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ON ALLOGRAFT REJECTION IN HUMAN LIVER 

TRANSPLANTATION 

an immunohistologic study 



STELLING EN 

I. 

Better to admit ignorance than invent a "nondisease". 
(Robbins,Cotran,Kumar: Pathologic basis of Disease, 1984). 

II. 

Het kappen van tropische regenwouden is multigenocide. 

III. 

Reizen en wetenschappelijk onderzoek hebben met elkaar gemeen dat de 
interessantste resultaten bereikt worden als men zo onbevooroordeeld mogelijk 
waarneemt. 

IV. 

De schenking of verkoop aan Derde Wereld landen van medische apparatuur, 
die niet strikt rs aangepast aan de lokale omstandigheden betreft geen hulp 
maar handel. 

V. 

Vanuit een immunologisch standpunt bekeken was het veiliger geweest als de 
mens eieren legde in plaats van dat zij levendbarend werd. 

VI. 

Het creeren van banen voor oio's ( onderzoekers in opleiding) zonder dat er 
werkgelendheid voor onderzoekers wordt geschapen is vergelijkbaar met iemand 
de woestijn in te sturen met een glaasje water. 

VII. 

De stelling dat jonge wetenschappers geografisch mobiel dienen te zijn is 
ontsproten aan een traditioneel brein dat impliceert dat levenspartners van 
wetenschappers geen eigen carriere hebben. 



VIII. 

Dat een onderzoeker aan de universiteit tegenwoordig universitair docent wordt 
genoemd in plaats van wetenschappelijk medewerker, benadrukt de desinteresse 
van de overheid in wetenschap, maar vormt tegelijkertijd geen garantie voor 
verbetering van de onderwijsfaciliteiten. 

IX. 

Zij die er last van ondervinden dat tijdens een maaltijd over eten wordt 
gepraat zijn geen culinaire genieters maar noodgedwongen eters. 

Stellingen 
behorende bij het proefschrift van 
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After all, most research starts off with a vague 
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INTRODUCTION. 

More than three decades lie between the first reports on experimental 
liver transplantation in canines by Welch and Goodrich in the mid-fifties [Welch 
1955; Goodrich 1956], and the present, in which human orthotopic liver trans
plantation (OLT) has become an accepted therapeutic possibility for non curable 
end-stage liver diseases. 

Although OLT is now the method most frequently applied to replace the 
functions of the diseased liver, other alternatives have been proposed. Auxiliary 
heterotopic liver transplantation has been clinically applied [Terpstra 1988], 
while liver cell transplantation [Vroemen 1988] and extracorporeal liver perfusion 
using animal livers (porcine or baboon) are currently still subject to research 
studies [Abouna 1982]. The present study is focused on the allograft rejection 
in human orthotopic liver transplantation. 

Since the first successful OLT by Starzl et al in 1967 more than 2000 
OLTs have been performed in the USA and Europe. Actuarial survival rates at 
1 and 5 years have improved from 33% and 20 % respectively to approximately 
75% and 65% per cent [Starzl 1969, Krom 1985, Bussutil 1986, Gordon 1986, 
Bismuth 1987, Iwatsuki 1988, Slooff 1988]. Refinements of surgical techniques, 
introduction of new immunosuppressive regimens, improvements in patient 
selection as well as the ever continuing analysis of clinical data of several 
centers have contributed to these considerable improvements. Nevertheless, the 
OLT procedure is still accompanied by serious morbidity and mortality . Most 
recipients are in poor clinical conditions due to the underlying chronic liver 
disease while no artificial organ support is available for the liver like dialysis 
for the kidney. Technical complications such as inadequacy of the graft vascular 
supply and the bile duct anastomosis, bacterial-, fungal- and viral infections 
and episodes of acute rejection are hazardous conditions in the early postoperat
ive period [Bussutil 1986]. Later complications maybe due to the possibility of 
recurrence of the original liver disease and development of irreversible chronic 
rejection requiring retransplantation [Partmann 1983 , Neuberger 1982/1984, 
Haagsma 1987, Wight 1987, Shaw 1985]. 

The interpretation of liver graft dysfunction and the diagnosis of rejection 
are by no means simple. Clinical signs of acute rejection such as fever, general 
illness, rises in serum bilirubin and liver enzymes and a fall in clotting factors 
are non-specific. Neither is the prolonged cholestatic picture of chronic rejec
tion. The diagnosis of rejection is frequently made by exclusion of other causes 
of graft dysfunction such as ischaemic changes, biliary obtruction, vascular 
thrombosis, sepsis, viral infection and drug toxicity [Calne 1987, Pichlmayr 
1983]. As delineated below, the histopathologic study of sequential graft needle 
biopsies appeared to be a safe and accurate diagnostic aid. 
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Biopsy monitoring of the transplanted liver. 

The changes in the allograft biopsy are the composite of a number of 
insults and its interpretation rests much on the correlation of the histopathologic 
findings with all available clinical data. 

The liver allograft is exposed to a number of factors which may affect 
its structure and function. In addition to the type of rejection (hyperacute, 
acute and chronic) other factors such as hypoxia, preservation, anesthesia, 
viral and bacterial infections, obstruction to bile flow, the condition of the 
recipient, the original illness and drug reactions may modify the morphologic 
picture. 

Since rejection is a dynamic process it is mandatory to interpret the 
biopsy in the light of findings in previous specimens. A baseline biopsy taken 
at the time of transplantation can give information on the quality of the donor 
organ and preservation damage. The routine use of serial liver biopsies following 
OLT in several centers have clearly demonstrated the safety of the procedure. 
Until now more than 500 percutaneous graft biopsies have been obtained at our 
transplant center without serious morbidity or mortality. A total of 325 percutan
eous biopsies obtained according to the same protocol at the University of 
Minnesota neither caused significant complications (Snover 1986]. The Memphis 
group reported a very strict histological monitoring of the transplanted liver 
by taking needle biopsies at a 3 to 7 days interval under direct vision by 
leaving open a part of the surgical wound [Williams 1985]. 

Whatever the regimen, it is important to realize that the diagnosis of 
rejection should be made on a biopsy taken before anti-rejection treatment 
has been given to avoid changes due to treatment, such as the disappearance 
of endothelialitis (Snover 1984]. 

From the start of the liver transplantation program in Groningen in 1979, 
"protocol" biopsies are taken before and after OLT, at the end of the first 
week posttransplant, at discharge and at yearly intervals thereafter in addition 
to "non-protocol" biopsies taken to study graft dysfunction [Krom 1984]. 

Types of liver allograft rejection: 

Rejection of the human liver allograft shows the featw·es of a modified 
response due to the administration of immunosuppressive drugs in almost all 
cases. A single case of unmodified rejection has been reported in which the 
graft, rejected at day 7 posttransplant showed all histological characteristics 
described in modified rejection, next to two features which are rarely encounter
ed in modified rejection: arteriitis and necrosis of perivenular liver cells 
[Williams R 1973]. 

The histological features described in this thesis and in studies of other 
liver transplant centers are those of modified acute rejection, with portal 
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inflammation, venous endothelialitis, bile duct damage and accompanying lesions 
such as arteriitis, liver cell damage, lobular inflammation and cholestasis [Porter 
1969, Wight 1987, Snover 1984, Demetris 1985, Williams JW 1985, Hubscher 
1985, chapter 1 this study]. Episodes of acute rejection are common in the 
frrst weeks after transplantation. The incidence varies among the different 
centers from approximately 25% tot 70% of patients, probably dependent on the 
immunosuppressive regimens applied [Wight 1987, Pichlmayr 1983, Snover 1984, 
Williams JW 1985]. In addition, acute rejection can be seen anytime thereafter 
[Snover 1984]. Episodes of acute rejection usually respond well to anti rejection 
treatment, both clinically and histologically [Wight 1987]. 

The term "acute" rejection implies the existence of a "chronic" variant. 
The conventional separation of rejection in "hyperacute", "acute" and "chron
ic" probably represents processes of different pathogenesis rather than an 
indication of time development after grafting. A severe, progressive cholest
atic process, ultimately leading to graft loss and histologically characterized by 
obliterative arteriopathy, diminishing numbers or vanishing of interlobular bile 
ducts and minimal portal inflammation is generally assumed as chronic irrevers
ible liver graft rejection [Wight 1987, Demetris 1987, Grond 1986]. However, 
this type of rejection has been observed as early as two weeks after liver 
trans[lantation [Ludwig 1987]. The incidence of "chronic" rejection, which is 
yet not amenable to any form of anti rejection treatment, has been reported 
to be approximately 10% in our and other centers [Wight 1987, Batts 1988, 
chapter V this study]. 

Hyperacute rejection, as known from kidney grafting, occurs within minutes 
to hours of transplantation and is attributable to antibody mediated graft 
destruction [Roser 1984, Williams GM 1986]. Its occurence in human liver grafting 
is questionable even in the presence of ABO-, HLA mismatch and anti donor 
antibodies. Two cases have been reported showing clinical and histological 
features similar to hyperacute rejection of the kidney [Snover 1986, Olson 
1988]. The hyperacute type of rejection has also been observed in rat liver 
transplantation [Knechtle 1987]. 

Nature of liver allograft rejection: 

The antigenic differences between donor and recipient are generally 
considered to be the most important factors in triggering rejection ultimately 
leading to tissue destruction. See for reviews on this subject, among others: 
Hayry 1984, Thiru 1984, Roser 1984, Bach 1987, Hall 1988. The transplanted 
organ is the target of an anti-allograft immune response next to many non
immune factors such as hypoxia, preservation, anesthesia etc. Theoretically, 
the allo-response can be divided in three phases: 
1. the afferent limb consisting of the recognition of foreign antigenic determin
ants by recipient's cells and the transport of this information to lymphoid 
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centres; 
2. the second phase in which the antigenic message leads to hyperplasia of 
lymphoid tissues with expansion of paracortical T-cell areas; 
3. the efferent limb which is now thought to comprise both cellular and humoral 
components. 

The recognition of foreign antigens includes several aspects such as the 
nature of the alloantigens, the identity of the recipient's cells recognizing 
these antigens, the location of sensitization: local in the graft and/or central 
in the recipient's lymphoid tissues. The rejection itself comprises the immune 
response towards the graft and the inflammatory reaction that follows leading 
to the in situ features of the graft destruction which is the composite of 
specific immunologic events and the subsequently induced non-specific inflamm
atory rections. 

Aims of this study: 

The present study has focussed on the phenomenon of allograft rejection 
in 83 cases of OLT, performed at the University of Groningen between March 
1979 and March 1988 (74 primary transplantations and 9 retransplants). 

In chapter I, the morphological features of acute rejection in a selected 
group of patients maintained on azathioprine and prednisone were compared 
with those in patients receiving cyclosporine A and low doses of prednisone. 
This was a collaborative study with the University of Minnesota (Dr.D.C.Snover). 
Chapter II deals with the induction of major histocompatibility complex (MHC) 
antigens-expression after OLT. The phenotypes of the infiltrating inflammatory 
cells and several T cell activation antigens in early acute rejection were 
documented. Chapter III presents the results of a study on the replacement of 
donor specific cells by recipient ones after transplantation, based on the donor
recipient mismatchings of MHC antigen determinants. The morphological features 
and the predictive value of serial graft biopsies on the early diagnosis of chronic 
irreversible liver graft rejection are discussed in chapter IV. Chapter V deals 
with the influences of donor-recipient HLA matching, a positive lymphocyte 
crossmatch and pre- and posttransplant donor-specific antibodies on chronic 
irreversible rejection. 

Finally, in the general discussion an attempt is made to interrelate the 
data of the foregoing chapters in order to explore some pathogenetic aspects 
of rejection of liver grafts. 
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CHAPTER I 

ACUTE REJECTION IN HUMAN LIVER GRAFTS 

A comparative histologic study of cases maintained on 
azathioprine and prednisone versus cyclosporin A and 

low dose steroid. 

SUMMARY: 

The morphology of acute rejection in biopsies of liver al!ografts obtained in 
the first two weeks after transplantation (Tx) was analyzed. Material from 
patients maintained on azathioprine and prednisone (AZA, Groningen) was 
compared to that of patients receiving cyclosporine A and prednisone (with or 
without azathioprine) in low doses (CSA, Minneapolis). Strict selection criteria 
were applied to exclude circulatory and biliary complications and viral infection 
in this early observation period after Tx. Follow up biopsies ranged from 3 
weeks to one year after Tx. Time zero biopsies and/or pretransplant biopsies 
served as baseline histology. Our data revealed an identical morphologic picture 
during acute rejection early after Tx in both patient groups except for a more 
marked degree of venous endothelialitis and hepatocyte ballooning in the 
Minnesota material. The follow up biopsies suggested a spontaneous resolution 
of these early rejection episodes without anti rejection treatment in 6 of the 
10 AZA patients. No differences in the long term survival rate between the 
CSA and AZA treated patients were observed. 
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INTRODUCTION: 

The morphology of acute rejection (AR) in human liver grafts has been 
the subject of a number of recently published studies [Snover 1984, Wight 
1983, Demetris 1985, Williams JW 1985, Hubscher 1985]. Histologically, a pre
dominantly mononuclear cellular infiltration of the portal tracts is considered 
to be the most constant feature of AR. Involvement of bile duct epithelium and 
blood vessels in AR has been less unambiguously described. Bile duct damage in 
AR resembles the process seen in graft versus host disease [Vierling 1985, 
Snover 1986]. The presence of mononuclear cells subendothelially or adherent 
to the endothelium in portal and/or efferent veins ("endothelialitis") is considered 
to be nearly pathognomonic of AR [Snover 1984, Wight 1983]. However, it has 
been suggested that endothelialitis is only present in an early phase of AR, 
being the first feature to disappear following anti rejection therapy [Snover 
1986]. It has also been suggested that variation in prophylactic regimens may 
have some effect on the histology of rejection [Snover 1986]. 

The aim of this report was to outline the histology of AR using graft 
biopsies obtained according to a protocol within 2 weeks after transplantation 
(Tx) in patient populations using 2 different prophylactic regimens: azathioprine 
and prednisone (AZA, Groningen) and cyclosporine and low dose prednisone 
with or without azathioprine (CSA, Minneapolis). In the cases included in this 
study a histologic diagnosis of AR was not present prior to day 6 post Tx. 
This does not implicate that an AR episode in the first week does not exist. 
However, both in human liver Tx as in animal model experiments an AR episode 
is not reported until day 5 to day 8 after Tx although the first changes of AR 
are already observed at day 3 [Wight 1983]. Rejection, leading to death in the 
immediate posttransplant period has been reported recently, but this probably 
concerns hyperacute rejection with distinct histological and clinical features 
[Snover 1986]. 

MA� AND ·METHODS: 

The Groningen series (AZA): 

Patients: 
A group of 10 patients, without graft pathology other than AR in the 

first two weeks after Tx was selected from a total of 53 OLT patients trans
planted at the University Hospital of Groningen between March 1979 and March 
1986. The selection criteria are listed in table lA. 

Needle biopsies from the graft were taken with a 1.6 mm Menghini needle 
according to a protocol, consisting of a first biopsy taken prior to Tx (HBl), 
one taken right after the Tx procedure (HB2), one at the end of the first 
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week after Tx (HB3), one at discharge from hospital and subsequently at yearly 
intervals. Non protocolled biopsies were taken at clinical signs of graft dysfunc
tion. None of such biopsies were included in this report. This study describes 
the first three biopsies (HBl,2 and 3). The first two biopsies were included to 
document the histopathological features prior to Tx, due to preservation, and 
following surgery. 

Viral infection under immunosuppressive therapy is unusual within one 
month after Tx [Nagington 1984]. To further minimize the chances of a coexist
ing CMV ( cytomegalovirus) infection only CMV seronegative donor-recipient 
combinations which remained seronegative for at least 4 weeks after Tx were 
included. The selection on absence of HSY (herpes simplex virus) infection was 
done on clinical symptoms; none of the selected patients showed signs of 
generalized HSY infection. HBV (hepatitis-B virus) serology was negative in all 
cases. Histologic criteria to characterize acute rejection are mentioned in table 
lB. No anti rejection therapy such as bolstered immunosuppression, was given 
within 2 weeks after Tx except for OLT 4. Clinical features of the selected 
patients are shown in table 2. 

Table IA: Patients' exclusion criteria: 

Excluded conditions: Number of patients (AZA ): 

1. Biliary complications 2 
2. Vascular complications 2 
3. CMV positive donor and/or recipient 31 
4. Incomplete serological data 1 
5. CSA therapy 1 
6. Death in the first week after Tx 5 
7. ABO crossing 1 
8. No base line biopsies 0 
9. Patients accepted for study 10 

TOTAL 53 

CMV: cytomegalovirus 
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Table JB: Grading of Acute rejection. *  

Diagnosis 

Consistent with rejection 
(non diagnostic) 

Acute rejection, grade I 
(mild) 

Acute rejection, grade II 
(moderate) 

Acute rejection, grade III 
(severe) 

Description 

Mixed portal infiltrate with < 50% bile 
duct damage, no endothelialitis. 

As above, with endothelialitis. 

Mixed portal infiltrate, > 50% 
bile duct damage, with or 
without endothelialitis. 

Grade I or II plus arteritis, 
paucity of bile ducts or central 
ballooning with confluent dropout of 
hepatocytes. 

*Snover DC. The pathology of acute rejection. 
Transplant Proc 1986; 18:123-127. 

Morphologic study: 

Liver biopsies were fixed by immersion in 4% formaldehyde with 6% HgC12, 
5% glacial acetic acid [Bosman 1977) and embedded in paraffin for routine 
histology using eosin, periodic acid Schiff after diastase digestion, Gomori's 
reticulin, azan and Perls'iron staining. H&E stained sections of the graft biopsies 
were analyzed independently by three of us (ASHG,DCS and JG) in a semiquanti
tative way using the items listed in table 3. Morphologic changes were graded 
semiquantitatively using a 0-3 + scale, in which 0 = absent, 1 + = minimal, 2 + = 

moderate and 3 + = severe. The bile duct changes were similarly analyzed 
according to Fennell et al [Fennell 1983]. 
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TABLE 2. Data of the Ten Selected NA (Groningen) Patients 

Age at 
B iopsies studied 

OLT Original Transplantation Time AR at Grade 
No. Disease (yr) Sex Survival Pretransplant Zero Day of AR 

3 HCC 42 F 7 yr + + 8 I 

4 CAH 55 F I mo* + + 1 4  0 

7 CAH 44 M 6 yr + + 8 I I  
1 3  Bu-Ch 27 M 5 yr + + 8 I I I  

1 5  cc 34 M 5 yr + + I I  I I  
1 7  Ai-CAH 1 7  F 4 yr + + 7 I I  
26  PBC 46 F 4 mo* + + 7 I I  
27  PBC 48 F 3 yr + + 7 I I  
4 1  PSC 1 9  M 6 mo* + 7 I 

43 CAH 40 F I yr + + 7 I I  

Abbreviations: Ai-CAH,  autoimmune chronic hepatitis; Bu-Ch, B udd-Chiari disease; CAH, chronic active hepatitis; CC ,  cryptogenic 
cirrhosis; HCC, hepatocellular carcinoma; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; + ,  present; - , absent; 0, 
consistent with rejection; I, mild acute rejection; I I ,  moderate acute reject ion; I I I , severe acute rejection. 

* Died. 



Table 3: Morphological features assessed: 

Portal tract: -enlargement, fibrosis and edema 
-type and quantity of inflammatory cells 
-bile duct epithelial changes 

Endothelialitis: attachment and subendothelial localization of 
mononuclear cells in portal veins and terminal hepatic 
veins. 

Parenchyma: -cholestasis 
-acidophilic degeneration of hepatocytes 
-ballooning and/or atrophy of hepatocytes 

The Minnesota senes (CSA): 

Patients: 

Ten cases (from a total of 98 cases transplanted prior to September 19, 
1986) were randomly selected showing acute rejection within the first two weeks 
after transplantation without evidence of a coexisting viral infection, obstructive 
liver disease or any technical problems with the biopsy procedure. A biopsy 
taken after completion of the surgical anastomoses was available in 6 of the 10 
cases ("time zero" biopsy). These biopsies are the equivalent of the HB2 biopsies 
in the AZA group. Clinical characteristics on these patients are shown in table 
4. All time zero biopsies were obtained with a Tru-cut needle prior to closure 
of the patient. All post-surgical biopsies were obtained percutaneously using a 
Menghini needle for the pediatric patients and a Klatskin needle for the adults. 

Morphologic study: 

All liver biopsies were fixed in 10% buffered formalin. Hematoxylin and 
eosin stained sections were reviewed by the three authors who reviewed the AZA 
material and the features described above and in table 3 were recorded. 

Statistical analysis: 

The Mann Whitney U test was used for statistical analysis with p < 0.05 as 
a level of significance. 

10 



,.... ,.... 

TABLE 4. Data of the Ten Selected CSA (Minnesota) Patients 

UPN Original Time Zero AR at Grade 
No. disease Age (yr)/Sex Survival Biopsy Day of AR 

2 1  AAT 7/M 4 yr, 4 mo + 7 I 
22 PBC 4 1/M 4 yr, 3 mo + 7 I I  
36  tyrosinemia and 

hepatoma 4/F 8 mo* + 1 2  I 
48 AAT 3/F 2 yr, 10 mo + 7 I 
56 PSC 44/M 2 yr, 5 mo + 8 I I  
67  PBC 28/F I yr, 10 mo + 1 0  I I  
68 PBC 42/F I yr, 9 mo 7 l l  

7 7  EBA 1/M 6 mo* 6 I I  
85  Cirrh 20/M l yr, 3 mo I O  I I  
88  Drug 30/M 2 mo* 7 I I  

Abbreviations: AAT alpha- 1 -antitrypsin deficiency; Pl3C, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; EBA,  ex
trahepatic biliary atresia; Cirrh, idiopathic cirrhosis; Drug, thiaben<lazole drug react ion ; 0, consistent with rejection; I ,  mild acute rejection; 
I I ,  moderate acute rejection; I I I ,  severe acute rejection. 

* Died. 



RESULTS: 

Biopsies obtained within 2 weeks post Tx (HB 1, 2 and 3): 

Morphological study of the first biopsies (HBl) of the AZA series showed 
no pathological changes except for one case (OLT3). In HB2 an increase of 
neutrophils in the sinusoidal spaces was seen; the portal tracts were normal 
except for OLT 3 in which both in the HBl and HB2 the portal tracts were 
infiltrated by lymphocytes, neutrophils and a sparse amount of plasma cells. 
Focal infiltration of bile duct walls was seen and minimal cholestasis was found 
in the centrizonal areas. Macroscopically the donor liver was normal and the 
donor-hepatectomy procedure of OLT3 was without any complications. The 
donor was a 20-years old male who died in a motor cycle accident. We did not 
exclude OLT3 from this study because no preceeding hepatic disease was 
diagnosed definitely. 

The time-zero biopsies of the CSA series show minimal changes consisting 
of a minimal (1 + )  pericentral polymorphonuclear infiltrate, a minimal lymphocytic 
infiltrate and rarefaction of the hepatocytes or minimal hepatocellular ballooning. 
The changes were similar to those of HB2. In one case (UPN 56) there was a 
diffuse rarefaction of the hepatocytes and focal hepatocellular necrosis in the 
pericentral areas with an accompanying polymorphonuclear infiltrate. In another 
case (UPN 67) small foci of necrosis in association with polymorhonuclear cells 
were present in the lobule without any signs of viral inclusions. 

Figure 1 summarizes the results of the morphological analysis of the one 
week biopsies of the AZA and CSA series.In both patient-groups portal inflamm
ation was predominated by lymphocytes admixed with variable quantities of 
polymorphonuclear leukocytes and eosinophils. Spill over of inflammatory cells 
into the liver parenchyma was inconspicuous and piece meal necrosis was never 
seen although expansion and edema of the portal tracts were present. However, 
not all portal tracts present in the biopsies were equally affected. · 

Infiltration of bile duct epithelium by lymphocytes and sometimes by 
granulocytes was invariably present in both groups of patients. The bile duct 
damage was mostly (6/10 patients in each group) of moderate grade (2 + )  with 
cytological atypia of the epithelium, cytoplasmatic vacuolisation and pseudo
stratification (fig. 2). Marginal duct proliferation was absent in the AZA material 
but it was observed in 3 CSA cases. There was no evidence of decrease of bile 
duct numbers. 

Endothelialitis was present in 8 AZA and 9 CSA cases. In the AZA group 
most of the cases (7/8) showed a mild degree (1 + )  of endothelialitis whereas 
7/9 of the CSA cases showed moderate and severe endothelialitis (p< 0.05). 
Lymphocytes were noted both attached to the endothelium and in the subendo
thelial region in portal and central veins (fig. 3). Arterial damage was absent 
in all cases. 
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Fig. 2: Bile duct damage of moderate degree ( + + )  during rejection. 
Note the infiltration of the bile duct epithelium by lymphocytes 
and granulocytes. There is atypia of the epithelium and pseudo 
stratification. 

Canalicular cholestasis was observed to variable extent in the centrizonal 
areas of all cases. 

Acidophilic degeneration of hepatocytes was frequently found, it was 
absent in only one AZA case and 3 CSA cases. In both groups the acidophilic 
degenerated hepatocytes were predominanly found in the midzonal areas. 

Ballooning of hepatocytes was mostly (7/10) absent in the AZA series; it 
was present in a mild degree in 3 cases. In the CSA series this feature was 
more markedly present, it was observed in a moderate and severe degree in 6 
cases. Ballooning was absent in 4 cases. Atrophy of liver cells was present in a 
mild degree in 2 cases of each group. 
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Fig. 3: Endothelialitis of mild degree ( + )  in an AZA case (left) and 
endothelialitis of moderate degree ( + + )  in a CSA case (right) 
with lymphocytes lining the endothelium and located subendo
thelia lly. 
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Follow-up data: 

In the Groningen series (AZA), three patients died within 6 months post Tx 
(OLT 4,26,41), the others were long term survivors ( > 1 to 7 years post Tx). No 
differences could be found in the grading of AR between the group of non
survivors and long term survivors. 

The majority of the AZA patients (6/10) were not treated for the AR 
episode analyzed in this study. In OLT 3 and 7 prednisone doses were increased 
at 14 days after and at 2 days before HB 3 was obtained respectively. OLT 4 
received 2 g methylprednisolone (Solumedrol, R) at day 6 and 1 g at day 9 
after Tx (8 and 5 days before the biopsy) and OLT 26 received 1 g Solumedrol 
on the day the biopsy was taken. Five of the 6 non-treated patients were long 
term survivors, OLT 41 died of sepsis after retransplantation because of chronic 
rejection. 

Two of the 4 treated patients were long term survivors while the two 
other patients died of causes unrelated to rejection. The resolution of this AR 
episode was variable as judged from the non-protocolled biopsies taken between 
HB 3 and the 1-year (protocolled) biopsy in the AZA group. This period varied 
from 24 to 287 days posttransplant, therefore other factors complicating the 
resolution of AR, such as viral infection, vascular and biliary complications 
cannot be excluded. All 1-year biopsies showed a normal histology. The moment 
of discharge from hospital ranged between 23 to 38 days posttransplant in all 
cases with a long term survival, except OLT 3 who was discharged at day 90 
posttransplant. Fig. 4 summarizes the follow-up data of the AZA patients. 

In the Minnesota series (CSA) three patients died within 8 months of 
transplant of causes unrelated to rejection or infection. With the exception of 
UPN 21, all patients received immunosuppressive therapy following the biopsy 
diagnosis of rejection and all returned to normal liver fuction and histology 
showing minor non-specific changes in repeat biopsies. UPN 21 was not treated 
following his biopsy and in subsequent weekly biopsies developed severe liver 
disease with bridging fibrosis. Three weeks following the initial biopsy this 
patient received anti rejection therapy and returned to normal liver structure 
approximately 15 weeks posttransplant. 

DISCUSSION: 

This report documents the histopathology of AR in two patient groups 
maintained on different immunosuppression regimens (AZA and CSA). The number 
of cases is limited due to rigid criteria needed to exclude graft pathology 
other than AR. 

The histological picture of AR early after Tx in the AZA and CSA group 
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of patients was identical except for endothelialitis and hepatocyte ballooning. 
Our observations are in line with the histology of AR in other reports [Snover 
1984, Wight 1983, Demetris 1985, Williams JW 1985, Hubscher 1985]. 

Infiltration of portal tracts predominantly by lymphocytes with variable 
amounts of polymorphonuclear leukocytes and eosinophils is the most constant 
feature. In the two series there was a comparable amount and composition of 
the portal inflammatory cells. In rejecting kidney allografts Bishop et al reported 
similar grades of inflammation after treatment with CSA or AZA [Bishop 1986]. 
Similar findings were reported by Paradis et al in hepatic and renal grafts 
[Paradis 1983]. However, Keown et al reported progressive accumulation of 
activated lymphocytes and lymphoblasts during rejection in AZA treated patients 
whereas in CSA treated patients the accompanying lymphocytic infiltrate was 
significantly diminished [Keown 1985]. 

CSA abrogates the proliferation of both T helper/inducer and T cytotoxic 
cells by inhibition of IL-2 production whereas azathioprine exerts its effect 
during the proliferative cycle of effector lymphocytes after antigen stimulation 
[Cohen 1984, Strom 1984]. Since both drugs influence the proliferative response 
of T lymphocytes, their effects cannot be reliably calculated merely on the 
amount of the inflammatory cells in the biopsies showing rejection which contain 
several T cell clones. 

Endothelialitis has been considered to be nearly pathognomonic of AR 
[Snover 1984, Wight 1983]. We observed endothelialitis as a prominent feature of 
AR as well, being present either in the portal or central veins, or both. This 
histologic feature was not mentioned in a previous paper from Groningen, 
which described the first 12 OLT patients using different criteria for AR at 
that time [Eggink 1984]. 

Of the 2 AZA cases showing no endothelialitis only one represented a 
posttreatment biopsy (OLT 4), which showed the histologic picture of "consistent 
with rejection". This might be partly due to the effect of treatment. However, 
the effect of steroids cannot be unanimously assessed since OLT 13 who received 
no treatment showed severe AR without endothelialitis but with central atrophy 
and necrosis whereas another pretreated patient (OLT 7) showed moderate AR 
with endothelialitis. The possible effect of steroids on OLT 26 was probably 
not yet noticeable since treatment was given on the day of biopsy. 

The gradual difference of endothelialitis between our AZA and CSA series 
should be interpreted with caution since the numbers of patients were small. 
CSA has been reported to diminish the expression of MHC antigens [Halloran 
1986, Milton 1986] and class II antigen expression on vascular endothelial cells 
of canine kidney grafts is reversed after treatment with CSA [Groenewegen 
1985]. Based on these observations, a diminished interaction of T lymphocytes 
and MHC antigens would be expected in the CSA treated group. However, CSA 
has also been reported to generate a cellular type of reaction in cardiac grafts, 
seen in the early postoperative period. This reaction is characterized by a dense 
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endocardial mononuclear cell infiltration [Pomerance 1985]. 
Bile duct damage of moderate grade was observed both in the AZA and 

CSA group confuming the data of Vierling and Fennell [Vierling 1985]. These 
workers studied biopsies obtained between 13-36 days after Tx and emphasized 
on differences of bile duct injury in early and late rejection. They pointed out 
that unlike early rejection -characterized by a mild to moderate type of bile 
duct injury- in late rejection, severe bile duct damage culminated in the 
disappearance of interlobular bile ducts. One of the Groningen patients (OLT 
27) showed a severe type of bile duct damage, but no disappearance of bile ducts 
was observed in the biopsies included in this study, nor in her following biopsies. 
In a previous study disappearance of bile ducts was observed in 4 patients with 
chronic rejection in our OLT series [Grand 1986]. The present data showed 
that all grades of bile duct damage could be seen in early acute cellular rejec
tion not necessarily leading to a diminished number of patent bile ducts. 

The differential diagnosis of cholestasis in liver grafts is an extensive 
one and both AZA and CSA has been suspected to cause cholestasis [Wight 
1986]. Moreover, cholestasis was observed in rejection as well as non-rejection 
biopsies [Snover 1984, Wight 1983, Demetris 1985]. In kidney graft recipients 
treated with CSA, liver function abnormalities have been reported with elevation 
of the transaminases, LDH (lactate dehydrogenase) and AP (alkaline phosphatase) 
[Klintmalm 1981, Lorber 1987]. No significant differences between the AZA and 
CSA groups were found with respect to morphological cholestasis. 

Ballooning degeneration of hepatocytes has been suggested to represent 
ischaemic damage. This may be due to preservation or the transplant procedure 
when present within the fust two weeks after transplantation [1st International 
Workshop 1986]. In association with frank hepatocellular necrosis or dropout of 
liver cells and other signs of AR, ballooning suggests a poor outcome provided 
that residual damage of the transplant procedure could be excluded [Snover 
1987]. For the latter, base line biopsies are useful as clearly illustrated by one 
of the AZA treated patients (OLT 3). This patient showed portal inflammation 
with bile duct changes in the biopsy taken at the end of surgery. However, 
similar changes were already present in the biopsy taken prior to transplantation, 
pointing to preexistent pathology. A recent study reported correlation of 
histologic abnormalities in the perioperatively taken graft biopsies with prolonged 
post OLT elevation of laboratory values [Markin 1987]. The patient is currently 
doing well at 7 years posttransplant. 

The present comparative study does not indicate a difference regarding 
hospitalization between the CSA and AZA group. However, other comparative 
studies of AZA and CSA treated cardiac and liver graft recipients reported 
significantly shorter hospitalization of the CSA group [Emery 1986, Krom 1987]. 

These contradictive results may partly be due to the exclusion of patients 
with early infections after Tx in both the AZA and CSA group in the present 
study while CSA is reported to be more effective in lowering the rate of 
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infection after Tx than azathioprine [Emery 1986, Hofflin 1987]. Moreover, 
CSA treated patients are reported to experience significantly less number of 
rejection episodes [Emery 1986, Krom 1987, Pichlmayr 1983]. 

In the AZA group of this study the exact incidence of rejection is hard 
to define since weekly follow-up biopsies were not performed. However, the 
stable recovery of the laboratory values and return of normal histology was 
achieved at the end of the first posttransplant year in the AZA treated group. 
As recently suggested by Emery et al [Emery 1986] and Krom et al [Krom 
1987] the effect of CSA might be most appreciable during this first posttrans
plant year. 

One final difference between the AZA and CSA groups appears to be the 
significance of the findings in regard to need for treatment. Six of the 10 
patients of the AZA group received no anti rejection therapy following the 
biopsies showing rejection. None of them developed significant liver problems 
related to rejection. OLT 41 was retransplanted 8 weeks after his first trans
plantation because of chronic graft rejection. A relationship between acute 
rejection episodes and subsequent chronic rejection is debatable [Wight 1983, 
Grond 1986]. 

In the Minnesota patients failure of treatment of biopsy documented 
rejection episodes was followed in 3 of 4 cases by severe and in 2 of the 4 
cases by irreversible liver damage. Because of this, all cases of biopsy document
ed rejection at the University of Minnesota are now treated. The reason for 
this discrepancy between the two institutions remains to be determined. A 
possible explanation would be that this early rejection episode in the AZA 
group is self-limiting for unknown reasons. Another explanation may have to 
do with the characteristics of the patients transplanted. All of the patients 
with untreated rejection who developed severe rejection-related . problems at 
Minnesota were pediatric, whereas all of the AZA patients in the current study 
were adult. This difference, as well as other selection differences may account 
for the different results. Further study of the role of protocol biopsies in 
direction of immunosuppressive therapy is necessary to answer this important 
question. 
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CHAPTER I I  

EARLY INDUCTION OF MHC ANTIGENS 

IN HUMAN LIVER GRAFTS. 

An immunohistological study. 

SUMMARY: 

The present study documents MHC Class I and II expression during early 
acute rejection of human liver grafts. Serial graft biopsies were studied. 10 
patients received azathioprine (AZA)  and prednisone; 6 patients were treated 
with quadruple therapy ( azathioprine, cyclosporine A, prednisone and cyc/ophos
phamide ). To study the specificity of changes in MHC antigen -expression, 
biopsies of 6 patients with minor or no  morphological abnonnalities served as 
controls. In addition, phenotypes of inflammatory cells present during rejection 
were an alyzed using a panel of monoclonal antibodies. 

Our results show that during acute rejection expression of MHC Class I 
and II antigens  increased significantly in both the AZA treated patients and 
those t reated with quadruple therapy, in a similar pattern with enhanced MHC 
Class I expression on hepatocytes, bile duct epithelium and sinusoidal endothel
ium, and Class II antigen on Kupffer cells and sinusoidal endothelium. Bile duct 
epithelium was consistently positive for Class II antigen; no  significant difference 
with the n on - rejection group was observed. T cells are the predominant inflamm
atory cells during  rejection with equal quantities of CD4 + and CDB + cells. A 
majority of the infiltrating T cells shows expression of Class II antigen but 
does not react with anti Interleukin -2 receptor antibody. This may be the 
result of immunosuppressive therapy or a simple reflection of the temporary 
expression of Interleukin-2 receptors during lymphocyte activation . 

We hypothesize that the induction of MHC antigens on bile duct epithelium 
preludes to rejection whereas the expression on hepatocytes represents an 
epiphenomenon. 
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INTRODUCTION: 

Several recently published studies deal with the altered expression of 
MHC antigens in rejected human liver grafts and primary liver diseases such 
as primary biliary cirrhosis and chronic active hepatitis [Nagafuchi 1987, Takacs 
1983, Demetris 1985, Steinhoff 1986, Ballardini 1984, Fukusato 1986, Montano 
1982, Barbatis 1981, So 1987, Gouw 1987] . Dming acute rejection expression of 
MHC antigens is enhanced but the pathogenetic role of this increased expression 
of MHC antigens is unclear. MHC alloantigens appear to be major targets in 
the rejection reaction and expression and accessibility of MHC antigens are 
determining factors [Milton 1985] .  

This study documents the alteration of MHC antigens expression in a 
selected group of liver transplant patients, experiencing acute rejection in the 
first week after transplantation and treated with 2 different types of immuno
suppressive regimens. Analysis of MHC expression in pretransplant, time zero, 
and rejection-biopsies in parallel with assessment of phenotypes and activity 
states of the T cells in the graft enabled us to address the question whether 
increased MHC expression is an epiphenomenon or a "prelude" to acute rejection. 

MATERIALS AND METHODS: 

Patients: 

As of October 1987, 77 orthotopic liver transplantations (OLT) have been 
performed in our center, including 69 primary OLT and 8 re-OLT. Graft biopsies 
were taken according to a protocol including a first biopsy prior to transplanta
tion (HB 1), a second biopsy at the end of the surgical procedure (HB 2), a 
third one at the end of the first week (HB 3) provided that there are no clinical 
contraindications e.g clotting disturbances, a fourth biopsy at discharge and 
subsequently follow-up biopsies at yearly intervals. In addition, non-protocolled 
biopsies were taken at clinical signs of graft dysfunction. This study includes 
the first three "protocol" biopsies (HB 1, 2, 3) . The patients include a group 
with a histologic diagnosis of acute rejection in the HB 3 (AR-group, n = 16) 
and a group without rejection (non-AR group, n =  6) . In the AR group HB3 was 
taken at a mean of 7.7 ± 2.2 days posttransplantation and in the non-AR group 
at 12.3 ± 4.8 days. The AR-group was selected according to strict criteria 
which reasonably excluded etiologic factors of graft dysfunction other than 
acute rejection such as viral infection, biliary and/or vascular complications. 

The immunosuppressiveregimen included Azathioprine ( AZA) and prednisone 
for 10 patients whereas the other 6 patients were treated with quadruple therapy 
consisting of AZA, prednisone, cyclophosphamide (lO0mg/day for one week) and 
cyclosporin A (CSA) starting at day 2 posttransplantation. 
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Table 1A: 

Patients 

1.  OLT 
2. OLT 
3. OLT 
4. OLT 
5. OLT 
6. OLT 
7. OLT 
8. OLT 
9. OLT 

10. OLT 
11. OLT 
12. OLT 
13. OLT 
14. OLT 
15. OLT 
16. OLT 

Table 2A: 

Data of the patients with rejection (AR group). 

Original Age/Sex Graft Therapy HB3 
disease at Tx survival at 

3 HCC 42y/F 6 y AZA 8 d 
4 CAH 55y/F 1 mo* AZA 14 
7 CAH 44y/M 6 y AZA 8 
13 BuCh 27y/M 4 y AZA 8 
15 cc 34y/M 4 y AZA 11 
17 AI-CAH 17y/F 4 y AZA 7 
26 PBC 46y/F 4 mo* AZA 7 
27 PBC 48y/F 3 y AZA 7 
41 PSC 19y/M 2 mo* AZA 7 
43 CAH 40y/F 1 y AZA 7 
53 BDA 7y/F 1 y Q 8 
57 PBC 46y/F 6 mo* Q 4 
57R PBC 46y/F 2 we* Q 7 
59 PBC 5ly/F lOmo Q 6 
66 BuCh 28y/F 6 we* Q 7 
69 PSC 37y/M 1 mo Q 7 

Grade 
of AR 

I 
0 
II 
III 
II 
II 
II 
II 
I 
II 
I 
III 
I 
I 
II 
I 

Data of the patients without rejection (non-AR group). 

Patients Original Age/Sex Graft Therapy HB3 Cholestasis. 
disease at Tx survival at 

1.  OLT 45R BC 18y/M 1,5 y Q 21 d + 

2. OLT 52 PBC 48y/F 1 y Q 14 + +  

3. OLT 56 BuCh 52y/F 1 y Q 7 + 

4. OLT 58 PBC 54y/F 10 mo Q 12 
5. OLT 62 cc 27y/F 7 mo Q 10 + 

6. OLT 65 PSC 19y/F 5 mo Q 10 + +  

HCC:hepatocellular carcinoma; CAH:chronic active hepatitis; BuCh:Budd-Chiari 
disease; CC:c,yptogenic cirrhosis; AI-CAH:auto immune chronic active hepatitis 
(P)BC:(prima,y) biliary cirrhosis; PSC:prima,y sclerosing cholangitis; BDA:bi/e 
duct atresia; (R)Tx:(Re)transplantation; y.year(s); mo:months; we.weeks; d:days; 
F.female; M:male; AZA:azathioprine; Q:quadruple therapy (see text) 
*:died; O:consistent with rejection; IJIIJIII:mild/moderate/severe rejection 
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Table JB: Liver tests in patients with rejection at the time of HB3. 

Bilirubin 
Patients SGOT SGPT AP GGPT direct Total 

(30U/L) (30U/L) (lO0U/L) (65U/L) (6-17µ.,mol/L) 

1. OLT 3 57 275 490 305 23 133 
2. OLT 4 189 331 93 54 305 380 
3. OLT 7 246 635 369 790 150 166 
4. OLT 13 83 417 209 250 215 345 
5. OLT 15 171 393 88 61 125 182 
6. OLT 17 299 1245 153 53 549 605 
7. OLT 26 44 152 136 226 76 109 
8. OLT 27 168 525 377 155 315 355 
9. OLT 41 42 192 235 195 525 540 
10.OLT 43 81 266 305 334 305 345 
11.OLT 53 72 201 148 146 19 35 
12.OLT 57 95 158 95 N 82 125 
13.OLT 57R 1780 1140 146 64 280 300 
14.OLT 59 212 424 114 75 295 345 
15.OLT 66 70 120 85 157 235 290 
16.OLT 69 189 665 150 253 205 255 

Table 2B: Liver tests in patients without rejection at the time of HB3. 

Bilirubin 
Patients SGOT SGPT AP GGPT direct Total 

(30U/L) (30U/L) (lOOU/L) (65U/L) (6-17µ.,mol/L) 

1. OLT 45R 21 30 526 118 52 74 
2. OLT 52 46 105 114 107 163 239 
3. OLT 56 26 215 220 N 26 41 
4. OLT 58 73 295 214 162 34 57 
5. OLT 62 66 168 144 181 72 110 
6. OLT 65 37 185 119 143 123 166 

(R)Tx: (Re) transplanta tion; S GOT: serum glu tamic oxaloacetic transaminase; S GPT: 
serum glu tamic pyruvic transaminase; AP: alkaline phosphatase; GGPT: gammaglu t
amyl transpeptidase; N: not available. 
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In 12 of the 16 patients HB 3 was taken prior to anti-rejection treatment: 
OLT 4, 7, 17 and 26 received steroids prior to HB 3. Data of the AR-group are 
shown in tables WB. The results of a comparative morphological study of the 
AZA treated patients of this AR-group and a similar group of patients from 
the University of Minnesota maintained on CSA and low dose steroids (with or 
without AZA) are presented elsewhere [chapter 1 this study]. 

The non-AR group consisted of 6 patients who were free of clinical and 
morphological signs of graft-dysfunction at the end of the first week after 
transplantation. These biopsies served as a control group for the study of 
MHC-antigen expression. Subset phenotyping was not performed since these 
specimens were virtually free of inflammatory cells. The patients of this non
AR group were all treated with quadruple therapy and their data are shown in 
tables 2A/B. Morphologically normal HB3 were not observed in patients treated 
with AZA&prednisone only. 

Histology and immunocytochemistry: 

The graft biopsy was performed with a 1.6 mm Menghini needle. One part 
was frozen in Freon (-90°C) and stored at -80°C for · immunohistochemical 
stainings. Another part was fixed by immersion in 4% formaldehyde with 6% 
HgCb, 5% glacial acetic acid [Bosman 1977] or in BS and embedded in paraffin 
for routine histological examination and for immunohistological studies using 
monoclonal antibodies applicable on paraffin sections. Table 3 shows the anti
bodies used, their specificities and sources. A two step immunoperoxidase 
technique was applied for the immunohistochemical stainings on cryostat sections 
as described in detail previously [Gouw 1987]. On the paraffin sections a three 
step immunoperoxidase technique was applied: 2-4µ sections were deparaffinized, 
rehydrated, desublimated and pretreated for 30 minutes with 0.3% methanol 
H2O2. In the first step the sections were incubated with undiluted LN2 and 
MB2 for 30 minutes. In the second step the sections were incubated with 
biotinylated rabbit anti mouse-lg antibodies, diluted 1:400 (Dakopatts, Copen
hagen, Denmark) for 15 minutes. It is followed by a third step avidin-biotin 
complex for 30 minutes. The sections were stained with 3.3' -diaminobenzidine 
tetrahydrochloride (Sigma) and H2O2 for 10 minutes, counterstained with Mayer's 
hemalum, dehydrated and mounted in xylene soluble mounting medium. Between 
the steps the sections were rinsed thoroughly with PBS. 

Assessment of the staining results was done in a semiquantitative way in 
which - = no positive cells, ± = minimal, + = mild, + + = moderate quantities 
of positive cells and + + + = abundant positive cells. 

25 



Statistical evaluation: 

The analysis of variance was applied for the assessment of MHC antigen 
expression and the Mann Whitney U test for the liver tests' values with p < 0.05 
as the level of significance. 

Table 3: Monoclonal antibodies, their specificities and sources: 

Antibodies 

1. Leul 
2. Leu3 
3. OKT8 
4. OKMl 
5. 1B9 
6. B9-12-1 
7. B8-12-2 
8. OKTlO 

9. Tu69 
10. Ki67 
11. LN2 
12. OKT9 
13. MB2 

Specificities 

CD 5. 
CD 4. 
CD 8. 
CDllb. 
CD 20. 

CD38. 

CD25. 

Mature peripheral T cells. 
T helper/inducer cells,histiocytes 
T cytotoxic/suppressor cells. 
Monocytes, granulocytes, NK cells 
B cells. 
MHC-class I antigens. 
MHC-class II antigens. 
Activated T and B cells; plasma 
cells, histiocytes. 
Interleukin-2 receptor. 
Proliferating (non GO) cells. 
MHC-class II antigens. 
Transferrin receptor. 
B cells, endothelial- and some 
epithelial cells. 

a: Beckton and Dickinson, Mountain View, Ca., USA. 
b: Ortho Pharmaceutical Corp., Raritan, NJ., USA. 

Source 

a 
a 
b 
b 
C 

d 
d 

b 
e 
f 
e 
b 

g 

c: ProfDr.S.Poppema, Cross Cancer Inst. Edmonton, CANADA. 
d: Drs. M.Giphart & F.Koning, Dept. of Immunohematology, Univ. of Leiden, THE 

NETHERLANDS. 
e: Biotest, Dreieich, WEST-GERMANY. 
f' Dakopatts, Copenhagen, DENMARK. 
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RESULTS: 

The pretransplant and time zero biopsies of both groups showed no morpho
logical abnormalities except for one case. The portal tracts in HB2 of OL T3 
contained some inflammatory cells and minimal cholestasis in the centrizonal 
areas. 

Acute rejection was characterized by portal inflammation, venous endo
thelialitis of portal and terminal hepatic venules, bile duct damage and variable 
degrees of parenchymal hepatocellular damage with acidophilic degeneration of 
hepatocytes in periportal and centrilobular areas and centrilobular ballooning 
and/or atrophy of liver cells. In table 1A the severity of the rejection episode 
of each patient is mentioned, graded according to the criteria proposed by 
Snover [Snover 1986] . 

The HB3 of the non-AR group showed no histological abnormalities except 
for mild to moderate cholestasis which was present in all but one biopsies 
without signs of bile obstruction or cholangitis e.g portal edema, marginal bile 
duct proliferation and infiltration by neutrophilic granulocytes (table 2A) . 

The liver tests' values of the same day on which HB3 was taken showed a 
significant difference in the elevation of SGOT (p = 0.005), SGPT (p = 0.03), direct 
bilirubin (p = 0.03) and total bilirubin (p = 0.02) of the AR group as compared with 
the non-AR group. AP and GGTP, although elevated, did not differ significantly 
from the non-AR group (tables 1B and 2B) .  

The results of  subset phenotyping are presented in  table 4 .  T cells were 
the predominant mononuclear cells in acute rejection. B cells were scant. Among 
the T cells, CD8 + (OKT 8 + )  cells were predominantly present in moderate ( + + )  
quantities (8 of 13) . CD 4 + cells (Leu 3 + )  were present in moderate quantities 
( + + )  in 7 of 13 biopsies and in abundant quantities ( + + + )  in 2 cases. The CD4 + 
cells were located diffusely and in the central parts of the portal tracts. CD8 + 
cells were located in the portal periphery. A minority of the CD4 + cells repre
sented a group of Kupffer cells or histiocytes which are known to be CD4 
positive [Poppema 1982] . Bile duct epithelium was infiltrated by both CD4 + and 
CD8 + cells (Figs. lA/B) .  Both cell types were also found in the sinusoids but in 
much lesser quantities than in the portal tracts (0-1 + ) .  Kupffer cells were 
OKMl negative. In 8 out of 12 cases portal tracts regularly contained Leu 3a + 
and OKMl + cells other than granulocytes in mild (1 + )  quantities. 

Five monoclonal antibodies recognizing different T cell activation antigens, 
were applied on the biopsies showing acute rejection. The results are shown in 
table 5. In 13 out of 14 biopsies Class II positive (LN2 + )  mononuclear cells 
were present in moderate ( + + )  to abundant ( + + + )  quantities without showing 
discrete locations in the portal tracts either central or peripheral (Fig. 2). 
OKT 10 positive cells were less conspicuous. Interleukin-2 receptor (Tu 69), Ki 
67 and OKT 9 positive cells were scarce. 
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Table 4: Phenotypes of mononuclear cells m Acute Rejection. 

Patients CDS CD4 CD8 CDllb CD20 MB2 

1.0LT 3 N N N N N N 
2.0LT 4 N N N N N N 
3.0LT 7 + + +  + N + N 
4.0LT 13 + + + +  + + + 
5.0LT 15 N N N N N N 
6.0LT 17 + + +  + +  + + + N 
7.0LT 26 + +  + +  + +  + ± ± 
8.0LT 27 + + +  + +  + +  + 
9.0LT 41 + +  + +  + + N 

10.0LT 43 + + +  + + +  + +  + +  ± ± 
11.0LT 53 + +  + + + N + 
12.0LT 57 + + +  + + +  + +  + N + +  
13.0LT 57R + + +  + +  + +  + N + 
14.0LT 59 + + + + N N 
15.0LT 66 + +  + + +  + +  N + 
16.0LT 69 + +  + +  + +  + N + 

- :no positive cells, ±. :minimal, + : mild, + + : moderate, + + + : abundant 
N :no (frozen) sec tions available. 

The distribution of MHC antigens in the various liver cell populations is 
shown in tables 6 and 7. A comparable distribution of Class I and II antigen 
expression was observed in the first and second biopsy. Hepatocytes failed to 
express both classes of antigens apart from a mild expression in one HB 2. Bile 
duct epithelium and Kupffer cells were Class I positive. Expression of Class II 
antigens on bile duct epithelium was absent except for one biopsy taken prior 
to transplantation without histological abnormalities. Kupffer cells were Class 
II positive in all cases. Arterial, venous and sinusoidal endothelium showed mild 
to moderate expression of Class I and low expression of Class II antigens. 
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Table 5: T cell activation during acute rejection. 

Patients CD38 Tu69 Ki67 LN2 OKT9 

l.OLT 3 N N N + +  N 
2.0LT 4 N N N + +  N 
3.0LT 7 N N N + + +  N 
4.0LT 13 + +  + + +  N 
5.0LT 15 N N N N N 
6.0LT 17 + + +  N 
7.0LT 26 + + + +  N 
8.0LT 27 + + + +  N 
9.0LT 41 + + N 

10.0LT 43 + +  + +  N 
11.0LT 53 + + +  

12.0LT 57 + + + +  + 

13.0LT 57R + + + + +  

14.0LT 59 + N 
15.0LT 66 + + + + +  + 

16.0LT 69 + + + +  

- :no positive cells, .±_ :minimal, + :m ild, + + :moderate, + + + :abundant 
N :no (frozen) sections available. 

Class I and II antigen expression did not cliff er significantly between the 
pretransplant biopsies (HB 1) of the AR and non-AR group. In both groups 
expression of Class I and II antigens increased significantly after one week 
(HB 3) (Figs. 3 and 4). In the AR-group this increase concerned all cell types 
for Class I antigen but it was limited to bile duct epithelium, sinusoidal- and 
vascular endothelium for Class II antigen. In the non-AR group a significant 
increase of Class I antigen was present on bile duct epithelium and vascular 
endothelium, whereas enhancement of Class II antigen was observed on sinusoid
al- and vascular endothelium. 
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Fig.1 (above): CD4 + cells (left) and CD8 + cells (right) in a portal tract during 
acute rejection infiltrating bile duct epithelium. 

Fig.2 (below): Class II positive cells in a portal tract during acute rejection 
(LN 2). 
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Table 6: Expression of MHC antigens in HBJ,2,3 in the AR group. 

Patients Cell MHC class I MHC class II 
type HBl HB2 HB3 HBl HB2 HB3 

1. OLT 3 he N N N N 
bd + 

Ku + + 

Sl + 

av 

2. OLT 4 he N N N N 
bd + 

Ku + +  + +  

Sl + 

av + 

3. OLT 7 he N + + +  N 
bd + + + +  

* 
Ku + + +  + + 

SI + + +  + 

av + + 

4. OLT 13 he N N 
bd + + + +  + +  

Ku + + +  + + 

SI + +  + 

av + + + 

5. OLT 1.'3 he N N N N 
bd + 

Ku + + 

SI + 

av + 

6. OLT 17 he N + + +  N 
bd + + + +  + + +  

Ku + + +  + + +  

SI + + + 

av + + + 

31 



table 6 continued 

7. OLT 26 he N N + +  N N 
bd + + +  + +  
Ku + +  + +  
SI + +  + +  
av + + 

8. OLT 27 he N N + + +  N N 
bd + + +  + +  
Ku + +  + +  
SI + + 
av + + 

9. OLT 41 he N + + +  N 
bd + + +  * 
Ku + + +  + + +  
si + + +  + +  
av + + * 

10. OLT 43 he + +  
bd + * + + +  * + + +  
Ku + + + +  + + + +  
si + + + +  + +  
av + * + * + 

11. OLT 53 he N + +  N 
bd + +  + + +  + +  
Ku + +  + +  + + +  
si + + +  + +  
av + + 

12. OLT 57 he N + N 
bd + + + +  + +  
Ku + + +  + +  + +  
SI + + +  + 
av + + 

13. OLT 57R he N + N 
bd + + +  + +  
Ku + +  + +  + +  + +  
si + + +  + + +  
av + + + 
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table 6 continued 

14. OLT 59 he N + N 
bd + + +  + + +  
Ku + +  + +  + +  + +  
Sl + + +  + + +  
av + + 

15. OLT 66 he N + +  N 
bd + + + +  + + 
Ku + +  + +  + +  + +  
Sl + +  + +  
av + + 

16. OLT 69 he N + +  N 
bd + +  + + +  + +  
Ku + + +  + + +  
si + + +  + 
av + + 

he:hepatocytes; bd:bile duct epithelium; Ku :Kupffer cells; si:sinusoidal endothel
ium; av:arterial/venous endothelium; R :retransplantation; *:no portal tract assess
able; N:no frozen section available. -:no positive cells, .±_:minimal, + :mild, 
+ + :moderate; + + + :abundant. 

The one week biopsies (HB 3) with acute rejection showed a striking 
change of MHC antigens expression. In these specimens hepatocytes were almost 
diffusely positive for Class I antigens (Figs. 5A/B/C). No hepatocytic Class II 
antigen expression was observed. HLA Class II antigens did appear on bile duct 
epithelium in addition to the Class I antigens already present before the 
rejection episode (Figs. 6A/B). Kupffer cells were positive again for both groups 
of antigens. Sinusoidal, arterial and venous endothelium showed increased Class 
I and II antigen expression. 

Mean values and standard deviations of Class I and II expression in HB 
1,2,3 in the AR-group and the non-AR group are presented in figs. 3 and 4 
respectively. Fig. 7 presents these data for HB 3 in the AR and non-AR group. 
The results of statistical analysis of MHC expression data are summarized in 
table 8. 
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Tabel 7: Expression of MHC antigens in the non-AR group. 

Patients Cell MHC class I MHC class II 
types HBl HB2 HB3 HBl HB2 HB3 

1. OLT 45R he N + N + 

bd + + + +  + + +  

Ku + + +  + +  + + +  

Sl + + + + 

av + + 

2. OLT 52 he + 

bd + + +  + +  + 

Ku + +  + + + +  + + + + + +  + + 

Sl + + + 

av * 
+ 

3. OLT 56 he + 

bd + + + +  + 

Ku + +  + +  + +  + +  + +  + +  

Sl + + + + 

av + + + 

4. OLT 58 he N N N N 
bd + +  + 

Ku + +  + +  

Sl + +  + 

av + + 

5. OLT 62 he N N 
bd + + + +  

Ku + +  + +  + +  + +  

Sl + + 

av + + + 

6. OLT 65 he 
bd + 

* 
+ +  

* 
+ 

Ku + +  + +  + +  + +  + +  + +  

Sl + + + + + 

av + + + + + 

See for legends page 33. 
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Table 8: Summary of the statistical analysis of MHC expression. 

HB1-HB2 

AR NS* 

Class I 
non-AR AV 

p = 0.02 

AR BD 
p = 0.03 
AV 

Class II p < 0.001 

non-AR NS* 

*: all strnctures 
AR: acute rejection group 
non-AR: non-rejection group 
NS: not significant 
HE: hepatocytes 
BD: bile duct epithelium 
KU: Kupffer cells 
SI: sinusoidal endothelium 
AV- arterial/venous endothelium 

HB2-HB3 

p < 0.001* 

NS* 

BD/KU/SI 
p < 0.001 

NS* 

HB1-HB3 HB3 
AR vs non-AR 

p < 0.001* 

HE: p < 0.001 
BD BD: p = 0.02 
p < 0.001 SI: p < 0.005 
AV 
p = 0.003 

BD/SI/AV 
p < 0.001 

KU: p = 0.03 
SI: p = 0.003 

SI/AV 
p < 0.02 
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Fig. 3: Mean va/ueas and SD of class I (top) and class II (below) expression 
in the AR group in HBl, HB2 and HB3. X-axis: semiquantitative 
grading of MHC expression 0---3 + .  
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HE: hepatocytes, BD:bile duct epithelium, KU:Kupffer cells 
SI· sinusoidal endothelium, A V:arterial/venous endothelium. 
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Fig. 4: Mean valueas and SD of class I (top) an d class II (below) expression 
in the non-AR group in HBI, HB2 and HB3. X-axis: semiquantitative 
grading of MHC expression 0---3 + .  

HE: hepatocytes, BD:bile duct epithelium, KU:Kupffer cells 
SI: sinusoidal endothelium, A V:arterial/venous endothelium. 
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Fig. 5A: Diffuse expression of class I an tigen on hepatocytes during  
acu te rejection .  Two portal tracts are shown in the left lower 
corner and right upper corner. (B9-12-1). 

Fig. 5B: Focal expression of class I antigen on hepatocytes around a 
terminal hepatic venule (left) while on the right half a portal 
trac t is visible with class I positive bile duct epithelium . 
(B9-12-1) . 

r. 

\ 

Fig. 5C: Absence of class I an tigen expression on hepatocytes in a biopsy 
of the non-rejec tion group while bile duct epithelium shows 
expression of class I antigen (arrow). (B9-12-1). 

39 



Fig. 6A: Class II expression on bile duct epithelium (amJw), Kupffer cells 
and mild expression on sinusoidal endothelium (left upp er comer) 
during acute rejection. (BB-12-2) .  

DISCUSSION: 

Sequential liver biopsies from the graft (before, after and one week 
following OLT) of all patients transplanted in our center, taken independently 
of their clinical course, offered the opportunity to study the alteration of 
MHC expression during acute rejection separately from that due to other factors 
such as liver preservation or operation procedures. Our observations that MHC 
antigen expression increased during acute rejection confirm data of other centers 
[Nagafuchi 1985, Takacs 1983, Demetris 1985, Steinhoff 1986]. The specific 
stimulus for an altered MHC expression during hepatic graft rejection is un
known. The preservation and transplantation procedure per se with a subsequent 
inflammatory response may provoke release of lymphokines leading to induction 
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Fig. 6B: Class II expression on bile duct epithelium during acute rejection 
(BB-12-2). 

of MHC antigens expression. Interferons, in particular gamma-interferon, have 
been reported to be able to induce MHC product expression both in vitro and 
in vivo [Halloran 1986, Koene 1986, Unanue 1986]. The posttransplant increase 
of MHC antigen expression as observed in the non-AR group may be caused by 
such unspecific stimuli. Conceivably the rejection-related increase of MHC 
antigens is then only limited to hepatocytes, Kupffer cells and sinusoidal 
endothelium for Class I and to Kupffer cells and bile duct epithelium for Class 
II since these were not increased in the non-AR group. However, there was 
still a significant difference between the AR and non-AR group one week 
posttransplant concerning Class I expression on bile duct epithelium which 
indicated that only part of the increase on this cell type is due to unspecific 
stimuli. 
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biopsies (HB3) of the Acute rejection (AR) and the non-rejection 
(non-AR) groups. 
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X-axis: semiquantitative grading of MHC expression 0-3 + .  

HE: hepatocytes; ED: bile duct epithelium; KU: Kupffer cells; 
SI: sinusoidal endothelium; AV- arterial and venous endothelium. 



On the other hand, the increased expression of Class II antigen on bile duct 
epithelium during AR (HB3-AR) did not differ significantly from the one week 
biopsies of the non-AR group (p = 0.07). 

In a previous study we hypothesized on the possible role of donor specific, 
Class II rich Kupffer cells, in the induction of early alloresponse by acting as 
antigen presenting cells (APC) parallel to the role of passenger leukocytes as 
suggested by Lechler and Batchelor [Gouw 1987, Lechler 1982]. It might be 
expected that this induction-mechanism takes place in each graft-host inter
action, it has even been described in tolerant rat-strain combinations [Baudot 
1987, Gassel 1987]. The question arises why this early graft-host interaction 
does not provoke an inflammatory response in all individuals, e.g. those of the 
non-AR group. There is a higher response in the AZA treated patients than in 
those treated with quadruple therapy: the non-AR group was only represented 
by patients treated with quadruple therapy. No morphologic normal HB 3 was 
present in the AZA treated patients. This difference between AZA treated 
patients and those receiving quadruple therapy which included CSA has been 
reflected in the lower incidence of rejection in CSA treated patients in the 
first weeks after transplantation [Krom 197]. CSA has been found to be effective 
in inhibiting human monocyte antigen presentation leading to inhibition of 
antigen dependent T cell proliferation without affecting Class II expression 
[Snyder 1987]. CSA also inhibits production of lymphokines by blocking the 
antigen-mediated signal to the nucleus of the T cell [Hodgkin 1987]. These 
mechanisms can both be responsible for a less successful induction of allo
response by APC in the host's immune system of the non-AR group as compared 
with the AR-group. 

According to Hall, the migration of activated effector cells into tissues 
is a random process. Vascular endothelium detains relevant circulating activated 
effector cells and account for the homing of effector cells into grafts. Local 
proliferation follows contact with relevant antigens in the graft [Hall 1987]. 
Cells with a high constitutive expression of MHC will be the first target of 
effector T cells [Hall 1987, Halloran 1986]. Following this interaction lymphokines 
are released to induce MHC expression on the surrounding cells to make them 
vulnerable to lysis [Hall 1987]. In the liver graft, T cells entering portal tracts 
are confronted with bile duct epithelium which is a naturally Class I rich 
structure in contrast with hepatocytes. Bile duct epithelium is therefore a 
suitable target for cytolysis which is illustrated by the consequent finding of 
cellular infiltration of bile duct epithelium during rejection [ chapter 1 this 
study, Snover 1986, Wight 1987] . The subsequent release of lymphokines might 
be responsible for the induction of Class II enhancement on bile duct epithelium 
maintaining the local activation of T cells and the rejection process. Class II 
antigen is reported to be the primary stimulating determinant for helper T 
cells which subsequently produce lymphokines necessary for cytotoxic T cells 
to mature and proliferate [Bach 1987]. The absence of the T lymphocyte activat-
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ion marker IL2R on the AR biopsies may be related to the early appearance and 
temporary character of this receptor [Waldmann 1986]. The more so since one 
of the late activation antigens, Class II (LN2), was clearly present. 

The finding of equal quantities of CD4 + and CD8 + cells during AR is 
compatible with the thesis that both subsets are necessary to induce rejection 
[Hall 1987]. The lymphokines released by the interaction of inflammatory cells 
with bile duct epithelium may induce Class I expression on hepatocytes but this 
is apparently not sufficient to induce cytolysis of the parenchymal cells. This 
is in concordance with the rare occurence of lobular infiltration or piecemeal 
necrosis during AR [ chapter 1 this study, Snover 1986, Wight 1987]. 

The relation between enhanced class I expression on hepatocytes and the 
significant increase of the transaminases in the AR group which indicates 
hepatocellular damage, is not readily apparent. This is also true for the relation 
between enhanced expression of MHC antigens on bile duct epithelium and 
elevated bilirubin levels. 

In conclusion, our data demonstrate that MHC induction on liver graft 
cell populations such as bile duct epithelium accelerates an alloresponse. Since 
enhanced MHC expression on hepatocytes does not induce inflammation and 
cytolysis, this may be regarded as an epiphenomenon. Further studies are 
necessary to establish the role of bile duct epithelium in maintaining the 
alloresponse in the portal tracts and to clarify the relation between enhanced 
MHC antigens expression and functional deterioration of liver cell constituents. 
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CHAPTER I l l  

EXPRESSION OF MAJOR HISTOCOMPATIBILITY COMPLEX 

ANTIGENS AND REPLACEMENT OF DONOR CELLS BY 

RECIP IENT ONES IN  HUMAN LIVER GRAFTS 

SUMMARY.· 

The disappearance of certain cell population s of donor origin and their 
replacement by recipient-specific cells con stitutes a possible explanation for the 
relatively mild course of acute re jection despite lack of MHC compatibility in 
human o rthotopic liver tran splantations (OLT). 

In the present report, graft biopsies of  12 OLT patients from a total of 42 
patien ts were studied fo r expression of MHC antigens after transplantation 
using monoclonal an tibodies to HLA-ABC and HLA-DR. The patien ts were selec ted 
based upon donor-recipien t mismatching for HLA-A2, B7, D rw52, or DQwl. 
Monoclonal an tibodies to these 4 polymorphic HLA antigens and monoclonal 
an tibodies to HLA-ABC and -DR we re applied to frozen tissue section s and 
visualized using an immunoperoxidase technique. fupression of HLA-ABC and
DR on, respectively, hepatocytes and bile duct epithelium were obse,ved in 
posttran splant graft condition s such as viral infections, cholangitis, and acute 
rejection. However, no specific pattern of  MHC antigen distribution was observed 
fo r these various pathological graft conditions. 

Disappearance of DR-positive Kupffer cells of donor  origin and immigration 
of  recipient ones was encounte red in the early posttransplant biopsies. This 
Kupffer cell replacement coincided with a reversible episode of acute rejection . 
The disappearance of highly immunogenic cellular components as HLA-DR positive 
Kupffer cells of graft origin may be one of the mechan isms contributing to the 
mild rejection respon se observed in human liver tran splantation. 
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INTRODUCTION: 

Studies of the distribution of major histocompatibility complex (MHC) 
antigens on different cell types of human livers show a variable pattern. Under 
normal conditions, hepatocytes fail to express MHC [Barbatis 1981, Lautenschla
ger 1984] . Display of MHC class I antigens on bile duct epithelium is sometimes 
present, but display of MHC class II antigens on this epithelium is regarded as 
aberrant. The latter has been found in primary biliary cirrhosis [Ballardini 
1984] and in a chronically rejected liver graft [Takacs 1983]. Enhanced express
ion of MHC class I antigens on hepatocytes was described in rejection of liver 
grafts [Nagafuchi 1985] and in viral hepatitis [Montano 1982] . 
Little is known about the general pattern of distribution of MHC antigens on 
liver cell types after orthotopic liver transplantation (OLT). 

In the studies previously mentioned [Ballardini 1984, Takacs 1983, Nagafuchi 
1985, Montano 1982] all liver specimens were obtained for specific clinical 
reasons, and pathological changes were always present along with the enhanced 
or aberrant expression of MHC antigens. In the present study, the pattern of 
MHC antigen expression on liver grafts was analyzed using graft biopsies taken 
according to a protocol and not because of suspected graft pathology. Further
more, by applying monoclonal antibodies to four polymorphic antigens (A2, B7, 
DQwl, DRw52) on graft biopsies, we were able to demonstrate the replacement 
of donor-specific cells by recipient ones shortly after OLT. This phenomenon is 
of particular interest since an exodus of HLA-DR positive Kupffer cells shortly 
after transplantation could be one of the mechanisms contributing to the 
relatively mild rejection pattern of liver grafts. 

MATERIALS AND METHODS: 

Patient's selection: 

Twelve patients out of a series of 42 OLT recipients were included in this 
study. The cases were selected according to incompatibility between donor and 
recipient for one or more of the following HLA-antigens: HLA-A2, HLA-B7, 
HLA-DRw52, and HLA-DQwl. These antigens were chosen because of the 
availability of specific monoclonal reagents against these polymorphic antigens. 
Table 1 gives the original liver disease, relevant serologic HLA typing results, 
survival time of the patients studied, and the number of the available graft 
biopsies. 
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TABLE 1. Data of the 12 patients with donor-recipient HLA mismatches 

Serological HLA typing recipient/donor Graft biopsies studied 

Original liver 
Survival 

Before 
OLT in months After OLT 

disease 
(alive) A2 B7 DQwl DRw52 OLT 

1 hr Days 1 yr 2 yr 3 yr 

8 PBC0 48 (+) b G=J -/- -/- +/+ +(8) + + 

10 PBC 42 (+) [±] Cti=J [±] -/- +(21 ) + + 

1 1  PBC 40 (+) [±] -/- -/- +/+ +(8) + + + 

15 cc 34 (+) G:J [±] +/+ +/+ + +(25) + 

17 IA-CALD 32 (+) +/+ -/- +/+ � + +(8) + 

18 Halothane 12 (-) +/+ +/+ +/+ [±] + +(8) + 

hepatitis 

19 cc l '/i (-) GE] � +/+ +/+ + +(15) 

22 cc 26 (+) [B -/- [±] +/+ +(8) + 

24 PBC 24 (+) [EJ -/- +/+ [±] + + (8) + 

25 IA-CALD 22 (+) CB -/- [±] +/+ + +(8) 

30 Cong. biliary 17 (+) [±] -/- [±] [±] +(8) + 

atresia 

32 PBC 14 (+) -/- -/- � +/+ + +(22) + 

0 PBC: primary biliary cirrhosis; IA-CALD: idiopathic autoimmune chronic active liver disease; CC: cryptogenic cirrhosis. 
b +; present; -: absent. 
c Boxes indicate donor-recipient HLA-mismatches . 
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Follow-up graft biopsies: 

The recipient's liver and graft biopsies were available for this study. The 
graft biopsies were taken according to protocol in order to minimize the 
problems of interpreting the histologic changes. The protocol consisted of a 
biopsy taken prior to OLT, one taken on day 8 after OLT, one within 1 month 
after OLT, and biopsies taken at yearly intervals after OLT. If the 8-day biopsy 
could not be used, e.g., when it was taken from an area with coagulation 
necrosis, another biopsy taken within 1 month after OLT was studied. This was 
the case in OLTs 10, 15, 19 and 32. 

Tissue samples of the recipient's liver and percutaneous graft biopsies, 
performed with a 1.6-mm Menghini needle, were divided into two parts. One 
part was rapidly frozen in precooled Freon (-90°) ,  stored at -80°C, and used 
for immunohistochemical studies. The remaining tissue was fixed by immersion 
in 4% formaldehyde with 6% HGC12, and 5% glacial acetic acid [Bosman 1977], 
and embedded in praffin for routine histology. 

Monoclonal reagents 

Antibodies to HLA-ABC and DR. 
Monoclonal antibodies to HLA-ABC and HLA-DR "backbones" were kindly 

provided by Dr. F. Koning and Dr. M. Giphart (Department of immunohematology 
and Bloodbank, University Hospital, Leiden, NL). Display of HLA-ABC and DR 
was studied in the day-8 (or 1-month) and 1-year biopsy of the 12 selected 
patients. 
Nine liver needle biopsies without pathological changes on routine histological 
examination served as controls; four of them were graft biopsies. The biopsies 
of autologous liver were taken from patients with sarcoidosis, from patients 
with liver enzymes abnormalities of unknown origin, and from an unused liver 
graft. The biopsies taken from grafted livers were harvested at 1 year after 
transplantation. 

Antibodies against HLA-A2, B7, DRw52, and DQwl 
The monoclonal antibodies were a gift from Dr. J. Bodmer (Tissue Antigen 

Laboratory, Imperial Cancer Research Fund Laboratory, London, UK). Their 
usefulness for the detection of the polymorphic HLA determinants in tissue 
sections and the optimal dilutions to be used were tested, using acetone-fixed 
cryostat sections of 18 recipient livers in a pilot study. In a double-blind trial 
with coded sections, the results were scored and afterward decoded and compared 
with the results of the serologic HLA typing as can be seen in Table 2. 

A 90% concordance was observed between the serologic and histologic 
typing results. No false-positive results were seen in a total of 72 matchings. 
Eight negative results occurred in 6 patients in the histological typing, which 
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TABLE 2. Serological and histological typing results of HLA-A2, 
HLA-B7, HLA-DQw l ,  and HLA-DRw52 in 18 recipients' livers 

removed during OL T 

Polymorphous HLA determint1n1.S 

OLT ,\2 87 DQwl DRw52 

,· 
8 + + I + - I  

10 + + 
1 1  + + 
12 + + 
13 
15  + + + + + + 

16 E3 
17 + + E==:J + + 

18 + + + + + + 

19 + + + + � + + 

22 E==:J + + 

2� � 
25 + + 

28 I + - I  I +  - I  
29 + + 
30 + + + + + + 
3 1  + + + + + 

32 + + 

a s: serological Lyping with alloantisera; h: histological typing with anti
HLA monoclonal antibodies. 
� Boxes indicate discordance between serological and histological typ· 
ing. 

Table 3: Kistopatholofzy of the follow up waft biopsies. 
Frequency in graft biopsies 

Interpretation Before OLT 1 month >OLT 1 yr >OLT 2 yr >OLT 

Acute rejection, mild 
Acute rejection, mod

erate 
Acute rejection, severe 
Viral infection 

Cholangitis 

Pure cholestasis 

Circulation disorder 

Nonspecific changes 

(n=7) 

7 

(n=l2) 

4 

1 

3 

3 

1 

(n=9) (n=2) 

1 1 

1 

1 

6 1 

3 yr >OLT 
(n=3) 

3 

>OL T: after OLT; n: number of biopsies. 
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particularly affected the HLA-DQwl determinant. The monoclonal antibodies 
were then used to study the 12 selected cases. 

Immu,whisto/ogica/ method. 

All the aforementioned monoclonal antibodies were applied on frozen 
tissue sections using an i.m.munoperoxidase method. The 4 µm thick cryostat 
sections were air-dried (20 min) and fixed in acetone (10 min) at room temperat
ure. The sections were rinsed 3 times in phosphate-buffered saline (PBS), then 
incubated with 25-50 µl of the monoclonal reagent, depending on the section's 
size in the optimal dilutions, during 60 min at room temperature. Blanks were 
incubated with PBS. After rinsing in PBS, the second step was performed. 
Peroxidase-conjugated rabbit antimouse lg serum (Dakopatts, Copenhagen, 
Denmark) was applied for 30 min in a dilution of 1:20 at room temperature, 
the incubation medium being supplemented with 1 % human AB serum. For the 
peroxidase reaction, the sections were incubated in 3-amino-9-ethylcarbazole 
and H2O2 for 10 min. Nuclear counterstaining was performed with Haemalum, 
and the sections were mounted with Kaiser's glycerin-gelatin. 

RESULTS: 

Histology: 

The original liver disease in the 12 selected cases with donor-recipient 
mismatching for the 4 polymorphic HLA determinants mentioned before is given 
in Table 1. 
The histological data of the follow-up biopsies are summarized in Table 3. No 
pathological changes were seen in the graft biopsy prior to OLT. In contrast 
to this, of the biopsies taken within 1 month after OLT, all but one showed 
pathology in which acute rejection appeared most frequently. The majority of 
the yearly biopsies showed inconspicuous histological changes, such as slight 
portal fibrosis. Other changes seen in these biopsies were circulation disorders 
(1 case), a transitory episode of mild acute rejection (1 case), and pure parench
ymal cholestasis (1 case) . 

HLA-ABC and HLA-DR "backbones" 

Table 4 summarizes the results of the staining pattern of HLA-ABC and 
DR in the normal specimens and graft biopsies of the 12 selected cases. There 
was a similar pattern of MHC antigen distribution in the transplanted and 
nontransplanted biopsies with a normal histology. 
It should be noted that although there was no difference in the sinusoidal 

50 



TABLE 5. Expression of HLA-A2, B7, DQwl,  DRw52 on different 
cell types in frozen sections of the original liver removed during OL T 

HLA-A2 HLA-B7 HLA-DQwl HLA-DRw52 
n'=7 (%) n=4 (%) n=5 (%) n=9 (%) 

Inflammatory cells 7 ( 100) 4 ( 100) 5 ( 100) 9 ( 100) 
Portal interstitial cells 7 ( 100) 4 ( 100) 1 (20) 9 ( 100) 
Hepatocytes 1 (14)  0 (0) 0 (0) 0 (0) 
Sinusoidal endothe- 5 (71)  0 (0) 0 (0) 0 (0) 

lium 
Bile duct epithelium 7 ( 100) 3 (75) 0 (0) 3 (33) 
Kupffer cells 7 ( 100) 3 (75) 1 (20) 7 (77) 

• n: number of liver samples. 

TABLE 4. Display of HLA-ABC and HLA-DR antigens on normal 
liver specimens and graft biopsies of the 12 selected patients 

Normal Graft biopsies 
Antigen Cell type specimens, 8 day/1 month>OLT 1 yr>OLT, 

(n°=9) (n=ll ) •  (n= l l )' 

HLA-ABC he 0 9 4 
ku 9 1 1  1 1  

bd 9 1 1  9 
si 7 1 1  1 1  

HLA-DR he 0 0 0 
ku 9 1 1  1 1  

bd 2 7 2 
SI 1 1 1 

• n: number of biopsies; he: hepatocytes; ku: Kupffer cells; bd: bile 
duct epithelium; si: sinusoidal endothelium. 

b One biopsy was too damaged for interpretation. 
' Two biopsies were not taken 1 year after OLT (OLT8: 2 years after 

OLT, OLT25: 8 months after OLT). 
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staining of HLA-ABC between normal specimens and graft biopsies in terms of 
the number of positive cases, there was clearly a stronger expression of sinus
oidal HLA-ABC in the graft biopsies. 

In the portal tracts, variable quantities of mononuclear cell infiltrates 
were stained positively with the monoclonal antibody to HLA-ABC. Despite the 
conspicuous staining of the inflammatory cells, the expression of HLA-ABC was 
clearly distinguishable on the bile duct epithelium. An uncommon finding was 
the presence of HLA-ABC antigen on the membranes of hepatocytes, present in 
9 of 11 early graft biopsies (Fig. 1A). The number of positive cases was reduced 
markedly after 1 year. No differences were observed in the other cell populations 
between the normal specimens and the graft biopsies. Kupffer cells were positive 
in all biopsy specimens. 
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Fig. 1A: Display of HLA-ABC in a graft biopsy during viral infection. 
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As for HLA-DR (Fig. 2) , the staining pattern of the cellular infiltrates in the 
portal tracts was comparable to that of HLA-ABC. However, variations of HLA
DR expression on bile duct epithelium were seen in the different biopsies. In 
the early graft biopsies, 7 out of 11 cases showed HLA-DR positivity; whereas, 
only 2 out of 9 normal specimens and 2 out of 11 biopsies 1 year after OLT 
had positive bile duct staining. Hepatocytes did not show any expression of 
HLA-DR, while Kupffer cells were again positive in all specimens. 

•. 

Fig. JB: Display of HLA-DR in the same graft biopsy as in Fig. JA, 
showing positive staining in bile duct epithelium (a"ow) and 
Kupffer cells (open an-ows). Hepatocytes are negative. (x350). 
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Th e  polymorphic HLA detenninants A2, B7, DRw52, DQwl. 

The expression of HLA-A2, B7, DRw52 and DQwl on the different cell 
types of the original liver removed during OLT was variable. Table 5 shows the 
frequencies for each cell type of HLA-antigen. 

HLA-A2 and B7 showed a similar pattern of expression in which sinusoidal 
endothelium, Kupffer cells, and bile ducts were positive. Hepatocytes were 
negative except for one case with cryptogenic cirrhosis that showed a small 
group of hepatocytes adjacent to the fibrous septum with positive cell-membrane 
staining (Fig. 2A). In the graft biopsies, however, display of HLA-A2 was seen 
in 2 biopsies, particularly in the periportal areas. In these biopsies, there was 
damage of hepatocytes due to circulation disorders and/or viral infection. 

The HLA-D determinants showed a lower frequency of expression in 
comparison with A2 and B7, with the exception of display on inflammatory 
cells. Although the antibody anti-HLA-DQwl appeared to be relatively more 
prone to false-negative results in tissue sections (see Table 3), this had little 
influence on the results shown in Tables 6A and B. In Table 6A, ten mismatch
ings were studied, and positive cells were seen in all samples of recipient 
livers including 2 HLA-DQwl-positive recipients. In Table 6B, two of the 6 
graft biopsies taken prior to transplantation were from HLA-DQwl-positive 
donors; one of them was a false negative. 

Table 6A summarizes the results of the longitudinally studied cases of a 
positive recipient with a negative donor. In these 7 patients, we found 10 
mismatchings for at least one of- the 4 HLA determinants used in this study. 
As shown in Table 6A, recipient-specific inflammatory cells and Kupffer cells 
were present in the graft in most cases within 8 days to 1 month after OLT 
(Fig. 2B). Less frequently, recipient-specific portal interstitial cells were ob
served, while hepatocytes, bile duct epithelium, and sinusoidal cells remained 
negative in all cases. 

Fig. 2A: Display of HLA-A2 in a removed recipient's liver with cryptogenic 
cirrhosis. Sinusoidal endothelium, Kupffer cells , proliferating 
bile ducts (arrow) and some periportal hepatocytes (open arrow) 
are positive. (x240 ) .  

Fig. 2B: Display of HLA-A2 positive Kupffer cells in HLA-A2 negative graft 
in an HLA-A2 positive recipient. Graft biopsy taken 2 weeks after 
transplantation. (x 240). 

54 



. .... 
I' 

A. 

· - ·. • 

.--...) 

IJ· 

'i ,..;I ;4 �  ...... -. 

,·• · 

�· � ·.·, 
, . ' 

' . '-'>i 

( • 

\ \ 



TABLE 6. (A) The "appearance" of recipient specific cells in the graft: frequency of positive HLA expression (HLA-A2 or B7 or DQwl or 
DRw52) in follow-up graft biopsies of positive recipient and negative donor in a total of 10 mismatches (n = biopsies available) 

Rec. liver graft <OLT" 8 days or l month 1 yr >OLT 2 yr >OLT 3 yr >OLT 
(n=l0) (n=3) >OLT• (n= l0) (n=7) (n=l) (n=2) 

Kupffer cells 10 0 6 5 1 2 
Sinusoidal endothelium 3 0 0 0 0 0 
Portal interstitial cells 9 0 3 1 0 0 
Hepatocytes 0 0 0 0 0 0 
Bile duct epithelium 5 0 0 0 0 0 
Inflammatory cells 9 0 8 2 1 1 

• <OL T: before transplantation. 
b >OL T: after transplantation. 

TABLE 6. (B) The "disappearance" of donor specific cells from the graft: frequency of positive HLA expression (HLA-A2 or B7 or DQwl or 
DRw52) in recipients' livers, and follow-up graft biopsies of negative recipient and positive donor in a total of 11 mismatchings (n = biopsies 

available) 

Rec. liver Graft <OLT• 8 days or 1 month 1 yr >OLT 2 yr >OLT 3 yr >OLT 
n=l0  n=6 >OLT• n=l l  n=8 n=l n=3 

Kupffer cells 0 3 2 0 0 0 
Sinusoidal endothelium 0 0 2 0 0 0 
Portal interstitial cells 0 0 2 2 0 0 
Hepatocytes 0 0 1 1 0 0 

Bile duct epithelium 0 0 5 5 1 2 
Inflammatory cells 0 4 1 0 0 0 

• <OL T: before transplantation. 
b >OL T: after transplantation. 



Table 6B shows the results of the group consisting of a negative recipient 
with a positive donor. A reverse situation was observed here in that, in the 
majority of cases, one month after OLT and in all cases one year after OLT, 
there was a disappearance of some donor-specific cell populations, i.e., inflamm
atory cells and Kupffer cells. In the graft biopsies prior to OLT, donor-specific 
Kupffer cells were present in 3 cases, and donor inflammatory cells in 4 cases. 
Donor-specific HLA determinants remained expressed in a high frequency on 
bile duct epithelium, hepatocytes, and sinusoidal endothelium in the 1 month 
biopsy, where pathological changes were usually present. 

DISCUSSION: 

The results of this study show that in graft biopsies with a normal 
histological pattern, the expression of MHC antigens has a pattern similar to 
that of normal livers. The latter have been subject to several studies. Hepatocy
tes show no expression at all [Barbatis 1981, Lautenschlager 1984] or only 
some weak staining for MHC class I antigens [Nagafuchi 1985, Daar 1984]. 
Kupffer cells and sinusoidal endothelium express both classes of antigens while 
bile duct epithelium usually shows positive staining for MHC class I antigens 
[Lautenschlager 1984, Daar 1984]. Display of class II antigens on bile duct has 
been regarded as aberrant [Ballardini 1984, Takacs 1983], but other studies 
mentioned their presence in normal liver samples [Lautenschlager 1984, Daar 
1984]. In our study, focal distribution of class II antigens was present on bile 
ducts in 2 normal liver samples. 

Under various pathological graft conditions, the distribution of MHC 
antigens is altered as shown by the results of this study. Expression of class I 
antigens on hepatocytes and class II antigens on bile duct epithelium were 
observed during acute rejection and also during other pathological graft condit
ions such as viral infection (Figs. 1A and B), cholangitis, and pure parenchymal 
cholestasis in which rejection was not simultaneously present. Acute rejection 
does not show a specific pattern of MHC antigen distribution. In fact, none of 
the mentioned graft syndromes showed a specific HLA pattern. 
Low expression of MHC antigens on the liver cellular components ( excluding 
Kupffer cells) has been suggested as a possible explanation for the particularly 
mild rejection response in liver grafts [Lautenschlager 1984, Wight 1983]. The 
presence of both MHC class I and II antigens on different cell components of 
the liver graft could appear contradictory to this hypothesis. Hayry et al. 
emphasized that the presence of an antigen in a cell shown by, e.g., an immuno
fluorescence assay, does not necessarily indicate exposure of the antigen on 
the cell surface [Hayry 1984]. Furthermore, MHC antigen expression itself does 
not prove the immunogenic potential of a given cell type. These authors analyzed 
the immunogenic capacity of different isolated cell types in rat kidney andliver. 
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Their results showed that liver hepatocytes were inefficient at inducing acceler
ated rejection. Fractions consisting primarily of Kupffer cells and passenger 
cells were extremely potent while bile duct and endothelial cells showed only 
some immunogenic potential. 

The important role of donor passenger cells as a source of irnmunogenic 
potential has been studied by Lechler and Batchelor [Lechler 1982] in rat kidney 
transplantation. They hypothesized that there is a dual route of alloimmunization. 
By the first route, recipient T helper clones are directly activated by the 
allogeneic dendritic cells rich in class II antigens. The second route involves 
alloantigen processing and presentation by recipient accessory cells, operating 
in the absence of donor dendritic cells. 

Our results showed that in the first weeks after transplantation there is 
an exodus of HLA-DR-positive Kupffer cells of donor origin and an influx of 
recipient ones. Thus, the liver graft is seriously deprived of its highly immuno
genic constituents and remains so since the donor Kupffer cells are replaced 
by recipient oner,. The lack of a continuous presence of these immunogenic 
Kupffer cells of donor origin may explain the mild rejection pattern of the 
human liver graft as compared with other grafts, e.g., the kidney. 
Another liver cell constituent with some immunogenic potential, the bile duct 
epithelium, remains of donor origin, as illustrated by Tables 6(A) and 6(B) . The 
fate of the sinusoidal endothelium, however, is not clear. The frequency of 
expression of the polymorphic antigens on this cell type is much lower than 
that of Kupffer cells and bile duct epithelium (Table 5). Therefore, "negative" 
sinusoidal endothelial cells (Table 6, A and B) after transplantation can both 
represent endothelial cells that are genetically negative for a certain HLA 
determinant and endothelial cells not expressing a potentially present HLA 
determinant. 

In the day-8 biopsies, an episode of acute rejection was commonly observed, 
possibly reflecting the effect of the Kupffer cell migration, which activated 
alloreactive recipient cell clones. Davies et al. [Davies 1984] demonstrated the 
presence of alloreactive clones in rat liver grafts, removed 7 days after trans
plantation; at the same time the peripheral lymphocytes were specifically depleted 
of these clones. According to their studies, the donor-specific unresponsiveness 
in liver-grafted rats resulted from selective deletion of clones recognizing donor 
MHC antigens. These were clones responsible for skin graft rejection in vivo 
and for the generation of cytotoxic cells in vitro. It is tempting to speculate 
that a similar process takes place in human liver grafts induced by the emigra
tion of donor Kupffer cells shortly after transplantation. 
The presence itself of MHC antigens on liver cell components after liver 
grafting, enhanced or aberrant, does not result in distinguishable patterns for 
the various graft pathological conditions. It is, therefore, not a diagnostic aid 
for the various graft syndromes. 
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CHAPTER IV 

CHRONIC REJECTION IN LIVER TRANSPLANTS 

A histopathologic analysis of failed grafts and antecedent 

serial biopsies. 

SUMMARY 

Four cases of chronic rejection were selected from a total of 48 patients 
who underwent orlhoptic liver transplantation in Groningen from 1979 to 1985. 
The histopathologic changes in these endstage livers (two removed a t  ReTx, 
two at autopsy) consisted of obliterative arlerial vasculopathy with intimal 
fibrosis and subintimal accumulation of lipid-laden macrophages (''foam cells"), 
sinusoidal foam cells, porlal enlargement with fibrosis, severe cholestasis, and 
a decreased number of porlal bile ducts with damage of the remaining and 
larger ones. 

Comparison of percutaneous serial graft biopsies from each of these four 
cases obtained before and 1, 3 to 4, and 6 to 8 weeks following OLT (a total 
of 16 biopsies) with time-matched biopsies of six cases with SO (22 biopsies) 
did not reveal morphologic differences between both groups, except for the 
appearance of sinusoidal foam cells in three of the four cases with ultimate CR. 
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INTRODUCTION 

The antigenic differences between donor and recipient are considered to 
be the most important factors in graft rejection [Hayry 1984]. The morphologic 
changes during rejection are similar in animals and humans, and are basically 
the same in different transplanted organs, such as the heart, kidney, and liver 
[Jerusalem 1977]. Unlike kidney grafting, in human liver transplantation suitable 
donors are selected on ABO blood groups only. In the context of a small donor 
pool and a short preservation time of a maximum of eight to ten hours, human 
leukocyte antigen typing for (HLA) A, B, C and D loci is done only retrospect
ively. 

Immunosupressive therapy mitigates and modifies the morphologic expression 
of rejection. In addition, the graft is exposed to a number of factors that may 
affect its structure and function, such as hypoxia, preservation, anesthesia, 
viral and bacterial infections, obstruction to bile flow, malnutrition in the 
recipient, the original illness, and drug reactions. The final picture in the 
biopsy is therefore the composite of a number of insults, and its interpretation 
rests much on the correlation of the histopathologic findings with all available 
clinical and therapeutic data [Wight 1983]. Since rejection is a dynamic process, 
the biopsy has to be interpreted in the light of findings in preceeding biopsies. 

Classically, allograft rejection is divided into three types: hyperacute, 
acute, and chronic. In kidney, heart, and liver transplantation only acute 
rejection seems to be amenable to treatment. In the liver it consists essentially 
of a cellular reaction mainly localized in the portal tracts [Snover 1984]. Apart 
from an indication of time, the adjectives "acute" and "chronic" also label 
clinical and pathologic processes of a different character. Generally, chronic 
rejection (CR) is characterized by occlusive vascular lesions [Jerusalem 1977]. In 
the liver arterial vasculopathy, portal fibrosis, cholestasis, and a reduced number 
of bile ducts have been ascribed to CR [Wight 1983, Demetris 1985. Vierling 
1985]. These changes herald the ultimate loss of the graft and clinical or 
morphologic features that could predict the time of such a loss would be of 
great value. 

PATIENTS AND METHODS: 

General tranplantation data, including surgery, anesthesia, histocompatibility 
testing, microbiology, and radiology, are described in detail elsewhere [Krom 
1984]. The immunosuppressive protocol of the patients in the present study 
consisted of azathioprine and prednisolone in combination. No cyclosporin A 
( CsA) was used. 

From the start of the liver transplant program in Groningen in 1979, 
every patient has been subjected to a series of "protocol" biopsies of the graft 
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(before and one hour after transplantation, on the eight day, at discharge, and 
at yearly intervals thereafter), in addition to nonprotocol biopsies obtained to 
study graft disturbances. 

The current study documents the histopathology of CR in human liver 
allografts. A total of 48 patients underwent orthotopic liver transplantation 
(OLT) in our center from 1979 to 1985. From these, four patients were selected 
in whom liver failure could be attributed to CR. The histopathologic changes in 
these livers are presented. In addition, the histopathology of antecedent protocol 
and nonprotocol biopsies of these cases obtained in the first 2 months after 
OLT were compared with those of six patients with successful outcome of OLT. 

OLT Patients with graft failure caused by CR: 

In order to document the histopathologic features of the rejection process 
exclusively, it is mandatory to roinimizf: the influence of other pathologic 
processes that may have significantly affected function and structure of the 
graft after OLT. For selection of cases, biochemical and clinical criteria were 
used as suggested by others [Vierling 1985, Caine 1983] cholestasis with an 
increase of serum bilirubin and alkaline phosphatase levels, exclusion of systemic 
bacterial sepsis, biliary tract obstruction, circulation disturbances such as hepatic 
artery obstruction, and evidence of drug toxicity. 

OLT Patients with succesful outcome : 

Arbitrarily, a survival time after OLT exceeding 4 years, complete rehabil
itation, normal liver tests, and normal or minimal reactive changes in the 
yearly protocol graft biopsies were considered to be features of successful 
outcome (SO). 

METHODS: 

Percutaneous graft biopsies and failed allografts removed at retransplanta
tion (ReTx) or autopsy were obtained in a fresh state. Pieces of tissue were 
processed for routine histology or immediately frozen for histochemical and 
immunohistologic purposes. Routine staining methods included hematoxylin and 
eosin (H&E), periodic acid-Schiff following diastase digestion, Gomori's reticulin, 
azan, and Prussian blue for iron. 

Morphologic features evaluated: 

Inflammation, fibrosis liver cell necrosis, and cholestasis were graded 
semiquantitatively on a O to 3 + scale in which O + - absent, 1 + - minimal, 2 + -
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moderate, and 3 + - severe. Bile duct damage was graded on a similar scale 
according to the method of Fennell et al.[Fennell 1983). The number of bile 
ducts was estimated by determining the ratio of bile duct cross sections to 
the number of portal tracts. "Endothelialitis" was used to describe attachment 
of lymphocytes to the vein endothelium with or without subendothelial inflamm
ation [Wight 1983, Snover 1984). 
Oil Red O (ORO) was used to detect lipids. 

Monoclonal antibodies were purchased from Becton-Dickinson (Sunnyvale, 
Calif; Leu 3 ,  HLA-Dr), Ortho Diagnostics (Westwood, Mass; OKMl), and Bethesda 
Research Laboratories (Gaithersburg, Md; anti-mono 1). An indirect immunoperox
idase technique was applied [Gouw 1987, Timens 1985]. Antibody lBll was 
produced in our laboratory and is reactive with all macrophages. Polyclonal 
antidesmine was obtained from Eurodiagnostics (Apeldoorn, The Netherlands) , 
polyclonal anti Factor VIII from Dakopatts (Copenhagen, Denmark) . 

RESULTS: 

The clinical data of four patients with CR are listed in Table 1. In all 
cases, histoincompatibility at the HLA A,B, and DR locus was present between 
donor and recipient. Graft survival ranged widely from 13 to 64 weeks. In the 
total patient group, no cases with uncontrollable acute cellular rejection leading 
to graft failure were found. Biochemical data are given in Table 2. Before 
death or ReTx, severely elevated bilirubin, alkaline phosphatase, and gamma 
glutamyl transpeptidase levels and impaired liver synthetic function were 
apparent. A remarkable hyperlipidaemia was observed in OLT 29. 

Table 1: CTinical data of OLT patients with CR 

Age and Sex Original 

OLT No. al O\.T Liver Disease 

1 4  52/M PBC 

29 45/F PBC 

3 1  37/F cc 

4 1  1 9/M cc 

Abbreviations: PBC, primary biliary cirrhosis; CC, cryptogenic cirrhosis. 
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HLA Antigens 

A,B DR 

2 

2 

2 

2 

2 

1 

2 

Graft Survival 

(wk) 

2 2  

2B {Relx) 

64 

1 3  {Relx) 



Table 2: Liver tests of OLT patients with CR before ReTx or death. 

Bili. 
OLT SGOT SGPT AP GGPT Dir Tot Albumin Choles. TG 

14 625 755 2985 2375 275 445 22 7,98 4,84 
29 285 334 1720 1405 275 335 24 35,95 11,45 
31 376 315 3726 1255 324 369 20 6,38 2,85 
41 150 250 3315 1435 775 910 32 4,76 2,64 

Table 3: Kisto pathologic features observed in CR. 

OLT 1 4  OLT 2 9  OLT 3 1  OLT 4 1  

Vascular changes 

Hepatic artery 

Intimal fibrosis + +  + + +  + +  

Subintimal foam cells + + +  + + + + + + + + +  

Fibrinoid necrosis or vasculitis 0 0 0 0 

Myointimal hyperplasia + +  0 0 0 

Portal vein 

Endothelialitis 0 0 0 0 

Terminal hepatic venule 

Endothelialitis 0 0 0 0 

Sinusoids 

Foam cells + +  + + +  + +  + +  

Portal tracts 

Enlargement + +  + + +  + + + +  

Fibrosis + + +  + + +  + +  + +  

Oedema 0 0 0 0 

Inflammation 

Lymphocytic + + + + +  

Polymorphonuclear 0 0 0 0 

Bile ducts 

Ratio of bile ducts to portal tracts 0. 1 0.07 0.3 0.2 

Damage (grade) of  remaining portal bile ducts + +  + + +  + +  + + + 

Damage of hilar or trabecular bile ducts + + +  + + +  

Parenchyma 

Piecemeal necrosis 0 0 0 0 

Spotty necrosis 0 0 0 0 

Viral inclusions + (CMV) 0 0 0 

Fibrosis of zone 3 + +  + +  + + 

Cholestasis 

Grade + + +  + + +  + + +  + + +  

Zone 2&3 diffuse 2&3 2&� 

NOTE. For semiquantitative grading, see Methods section. 
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Pathology of chronic rejection in liver allografts : 

Macroscopically all livers were green. On cut surface the wall of the 
hilar arterial branches was thickened. Veins and large bile ducts appeared 
normal. 

The microscopic changes are listed in Table 3. Vascular pathology was 
prominent in all cases as intimal fibrosis and subintimal accumulation of foam 
cells in the medium-sized and occasionally in portal branches of the hepatic 
artery. The internal elastic lamina was intact (Fig 1). ORO staining revealed 
large amounts of lipids in the foam cells (Fig 2). Immunoperoxidase study 
identified positive staining of the foam cells with antibodies directed against 
macrophages (lBll). HLA-DR antigen, and monocyte antigens (OKMl), anti
mono 1) consistent with a monocyte/macrophage phenotype. Foamy macrophages 
were also found in sinusoidal spaces of all cases (Fig 3), within hilar nerves, 
and occasionally within the wall of damaged trabecular bile ducts (Fig 4) . 
Biliary epithelium and hepatic artery and venous endothelium were HLA-DR 
positive. The portal tracts were enlarged by marked fibrosis and a decreased 
number of bile ducts were found. Small clusters of reactive lymphocytes and 
macrophages indicated the localization of damaged or absent bile ducts (Fig 5). 
No endothelialitis of portal or efferent veins nor piecemeal necrosis was found. 
Bile duct damage with disturbed wall architecture, infiltration by mononuclear 
cells, disruption, and epithelial metaplasia (Fig 6) was identical in portal and 
larger trabecular ducts, although less advanced in the latter structures. Viral 
inclusion bodies were not observed except for a cytomegalovirus (CMV) inclusion 
body in bile duct epithelium in OLT 14. The acinar zones 2 and 3 contained 
severe cholestasis and mild to moderate liver cell atrophy in all cases. 

Table 4: Patients with successful outcome. 

OLT Age/sex Original AB/DR Survival 
disease mismatch (years) 

3 42/F HCC 1/1 6 
5 53/F CIAH 2/1 6 
8 50/F PBC 4/2 5 
10 58/F PBC 3/1 4 
15 34/M cc 3/1 4 
17 18/F CIAH 2/2 4 

HCC:hepatocel/ula r carcin oma. CIAH:chronic autoimmune hepatitis. PBC:prima,y 
biliary cirrhosis. CC:c,yptogenic cirrhosis. 
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Chronic rejection v SO: Comparison of graft biopsies of the first 2 months 
after OLT: 

The clinical data of six patients with SO are given in Table 4. Similar to 
the CR group, all patients showed histoincompatibilities at the HLA A,B and 
DR locus. All grafts were biopsied before transplant, at 1, 3 to 4, and 6 to 8 
weeks. The histopathologic data are shown in Table 5. Sinusoidal foam cells 
were observed in three of the four cases ultimately developing CR, but none 
were found in the SO group. The degree and type of vascular pathology, portal 
tract fibrosis, and inflammation did not differ between the groups. The number 
of portal bile ducts was lower in the CR than in in the SO group at 6 to 8 
weeks, with a calculated ratio of bile ducts to portal tracts of 0.9. Parenchymal 
necrosis and inflammation was similar in both groups. A moderate cholestasis 
in the acinar zones 3 with mild to moderate congestion was invariably observed 
in all biopsies of both groups except before OLT. 

DISCUSSION 

The major histopathologic changes of chronic rejection in our patients 
included narrowing or obliteration of hepatic artery branches by intimal fibrosis 
and subintimal accumulation of lipid-laden macrophages, sinusoidal foam cell 
accumulation, portal tract enlargement by fibrosis, severe cholestasis, fibrosis 
in zone 3 with liver cell atrophy, and a decreased number of small bile ducts. 
These findings are in agreement with the observations from other centers[Wight 
1983, Demetris 1985, Vierling 1985, Fennell 1979]. Although obliteration of the 
lumen was most frequently found in the medium-sized and large branches of 
the hepatic artery, smaller branches and portal tributaries were affected as 
well, and sinusoidal clusters of foam cells were observed in all failed liver 
grafts. Interestingly, no differences were observed in histopathology of ante
cedent graft biopsies obtained in the first two months between the two patient 
groups except for the presence of sinusoidal foam cells in the CR patients. 

The pathogenesis of graft vasculopathy is unknown. Reliable animal models 
for CR are lacking and as far as we know, occlusive arterial lesions are only 
described in human and baboon allografts [Jerusalem 1977, Wight 1983]. We 
could not establish a role for prior vasculitis and the internal elastic lamina 
was intact in our material. In cardiac transplants graft vasculopathy (graft 
"arteriosclerosis") has been related to incompatibility between the recipient and 
the donor at the HL� locus [Bieber 1981]. This type of incompatibility was 
present in OLT 5 and 10 with successful outcome and not in the CR patients. 

The significance of the lipid-laden macrophages is obscure. They are not 
limited to the arterial system and sinusoidal space, as we found them in hilar 
nerves and occasionally in the wall of large bile ducts. Moreover, in the right 
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kidney of OLT 29, which had to be removed at ReTx because of vascular damage, 
foam cells were found in glomerular and peritubular capillaries and in small 
clusters in the renal interstitium. At autopsy in OLT 14 and OLT 31, foam 
cells were observed in lymph nodes, bone marrow, and spleen. In the latter 
organ, the picture resembled that of splenic histiocytosis, which has been 
related to steroid therapy. Cholestasis with hyperlipidemia may be a contributing 
factor. We observed splenic foam cells in kidney transplant recipients as well. 

Legends to the figures 1 - 4 on page 67. 

Fig.1 (top left): Hepatic artery branch of OLT 14 at autopsy with nearly 
complete obliteration of the lumen by massive subintimal 
accumulation of foamy macrophages. The internal elastic 
lamina is intact. (Verhoeff-elastin stain; x56). 

Fig2 Qeft below): Branch of hepatic artery of OLT 29 at ReTx. Foamy 
macrophages are heavily laden with lipids. (ORO and 
haematoxylin; x140). 

Fig3 (top right): Graft biopsy of OLT 14 at 4 weeks after OLT. A cluster 
of foamy macrophages is present in the sinusoidal space. 
(H&E; x560). 

Fig.4 (right below):Large bile duct of OLT 29 at ReTx with numerous foam 
cells underneath intact tall columnar epithelium. 
(H&E; x56). 
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The pathogenesis of bile duct damage and disappearance in rejection is 
much debated. A decrease in the number of small bile ducts in human liver 
allografts ("vanishing bile duct" syndrome) [Fortmann 1983] has been observed 
in CR by many investigators with varying emphasis [Snover 1984, Demetris 
1985, Vierling 1985, Fennell 1979]. In the failed grafts we also found a con
siderably reduced ratio of bile ducts to portal tracts. Since no clear decrease 
of bile duct numbers was found in the antecedent serial biopsies from these 
patients until 6 to 8 weeks, the damage and disappearance of these structures 
seems to be slowly ongoing process. An immune attack on the bile duct epithel
ium appears to be the major mechanism, the more so since the lesions strikingly 
resemble those observed in graft-v-host disease in the liver [Snover 1984, 
Demetris 1985, Vierling 1985, Fennell 1983, Fortmann 1983]. Indeed we confrrm 
the observations of others [Gouw 1987, Demetris 1985] regarding the expression 
of HLA-DR antigens on bile duct epithelium after OLT. A second mechanism 
may be ischemia. In the serial graft biopsies of the CR group bile duct numbers 
were not decreased in the presence of signs of vasculopathy, ic. sinusoidal 
foam cells. Since all divisions of the bile ducts up to the smallest ones are 
supplied by a surrounding peribiliary plexus originating from the hepatic artery, 
obliterative arterial changes may compromise this blood supply leading to 
ischaemic changes of the bile duct epithelium. However, so far no experimental 
evidence in favor of ischemic bile duct damage has been provided. In CR, 
severe cholestasis in the peripheral acinar zones ("centrilobular" areas) was 
apparent. A similar degree of cholestasis was invariably present in serial biopsies 
of the CR as well as the SO groups after OLT. 

Legends to figures 5 & 6 on page 69: 

Fig. 5: Portal tract of OLT 31 at autopsy. A cluster of reactive lymphocytes 
and macrophages in a fibrotic interstitium indicates the location of 
the disappeared bile duct. (H&E; x 140). 

Fig. 6: Portal bile duct (OLT 41 at ReTx) with metaplastic epithelial changes, 
nuclear polymorphism, and epithelial invasion by lymphocytes. 
(H&E, x350). 
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Table 5: The morphologic changes in graft biopsies taken before and 1,3,4 
and 6 to 8 weeks after OLT. 

Bofore CX. T 

CR SO CR so 

Vascular changes 0 0 0 0 

HA 

Intimal fibrosis 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Subintimal foam cells 0 

Fibrinoid necrosis/vasculitis 0 

Myointimal hyperplasia 0 
PV 

Endothelialitis 0 0 + + / +  + 

THV 

Endothelialitis 

Sinusoids 

Foam cells 

Lymphocytes 

Polymorphonuclears 

Portal tracts 

Enlargement 

Fibrosis 

Oedema 

Inflammation 

Lymphocytes 

Polymorphonuclears 

Bile ducts 

Ratio of bile ducts to portal 

0 0 

0 0 

+ + 

+ +  + 

0/ + 

0 

+ +  

+ 

0 0 + + +  
0 0 0 

0 0 + 

0 0/ + + + 

0 0 + +  

0/ + 

0 

+ 

+ 

+ +  

+ / + + 

0 

+ I + + 

+ +  

tracts 1 .5 1 .7 1 .4 2 

+ +  Damage of remaining bile ducts O O + + 

Parenchyma 

Piecemeal necrosis 

Spotty necrosis 

Confluent necrosis 

Viral inclusions 

Necrosis of zone 3 

Fibrosis of zone 3 

Inflammation of zone 3 

Lymphocytes 

Polymorphonuclears 

Cholestasis 

Grade 

Zone 

Congestion of zone 3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

+ 0/ + 

+ + 

0 OLT 3: + + 

0 0 

0/+ + 

+ 0 

0/ + + 

+ + 

+ +  + +  
3 3 

0/ + + 

3 to 4 Woeka 6 to 8 Woeka 

CR. so CR so 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

+ + 0/+ 

0 

0 

0/ + 

OLT 4 1 : + +  

+ 
0 

+ +  

+ 
0 

+I+ + 

+ 

1 .3 

+/+ + 

0 

0 

+ 

0 

+ +  

0/+ 
0 

+ +  

+ 

2. 1 

+ 

OLT 1 4&3 1 : +  

+ 

0/ + 

+ +  
+/+ + 

0 

+I + +  

+ 

0.9 

+ +  

0 

0 

0/ + 

0 

+I + +  

0/+ 
0 

+/+ + 

+ 

1 .9 

+/+ + 

0 0 0 0 
0/+ + + 0 

0 OLT 1 0: + +  0 0 

0 0 OLT 3 1 : +(CMV) 0 

+ + + 0/ + 

+ 0 + +  0 

0/ + + + I +  + 0/ + 

+ + 0 0 

+ +  + +  + +  + +  

3 3 3 3 

+ / + + + + +  + +  

Abbreviations: HA, hepatic artery; PV, portal vein; THV, terminal hepatic venule. 
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A consistent finding in all serial biopsies of both patient groups after OLT 
included mild to moderate fibrosis of the walls of efferent veins and atrophy 
of liver cells with congestion in the peripheral acinar zones. Fibrosis at this 
location is suggested to be the result of immunologic damage associated with 
acute rejection rather than to be related to the chronic vascular lesions [Wight 
1983]. Liver cell atrophy in zone 3 may be a consequence of ischemia secondary 
to obliterative arterial vasculopathy. 

In conclusion, CR in human liver allografts is characterized by chole
stasis, obliterative arterial vasculopathy, and bile duct damage. The presence 
of sinusoidal foam cells in a graft biopsy suggests the possibility of developing 
CR. 
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CHAPTER V 

CHRONIC REJECTION IN LIVER GRAFT: 

the influence of HLA-matching 
and positive lymphocyte crossmatch. 

SUMMARY 

The morphologic features of chronic liver graft rejection show some 
similarities with chronic rejection of renal- and cardiac grafts, with respect to 
the arterial damage. The pathogen etic mechanisms of chronic liver allograft 
rejection is unknown. Recent studies reported the influence of lymphocytotoxic 
antibodies and HLA mismatching on the development of chronic rejection . 

In the presen t study the influence of the two mentioned factors a re 
investigated in 9 patien ts with chronic rejection out of 83 orthotopic liver 
transplantations. The results of this study show that patien ts with a positive 
lymphocytotoxic crossmatch due to donor specific antibodies are significantly 
more likely to develop chronic rejection while HLA-DR mismatch also seem to 
be a contributary factor. It is hypothesized that host anti-idiotypic antibodies 
might be an important aid in the defense against the  development of chronic 
rejection .  
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INTRODUCTION: 

Chronic irreversible rejection (CR) of liver allografts has lately emerged 
as an important complication due to its increase in frequency [Wight 1987]. 
The histopathologic characteristics include an obliterative vasculopathy, mainly 
affecting the medium sized branches of the hepatic artery and the so called 
vanishing bile duct syndrome (VBDS) accompanied by negligible inflammatory 
infiltrates in the portal tracts [Wight 1987, Grand 1986, Demetris 1985]. 
Clinically, this serious complication is characterized by a severe, progressive 
cholestasis and deterioration of graft function which are both not amenable to 
treatment. This resistency to anti rejection therapy leads to a grave prognosis, 
ultimately leading to death or necessitating retransplantation. 

Recent studies on this subject reported a possible role of donor-recipient 
HLA mismatch and positive lymphocytotoxic crossmatch on CR in liver allografts 
[Donaldson 1987, Batts 1988]. 

The purpose of this study is to evaluate the effects of HLA-matching and 
a positive donor specific lymphocytotoxic crossmatching on the outcome of 83 
orthotopic liver transplantations (OLT). Special emphasis is given to the possible 
relation between these aspects and the development of chronic irreversible rejec
tion. 

MATERIAL AND METHODS: 

Patients: 

From a total of 83 OLT's consisting of 74 primary transplantations and 9 
retransplants, performed between March 1979 and March 1988 in our center, 9 
grafts (of 9 patients) showed clinical and histological evidence of CR. The data 
of this chronic rejection group (CR-group) are shown in table 1. A group of 
grafts served as controls (non-CR group), consisting of 40 grafts selected on 
criteria mentioned in table 2. In short, they represent a group in which CR is 
reasonably excluded as a possible cause of graft failure while their survival 
lasted sufficiently for CR to develop. Two types of immunosuppressive 
regimens were applied. OLT 1 to 47 (including 3 retransplants) received 
azathioprine and prednisone whereas OLT 48 to 74 (including 6 retransplants) 
were treated with quadruple therapy consisting of azathioprine, cyclophosphamide, 
cyclosporine A and prednisone. 

Kistology: 

Of all nine patients with chronic rejection the total liver, obtained at 
autopsy ( n = 4) or retransplantation ( n = 5) was available for histological 
examination. Tissue samples were fixed by immersion in 4% formaldehyde with 
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Table 1: Data of the Chronic R ejection group. 

Patients Sex/Age Original IS-therapy Onset Graft 
at Tx disease ofCR survival 

1.OLT 14M/52 y PBC AZA)Pred 85 d 180 d 
2.OLT 24F/50 PBC AZA/Pred 885 1080 
3.OLT 29F/45 PBC AZA)Pred 33 180 
4.OLT 31F/37 cc AZA/Pred 90 450 
5.OLT 41M/19 PSC AZA/Pred 7 90 
6.OLT 45M/17 cc AZA/Pred 110 210 
7.OLT 47F/20 CAH AZA/Pred 7 150 
8.OLT 51M/25 SC/HCC Quadruple 35 240 
9.OLT 54M/25 PSC Quadruple 32 120 

OLT:orthotopic liver transplan tation; M:male; F.female; y.years; d:days; 
PRC.primary biliary cirrhosis; CC:cryptogen ic cirrhosis,· PSC.primary sclerosin g 
cholangitis; CAH:chronic aggressive hepatitis; SC/HCC:sclerosing  
cholangitis/hepatocellular carcinoma; IS:immunosuppressive therapy; 
AZA /Pred:azathioprine/prednison e;Quadruple:cyclophosphamide/azathioprine/pred
n isone/cyclosporin A 

Table 2 :  Exclusion criteria for the Non-Chronic Rejection group. 

Criteria: Number of grafts: 

Less than 1 month survival 
More than 1 but less than 12 months survival 
Follow up less than 1 year 

Total excluded 

Total number of chronic rejection grafts 
Total number of Non-Chronic Rejection Grafts 
Total number of grafts 

11 
16 
7 

34 

9 
40 
83 
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6% HgCl2, 5% glacial acetic acid or in BS and embedded in paraffin for 
histological examination using haematoxylin-eosin, periodic acid Schiff after 
diastase digestion, Gomori's reticulin, azan and Perl's iron staining. Quantitative 
assessment of VBDS was done according to Ludwig et al who recommended 
assessment of ductopenia on the basis of examination of 20 portal tracts [Ludwig 
1987]. All other features were assessed semiquantitatively with O = absent, 
1 + = minimal, 2 + = moderate and 3 + = severe. The histological features of 4 of the 9 
CR patients (OLT 14,29,31,41) have been reported in a previous study [Grond 
1986]. 

HLA-typing, antibody screening and crossmatching: 

HLA typing, antibody screening and crossmatching were performed in all 
transplants except in 3 cases who died during transplantation. 

Typing for the class I antigens was done by the NIH micro
lymphocytotoxicity test. The two colour fluorescense method was used for 
HLA-DR typing [Rood van 1976]. Of each recipient serum samples were drawn 
before and after transplantation and screened for the presence of cytotoxic 
antibodies with a HLA reference panel of fifty lymphocyte suspensions. In 
addition, the sera were tested with autologous lymphocytes to be informed 
about the presence of autoantibodies. 

In all transplantation lymphocytotoxic crossmatching has been done. In 
case of a positive crossmatch with a serum containing multispecific HLA
antibodies, the presence of donor specific dass I antibodies was confirmed by 
lymphocyte suspensions of paneldonors selectively incompatible for the relevant 
antigen. Discrimination between T and B cell reactivity was possible due to the 
fact that crossmatches were also performed in the two colour fluorescense 
assay. 

Statistical methods: 

Statistical analysis was performed using the time table analysis with the 
clinical time of onset of CR as the major dependent variable, in a manner 
similar to the method used by Batts et al.[Batts 1988]. P � 0.05 was taken as 
the significancy level. 

The clinical time of onset of CR was defined retrospectively as the start 
of a persistent elevation of serum bilirubin and alkaline phosphatase (AP) 
followed by serum glutamicoxaloacetic transaminase (SGOT) and serum 
glutamicpyruvic transaminase (SGPT) which was not influenced by any anti 
rejection treatment. Other causes of graft dysfunction such as bile flow 
obstruction and viral infection were excluded. The time of onset ranged between 
day 7 to 885 with a median of 35 days posttransplant. 
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Fig.l (left): Survival curve with the time of onset of CR as the major 
dependent variable for the positive ( + + +) and negative (-) 
crossmatch groups. 

Fig.2 (right): Survival curve with the time of onset of CR as the major 
dependent variable for HLA-DR mismatched groups: (O):zero 
mismatch; (1): 1 locus mismatch and (2): 2 loci mismatches. 
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Table 3: Histopathologic features of Chronic Rejection: 

Patients Arterial changes Sinusoidal lBD/PT Cholestasis 
FC NC/IF!MIH fo am cells ratio@ grade/zone 

l.OLT 14 + + + o  I+  / +  + + +  0,1 + + +  2,3 

2.OLT 24 0 0 / +  / +  + * 0,5 * + +  3 

3.OLT 29 + + + o  / +  /0 + + +  0,1 + + +  2,3 

4.OLT 31 + + + o  / +  + /0 + +  0,3 + + +  2,3 

5.OLT 41 + +  0 / +  + /0 + +  0,1 + + +  2,3 

6.OLT 45 + +  0 / +  + / +  + + + +  0,5 + +  3 

7.OLT 47 + + + o  / +  + /0 + +  0,6 + + +  2,3 

8.OLT 51 + +  0 / +  / +  + 0,7 + + +  2,3 

9.OLT 54 + +  0 / +  / +  + 0,4 + + +  2,3 

Table 4: Number of HLA AB/DR mismatch and donor specific positive 
crossmatch in the Otronic rejection group. 

Patients HLA mismatch Crossmatch 
AB I DR 

1. OLT 14 2 I 2 positive 
2. OLT 24 3 I 2 0 

3. OLT 29 3 I 1 positive 
4. OLT 31 2 I 1 0 

5. OLT 41 2 I 2 positive 
6. OLT 45 2 I 2 0 

7. OLT 47 1 I 2 0 

8. OLT 51 3 I 2 0 

9. OLT 54 3 I 2 0 

OLT: orthotopic liver transplantation; FC: subintimal foam cells; VC: vasculitis,· 
IF: intimal fibrosis,· MIH: myointimal hyperplasia; BDJPT: bile duct per portal 
tract ratio; @: assessment  of BDJPT ratio is according to Ludwig et al (6); * :  
the assessment of these factors were done on the latest graft biopsy taken 3 
months previous to death because the liver obtained at autopsy showed too 
much autolytic changes. ,· 0: absent/negative; + :  minimal,· + + : moderate,· + + + :  
severe/abundant 
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One-year actuarial survival curves of negative and positive crossmatch 
groups, negative and positive pre-and posttransplant antibody groups and of 
each HLA locus match within the selected CR and non-CR grafts were 
statistically tested. Graft survival indicated the absence of CR. 

RESULTS: 

The results of histological examination of the rejected allografts are 
summarized in table 3. Briefly, occlusive arteriopathy was found in all patients, 
except in OLT 24, with subintimal accumulation of foam cell macrophages which 
were also found in the sinusoids. OLT 24 showed some degree (1 + )  of myointimal 
hyperplasia without obvious accumulation of foam cells. Variable degrees of 
VBDS were observed ranging from serious lack of bileducts: 0,1 ducts per 
portal tract (OLT 14) to a ratio of 0.7 ducts per portal tract (OLT 51). Severe 
cholestasis was found in all patients predominantly present in the perivenular 
areas. 

A positive crossmatch due to donor specific antibodies was found in 6 out 
of the 49 selected grafts (12%). Only 3 of 9 CR grafts had a positive 
lymphocyte crossmatch. The frequencies of positive lymphocyte crossmatching 
and HLA-mismatching of the CR group are tabulated in table 4. 

The actuarial one-year survival curves with the time of onset of CR as 
the major dependent variable generally showed a significant lower survival rate 
of the group with a positive crossmatch than that of the negative group (p = 0.02) 
(Fig.1). As for HLA-AB and DR mismatches, no significant differences were 
observed between those with higher numbers of mismatches and those with less 
mismatches. However, the survival rate decreased with increasing HLA-DR 
mismatches (Fig.2). 

DISCUSSION: 

The definition of the irreversible type of liver graft rejection is somewhat 
variable. Some investigators included both obliterative arteriopathy and loss of 
bile ducts as its morphological characteristics [Wight 1987, Grond 1986, Demetris 
1987] while others stressed on the VBDS [Ludwig 1987]. Occlusive arteriopathy 
and VBDS did not appear to be consistently related. Based on the examination 
of whole liver specimens Ludwig et al observed arteriopathy in 3 out of 5 
cases with what they termed "acute VBDS" whereas Wight reported that on full 
graft examination VBDS in the absence of arterial damage was not observed in 
the Cambridge material [Wight 1987, Ludwig 1987]. Hubscher observed foam cell 
arteriopathy both in a group showing rapid and complete loss of · bile ducts (in 
2-3 weeks) and in a group with subtotal loss of bile ducts progressing in a 

79 



period of weeks to months [Hubscher 1987]. In our series arterial changes and 
bile duct loss were found in all patients although in variable degrees as shown 
in table 3. There was no significant difference in the time of onset between a 
group with severe loss of bile ducts ( < 5 ducts/ 20 portal tracts) and a group 
showing more than 5 ducts per 20 portal tracts (Mann Whitney U test, data 
not shown). This is suggestive for the presence of one entity with a wide 
range of onset and variable degrees of damage although firm conclusions cannot 
be drawn based on our small number of cases. The similarities in course and 
morphological features with chronic renal and cardiac graft rejection are 
arguments to maintain the term "chronic" despite the possibility of an early 
onset, to distinguish this rejection from acute cellular rejection [Thiru 1984, 
Stovin 1984]. 

Although the incidence of a positive crossmatch in our CR group was not 
as high as that of Batts et al., 3 of 9 patients versus 5 of 6 CR patients, our 
results confirmed their obeservation that there is a significant correlation 
between a positive crossmatch and the development of chronic irreversible 
rejection [Batts 1988]. Although not statistically significant, there was a 
tendency toward higher chances for CR with increasing numbers of class II 
mismatches (Fig.2). This finding is in agreement with the observations of Batts 
et al but is at variance with those of Donaldson et al who found that VBDS 
was related to a complete mismatch for class I antigen and a partial or complete 
match for class II antigen [Donaldson 1987, Batts 1988]. 7 out of 9 CR patients 
in our series were matched for 1 or 2 loci class I antigen and had a partial or 
complete mismatch for class II antigen resulting in a significant preference of 
CR for this match grade when tested statistically in a similar way as described 
by Donaldson et al. ( data not presented) [Donaldson 1987]. Thus, the presence 
of a positive crossmatch and a disparity of class II seems to promote the 
development of CR but their absence does not exclude CR. 

In kidney grafting a positive class I crossmatch is related to hyperacute 
rejection whereas chronic rejection is thought to be the result of long standing 
immunological attacks mediated by antibody and complement, ADCC, DTH and 
cytotoxic T cells [Williams GM 1986]. Roser assumed that CR is mediated by 
similar mechanisms seen in acute rejection but operating with reduced potency 
[Roser 1984]. If a positive crossmatch leads to CR, this probably occurred as a 
consequence of insufficient protective mechanisms. Such a protective mechanism 
has been reported to be exerted by anti-idiotypic antibodies to class I and Il 
antibodies in human liver and kidney allografts {Mohanakumar 1987, Reed 1987]. 
On the other hand, CR also developed in a number of patients without a positive 
crossmatch: It is possible that in these patients absorption of alloantibodies by 
Kupffer cells, in parallel with observations in rat liver transplantation 
[Gugenheim 1988/1988] lead to quantities undetectable by the present methods. 
Another possibility is that in these patients CR is the result of cellular immune 
response. 
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Increased expression of class II antigens on bile duct epithelium and 
vascular endothelium has been observed during episodes of acute rejection and 
in chronic rejection [Grand 1986, Demetris 1985, Steinhoff 1988, chapter 2 this 
study]. Since HLA-DR disparities are thought to evoke cellular alloreaction, bile 
duct epithelium and vascular endothelium are then suitable inducers of 
alloreaction especially in the absence of anti-idiotypic antibodies. This might 
be a mechanism contributing to CR. The more so since decreased 
immunosuppression, which mainly affected the cellular response, seemed to 
influence the development of CR. The only patient in the series of Batts et al 
who did not have a positive crossmatch experienced a period of inadequate 
immunosuppression as a consequence of suspected viral infection [Batts 1988]. 
Three of our CR patients (2 with a positive crossmatch and 1 without) also 
had a period of decreased immunosuppression previous to the onset of CR due 
to serologically confirmed CMV infection. Furthermore, CMV infection itself 
has been reported to play a role in the development of CR (O'Grady 1987]. 

Another possible contributory factor to VBDS might be ischemia, although 
no experimental evidence is available [Wight 1987]. Wight observed reduced 
number of bile ducts · in 2 patients with hepatic artery occlusion, Ludwig et al 
reported HAT (hepatic artery thrombosis) in 1 of 5 VBDS patients and in our 
series, arteriographically confirmed HAT was present in 2 of 9 patients [Wight 
1987, Ludwig 1987]. However, in one of these two patients HAT developed 1 
month after the onset of CS, in the other patient HAT developed insidiously 
and was confirmed by arteriography at day 310 after transplantation. 

In this study we have shown that a positive crossmatch test, induce the 
development of CR. MHC-class II donor-recipient mismatch might be another 
contributary factor. Gordon et al reported a striking lack of difference on 
survival rates of positive and negative crossmatch groups in sofar the largest 
series [Gordon 1986]. An additional test on the 2-year actuarial survival of all 
our transplant patients showed a significant difference in survival between the 
positive and negative groups for crossmatch, pre- and posttransplant donor 
specific antibodies but there was no significant decrease in survival with 
increasing HLA-AB or DR mismatches (data not presented). However, reports 
on renal and cardiac grafting have confirmed the beneficial effects of class II 
matching [Morris 1986, Yacoub 1987, Opelz 1988]. Therefore, the contrasting 
results in the abovementioned studies on liver grafting, which mostly concerns 
small numbers of patients except in the study of Gordon et al. [Gordon 1986], 
should be interpreted with caution especially with reference to a recommen
dation for a deliberate donor-recipient mismatching for either class I or II 
antigens (Do na ld son 8 7 ) . 
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GENERAL DISCUSSION. 

His individuality shows man nearer kin to mice 
and goldfish than to the angels; it is not his 
individuality but only his awareness of it that 
sets man apart. 

Sir Peter B. Medawar. 
in The uniqueness of the individual, 
Methuen Books 1957. 

Direct study of the rejecting graft or its 
draining lymphoid tissue, no matter how carefully 
done is ( . .  ) incapable of yielding the precise 
inf onnation which we require as to the mechanism 
of graft rejection. Such an approach is equivalent 
to searching for the causes of the Second World 
War by a detailed examination of the battlefields. 

BJ Roser. 
Mechanisms of rejection, 
in Transplantation Immunology, 
Oxford University Press 1986. 
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Intrigued by the strength of the awareness of our individuality as expressed 
by the immune system but regularly confronted with its battlefield-like results 
under the microscope, the pathologist working on allograft rejection might 
sometimes feel at a loss. Within the limitations of a direct study on graft 
tissue the following questions were addressed: 
1. What is the impact of the induction of MHC antigens expression after liver 
transplantation? 
2. Did morphological studies reveal a clue as to the target and effector cells 
in acute and chronic liver graft rejection? 

The mechanisms of allograft rejection have been reviewed in detail in 
several studies [Hayry 1984, Bach 1987, Hall 1988]. In short, the alloresponse 
includes 3 phases: 1. alloantigen presentation and recognition, 2. T cell activation 
and generation of effector cells, 3. graft destruction In order to address 
the questions mentioned above, the results of the studies in the foregoing 
chapters will be discussed in the context of the 3 phases of the alloresponse. 

Transplantation antigens per se are not the major barrier to tissue grafting 
because they are highly immunogenic only when presented by metabolically 
active stimulator cells which are able to provide the two signals necessary for 
T cell activation [Batchelor 1978, Bach 1987, Lafferty 1986]. Donor derived 
dendritic cells are thought to be the cells most capable to act as antigen 
presenting cells (APC) because they have high constitutive expression of class 
I and II molecules that can be bound to the specific T cell receptors (first 
signal) and they are capable of releasing a second signal, which is probably 
Interleukin-I (IL-1), to activate naive host T cells [Lafferty 1986, Hall 1988]. 
The replacement of donor dendritic cells by recipient ones may be responsible 
for the reduced risk of rejection after the first months because host dendritic 
cells do not play a major role in effective antigen presentation [Lafferty 1986, 
Hall 1988]. The T cells activated by host dendritic cells are not allospecific and 
the target (donor) cell will only be recognized when host and donor share 
MHC antigens. By determination of host-and donorspecific polymorphic HLA 
determinants, replacement of donor specific cells such as Kupffer cells and 
portal interstitial cells by recipient ones is studied in chapter III using sequential 
graft biopsies. Replacement or disappearance of Kupffer cells has been reported 
before, both in human and in animal models of liver transplantation [Porter 
1969, Kashiwagi 1969, Partmann 1976, Gale 1978, Baudot 1987, Gassel 1987] and 
the loss of this cell population with a high constitutive class I and II expression 
may be a contributory factor to the mild rejection pattern of the liver. In 
vitro studies of rat Kupffer cells showed them to be strongly immunogenic 
[Hayry 1984]. It is probable that dendritic cells were present among the replaced 
portal interstitial cells but further studies are necessary to discriminate between 
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Kupffer cells and dendritic cells and to establish their roles in liver rejection. 
In a recent study, discrimination of these two types of cells was reported 
using various monoclonal antibodies on tissue sections of human livers [Hart 
1988, unpublished observations]. 

The rejection responses are directly mediated against donor MHC antigens 
without the requirement of antigen presentation in the context of self MHC. 
Other antigens, the so called "minor histocompatibility antigens" which represent 
a poorly defined group of antigens are capable to induce an immuneresponse 
similar to conventional antigens in an MHC-restricted way [Hall 1988]. The T 
cells mediating allograft rejection include both CD4 + and CD8 + cells with class 
I MHC antigens serving as the primary targets for CD8 + cells and class II 
antigens as the primary stimulating determinants for CD4 + cells [Bach 1987]. 
CD4 + and CD8 + cells interact in a collaborative way presumably by the produc
tion of several lymphokines, among others lnterleukin-2 (IL-2), that stimulate 
cytotoxic T cells to proliferate and mature to effector cells [Bach 1987]. Other 
lymphokines include IL-3, IL-4, IL-5, B-cell stimulating factor 2 (BSF2), neuro
leukin, granulocyte monocyte colony stimulating factor (GMSCF) and interferon 
gamma (IFN gamma) [Hall 1988]. The latter is known to induce the expression 
of class I and II antigens. 

Immunohistological studies of liver graft biopsies with rejection show 
predominance of T cells with variable numbers and ratios of CD4 + and CD8 + 
cells. Some investigators reported predominance of CD4 + cells, others CD8 + 
cells while still others found equal quantities of both [Eggink 1983, Si 1984, 
Demetris 1985, Herrod 1986, Perkins 1987]. As described in chapter II we found 
comparable quantities of both types of cells in graft biopsies taken at a mean 
of 7.7 days after transplantation, but differently located. CD4 + cells were 
centrally located in the portal tracts whereas CD8 + cells were found in the 
periphery of the portal tracts. Among cells expanded from liver and cardiac 
graft biopsies class I specific cells were predominant in biopsies taken early 
after transplantation whereas from subsequent biopsies class II specific cells or 
a mixture of class I and II specific cells were obtained [Fung 1986, Markus 
1987]. The lack of unanimity in the immunohistological studies and the findings 
in the cultured lymphocytes obtained from graft biopsies probably reflect the 
several phases of the inflammatory response in rejection and the balance between 
immunosuppression and graft tolerance. According to Strom, allograft rejection 
consists of several waves of infiltrating cells starting with infiltration by CD4 + 
cells, followed by a first and second wave of CD8 + cells and consecutively by 
macrophages and B cells leading towards graft destruction by frank inflamm
ation [Strom 1988]. Clinically these phases of rejection are recognizable as 
variations such as subclinical, steroid sensitive, variable OKT3/ A TG sensitive to 
resistant to OKT3 treatment. Acute rejection episodes in liver grafts are mostly 
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readily reversible following anti rejection treatment. Although severe acute 
rejection episodes may occur, graft failure primarily due to rejection is rare, 
especially after the introduction of cyclosporine A The choice of immuno
suppressive treatment did not alter the histological features of rejection as 
shown by the results of chapter I. Except for a more marked venous endo
thelialitis in the cyclosporine-A treated group, the histological features were 
very similar between the group treated with conventional immunosuppression 
and that treated with cyclosporine A The mechanisms behind this mild rejection 
pattern are not known. The rapid replacement of antigen rich cells such as 
Kupffer cells may be one reason. Another proposed mechanism is the low 
constitutive expression of class I antigens by hepatocytes and the scant 
expression of class II antigens, even at the height of an inflammatory reaction. 

In chapter II we studied the induction of MHC antigens expression early 
after transplantation. It is found that hepatocytes failed to express class II 
antigens during rejection although class I expression is induced markedly. The 
inflammatory reaction of rejection is limited to the portal tracts. Lymphokines 
released in these areas may flow through the sinusoids and stimulate hepatocytes 
to express class I antigens. Three observations are however difficult to interpret: 
1. the absence of obvious lobular inflammation, 2. the diffuse expression of 
class I antigens on hepatocytes instead of a predominance in the periportal 
regions and 3. the absence of vascular damage while both arterial and venous 
endothelium showed marked induction of MHC antigens expression. Moreover, 
endothelialitis is a regular finding in rejection episodes. 
A possible explanation for the first observation is the concentration of cell 
populations with a high constitutive MHC antigens in the portal tracts, such as 
dendritic cells (in the early phase after transplantation), vascular endothelium 
and bile duct epithelium which keeps the inflammatory reactions within the 
boundaries of the portal tracts. 
The diffuse expression of class I antigens on hepatocytes may be the con
sequence of both the flow of lymphokines from the portal tracts and additionally 
by cholestasis which is consistently seen during acute rejection and which is 
reported to induce MHC antigens expression [Innes 1988]. Thus, the expression 
of class I antigens on hepatocytes is more an epiphenomenon rather than the 
prelude of rejection. Although endothelialitis is regularly present, it disappears 
easily following anti-rejection treatment and no rest damage is present in the 
veins. Together with the rare occurence of arterial damage in acute rejection 
the enhanced expression of MHC antigens on vascular endothelium is remarkable. 
These observations are more suggestive for the role of endothelial cells as 
antigen presenting cells in rejection rather than serving as target cells. 

In conclusion, the induction of class I and II MHC antigens expression 
after liver transplantation has several connotations. Both non-specific and 
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specific stimuli are responsible for the induction of MHC antigens expression. 
Liver cell components with a high constitutive expression of MHC antigens are 
located in the portal tracts and they are probably capable of evoking an allo
response in situ and keep the inflammatory reaction in the portal tracts by 
virtue of their high level of MHC antigens as compared with the parenchymal 
cells. The expression of class I antigens on hepatocytes demonstrates that the 
presence of the antigens itself does not necessarily provokes cytolysis. As to 
the effector cells of the rejection reaction, both CD4 + and CDS + are apparently 
necessary. Their variable presence in the graft during rejection is probably a 
reflection of the course of the rejection reaction. Morphologically, the 
major targets in liver graft rejection are bile duct epithelium and vascular 
endothelium. In acute rejection bile duct damage is reversible whereas in chronic 
rejection a spectrum is observed from normal bile ducts to severe bile duct 
damage with decreased numbers of bile ducts (the vanishing bile duct syndrome) 
[chapters I,IV,V this study]. The venous endothelium is the target in acute 
rejection, which is fully reversible whereas chronic rejection is characterized 
by obstructive arteriopathy with accumulation of foam cells in the arterial 
wall [chapters I,IV,V this study]. 

A lot of questions remain to be answered about the immunopathology of 
liver graft rejection. Firstly, if MHC antigens expression in liver cells is easily 
inducible, what mechanisms cause this expression to disappear or the inflamm
atory response to cease because once it is started it is theoretically self 
regenerative. Apart from the reduced antigenicity of the graft by the disap
pearance of graft dendritic cells, further studies on the role of antiidiotypic 
antibodies in reducing rejection are necessary [Mohanakumar 1987], as well as 
on the role of suppressor cells [McDiarmid 1988]. Secondly, what mechanisms 
lead to the privileged status of the livergraft? Apart from the low expression 
of class II antigens by hepatocytes other mechanisms such as the absorption of 
lymphocytotoxic antibodies [Gugenheim 1988] needs further study especially 
after the recent report of a successful sequential liver-renal transplantation in 
the presence of preformed lymphocytotoxic antibodies [Fung 1987]. Thirdly, the 
pathogenetic mechanisms of chronic rejection are still terra incognita. In chapter 
V the possible influences of a positive crossmatch and class II mismatchings 
are discussed. The role of preceeding episodes of acute rejection, of prolonged 
cholestatic periods and again the induction of MHC antigens needs to be 
evaluated. In a preliminary study we observed no significant higher frequencies 
of acute rejection episodes in patients developing chronic rejection as compared 
with having a successful outcome. Instead, the patients with chronic rejection 
showed prolonged periods of morphological and clinical cholestasis without 
obvious inflammation. Furthermore, we have observed focal and local instead of 
diffuse class II expression on bile duct epithelium in the remaining bile ducts 

87 



of chronically rejected liver grafts, surrounded by inflammatory cells which is 
rather confusing because the insignificant numbers of inflammatory cells found 
in the burnt out portal tracts are thought to have diasppeared because the 
target antigen has disappeared. This, and many other factors such as the role 
of CMV infection, as discussed in chapter V, need further study. 
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SUMMARY 

Nowadays, orthotopic liver transplatation is an accepted therapeutic possib
ility for non-curable end-stage liver diseases. Despite the impressive improve
ments achieved within thirty years of liver transplantation the procedure is 
still accompanied by serious complications. One of the complications is graft 
rejection. Similar to other organ grafts the liver graft is also subject to the 
host's alloresponse although the liver tends to be less vividly rejected as 
compared with the kidney graft. Hyperacute rejection is either non-existent or 
extremely rare although the liver is regularly transplanted between HLA mis
matched individuals. Acute rejection is a regularly present especially in the 
first months after transplantation. In most cases this complication responds 
well to treatment. The prognosis of chronic rejection is less favourable because 
sofar anti rejection treatment does not seem to influence the course leaving 
retransplantation as the only therapeutic possibility. 

This thesis is focussed upon graft rejection, based on studies on serial graft 
biopsies. Biopsy monitoring of the transplanted liver has proven to be a safe 
and accurate diagnostic aid. 

In chapter I the morphology of acute rejection in biopsies of liver allo
grafts obtained in the first two weeks after transplantation (Tx) was analyzed. 
Material from patients maintained on conventional immunosuppressive therapy 
consisting of azathioprine and prednisone (AZA, Groningen) was compared to 
that of patients receiving cyclosporine A and prednisone (with or without aza
thioprine) in low doses (CSA, Minneapolis). Follow up biopsies ranged from 3 
weeks to one year after Tx. Time zero biopsies and/or pretransplant biopsies 
served as baseline histology. Our data revealed an identical morphologic picture 
during acute rejection early after Tx in both patient groups except for a more 
marked degree of venous endothelialitis and hepatocyte ballooning in the 
Minnesota material. The follow up biopsies suggested a spontaneous resolution 
of these early rejection episodes without anti rejection treatment in 6 of the 
10 AZA patients. No differences in the long term survival rate between the 
CSA and AZA treated patients were observed. 

The study in chapter II documents MHC Class I and II expression during 
early acute rejection of human liver grafts. Serial graft biopsies were studied. 
10 patients received azathioprine (AZA) and prednisone; 6 patients were treated 
with quadruple therapy ( azathioprine, cyclosporine A, prednisone and cyclophos
phamide). To study the specificity of changes in MHC antigen-expression, 
biopsies of 6 patients with minor or no morphological abnormalities served as 
controls. In addition, phenotypes of inflammatory cells present during rejection 
were analyzed using a panel of monoclonal antibodies. 
Our results show that during acute rejection expression of MHC Class I and II 
antigens increased significantly in both the AZA treated patients and those 
treated with quadruple therapy, in a similar pattern. There was enhanced MHC 
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Class I expression on hepatocytes, bile duct epithelium and sinusoidal endothel
ium, and Class II antigen on Kupffer cells and sinusoidal endothelium. Bile duct 
epithelium was consistently positive for Class II antigen; no significant difference 
with the non-rejection group was observed. T cells are the predominant inflamm
atory cells during rejection with equal quantities of CD4 + and CD8 + cells. A 
majority of the infiltrating T cells shows expression of Class II antigen but 
does not react with anti Interleukin-2 receptor antibody. This may be the 
result of immunosuppressive therapy or a simple reflection of the temporary 
expression of Interleukin-2 receptors during lymphocyte activation.We hypo
thesized that the induction of MHC antigens on bile duct epithelium preludes 
to rejection whereas the expression on hepatocytes represents an epiphenomenon. 

The disappearance of certain cell populations of donor origin and their 
replacement by recipient-specific cells constitutes a possible explanation for 
the relatively mild course of acute rejection despite lack of MHC compatibility 
in human orthotopic liver transplantations. In chapter III, graft biopsies of 12 
OLT patients from a total of 42 patients were studied for expression of MHC 
antigens after transplantation using monoclonal antibodies to HLA-ABC and 
HLA-DR. The patients were selected based upon donor-recipient mismatching 
for HLA-A2, B7, Drw52, or DQwl. Monoclonal antibodies to these 4 polymorphic 
HLA antigens and monoclonal antibodies to HLA-ABC and -DR were applied to 
frozen tissue sections and visualized using an immunoperoxidase technique. 
Expression of HLA-ABC and -DR on, respectively, hepatocytes and bile duct 
epithelium were observed in posttransplant graft conditions such as viral 
infections, cholangitis, and acute rejection. However, no specific pattern of 
MHC antigen distribution was observed for these various pathological graft 
conditions. 

Disappearance of DR-positive Kupffer cells of donor origin and immi
gration of recipient ones was encountered in the early posttransplant biopsies. 
This Kupffer cell replacement coincided with a reversible episode of acute 
rejection. The disappearance of highly immunogenic cellular components as 
HLA-DR positive Kupffer cells of graft origin may be one of the mechanisms 
contributing to the mild rejection response observed in human liver transplanta
tion. 

In chapter IV four cases of chronic rejection were selected from a total 
of 48 patients who underwent orthoptic liver transplantation in Groningen from 
1979 to 1985. The histopathologic changes in these endstage livers (two removed 
at ReTx, two at autopsy) consisted of obliterative arterial vasculopathy with 
intimal fibrosis and subintimal accumulation of lipid-laden macrophages ("foam 
cells"), sinusoidal foam cells, portal enlargement with fibrosis, severe cholestasis, 
and a decreased number of portal bile ducts with damage of the remaining and 
larger ones. Comparison of percutaneous serial graft biopsies from each of these 
four cases obtained before and 1, 3 to 4, and 6 to 8 weeks following OLT (a 
total of 16 biopsies) with time-matched biopsies of six cases with SO (22 

90 



biopsies) did not reveal morphologic differences between both groups, except 
for the appearance of sinusoidal foam cells in three of the four cases with 
ultimate CR. It is concluded that sofar, no predictive histologic features are 
available for chronic rejection. 

The pathogenetic mechanisms of chronic liver allograft rejection is un
known. Recent studies reported the influence of lymphocytotoxic antibodies and 
HLA mismatching on the development of chronic rejection. 

In chapter V the influence of these two factors are investigated in 9 
patients with chronic rejection out of 83 orthotopic liver transplantations. The 
results of this study show that patients with a positive lymphocytotoxic cross
match due to donor specific antibodies are significantly more likely to develop 
chronic rejection while HLA-DR mismatch also seem to be a contributary factor. 
It is hypothesized that host anti-idiotypic antibodies might be an important aid 
in the defense against the development of chronic rejection. 

In the general discussion, finally, the findings in the foregoing chapters 
are discussed in the context of the 3 phases of alloresponse: alloantigen present
ation and recognition, T cell activation and generation of effector cells and 
graft destruction. 
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Met andere woorden: een samenvaLting. 

Dit proefschrift gaat over afstotingsreacties van getransplanteerde levers 
bij de mens. Vandaag de dag, circa dertig jaar na de eerste dierexperimentele 
levertransplantatie is Orthotope ( = op de normale plaats) Lever Transplantatie 
(OLT) bij de mens een therapeutische mogelijkheid geworden voor verschillende 
vormen van ernstige leverziekten. Sinds de eerste geslaagde levertransplantatie 
bij de mens in de Verenigde Staten in 1967 zijn er meer dan 2000 transplanta
ties verricht. In Groningen zijn er vanaf de start van het Levertransplantatie 
Programma in 1979 meer dan 80 transplantaties verricht. De steeds toenemende 
kennis en verfijning van technieken hebben de overlevingskansen van patienten 
met een getransplanteerde lever sterk doen toenemen. De overlevingspercentages 
van respectievelijk een en vijf jaar na transplantatie zijn van 33 respectievelijk 
20% naar circa 75 respectievelijk 60% gestegen. 

Desondanks is de OLT nog steeds een ingreep gebleven die gepaard kan 
gaan met ernstige complicaties. Een van deze complicaties is de afstotingsreactie 
of rejectie van de nieuwe lever door de ontvanger. Zoals bij andere orgaan
transplantaties (bijv. nieren, hart) zal het afweersysteem van de ontvanger het 
nieuwe orgaan herkennen als van een ander individu. Het afweersysteem beschikt 
over een aantal verschillende mechanismen om lichaamsvreemd materiaal te 
herkennen, aan te vallen en te vernietigen. Deze op zich gezonde reactie kan 
zeer doelmatig zijn bij de afweer tegen virus infecties. Zij moet echter warden 
voorkomen bij levertransplantaties. Afhankelijk van het type rejectie kan het 
afstotingsproces vaak geremd warden door toediening van medicijnen die de 
aktiviteit van het afweers, eem afrem.men. 

Traditioneel wordt de afstotingsreactie ingedeeld in drie vormen. Ten 
eerste: de hyperacute rejectie, die al tijdens de operatie of binnen enkele uren 
daarna kan optreden. Deze indrukwekkende vorm van afstoting is zeer zeldzaam 
bij de levertransplantatie en wordt in dit proefschrift vrijwel buiten beschouwing 
gelaten. 

De acute rejectie is een tweede vorm van afstoting die bij de levertrans
plantatie wel regelmatig voorkomt, met name in de eerste maanden na transplan
tatie. Zij komt tot stand door activatie van een bepaald type van de witte 
bloedcellen (lymfocyten) van de ontvanger die het nieuwe orgaan als vreemd 
beschouwen en het in feite zo snel mogelijk zullen vernietigen. Dit type afsto
tingsreactie is meestal goed te onderdrukken met medicijnen. 

Anders is het met de derde vorm van rejectie, de chronische rejectie. Dit 
afstotingsproces kan niet met medicijnen warden behandeld. In dit geval moet 
de getransplanteerde lever verwijderd en vervangen warden door een nieuwe 
lever. Dit komt mede omdat het mechanisme van chronische rejectie nog on
bekend 1s. 

In dit proefschrift wordt de afstotingsreactie van de lever bekeken vanuit 
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de invalshoek van de patholoog. Die bestaat eruit dat kleine stukjes weefsel 
van getransplanteerde levers microscopisch worden onderzocht. Hierbij warden 
allerlei technieken toegepast die de verschillende eigenschappen van cellen 
zichtbaar maken. Voor het stellen van de diagnose rejectie bleek dit soort 
weefselonderzoek een essentiele bijdrage te kunnen leveren. Stukjes weefsel 
werden verkregen door een zogenaamde "leverprik" of naaldbiopsie, die een 
veilige methode bleek te zijn. 

In hoofdstuk I werd het mikroskopisch beeld van acute rejectie beschreven 
aan de hand van zulke biopten. Twee groepen patienten werden met elkaar 
vergeleken die met twee verschillende soorten anti-rejectie medicijnen waren 
behandeld: een groep uit Groningen en een groep uit Minnesota in Amerika. 
Het beeld van rejectie bleek in beide groepen overeenkomstig te zijn. 

In hoofdstuk IV werd onderzocht hoe vroeg eigenschappen van chronische 
rejectie in het biopt aantoonbaar zijn. Dit is van belang voor het opstellen van 
een adequate therapie, namelijk opnieuw transplanteren of medicijnen geven. 

In de hoofdstukken II, III en V werd bovendien getracht inzicht te krijgen 
omtrent het mechanisme van de afstotingsreactie. Het is bekend dat de gene
tische eigenschappen van het individu zoals die tot uitdrukking komen in de 
vorm van zgn. MHC antigenen de basis vormen waarop de nieuwe lever door 
het afweersysteem als "eigen" of "vreemd" wordt herkend. Deze antigenen zijn 
zichtbaar te maken in het biopt door speciale kleuringstechnieken. In de hoofd
stukken II en III werd de aanwezigheid van deze MHC antigenen op weefsel 
bestudeerd en werden de aanwezige lymfocyten nader getypeerd. In samenhang 
hiermee werd de hypothese naar voren gebracht dat een essentieel onderdeel 
van de lever, de galgangen, een belangrijk doelwit vormen van de aanvallende 
lymfocyten. Bovendien werd vastgesteld dat enkele typen donorcellen werden 
vervangen door soortgelijke cellen afkomstig van de ontvanger. Dit vervangings
proces kan een rol spelen bij het vaak milde patroon van rejectie bij de lever 
omdat deze na het vervangingsproces beroofd is van cellen die het afweersysteem 
van de ontvanger zeer kunnen prikkelen tot actie. 

In hoofdstuk V werd de relatie bestudeerd tussen de mate waarin donor 
en ontvanger verschilden in hun MHC-antigenen, en bet ontstaan van chronische 
rejectie. Er leek in dit opzicht enig verband te bestaan. Echter, andere factoren 
zoals o.a virusinfecties leken ook een rol te kunnen spelen. 

In de algemene diskussie werden de resultaten van de verschillende hoofd
stukken besproken in de context van de reeds bekende fasen van de afstotings
reactie zoals de herkenning van bet vreemde transplantaat, de activatie van 
het afweersysteem en de vernietiging van bet transplantaat. Een groot deel van 
bet mechanisme van de afstotingsreactie is echter nog onopgehelderd, zoals dat 
van de chronische rejectie. Nadere bestudering hiervan is derhalve noodzakelijk. 
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