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Cytokeratin immunostaining for detection of
biliary epithelium: its use in counting bile ducts in
cases of liver allograft rejection

R F Harrison, K Patsiaoura, S G Hubscher

Abstract
Aims-To see how useful the application
of a bile duct specific cytokeratin anti-
body (AEI) was in identifying and count-
ing bile ducts in liver allograft biopsy
specimens.
Methods-Eighteen liver biopsy speci-
mens showing acute rejection and 17
biopsy specimens plus six hepatectomy
specimens showing chronic rejection
were studied. Serial sections were cut
and stained with haematoxylin and eosin
and AEI antibody. Two pathologists
(RFH and KP) examined the sections
with respect to a range ofhistological fea-
tures.
Results-Similar numbers of bile ducts
were identified on haematoxylin and
eosin sections as on corresponding sec-
tions stained by AE1 in cases of acute
rejection and end stage chronic rejection.
Greater numbers of bile ducts were iden-
tified by AE1 during the early stages of
chronic rejection, especially when dense
portal inflammatory infiltrates were pre-
sent. These were often incomplete struc-
tures or individual celis within portal
tracts, and bile ducts subsequently disap-
peared in all cases. Ductular prolifera-
tion was clearly shown by AE1 in acute
rejection and the extent seemed to corre-
late with the severity of rejection present.
By contrast, no ductular proliferation
was observed in chronic rejection.
Conclusions-Haematoxylin and eosin
stained sections are adequate for count-
ing bile ducts in most biopsy specimens
from patients with suspected chronic
rejection. Immunostaining for biliary
cytokeratins using AEI is of limited use
in occasional cases where bile ducts are
obscured by inflammatory cells.

(i Clin Pathol 1994;47:303-308)

Liver allograft rejection may be classified as
either acute or chronic,' although, especially
in the early stages of evolution of the latter,
acute rejection may co-exist. Acute rejection
is characterised by the triad of portal inflam-
mation, bile duct damage, and venous
endothelial inflammation.2 Chronic rejection
is characterised by a vanishing bile duct syn-
drome and foam cell arteritis.3 Thus histologi-
cal assessment of both acute and chronic
rejection entails the need to recognise inter-
lobular bile ducts. In chronic rejection the

counting of portal tracts without bile ducts is
the most important criterion for diagnosis in
biopsy specimens. Bile ducts may not be
recognised because the epithelium is abnor-
mal or "dysplastic",4 or only part of a bile
duct remains. In acute rejection difficulty in
identifying bile ducts may occur, particularly
when the cellular infiltrate is dense, so effac-
ing bile ducts. When ductopenia occurs early
in the period after transplantation-acute
"vanishing bile duct syndrome" (VBDS)-the
portal tract infiltrate is often conspicuous and
may obscure any bile ducts present.5
The potential difficulties in reliably assess-

ing bile duct numbers have been emphasised
by Demetris et a16 and others;7 they demon-
strated only moderate interobserver agree-
ment for the diagnosis of chronic rejection.
The availability ofAEl antibody, which stains
only bile duct cytokeratins in the liver, permits
easy identification of bile duct epithelium in
formalin fixed, paraffin wax embedded tis-
sues.89 Observations on the staining pattern of
bile ductules by AE1 have been made in a
variety of liver conditions, including acute
rejection,'0 but none has made a formal
assessment of the usefulness of AE1 in assess-
ing bile duct numbers as part of the diagnosis
of rejection. This study uses AE1 antibody to
stain biliary epithelium in acute and chronic
rejection, and assesses its usefulness in
visualising bile ducts, particularly in chronic
(ductopenic) rejection.

Methods
A total of 41 needle biopsy specimens from 41
patients were studied: six "time zero" biopsy
specimens obtained immediately after graft
insertion were used as controls; 18 acute
rejection biopsy specimens, taken three to
20 days after transplantation, graded as mild,
moderate, and severe, according to previously
defined criteria'0; and 17 chronic rejection
biopsy specimens, together with six hepatec-
tomy specimens excised as a result of chronic
rejection. All 17 needle biopsy specimens
diagnosed as chronic rejection were taken at
10 days to 10 months after transplantation
from patients who subsequently developed
end stage disease requiring re-transplantation.
Included in this group were biopsy specimens
taken as soon as 10 and 35 days after trans-
plantation from cases suspected of showing
early chronic rejection. Histological examina-
tion of the failed allografts, obtained three to
12 months after transplantation, confirmed
the clinical diagnosis of chronic rejection.
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Table 1 Bile duct counts in acute reection

Number ofportal with bile Portal tracts without
ductsltotal portal tracts bile duct %

Haematoxylin Haematoxylin Appearance Portal Bile duct Ductular
Biopsy and eosin AEI and eosin AEI Vistbility (AEI) inflammation inflammation proliferation Other

Mild acute rejection
1 14/14 23/23 0 0 G c,s + + +
2 11/11 11/11 0 0 G c,a,s + + + +
3 22/22 27/27 0 0 G c,a,s + + +
4 19/20 27/27 5 5 G c,a,s + + +
5 38/39 47/47 3 0 G c,a,s ++ + +
6 27/28 32/32 4 0 G c,a,s + + +

Moderate acute rejection
1 27/27 38/38 0 0 G c,a,s + + + + + + +
2 25/25 29/29 0 0 G c,s + + + + + +
3 28/28 32/32 0 0 G c,s + + + + + + +
4 35/35 40/40 0 0 G c,s + + + + + + Hepatocytes
5 14/15 19/20 7 5 F c,a,s + + + + + + Hepatocytes
6 50/50 57/57 0 0 F c,a,s + + + + + +

Severe acute rejection
1 45/48 50/51 7 2 F c,d,s + + + + + + + +
2 13/13 19/19 0 0 F c,d + + + + + + + +
3 25/26 36/36 4 0 D c,d,s + + + + + + + + +
4 22/22 26/26 0 0 D c,d,a,s + + + + + + + + +
5 38/39 48/48 3 0 F c,d + + + + + + + + +
6 42/44 53/53 5 0 F c,d,a,s + + + + + + + + +

Key: G = good, F = fair, D = difficult, c = complete, a = aggregates, s = single cells, d = disrupted

None of the patients with biopsy specimens HISTOLOGICAL ASSESSMENT
diagnosed as acute rejection went on to Each biopsy specimen was examined with
develop chronic rejection. respect to a range of variables and histological

Histological material was fixed in formalin features by two pathologists (RFH and KP) as
and routinely processed to paraffin wax follows: on the haematoxylin and eosin sec-
blocks. For each needle biopsy two 4 ,pm thick tion, the number of portal tracts, number of
serial sections were cut and mounted on portal tracts with bile ducts, appearance of
separate slides. One was stained with bile ducts (normal, inflamed, "dysplastic"
haematoxylin and eosin, and the other with (see below) portal tract inflammation, and
AE1 antibody (ICN Immunobiologicals). ductular proliferation); on the AE1 stained
Immunostaining was by the double-labelled section, number of portal tracts, number of
indirect immunoperoxidase method, after portal tracts with bile ducts, appearance of
digestion for 30 minutes with a 1% trypsin bile ducts (complete, biliary cell aggregates,
solution, and visualised with diaminobenzi- single biliary epithelial cells). Bile ducts were
dine. Staining serial sections in this way per- described as "dysplastic" when their epithe-
mitted direct comparison of bile ducts stained lium showed cytoplasmic vacuolisation,
by AEl with those seen on the haematoxylin nuclear pleomorphism and hyperchromasia,
and eosin stained sections. For hepatectomy and cellular pleomorphism. The percentage of
specimens, a single representative block was portal tracts with missing bile ducts was cal-
selected, and sections cut and stained in a culated, and comment made regarding how
similar way. well bile ducts could be seen (tables 1 and 2).

Table 2 Bile duct counts in chronic rejection

Number ofportal with bile Portal tracts without
ductsltotal portal tracts bile duct %

Haematoxylin Haematoxylin Appearance Portal Bile duct Ductular
Biopsy and eosin AEI and eosin AEI Visibility (AEl) inflammation inflammation proliferation Other

Chronic reection (biopsies)
1 2/7 8/9 72 11 D dys,s + 0 0
2 12/20 16/21 40 24 D dys,agg,s + + 0
3 4/17 12/18 76 33 D agg,s + + + + 0 Hepatocytes
4 6/21 16/27 71 40 D dys,agg,s + 0 0
5 4/11 7/12 55 42 D dys,s 0 + 0
6 3/21 12/23 86 60 D agg,s + + + + + + 0
7 5/12 5/12 63 63 D dys + + + 0 Hepatocytes
8 0/5 1/5 100 80 - - 0 - 0
9 1/6 1/6 84 84 D dys,a 0 0 0 Hepatocytes
10 1/10 1/10 90 90 D dys 0 0 0 Hepatocytes
11 0/22 0/22 100 100 - - 0 - 0
12 0/9 0/9 100 100 - - 0 - 0 Hepatocytes
13 0/16 0/16 100 100 - - 0 - 0
14 0/8 0/7 100 100 - - 0 - 0
15 0/10 0/10 100 100 - - + 0 0 Hepatocytes
16 0/10 0/10 100 100 - - + 0 0 Hepatocytes
17 0/7 0/7 100 100 - - 0 -

Chronic rejection (hepatectomies)
1 17/44 19/44 61 59 D dys + 0 0 Hepatocytes
2 2/50 2/50 96 96 D - + 0 0
3 0/40 0/40 100 100 - - + - 0
4 0/40 0/40 100 100 - - 0 - 0
5 0/40 0/40 100 100 - - + - O
6 0/40 0/40 100 100 - - + + - 0 Hepatocytes

Key: G = good, D = difficult, c = complete, a = aggregates, s = single cells, dys = dysplastic
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Cytokeratin immunostaining for detection of biliary epithelium
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Figure 1 Portal tract in severe acute rejection. (A) Dense lymphoid infiltrate can obscure
bile ducts (arrows) (haematoxylin and eosin); (B) the same portal tract stained with AEI
enhances bile duct visualisation and shows the presence of marginal ductular proliferation.

When counting ducts, only the presence or

absence of a duct in a portal tract was noted;
there was no concern about the number of
bile ducts in each portal tract. When counting
ducts in a large hepatectomy section, a maxi-
mum of 50 portal tracts were counted. Portal
tracts were identified as such by noting one or
more of the following features: hepatic arterial
branch, portal venous branch, bile ducts,
fibrous stroma, association with other parts of
the acinus, and cholestasis, which was usually
perivenular."

Results
Assessment of the haematoxylin and eosin
stain for the six control "time zero" biopsy
specimens showed that all portal tracts had a
bile duct. This pattern was confirmed by AEl
staining. AE1 staining also revealed the pres-
ence of previously unnoticed cholangioles,
unaccompanied by stroma, which had not
been detected by haematoxylin and eosin. Bile
ducts were easily seen, and AE1 confirmed
these as being complete-there were very few
single cells or groups of biliary epithelial cells
without a lumen.

ACUTE REJECTION (table 1)
As in the control group, AE 1 revealed more
bile ducts than were seen with haematoxylin
and eosin alone. Bile ducts were missing from
occasional portal tracts on haematoxylin and
eosin staining-less than 20% in each case or
normal." Only in one case (severe acute rejec-
tion) was a portal tract seen without a duct on
AE1 staining. Haematoxylin and eosin stain-
ing showed increasing portal tract and bile
duct inflammation made bile ducts more diffi-
cult to see (fig IA), but nevertheless they
could be identified in virtually all portal tracts;
AEI staining did, however, facilitate recogni-
tion of bile ducts (fig 1B). In severe acute
rejection bile ducts were often noted to be dis-
rupted and here AEl revealed, in addition to
complete ducts, many single biliary epithelial
cells. These were also noted in cases of mild
and moderate acute rejection. As the severity
of acute rejection increased, ductular prolifer-
ation was seen around the margins of the por-
tal tracts; the aggregates and single biliary
epithelial cells seen seemed to correspond
to these proliferating ductular structures.
Occasional periportal hepatocytes showed
faint membranous staining with AE1. AE1
showed the presence of solitary cholangioles
in the parenchyma which were not always
apparent on haematoxylin and eosin staining.

CHRONIC REJECTION (table 2)
Of the 17 biopsy cases of chronic rejection,
eight were considered to have "advanced"
chronic rejection, with no recognisable bile
ducts on haematoxylin and eosin sections and
little or no accompanying inflammation-a
"burnt out" appearance (biopsy specimens 8
and 11-17). AE1 confirmed advanced duct
loss in all of these cases, although a solitary
duct was identified in one portal tract (case 8)
with no duct on the accompanying haema-
toxylin and eosin stained section. The remain-
ing nine biopsy specimens all had residual
ducts on haematoxylin and eosin staining,
with varying degrees of associated inflamma-
tion, sometimes severe. These were consid-
ered to represent earlier stages in the
evolution of chronic rejection. AEI identified
more ducts in some of these cases, particularly
striking in cases 1 and 4. The possible reasons
for this are as follows. (i) Portal tracts some-
times contained an inflammatory cell infiltrate
which was occasionally pronounced and
involved bile duct epithelium (biopsies 3 and
6). Simultaneous examination of the haema-
toxylin and eosin and AE1 stains from these
cases showed that ducts were difficult to see
because of obscuration by inflammatory cells
(fig 2). (ii) Biliary epithelium of ducts was also
difficult to identify because, more often than
not, complete ducts were not present. Rather,
distorted "dysplastic" ducts or just isolated,
unhealthy biliary epithelial cells, occasionally
in aggregates, were seen. Often, such cells
resembled plump endothelial cells as seen in
hepatic arterial branches, or fibroblasts as
seen in the portal tract stroma. The AEI stain
identified these cells as being of a biliary
epithelial origin and also highlighted the
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Figure 2 -Serially stained sections of an early stage of chronic rejection where a dense

lymphoid infiltrate is present in portal tracts (A) on haematoxylin and eosin stain; bile

ducts are virtually invisible (arrows). (B) AEJ shows disrupted bile ducts which are

infiltrated by inflammatory cells.

distorted morphology of these cells (fig 3).

(iii) The biopsy specimens without an inflam-

matory cell infiltrate, but where AEl identi-

fied more ducts, were taken from patients
with suspected, chronologically early chronic

rejection.

As with the seven biopsy cases of chronic

rejection, four of the six hepatectomies
showed a complete loss of bile ducts. In the

remaining two hepatectomies duct loss was

less dramatic, although always greater than

50%. Importantly, however, in all these cases,

there was no better detection rate for bile

ducts when using AE 1 than there was when

using haematoxylin and eosin alone. Thus bile

duct counting was accurate, and performing
an AE 1 stain would not have altered the

diagnosis. All these biopsy specimens were

from patients who had established chronic

rejection, and who had had previous

biopsy specimens showing more than 50%

duct loss.

In no case of chronic rejection was ductular

proliferation seen, although some periportal

hepatocytes showed weak membranous stain-

ingwithAElI (fig 4).

Discussion
Irrespective of which terminology is used-
chronic rejection, "ductopenic rejection"
"vanishing bile duct syndrome" '-accurate
counting of bile ducts is essential when con-
sidering the diagnosis of chronic rejection,
because of the serious therapeutic and prog-
nostic implications arising from such a diag-
nosis. Although ductopenia is not always
present, "vanishing bile ducts" is generally
considered to be one of the histological fea-
tures central to the diagnosis of chronic rejec-
tion.'12 1 This is especially true when the
diagnosis is based on histological examination
of biopsy specimens, as one of the other major
histological features of chronic rejection-
foam cell obliterative arteriopathy-is rarely
seen in the smallest arterial branches found in
biopsy specimens.' The figure of more than
50% portal tracts without a bile duct is some-
what arbitary,l but it seems to provide a basis
for clinical management.
Assuming the detection of bile ducts by

AEl antibody can be taken as the "'gold stan-
dard" for counting bile ducts, then this study
has shown that when considering the diagnosis
of established chronic rejection, AEI staining
does not provide any more accurate informa-
tion than simply counting from a haema-
toxylin and eosin stained section. This may be
because at an advanced stage portal tracts
usually have a "burnt-out" appearance, lack-
ing any inflammatory cells which might
obscure the bile ducts. Sometimes difficulty is
encountered when distinguishing between
small groups of lymphoid cells, plump vascular
endothelial cells., fibroblasts and biliary
epithelial cells; under these circumstances
AElI staining was found to be of help.
Interestingly, in several cases of chronic rejec-
tion periportal hepatocytes showed weak
membranous staining for AE 1. This may
reflect attempts by hepatocytes to differentiate
into biliary-type epithelium. This is possibly
related to the intractable cholestasis which
livers with chronic rejection show. 14 This
attempt., however, seems consistently unsuc-
cessful, as proliferating bile ductules were not
seen in any of these cases of chronic rejection.
Among the group of chronic rejection cases

studied, there were a number of biopsy speci-
mens in which AEI seemed to identify more
ducts than in conventional haematoxylin and
eosin stained sections. These were either
biopsy specimens which contained a substan-
tial inflammatory cell infiltrate that tended to
obscure bile ducts, or the first biopsy speci-
men from a patient suspected of developing
chronic rejection. It is important to remember
that there is often an overlap phase when
acute rejection is still present, and chronic
rejection is beginning to evolve, and that often
a definitive diagnosis of chronic rejection
requires a series of biopsy specimnens taken
over a period of time.'15 Thus a cautious
approach to the interpretation of ductopenia
in early and single biopsy specimens should be
taken." However, although AEI identified
more biliary structures in these cases than did
haematoxylin and eosin staining alone, the
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Figure 3 Serial sections from acase of chronicrejection in which single distorted biliary

epithelial cells, not recognised as such on (A) haematoxylin and eosin (arrows), are

revealed by (B) AEI.
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Figure 4 A case of chronic rejection in which some periportal hepatocytes are showing
weak membranous staining on AEJ staining.

functional value of these can be called into

question. Not all such biopsy specimens con-

tained complete bile ducts with a lumen, and

when these were present they were distorted

and "dysplastic". In some biopsy specimens

only biliary remnants were seen-that is,

aggregates and single cells. It is doubtful

whether these remnants are of any value to
the liver.

This study shows that AEl1 staining is of lit-
tle additional diagnostic use when applied to
cases of acute rejection. This would be antici-
pated, certainly in cases of mild acute rejec-
tion. Experience shows, however, that
difficulty in recognising bile ducts and assess-
ing the severity of damage may be encoun-
tered in severe acute rejection. In this
situation the density of the lymphoid infiltrate
can make visualisation of bile ducts difficult,
as shown in our cases. Under these circum-
stances, not only does AEl facilitate bile duct
visualisation and reveal the presence of aggre-
gates of biliary epithelial cells and single cells,
but it also indicates the extent of marginal
ductular proliferation and bile duct disrup-
tion.
When applied to the control "time zero"

biopsy specimens., AEM was of no additional
benefit in detecting bile ducts in recognised
portal tracts. All portal tracts contained a bile
duct, although other studies have showni that
up to 18% may lack a bile duct."'1216 AEl
however, showed additional small portal
tracts and apparently isolated cholangioles in
the parenchyma, which were not seen on
haematoxylin and eosin staining.

T'his study has shown that in acute and
chronic rejection counting of bile ducts from a
haematoxylin and eosin stained section is suf-
ficiently accurate for diagnostic purposes. In
the more difficult cases of suspected early
chronic rejection, especially when there is a
dense cellular infiltrate, staining with AEl
may provide more accurate information about
bile duct numbers. In theory this could help
to avoid overestimation of duct loss, but in
practice, where successive biopsy specimens
are submitted for histological examination,
routine use of AEl1 may not be necessary.

We are grateful to Mr M Adkins for cutting the serial sections
used in this study. This work was funded by the Endowment
Fund of the Former United Birmingham Hospitals.
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