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Aspects of liver transplant pathology with
emphasis on rejection and its mechanisms

D G D Wight

Introduction
Liver transplantation has in the past few years
evolved from a semi-experimental procedure
practised in only a few European and North
American centres to an almost routine world-
wide treatment for a whole range of liver dis-
eases. Concurrently, one year survival has
improved from less than 50% to more than
90% for certain diagnoses such as biliary atre-
sia, most survivors being able to resume a
normal lifestyle. Furthermore, the rate of liver
graft loss beyond one year is much lower5 than
for renal6 and other grafts. Although the
surgery and immediate postoperative care are
confined to specialist units, further follow up
is often undertaken in the patient's local hos-
pital and so more and more clinicians and
pathologists are coming into contact with this
group of patients.

After removal from the donor the liver is
perfused with preservation fluid and stored at
4°C while being taken to the recipient. Injury
or poor preservation at this time may lead to
subsequent poor graft function.78 It is then
inserted into the right hypochondrium, with
restoration of normal vascular and biliary con-
nections. The graft can be monitored by blind
core biopsy, fine needle aspiration biopsy,9 or
bile cytology.'011 Needle biopsy has the
advantage that it is possible to assess architec-
ture as well as-cellular detail, but has a higher
complication rate. It is important to stress that
the interpretation of transplant biopsies is not
always straightforward. By contrast with the
position in routine biopsy practice, where one
expects to find a unifying single disease to
explain the patient's illness, more than one
diagnosis is extremely common in transplant
material. There may often-for example,
because it is so common, be evidence of rejec-
tion together with some other condition such
as bacterial infection. These difficulties often
magnify with increasing time after the opera-
tion.'2 Also, abnormalities may be focal and so
it is most important to examine all the stained
sections. Nevertheless, biopsy is one of the
most important and useful tools available in
the investigation of post-transplant liver dys-
function."'-9 Fine needle aspiration biopsy is
particularly useful for monitoring the quality
of the infiltrate in acute cellular rejection,
because, especially with the help of mono-
clonal or polyclonal antibodies, the identifica-
tion of individual cell types may be easier than
in histological preparations.20
The table shows the principal complica-

tions. As there is a large body of recent publi-
cations,2' 24 only selected complications will
be discussed, with particular emphasis on
rejection and its mechanisms.

ACUTE REJECTION
Acute cellular graft rejection is common and
in most series affects about 70% of all grafts.
The principal targets of rejection are found in
portal tracts, which are therefore the site of
the rejection triad of portal tract inflamma-
tion, endotheliitis, and bile duct damage.25
Endotheliitis may affect the hepatic venules,
but parenchymal inflammation is unusual.
The infiltrate is composed predominantly of
lymphocytes but always includes significant
numbers of activated or blast cells, which
seem in all cases to include both CD4 + and
CD8 + cells. Blast cells received scant atten-
tion until those groups using fine needle aspi-
ration biopsy demonstrated their true
significance.9 They are now regarded as proba-
bly the most important single marker of acute
rejection.24 Also, there are macrophages, and
in most cases both eosinophils and neutro-
phils. Parenchymal changes such as canalicular
cholestasis and hepatocyte ballooning are
common, but may as often be related to the
quality of the graft or post-perfusion injury as
to rejection. The intensity of the infiltrate is
often variable and thus interpretation can be
misleading unless a series of levels is exam-
ined from each biopsy. Some attempts have
been made to grade the infiltrate. Most such
schemes are based on quantitative assess-
ments of the inflammatory infiltrate but none
has gained wide acceptance.21 24 26

Neutrophil polymorphs may cause diagnos-
tic confusion in transplant biopsies. Neutro-
phils are prominent in suppurative
cholangitis,27 but their presence does not nec-
essarily imply infection. They are sometimes
prominent in biopsies with otherwise typical
acute rejection,28 a finding described as rejec-
tion cholangitis. Here, they may be the conse-
quence of leakage of biliary constituents after
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immunologically mediated bile duct damage.
They appear unduly prominent after treat-
ment by steroids, which destroys lymphocytes
but not neutrophils. Both hepatitis B and
hepatitis C have a high recurrence rate after
liver transplantation. Both are associated with
lymphocytic infiltration of portal tracts, but
both the timing and the quality of the infil-
trate are rather different from those seen in
rejection. Hepatitis does not usually recur in
less than four weeks and the cellular infiltrate is
then composed mainly of lymphocytes, with
or without germinal centres, and plasma cells.
Immunocytochemistry or in situ hybridisation
for viral antigens may resolve the issue.
The main targets of rejection are thought to

be the class I and class II antigens of the major
histocompatibility complex. Both are strongly
expressed on the principal antigen presenting
cells, the dendritic cells, which in the liver are
found mainly in the portal connective tissue-
a distribution that probably explains why
inflammation is centred on portal tracts.
Endothelia and bile duct epithelium normally
only express class I antigens, whereas hepato-
cytes express neither. The absence of surface
HLA molecules from normal hepatocytes
might seem to explain their relative protection
from the rejection process. Enhancement or
new expression of HIA molecules of both
classes occurs, however, probably in response
to a variety of cytokines, not only in rejection
but also in many inflammatory conditions
affecting the liver. Thus hepatocytes do
acquire a honeycomb-like pattern of mem-
brane expression of class I antigen during
rejection, but they remain unattacked by lym-
phocytes. The explanation may be a simple
anatomical one, that lymphocytes cannot nor-
mally gain access to the space of Disse and
thus to the hepatocyte membrane. Bile duct
epithelium, which also shows new expression
of class II molecules, by contrast, presents a
fully exposed target to the immune system.

Cellular adhesion molecules play a major
part in cellular interactions by lymphocytes,
and it is clear that several play an important
accessory part in graft rejection. The best
studied is perhaps ICAM-1, and its expres-
sion has been shown to be enhanced during
liver transplant rejection, when its appearance
precedes lymphocyte activation.29 This
response is more specific than major histo-
compatibility complex molecule upregulation,
and may also have some value as a predictor
of chronic rejection when strongly expressed
on biliary epithelium.30 Antibody to ICAM-1
may be an effective immunosuppressive by
blocking effector function, even though it
does not prevent T cell recruitment or activa-
tion.'1 Introduction of such an antibody into
clinical practice would have a profound effect
on the diagnosis of rejection by conventional
histological methods.

Acute rejection occurs most often between
one and two weeks after transplantation, and
is usually easily controlled by a short course of
steroids. Recurrence is unusual. Early acute
rejection is probably so vigorous because it is
due to direct recognition of peptide presented

by allogeneic major histocompatibility com-
plex molecules on antigen presenting (mainly
dendritic) cells of donor origin.'2 As the allo-
geneic cells are destroyed (but see graft accep-
tance later) donor antigens must be processed
by antigen presenting cells of recipient origin
that repopulate the graft. Presentation is now
by recipient major histocompatibility complex
molecules (so called indirect recognition), and
is easily controlled by basic background
immunosuppression.

Cellular effector mechanisms of graft
destruction remain unclear; however, because
of its extreme selectivity whereby syngeneic
cells are left intact while adjacent allogeneic
cells are destroyed, specific CD8 + mediated
cytotoxicity is thought to be the major media-
tor.'2" CD4 + T helper cells are almost cer-
tainly also required to provide help but not
necessarily effector function. This probably
explains why both CD4 + and CD8 + cells
are seen in near equivalent numbers in reject-
ing liver grafts.'4 Blood and graft eosinophils
have been consistently linked with rejection
reactions,35 and recent evidence suggests that
IL5,36 a T cell cytokine, may be responsible for
their recruitment.'7 Major basic protein, a cyto-
toxic mediator produced by the eosinophils,
may then contribute to the graft damage.'8

ANTIBODY MEDIATED REJECTION
Antibody mediated rejection is unusual in
hepatic grafts even when performed across
ABO blood group barriers and therefore in
the presence of preformed antibodies.39
Kidney and heart grafts in such circumstances
are destroyed by extensive vascular thrombo-
sis within minutes, but livers often survive
unharmed, although the graft loss is higher
than that after transplantation of matched
organs.404' In clinical practice,42-45 as well as
being much rarer than after kidney grafts, the
speed of onset is also slower and thus it
should perhaps more properly be called accel-
erated rather than hyperacute rejection. In ret-
rospect, many of the cases of sudden acute
graft failure described by different authors
under various names may also be examples of
antibody mediated rejection.46 Finally, some
cases of vascular thrombosis may properly be
attributable to severe rejection rather than to
technical factors.4748
The pathology is similar to that in other

organs, with haemorrhagic necrosis, vascular
thromboses, and immunoglobulins deposited
in vessel and sinusoidal walls.49 The mecha-
nism of the relative resistance of the liver to
antibody mediated rejection is not entirely
understood.50 The liver has no true end arter-
ies, but instead the major part of the hepatic
microvasculature consists of sinusoids lined
by a vast number of macrophages, the Kupffer
cells, which have a great capacity for removing
complexes. Again by unknown mechanisms,
the liver can also release large quantities of
soluble class I HIA antigen5' capable of mop-
ping up large quantities of antibody. Thus
for these anatomical and functional reasons
the liver might be expected to be relatively
resistant to antibody mediated damage.
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CHRONIC REJECTION
Chronic rejection, by analogy with that in
other organs, is generally defined morphologi-
cally rather than in terms of time, and may
occur at any time from a few weeks to more
than a year after transplantation.24 The two
principal components in the liver are foam cell
endovasculitis and vanishing bile ducts, both
of which may exist independently,52 plus sec-
ondary factors such as liver cell loss and
cholestasis. The vasculopathy affects medium
sized and large arteries of a calibre not nor-
mally seen in biopsies, and thus histological
diagnosis is mainly dependent on the recogni-
tion of bile duct depletion in serial biopsies.
Unfortunately, if bile duct loss is less than
complete, there is some evidence that it may be
reversible"3 and thus in such cases additional
evidence, as for example from high resolution
hepatic artery angiography,54 is required
before the diagnosis can be confirmed.
The pathogenesis of chronic rejection is of

considerable interest. It is uncertain whether
the arterial endothelium, the media, or the
adventitia is the primary target of attack,5-7
but in all organs the end result is the same.
The lumen of the vessel becomes narrowed by
subintimal foam cells derived mainly from
macrophages, which eventually are replaced
by fibromuscular intimal thickening. The sub-
sequent arterial ischaemia then may con-
tribute to liver cell and bile duct loss. The
main cause of bile duct loss, however, is
thought to be the end result of the duct dam-
age seen in acute rejection (although this may
not always be documented), and is an exact
(inverse) counterpart of the hepatic lesion in
graft versus host disease.5 0

Chronic rejection only affects some 5%-
20% of grafts24 and risk factors for its develop-
ment in an individual patient have been
difficult to define. By analogy with renal
transplants, where there is a close relation
between late graft failure and HIA mis-
matches,6 it was expected that similar results
would occur in liver grafts. The results have
been inconsistent, however, and no clear pat-
tern has emerged.24 A recent report suggests
that full matching for class I HLA antigens
may even have an adverse effect on graft sur-
vival.61 There is similar controversy over the
role of infection by the cytomegalovirus. In
some centres there seems to be clear evidence
of an association between cytomegalovirus
infection and the development of chronic
rejection.62 Cytomegalovirus is known to
increase expression of class II HLA antigen on
biliary epithelium, and, interestingly, the virus
shows some sequence homology with class I
HLA antigen.64 It remains unclear, however,
whether the virus has the role of aetiological
agent as proposed by the authors63 or of an
innocent bystander.65 Other units, notably
that at the Mayo clinic,66 have found no asso-
ciation between chronic rejection and
cytomegalovirus infection either alone or in
relation to class I or class II matching.

GRAFT ACCEPTANCE

Although most attention has been paid to the

complications of liver transplantation, as
already stated, up to 90% survive long term.
Starzl and his colleagues at Pittsburgh67 69 have
taken a great interest in long term survivors of
both liver and other organ transplants. It has
long been known that grafts are permanently
repopulated by lymphoreticular cells, particu-
larly the Kupffer cells in the case of the liver,70
of recipient origin, but until now little notice
has been taken of traffic in the reverse direc-
tion. That it exists has been implicit in the
observation that after liver transplantation for
certain metabolic diseases, such as type IV
glycogen storage disease, the accumulated
deposits of abnormal glycogen are cleared
from the tissues such as the heart in which
they are deposited.7' This could only occur if
donor leucocytes were acting as enzyme carri-
ers to the extrahepatic sites.69 Subsequently,
Starzl's group has produced conclusive evi-
dence of cells of donor origin in the host tissues
of a whole range of long surviving transplant
patients some of whom were no longer taking
immunosuppression.67-9 They propose that
graft acceptance is therefore the product of a
balanced mutual natural immunosuppression
between recipient and donor cells,69 although
other explanations are possible,72 even that the
chimaera is the consequence of the tolerance
rather than its cause.7' Nevertheless, these
findings have certainly opened many new
channels for future research.
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