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Most of the double immunostaining protocols that have been
introduced so far have been developed for application on
fresh frozen material or based on different species antibod-
ies.

In liver tissue, general problems of double immunostain-
ing techniques are further complicated by tissue-specific dif-
ficulties, such as necrosis or high intracellular protein con-
tent.

To assess a reliable double immunostaining protocol for
archived, paraffin embedded liver tissue, different protocols

based on the use of same species primary antibodies were

evaluated in terms of sensitivity, specificity and non-specific
background staining in pathological liver specimens.

We compared peroxidase—anti-peroxidase, alkaline phos-
phatase—anti-alkaline phosphatase (PAP/APAP), labelled-
avidin—biotin (LAB/LAB) and digoxigenin—anti-digoxigenin
(dig—a-dig/PAP) techniques using different cytokeratin anti-
bodies and an antibody against PCNA.

Comparison of the double immunostaining techniques
revealed a high sensitivity and specificity in all proce-
dures. Sections, which were stained employing PAP/APAP-
technique, displayed a higher background staining compared
to sections which were treated with the LAB/LAB or dig—a-
dig/PAP protocol. In contrast to the dig—a-dig/PAP protocol,
the LAB/LAB technique provides a better time/cost relation-
ship.

Therefore, we would like to recommend a modified
LAB/LAB protocol for simultaneous detection of different
antigens in archived liver tissue.
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1. Introduction

Several immunohistochemical protocols are rou-
tinely applicable in fixed, paraffin embedded material.
To demonstrate the distribution of different antigens si-
multaneously, only a few double immunolabelling pro-
tocols have been published so far.

In archived liver tissue, many efforts have been at-
tempted to establish a double immunostaining proto-
col which gives reproducible and reliable staining re-
sults. All these protocols are only applicable on fresh
frozen liver tissue [6] or employ different species anti-
bodies [3,7,11,19,21].

For this reason we tested diverse double-immuno-
staining protocols using primary antibodies of the
same species on routinely available fixed liver tissue
from different pathological conditions.

Common problems of single immunostaining, for
instance, the loss of specificity and sensitivity due
to fixation derived antigen loss and high non-specific
background staining, are amplified in double im-
munostaining procedures [1,3,19]. In liver tissue these
problems are accompanied by tissue specific diffi-
culties, such as high endogenous intracellular protein
or biotin concentration and necrosis occurring at the
time interval between tissue removal and fixation [22].
Furthermore, pathological features such as cholestasis
cause problems in immunohistochemical procedures.

We employed double immunostaining protocols ba-
sed on the following techniques: (a) labelled avidin—
biotin technique in the first and second step of im-
munostaining (LAB/LAB) [22]; (b) peroxidase—anti-
peroxidase technique in the first step, and alkaline
phosphatase—anti-alkaline phosphatase technique in
the second step (PAP/APAP) [1,10]; and (c) digoxi-
genin—anti-digoxigenin technique combined with per-
oxidase—anti-peroxidase technique (dig—a-dig/PAP)
[10,12] in the third.

To test the above mentioned techniques, we used
mouse antibodies raised against various cytokeratin
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(CK) epitopes and against proliferation nuclear cell
antigen (PCNA). We investigated CK 19 because of its
restricted expression within bile duct epithelial cells [4,
25] and PCNA because of its nuclear staining pattern
in proliferating cells [7,9]. Since the antigens evaluated
in our study are highly unstable and easily destroyed

A. Schiitz et al. / Comparison of different double immunostaining protocols

serum (PBS-NGS; DAKO, Carpinteria, CA, USA) to
block non-specific binding sites of the secondary anti-
body.

Then, the sections were incubated with mouse anti-
PCNA (Dianova, Hamburg, Germany; 1 to 40 in PBS)
overnight. After rinsing, the sections were processed

due to tissue processing [7,25], a precise evaluation of using the labelled avidin-biotin-technique (LAB) in-

the sensitivity of the protocols is necessary. Further, we
evaluated all protocols for their time/cost relationship.

2. Material and methods

Double-immunoperoxidase staining was performed

cluding the incubation with biotinylated goat-anti-
mouse antibody (BioGenex, San Ramon, CA, USA;
1to 50 in PBS) and the incubation with peroxidase la-
belled avidin (BioGenex; 1 to 50 in PBS) for 30 min
each.

PCNA-immunoreactivity was visualised by black
staining with nickel-enhanced diaminobenzidine

on resection specimens and fine needle biopsies of cir- (DAB/Ni; 1.0 mg ammoniumnickelsulphate (Riedel de

rhotic human liver tissue (10 cases), focal nodular hy-

Haen, Seelze, Netherlands)/1 ml DAB (Sigma, Deisen-

perplasia (10 cases) and normal human liver tissue hofen, Germany)) as a chromogen.

(4 cases).

Cirrhosis and focal nodular hyperplasia were diag-
nosed by common histology using haematoxilin—eosin
(HE) and elastica van Gieson staining (EvG). The tis-
sue was fixed in 4% saline buffered formaldehyde, em-
bedded in paraffin and cut intoi4n thick sections.

After rinsing the sections three times in PBS, the tis-
sue was processed for 20 min in CB as an acid medium.
Subsequently, the tissue was reacted with mouse anti-
CK 19 (Quartett, Berlin, Germany; 1 to 10 in PBS)
overnight.

After rinsing the tissue three times in PBS, the LAB-

Subsequently, the sections were deparaffinated andtechnique was applied again. In the second step of

rinsed three times in 0.1 M phosphate-buffered saline,

pH 7.4 (PBS). To reduce endogenous peroxidase activ-

ity, the sections were treated with 3.0%®} in PBS
for 20 min.

Following this procedure, the tissue was heated three

times in citrate buffer, pH 6.0 (CB) for 5 min in a mi-
crowave oven.

2.1. Single immunolabelling of serial sections

First, the labelled avidin—biotin, peroxidase—anti-

peroxidase, alkaline phosphatase—anti-alkaline phos-

double-immunostaining, avidin-conjugated alkaline-
phosphatase (BioGenex; 1 to 50 in PBS) as a marker
enzyme, and fast Red (BioGenex) as a chromogen
were used.

2.3. Double labelling using peroxidase—
anti-peroxidase and alkaline
phosphatase—anti-alkaline phosphatase
technique

The treatment of the sections with PBS-NGS was
followed by incubation with mouse a-PCNA (Dianova,

phatase and digoxigenin—anti-digoxigenin techniques Hamburg, Germany; 1 to 40 in PBS) overnight. Af-

were employed for single immunostaining to detect the
distribution of pan-CK, CK 19 and PCNA in serial sec-

ter rinsing in PBS, the sections were reacted with
goat-anti-mouse (BioGenex; 1 to 50 in PBS) and

tions. These techniques were performed in the same mouse peroxidase-anti-peroxidase (BioGenex; 1 to 50

way as explained in the following detailed description
of the double immunostaining protocols and as pub-
lished in the literature [1,8,10,13,22].

2.2. Double labelling using LAB-technique

After rinsing in PBS, the sections were incubated
with avidin (Vector, Burlingame, CA, USA) and biotin
(Vector) for 15 min each to block non-specific bind-
ing sites of the detection system. Afterwards, the tis-
sue was treated with PBS containing 5% normal goat

in PBS) for 1 h each. PCNA-immunoreactivity was vi-
sualized using DAB/Ni as a chromogen.

After rinsing the sections three times in PBS, the tis-
sue was processed for 20 min in CB as an acid medium.
After incubation with PBS-NGS for 20 min, the tis-
sue was then reacted with mouse anti-CK 19 (Quatrtett,

Berlin, Berlin; 1 to 10 in PBS) overnight.

After rinsing the tissue in PBS, the APAP-technique
was applied using alkaline phosphatase (BioGenex; 1
to 50 in PBS) as a marker enzyme and fast Red (Bio-
Genex) as a chromogen.
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2.4. Double labelling using dig—a-dig and PAP
technique

The digoxigenin-labelling of the mouse anti-CK an-
tibody required the isolation of the pure IgG-fraction
from the stabilising fetal calf serum. The primary 1gG
concentration was 22@g/ml. Separation was obtained
using the ammoniumsulphate/caprylic acid method,
described by McKinney and Parkinson [15]. The re-
sulting 1gG was dissolved in | ml 0.1 M carbonate
buffer, pH 8.5. This solution was reacted with pQ
digoxigenin-3-O-methyl-carbony-aminocaproic acid
hydroxy-succinimidester (Boehringer, Mannheim,
Germany) dissolved in 5Qul dimethylformamide
(Boehringer) for 1 hr at room temperature and dialysed
three times against PBS [10].

The resultant dig-tagged antibody is storable for at
least 6 mo at 4C.

Immunostaining was carried out as follows: after
incubation in PBS-NGS to block non-specific bind-
ing sites, the sections were reacted with mouse anti-
PCNA overnight. After rinsing three times in PBS, the
sections were immunostained using the PAP-technique
with peroxidase as a marker enzyme and DAB/Ni as a
chromogen.

For visualisation of cytokeratin-immunoreactivity,
the sections were reacted with®b to abolish remain-
ing activity of the marker enzyme. Following incuba-
tion in PBS containing 5% normal mouse serum (PBS-
NMS) to block non-specific binding sites, the sections
were reacted with the dig-tagged cytokeratin antibody
in a dilution of 3ug/mlin PBS for two days. After rins-
ing, the tissue was incubated with peroxidase-labelled
mouse a-digoxigenin (Boehringer; 1 to 40 in PBS).
The immunostaining was carried out using DAB as a
chromogen. The sections were rinsed in Aqua dest.,
dried and then coverslipped with Agua-tex (Merck,
Darmstadt, Germany).

2.5. Controls

Negative controls were obtained by employing nor-
mal mouse serum (NMS, DAKO, Carpinteria, CA,
USA) instead of primary antibodies. Unspecific stain-
ing was not apparent. For positive control of PCNA,
colon carcinoma specimens were used, and for pan-CK
and CK 19 prostate tissue was employed. Addition-
ally, double immunostaining experiments were supple-
mented by single immunolabelling based on the above
technique.
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The final count of PCNA-positive cells was estab-
lished after examination of the entire slide to avoid
overestimation due to focal heterogeneity. On each
slide 1000 hepatocytes and 100 bile duct epithelial
cells in representative areas were examined for their
PCNA-and cytokeratin-expression.

The sensitivity for detecting PCNA, using different
double immunostaining procedures, was compared by
image analyses. Therefore we estimated the relative
positive areas of PCNA-immunoreactivity in compara-
ble fields. We employed a Olympus BH-2 microscope
and the Cell Image Retrieval and Evaluation System
(Cires 3.0, Kontron Elektronik, Miinchen, Germany),
from Kontron.

3. Results
3.1. Immunostaining for pan-cytokeratin

In normal liver tissuall bile duct epithelial cells and
hepatocytes exhibited an immunoreactivity for pan-
cytokeratin at the basolateral cell membrane.

In cirrhotic liver the entire count of bile duct ep-
ithelial cells as well as all hepatocytes expressed cy-
tokeratin epitopes which were identified by antibodies
against pan-cytokeratin.

In focal nodular hyperplasighe cytokeratin expres-
sion pattern showed an immunoreactivity of all bile
duct epithelial cells and all hepatocytes.

The antigen was located in all sections at the baso-
lateral cell membrane.

The connective tissue within portal tracts showed
neither specific nor non-specific immunostaining for
pan cytokeratin.

3.2. Immunostaining for Cytokeratin 19

In normal liver tissuejmmunoreactivity for CK 19
was only visible at the basolateral cell membrane of the
bile duct epithelial cells. Hepatocytes were uniformly
negative for CK 19.

In cirrhotic liver, CK 19 immunostaining was ob-
served at the basolateral cell membrane of all epithelial
cells within pre-existing bile ducts and ductular prolif-
erations.

Some hepatocytes (300) exhibited a weak im-
munostaining for CK 19, these cells were scattered
around the cirrhotic septa.

In cases offocal nodular hyperplasiaCK 19-
immunoreactivity was obtained in all bile duct epithe-
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lial cells with very few hepatocytes (200) exhibiting
weak immunostaining for CK 19 in areas adjacent to
fibrotic septa.

No staining for CK 19 was detectable in the connec-
tive tissue cells within portal tracts.

3.3. Immunostaining for PCNA

In normal liver tissuevery few bile duct epithe-
lial cells (5/100) exhibited positive nuclear staining
for PCNA. In contrast, a high number of hepatocytes
(20/100) were immunostained for PCNA.

In cirrhosis, very few epithelial cells in pre-existing
bile ducts (10100) were PCNA-positive, whereas in
ductular proliferations a higher number of PCNA-
expressing cells (2a100) were observed. Within the
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3.5. Comparison of single and double
immunostaining results

All double immunostaining protocols compared here
exhibited nearly identical results in terms of sensitivity
and specificity for detecting PCNA and CK 19.

The evaluation of the relative positive areas in com-
parable fields as a standard of comparison in image
analyses, verified the similarity of the protocols in
terms of their sensitivity, as well. The mean value of
relative positive areas when was 20.52 when employ-
ing the LAB/LAB-technique, 23.19 when using the
PAP/APAP-protocol and 26.32 when employing the
dig—a-dig/PAP protocol (Fig. 3).

The sections which were double-immunostained
employing the PAP/APAP protocol generally showed
higher non-specific background staining. This non-

nodules of regeneration, a high number of hepatocytes specific background staining was predominantly ob-

(50/100) exhibited a PCNA-immunoreactivity.

In focal nodular hyperplasiavery few bile duct ep-
ithelial cells (15100) were immunostained for PCNA,
whereas many hepatocytes (400) exhibited a nu-
clear staining for this antigen.

In all cases, PCNA-immunostained fibroblasts were
occasionally demonstrable within the fibrotic septa.

3.4. Double immunostaining

In normal liver, CK 19-immunoreactivity was re-
stricted to bile duct epithelial cells, whereas PCNA was
detectable in very few bile duct epithelial cells and in
approximately 20% of the hepatocytes. Bile duct ep-
ithelial cells, which showed nuclear staining for PCNA
were, without exception, double immunostained for
PCNA and CK 19 (Fig. 1a, b).

In cirrhosis almost all bile duct epithelial cells and a
few hepatocytes close to fibrous septa were immunos-
tained for CK 19. Bile duct epithelial cells, which were
PCNA-positive were double immunostained for PCNA
and for CK 19. Further, some of the hepatocytes which
were immunostained for CK 19 exhibited a double im-
munoreactivity for CK 19 and PCNA (Fig. 2).

In FNH, all bile duct epithelial cells and very few
hepatocytes showed an immunoreactivity for CK 19.
Some bile duct epithelial cells and numerous hepa-
tocytes exhibited an immunostaining for PCNA. All
bile duct epithelial cells, which were immunostained
for PCNA and some of the hepatocytes that were im-
munostained for CK 19, showed a double immunos-
taining.

served in the cytoplasm of hepatocytes and within
necrotic and cholestatic areas.

In contrast, in serial sections immunostained with
the LAB/LAB or the dig—a-dig/PAP protocols, a very
low non-specific background staining was observed.

4. Discussion

Since immunohistochemistry of liver tissue is ac-
companied by specific problems [22], no reliable dou-
ble immunostaining protocol employing primary anti-
bodies of the same species was available for routinely
fixed liver tissue up to now [3,6,16].

We investigated a LAB/LAB, a PAP/APAP and a
dig—a-dig/PAP protocol to recommend a reliable dou-
ble immunostaining technique for archived liver tissue.
All protocols presented here showed a similar sensitiv-
ity that was verified by cell count and image analysesin
comparable fields (Fig. 3). Our data indicated that the
PAP/APAP protocol is not an appropriate double im-
munostaining protocol for archived liver tissue because
of conspicuous non-specific background staining.

Since the intensity of staining is dependent on the
peroxidase activity, the LAB/LAB protocol allows
a lower concentration of the primary antibody and
shorter staining procedures which reduces the non-
specific background staining [8,13].

Applying LAB/LAB and dig—a-dig/PAP-techniques,
excellent results in terms of non-specific background
staining were obtained (Fig. 1a, b). The preparation of
dig-tagged antibodies as described by Hértig et al. [10]
circumvents a possible loss of specificity due to the
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Fig. 1. (a) Bile duct epithelial cells double immunostained using LAB/LAB technique (CK 19: red, PCNA: black; original magnification
100-fold). (b) Bile duct epithelial cells double immunostained using dig—a-dig/PAP method (CK 19: brown, PCNA: black; original magnification
100-fold).

Fig. 2. Hepatocyte expressing CK 19 (red) and PCNA (black) (original magnification 100-fold).
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Fig. 3. Value of relative positive areas for detection of PCNA using LAB/LAB (a), PAP/APAP (b) and dig—a-dig/PAP (c) protocol.

binding of the second step detection system to remnant
first step antibodies [10,12]. The disadvantage of this
dig—a-dig-techniqueis the length of time (about 3-fold)
and material due to the tagging procedure.

Therefore, we developed a modified LAB/LAB-
technique. The binding of second step detection system
to remnantfirst step primary antibodies was omitted by
a prolonged acid buffer rinsing after the first step of im-
munolabelling. The introduction of an additional treat-
ment in an acidic medium causes a dissociation of re-
maining immune reagents and their peroxidase labels.

Our results showed that in cirrhosis and in FNH,
a large amount of double immunostained bile duct
epithelial cells and hepatocytes are detectable. This
supports the hypotheses that assume an origin of
ductular proliferations from proliferated pre-existing
bile ducts [14,17,20] and from transdifferated hepato-
cytes [2,5,14,23,24].

We could demonstrate that even in routinely fixed,
archived liver tissue a double-immunostaining proce-
dure using primary antibodies of the same species
gives reproducible staining results when a modified
LAB/LAB protocol is used. This method is recom-
mendable because of its high specificity and sensitiv-
ity, and its very low non-specific background staining.
In addition, the time/cost relationship is acceptable.
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