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MHC antigen presentation 
on the surface of hepatocytes: 
modulation during and 
after hypoxic stress 

Abstract Presentation and recog- 
nition of MHC antigen on the 
surface of cells is the basic process 
of initiating rejection and distingu- 
ishing "self and not self'. This is 
considered to begin when a trans- 
planted organ is reperfused with 
the blood of the recipient. In this 
study, the modulation of MHC I 
antigen presentation during pre- 
servation was investigated in a cell 
culture model using primary hepa- 
tocyte cultures of male Wistar rats. 
By incubation with different pre- 
servation solutions used in clinical 
transplantation, expression of the 
MHC antigen was observed during 
cold hypoxia. Primary hepatocyte 
cultures were isolated from male 
Wistar rats by a modified Seglen 
technique and seeded to glass 
slides, thus obtaining monolayer 
cultures. After 1 day of resting the 
cultures were incubated under 
different conditions using Krebs 
Henseleit solution (KH), Euro- 
Collins solution (EC), HTK so- 
lution of Bretschneider (HTK) and 
University of Wisconsin solution 
(UW) as incubation media. The 
conditions of incubation were 
warm normoxia (37 "C, p 0 2  
100 mm Hg) and cold hypoxia 
(4 "C, PO, < 0.1 mm Hg), which is 
the main condition of organ pre- 
servation. Incubation time was 6 h. 
Before starting the incubation 
reference cultures were fixed and 

every 60 min several cultures were 
withdrawn from the experiment 
and fixed also. MHC expression 
was studied by staining the cultures 
with monoclonal antibodies against 
rat MHC class I and class 11. As 
expected, MHC class I1 was not 
present on the surface of hepato- 
cytes, while MHC class I was 
demonstrated on the controls as 
well as on the cultures that were 
incubated using KH and EC inde- 
pendent of temperature and hypo- 
xia or normoxia. At the end of the 
incubation they were still positive 
but not as strong as in the beginn- 
ing. During incubation using HTK 
and UW, MHC I was not detect- 
able at all phases of the experi- 
ment. In conclusion, hypoxic stress 
did not completely eradicate 
MHC I expression in rat hepato- 
cytes, while the composition of the 
preservation medium may result in 
a hepatocyte surpce negative for 
MHC I. Hydroxyethylstarch may 
be the substance in UW that covers 
the MHC antigen, while in HTK, 
mannitol or the histidine complex 
may play the same role. MHC 
negativity of the cells of a pre- 
served transplant is another reason 
for the benefit of UW or HTK. 
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Introduction 

Primary liver cell cultures have been used to evaluate 
hypoxic liver cell injury caused by graft preservation [9]. 
Previous examinations have shown that endothelial cells 
have a potent ability to express both MHC class I and 
class I1 antigens. Opinions differ concerning the intensity 
of their expression by hepatocytes. The aim of our 
research was to evaluate the impact of different preser- 
vation solutions on the expression of transplantation 
antigens and to evaluate whether there were any changes 
in the expression of these antigens during the preserva- 
tion period. In addition, we evaluated the influences of 
temperature, preservation solution and hypoxic and 
reoxygenation stress on the intensity of the expression of 
these antigens during this preservation period. The major 
question of our study was if hypoxic stress and/or direct 
reoxygenation injury can modulate the expression of 
MHC antigens in primary hepatocyte cultures. 

They were equilibrated before incubation with anoxic or 
normoxic gases. After 3 h, 6 h and after reoxygenation, the cultures 
were fixed by the addition of cold methanol (- 40 "C). Immediately 
after the fixation, a direct immunofluorescent staining was perfor- 
med (antibodies by Dianova/Pharmingen: RTIA and RTIB; FITC 
conjugated). The intensity of the staining was evaluated under 
immunofluorescent microscopy at  488 nm. The intensity of the 
staining was graded from zero to four. Foci of increased intensity 
were graded by adding 1 ,2  or 3 points to the scale, depending on the 
number of focal staining points. Classification was performed by 
two experienced cell culture researchers (C. E., B. M.) by indepen- 
dent estimation. 

To evaluate the expression in the normal liver of the rat, two 
native cryostat sections were stained in the same manner. The results 
of this staining were comparable to previous studies. All cultures 
were stained and tested at the same time after preservation. Each 
experiment was repeated 3-5 times for all incxbation conditions in a 
parallel manner (comparison of the conditions in the cell of the same 
liver) and, subsequently, with the livers of ten different animals. 

Results 

Native cryostat sections 

Materials and methods 

Male Wistar rats (120-200 g) receiving a standard pellet diet and 
water ad libitum were used for the isolation of cells. The isolation of 
the hepatocytes was performed according to the technique described 
by Seglen et al. [6] and modified by Sies [7], using a two-step 
perfusion technique. 

Anaesthesia was achieved with an intraperitoneal injection of 
pentobarbital and the abdomen was opened using a median 
laparotomy. The rat was then heparinized systemically. Portal vein 
cannulation was achieved. Perfusion was started using calciumfree 
buffer at a perfusion rate of 6ml/min. To avoid increasing the 
pressure in the circulation, the inferior vena cava was incised and the 
blood flow was then increased to 20 ml/min. The system was then 
prepared for the recirculating perfusion with the calcium; and 
collagenase-containing buffer, by ligating the inferior vena cava and 
inserting a cannula into the right atrium. After perfusion of 
approximately 4 min, the liver was well congested by the collagenase. 
It then was removed and striked out in the calcium-containing 
buffer. 

Hepatocytes were concentrated by washing and sedimentation. 
The pure cell suspensions were seeded on histology slides, which 
were then placed in chambers. The cells were cultured in 15 1 medium 
with additional supplements. Hepatocytes were characterized by 
their morphology using haematoxylin-eosin staining. 

Experimental procedure 

For the incubation of the cell cultures, gas-impermeable cham- 
bers were developed in which the following incubation conditions 
were easily sustained: warm normoxia (37 "C; PO, > 70 mm Hg), 
warm hypoxia (37 "C; PO, < 0.1 mm Hg), cold normoxia (4 "C; 
PO, > 70 mm Hg) and cold hypoxia (4 "C; PO, < 0.1 mm Hg). For 
each different condition four preservation solutions were used as 
incubation media to evaluate their influences: University of Wis- 
consin (UW), HTK solution of Bretschneider (HTK), Euro- 
Collins (EC) and Krebs Henseleit solution (KH). 

Kupffer cells showed a very strong expression (grade 4) of 
MHC class I, endothelial cells showed an almost compar- 
able strong staining (grade 3), while hepatocytes showed a 
very weak staining (grade 1). Staining for class I1 antigens 
expressed by Kupffer cells was grade 3, endothelial cells 
staining was grade 2 and hepatocytes showed no staining. 

Isolated cell cultures 

Hepatocytes showed a very weak staining (grade 1.4) for 
class I and and almost non-visible staining (grade 0.5) for 
class I1 antigens. Focal positive staining of single cells was 
detected in these cultures. 

Hepatocytes hypoxia and reoxygenation (Figs. 1 and 2) 

Under cold hypoxia there was only a very small, insignifi- 
cant increase in the MHC class I1 expression, and no 
changes were seen in the expression of the class I antigens. 
After reoxygenation, no changes were found in class I 
expression, but a significant increase in the expression of 
MHC class I1 was found: UW (grade 2.4), HTK (grade 
3.1), EC (grade 4.5) and KH (grade 2.1). Under warm 
hypoxia similar observations were made as those found 
under cold hypoxia. However, there was an even higher 
increase in MHC class I1 antigen after reoxygenation of 
the cell cultures: UW (grade 4.6), HTK (grade 4.5), EC 
(grade 4.2) and KH (grade 4.1). 
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Fig. 1 Expression of MHC I and I1 on hepatocytes undergoing 
warm hypoxic incubation in different preservation solutions 

Fig. 2 Expression of MHC I and I1 on hepatocytes undergoing cold 
hypoxic incubation in different preservation solutions 

Hepatocytes and normoxia 

After 3 h in cold normoxia only a small increase in class I1 
expression was seen. After 6 h, the class I1 expression 
remained the same, but in addition to that an increase in 
MHC class I appeared. These same findings were found in 
warm normoxia. 

Discussion 

The data presented here showed that under stressful 
conditions such as hypoxia and reoxygenation, which 
have proven to be a good simulation of the conditions of 
the transplantation processes of preservation and re- 
vascularisation, MHC surface antigens on the hepato- 
cytes can be upregulated significantly. If conditions were 
not ideal (warm hypoxia or second choice preservation 

medium) even MHC I1 was strongly present. It must be 
pointed out that warm hypoxia is not only an unwanted 
condition during organ preservation but also corresponds 
to conditions of shock. 

According to general immunological knowledge, 
MHC I1 is only expressed by antigen-presenting cells such 
as reticular cells and not by parenchymal cells. On the 
other hand, there is some evidence that even hepatocytes 
can express MHC I1 in certain diseases such as primary 
biliary cirrhosis or graft rejection [l, 3-51. Thus, the 
interpretation of upregulated MHC I and I1 on the 
surface of liver cells after organ preservation and reoxy- 
genation as well as in shock is not yet clear. It is most 
likely a stress reaction of the cells [2, 81 but whether this 
upregulation is immunogenic, attracting infiltrating cells, 
or immunosuppressive, inducing tolerance, cannot be 
decided from these data. Further experiments pre in 
progress. 
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