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Abstract
AIM: To develop a practical method for isolation, 
purification and culture of hepatic Kupffer cells (KCs) and 
to observe their suppressive effects on the proliferation 
of alloreactive T cells.

METHODS: Perfusion in situ  in vivo  combined with 
density gradient centrifugation was applied in isolation, 
purification and culture of hepatic KC. The suppression 
by KCs on the T cell proliferation in mixed lymphocyte 
reaction (MLR) was observed.

RESULTS: This method resulted in a satisfactorily high 
yield of (1.1 ± 0.2) × 107 KCs per liver, (93.5% ± 1.8%) 
viable cells, over 90% purity and positive for ED-2. 
After the first 24 h in culture, a great number of KCs 
which exhibited typical characteristics were observed. 
Using 3H-TdR incorporation assay, non-irradiated KCs 
significantly suppressed allo-MLR. The KCs recovered 
from accepted liver allografts in groups D and E were 
more effective in suppressing allo-MLR.

CONCLUSION: A standardized procedure for isolation 
of highly purified rat KCs is proposed and KCs have 
suppressive effects on the proliferation of alloreactive 
T cells, especially those derived from accepted liver 
allografts. 
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INTRODUCTION
Kupffer cells (KCs), the resident macrophage population 
in the liver, which comprise one of  the major population 
(20%) of  the hepatic nonparenchymal cell fraction, may 
play an important role in immunomodulation and the 
induction of  tolerance after liver transplantation. The 
inherent tolerogenicity of  the liver poses important 
questions about how immune reactivity in the liver is 
regulated. The interaction between KC and lymphocytes 
in the liver sinusoids was described first by Gassel[1], who 
showed that KCs within the hepatic sinusoidal space are in 
physical contact with two lymphocytes at a time. Therefore, 
increasing attention has focused on the key role of  hepatic 
allograft-derived KCs in regulating immune responses 
and facilitating tolerance induction. The primary aim of  
this study was to develop a practical method for isolation, 
purification and culture of  hepatic KCs and to observe their 
suppressive effects on the proliferation of  alloreactive T 
cells.

MATERIALS AND METHODS
Animals
Inbred male Sprague-Dawley rats weighing 230-250 g 
and Wistar rats weighing 250-270 g served as donors and 
recipients, respectively. All animals were purchased from 
the Animal Resource Center of  Science Academy of  China 
in Shanghai. Animals were cared for under a protocol 
approved by the Jiao Tong University Animal Ethics 
Committee.

Reagents
Mouse anti-rat ED2 antibody was purchased from Serotec 
Inc. (UK) and goat anti-mouse ED2 antibody was provided 
by Jing Mei Biological Inc. (Beijing, China). The other 
reagents included RPMI-1640 (Gibco Inc., USA), Ⅳ-type 
collagenase (Sigma Inc., USA), Percoll’s solution (Pharmacia 
Inc., Switzerland), etc.

Experimental design
Orthotopic rat liver transplantation was performed by the 
cuff  technique without hepatic artery reconstruction as 
described by Kamada[2]. Recipients were divided into five 
groups: group A (control group, SD→SD); group B (SD
→Wistar without any immunosuppression); group C (SD
→Wistar, CsA from d 1 to d 5); group D (SD→Wistar, 
CsA from d 1 to d 5 and anti-CD40L mAb on d 0 and 



d 2); and group E (SD→Wistar, the same as group D in 
combination with donor specific blood transfusion). CsA 
was diluted in normal saline to 1 g/L and injected into the 
recipients subcutaneously once a day (1.5 mg/kg per day). 
Anti-CD40L mAb was administered intraperitoneally once 
a day (1 mg/kg per day).

Isolation and culture of KC
Non-parenchymal cell (NPC) suspensions were acquired 
by collagenase in situ collagenase perfusion of  the liver and 
then KCs were isolated by sedimentation in a two-step 
Percoll gradient with selective adherence of  cells to plastic 
flasks. The morphologic features of  KCs were observed 
under light microscopy and the viability was determined 
by trypan blue exclusion. In addition, purity of  the KC 
fraction was determined by ED-2 staining.

Spleen T cell preparation
We prepared suspensions of  spleen cells by squeezing 
mechanically dissociated spleen through a 50-μm stainless 
steel screen followed by erythrocyte lysis with Tris-
ammonium chloride and washings in PPMI 1640. T cells 
were purified further by passage over nylon wool columns.

Suppression on T cell proliferation of KCs in MLR
Mixed lymphocyte reaction (MLR) was performed: 2.5 × 
105 SD T cells and 2.5 × 105 Wistar T cells from normal 
rats were cocultured in 96-well plate in the presence of  3 
× 104 KCs or γ-ray irradiated KCs as control. All cultures 
were incubated for 6 d at 37℃ in a 5% CO2-humidified 
air atmosphere and 18 h before harvesting, One μCi of  
3H-thymidine was added into each well. Incorporation 
of  3H-TdR into DNA was assayed by liquid scintillation 

counting system. Based on the above experiment, 3 × 104 
KCs derived from the different groups on the 6th day after 
operation were added into the above-mentioned MLR 
system and their suppressive effects on T cell proliferation 
in vitro were observed. 

Statistical analysis
The data of  liquid scintillation counting were expressed in 
mean ± SD and ANOVA was applied for comparison in 
different groups. A P value less than 0.05 was considered 
significant.

RESULTS
Identification of KCs
Viability and purity: The technique of  cell isolation in 
this study yielded about (1.1 ± 0.2) × 107 KCs per liver 
with (93.5 ± 1.8)% viability determined by trypan blue 
exclusion. The purity of  KC fraction was consistently ≥ 
90% determined by morphology in combination with ED2 
staining.

Morphology and immunohistobiochemical staining: 
The freshly isolated cells had a ball-like shape, 20 mm in 
diameter when viewed under light microscopy. About 3-4 h  
later, most of  them adhered to the wall of  plastic flasks 
and 48 h later they became larger, prominent and showed 
typical macrophage morphologic features with irregular 
shape, transparent cytoplasm and kidney-like nucleus 
(Figure 1A and B). By immunohistobiochemical technique, 
the cells were stained positively for ED2 (Figure 2A and B).

Suppressive effects of KCs on T lymphocyte proliferation 
in vitro
Effects of  irradiated and non-irradiated KCs on T 
lymphocyte proliferation: To observe the effect of  KCs on 
T cell response, we examined T cell proliferation in two-
way MLR. By 3H-TdR incorporation assay, non-irradiated 
KCs showed significantly suppressive effects on T cell 
proliferation in MLR. However, when irradiated KCs were 
used, there was a marked decrease in the inhibitory effect 
upon the MLR (Figure 3).

Effects of  KCs derived from liver allograft on T 
lymphocyte proliferation: The KCs derived from liver 
allograft of  different groups were added into the MLR 
system in order to determine the effects of  those cells. 
The results showed that there was a marked decrease of  
cpm value in MLR when KCs from groups D and E were 

BA

Figure 1  A: Single-layer KCs formed with irregular shape and kidney-like 
nucleus after 24 h (× 100); B: KCs increased and became prominently larger after 
48 h, showing typical macrophage morphologic features with irregular shape, 
transparent cytoplasm and kidney-like nucleus (× 100).
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Figure 2  A: The cells were stained positively for ED2 and the purity was ≥ 90%  
consistently (× 100);  B: The same as Figure 3 (× 400).
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Figure 3  Effects of irradiated or non-irradiated KCs on T lymphocyte proliferation. 
Non-irradiated KCs (W-KC and S-KC) showed significant suppressive effects 
on T cell proliferation in MLR while irradiated KCs (W-KCi and S-KCi) showed 
decreased inhibitory effects in MLR.
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present, i.e., KCs derived from those two groups had more 
significantly suppressive effects on T cell proliferation. 
The cpm of  different groups was 4810 ± 132, 5036 ± 
315, 3480 ± 201, 2825 ± 118 and 2786 ± 122, respectively 
(Figure 4).

DISCUSSION
Kupffer cel ls (KCs), the most important resident 
macrophages of  the liver, comprise one of  the major 
populations (about 20%) of  the hepatic nonparenchymal 
cell fraction, and the tolerogenic properties of  the liver 
are generally accepted[3]. Therefore increased attention 
has focused on the possible role and mechanism of  
KCs from liver allograft in tolerance induction[4,5]. In 
recent years, some authors have put forward a novel KC-
dependent immunomodulatory mechanism which may be 
strengthened markedly after liver transplantation, especially 
those donor-derived KCs expressing Fas ligand which 
exhibit immune privilege in vivo[6]. But precise mechanisms 
accounting for this phenomenon have not been illustrated.
It is of  great importance to establish a kind of  stable, 
economical and reliable technique of  KC isolation and 
culture for the study of  tolerance induction and immune 
regulation. Various methods have been applied and 
basic steps include collagenase in situ perfusion of  the 
liver, sedimentation in two-step Percoll gradient and 
selective adherence. The isolated KCs should be kept with 
biological and immunological characteristics in vivo such 
as phagocytosis, lysosomal enzymes and expression of  
specific antigens[7-9].

By collagenase in situ perfusion in combination with 
gradient centrifugation, we successfully established a 
method of  isolating, purifying and culturing KCs. And the 
technique in this study yielded about (1.1 ± 0.2) × 107 KCs 
per liver with a 93.5% ± 1.8% viability and a consistently 
≥ 90% purity. Twenty-four hours later, single layer of  KCs 
formed with an irregular shape and kidney-like nucleus. 
Forty-eight h later KCs increased and became larger, more 
prominent and showed typical macrophage morphologic 
features with irregular shape, transparent cytoplasm 
and kidney-like nucleus. With immunohistobiochemical 
techniques, the cells were stained positively for ED2. The 
isolated KCs could survive as long as about 4 weeks while 
keeping biological and immunological characteristics in 
vitro.

In comparison with the literature, we made some 
modification in isolation and culture of  KCs. Firstly, 
we blocked the suprahepative inferior vena cava (IVC) 

while perfusing collagenase in situ. Secondly, we increased 
perfusion velocity in order to wash off  thoroughly 
erythrocytes in sinusoid. And thirdly, digestion of  liver 
cells in vitro was applied. Collagenase and Pronase E were 
used at the same time when isolating KCs both at home 
and abroad[10-12]. Pronase E will destroy CD14 molecules 
on the surface of  KCs which are independent in the 
activation of  macrophages by LPS so that the isolated 
KCs may not keep physiological functions[13,14]. Therefore, 
only collagenase was used in perfusion of  liver. The results 
showed that the technique in our study was able to yield 
sufficient number of  KCs with high viability and purity.

On the basis of  the successful isolation and culture 
of  KCs, we observed suppressive effects of  KCs on 
T lymphocyte proliferation in vitro . Non-irradiated 
KCs showed significant suppressive effects on T cell 
proliferation in MLR while there was a marked decrease in 
the inhibitory effect upon the MLR when irradiated KCs 
pretreated by 100Gy γ-ray were used. When KCs derived 
from liver allograft of  groups D and E were added into 
the MLR system, there was a marked decrease of  cpm 
value, i.e., KCs derived from those two groups had more 
significantly suppressive effect on T cell proliferation. 
Administration of  KCs derived from chronically accepted 
liver allografts might be able to significantly prolong the 
survival of  hepatic allografts in an acute rejection model 
in an alloantigen-specific manner[15-17]. There are different 
explanations for this phenomenon. FasL expression 
of  KCs is increased after liver transplantation which is 
associated with T lymphocyte apoptosis through Fas-
FasL pathway[18]. At the same time, KCs can increase 
the secretion of  IL-10 and TGF-β by up-regulating the 
expression of  Th2/Th3 cytokines mRNA so that KCs may 
regulate the differentiation of  Th2/Th3 cells[19,20]. And KC 
itself  secretes an array of  cytokines such as IL-4, IL-10, 
IL-12 and TGF-β which may drive the differentiation of  T 
cell subsets towards Th2/Th3[21]. Because Th2 cells are not 
sensitive to FasL-induced apoptosis, selective Th2 survival 
coupled with rapid death of  Th1 cells may be a mechanism 
for differential regulation of  the two T cell subsets by 
KCs[22,23]. Due to the restriction of  instruments in our 
lab, mechanisms proposed have not yet been validated 
convincingly.

In conclusion, KCs had significantly suppressive effects 
on allo-reactive T lymphocyte proliferation, especially 
those recovered from chronically accepted liver allografts. 
The hepatic professional and non-professional APC 
including KCs, liver sinusoidal endothelial cells(LSEC), 
DC, even hepatocytes may play key roles in regulating 
immune responses and facilitating tolerance induction after 
liver transplantation[24]. The precise mechanism needs to be 
further investigated in the future.
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Figure 4  Suppressive effects of KCs derived from liver allograft on T lymphocyte 
proliferation. There was a marked decrease of cpm value in MLR when KCs were 
present in groups D and E, i.e., KCs derived from those two groups had more 
significantly suppressive effect on T cell proliferation.
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