidity and 
mortality in all groups prior to and following hepatocyte 
transplantation remained low overall (1%-2%). The cases 
of  mortality examined were determined to be caused by 
individual narcotic or surgical complications than to the 
preconditioning by IR.

The workgroup of  Gupta reported using a murine 
knockout transplantation model in which the liver en-
dothelium was repopulated sufficiently following the 
administration of  the genotoxic pyrrolizidine alkaloid 
monocrotaline[26]. They demonstrated that transplanted 
LECs proliferated and reconstituted 9% of  the host liver 
NPCs after 3 mo, thereby correcting the bleeding pheno-
type of  NOD/SCID hemophilia A mice by elevating the 

Factor Ⅷ activities to over 10% (13 of  15 animals). This 
study clearly demonstrated the functional correction of  
a genetic defect as an excellent example for the feasibility 
of  targeted cell therapy. Once again, the preparative agent 
monocrotaline could not be specifically targeted at the 
liver. When applied systemically, monocrotaline is known 
to cause clinically relevant injuries to the endothelium of  
the lung, resulting in pulmonary hypertension which may 
obviate its human application[27].

It is well known that high dose IR of  the liver is hin-
dered by the induction of  radiation induced liver disease 
(RILD) and more severely by fatal veno-occlusive disease, 
a non-thrombotic obliteration of  the lumina of  small 
intrahepatic veins initially triggered by endothelial injury 
leading to the deposition of  fibrin-related aggregates in 
the subendothelial zone[28]. These aggregates, and the 
intramural entrapment of  fluid and cellular debris, pro-
gressively occlude the hepatic venous flow and generate 
intrahepatic hypertension. Owing to the risk of  RILD, 
whole liver IR doses exceeding 30 Gy have to be generally 
avoided in humans[13]. However, we may address the ques-
tion as to whether endothelial reconstitution following 
autologous transplantation may allow for the higher IR 
doses necessary in the local treatment of  advanced intra-
hepatic tumors and multi-lobular metastases.

Endothelial cell reconstitution may also be used to 
reduce the host immune reaction in liver transplanta-
tion[29]. Taking into account that endothelial cells play a 
pivotal role in both acute and chronic rejection, the trans-
plant immunogenicity could be significantly reduced by 
endothelial chimerism. A possible strategy would be to 
generate a chimeric liver, in which damaged endothelial 
cells are replaced by host cells. Two different mechanisms 
may be considered: firstly, endothelial damage can result 
from ischemia/reperfusion injury sui generis in whole or-
gan transplantation from cadavers, or secondly may be 
generated by limited dose IR of  the donor liver organ. 
The workgroup of  Murase already demonstrated that cir-
culating endogenous bone marrow-derived cells routinely 
contributed to LSEC repopulation between 1% and 5% 
in a rat model of  naïve orthotopic liver transplantation[30]. 
Further experimentation might elucidate whether the rate 
of  engraftment is enhanced by exogenously delivered en-
dothelial cells or progenitors[31,32]  or by additional IR.

In the present report, we show for the first time that 
the preconditioning stimulus of  liver IR and PH triggers 
the repopulation of  hepatocytes, LSECs and bile duct 
cells. We may conclude from our results that this “multi-
cell” repopulation compensates for the liver tissue dam-
age following IR. The extensive engraftment of  endothe-
lial cells in particular offers a variety of  new therapeutic 
concepts concerning high dose IR of  the liver, immuno-
logical cell chimerism in liver allografts, and the treatment 
of  genetic disorders based upon endothelial cells (e.g. 
lack of  coagulation factors such as Factor Ⅷ and von 
Willebrand Factor).
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COMMENTS
Background
Hepatocyte transplantation is regarded as a promising option to correct acute 
liver failure and hereditary metabolic liver disease. However, the liver not only 
constitutes mature hepatocytes, but also a multitude of non-parenchymal cells. 
So far, little is known concerning the supportive role of non-parenchymal cells in 
cell therapy studies and whether their engraftment and subsequent proliferation 
in the host parenchyma may be triggered. 
Research frontiers 
Liver repopulation is based on the preferential proliferation of engrafted donor 
cells in response to some mitogenic stimulus. The aim of this study was to inves-
tigate whether irradiation, known to suppress endogenous cell proliferation, and 
partial hepatectomy as the powerful mitogenic stimulus could prepare the host 
liver not only for hepatocyte but also for non-parenchymal cell transplantation. 
Both pretreatment techniques may be considered as suitable in the clinical setting 
and may be targeted to the implantation site, thereby limiting side effects.
Innovations and breakthroughs
The precondition stimulus of liver irradiation and partial hepatectomy prompted 
the engraftment of hepatocytes, liver sinusoidal cells and bile duct cells. This 
“multi-cell” repopulation may not only compensate for irradiation-induced liver 
damage, thus enabling new therapeutic concepts such as high dose radio-
therapy, but also generate immunologically relevant cell chimerism and finally 
facilitate the correction of genetic disorders based upon endothelial cells. This 
would broaden the therapeutic potential of liver cell therapy.
Applications
As a proof of concept, the study demonstrated that transplanted non-parenchy-
mal cells repopulate the host liver by forming sinusoidal endothelium as well as 
bile duct-like structures. 
Peer review
This is a well-conducted experimental study that deserves early publication in 
the journal. 
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