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Laboratory techniques

Comparative quality assessment in
immunocytochemistry: pilot study of CD15 staining in
paraffin wax embedded tissue in Hodgkin's disease
CAROLE A ANGEL, A WARFORD, S J DAY, I LAUDER Department ofPathology,
University ofLeicester, Leicester Royal Infirmary, Leicester

SUMMARY The feasibility of comparative quality assessment studies in immunocytochemistry was
examined. The reactions ofthree CD1 5 antibodies-anti-LeuM 1,DM 1, and Tu9-were examined in
paraffin wax sections in Hodgkin's disease under a variety of different fixation and pre-treatment
conditions, using four immunochemical detection techniques. All three antibodies stained Reed-
Sternberg cells, but DM1 could be used at slightly higher dilutions to achieve comparable results.
Tissue fixed in formol sublimate showed the most intense staining reactions, and formol saline and
neutral buffered formalin gave relatively poor results. Although neuraminidase pre-treatment
improved staining, its routine use is probably contraindicated by its high cost. Trypsinisation has
some value for sections of tissue fixed in formol saline and neutral buffered formalin. The avidin-
biotin complex technique produced the best results, but indirect immunoperoxidase produced
acceptable results, is technically easier to perform, and is less expensive.

It is concluded that information regarding variations in techniques and commercially available
reagents, which may be of use in routine diagnostic histopathology, can be obtained by comparative
quality assessment studies of this type.

Immunocytochemical techniques are widely used in
pathology and have made a considerable impact both
in diagnostic histopathology and in research. A wide
range ofdetection techniques, secondary and labelling
antisera, and chromogens are commercially available,
and in many instances several primary antibodies
which, it is claimed, detect the same epitope are
available from different commercial sources. Varia-
tions in fixation and processing may affect the perfor-
mance of the more recently developed monoclonal
antibodies which are effective in fixed, paraffin wax
embedded material. New reagents and techniques are
often subjected to comparative quality assessment in
other branches ofpathology such as clinical chemistry
and microbiology, but there is a paucity ofsuch studies
in histopathology, and especially in immunocyto-
chemistry. This pilot study was therefore performed
under the auspices of the Department of Health
Histopathology EQA Forum, and was designed to
examine the feasibility of such comparative quality
assessment studies.
Accepted for publication 20 April 1989

Antibodies of the CD15 group have specificity for
the carbohydrate structure 3-fucosyl-acetyllactosa-
mine, and it has been shown that the Reed-Stemnberg
cells and their variants in Hodgkin's disease often
react with these antibodies. Reports from different
laboratories using a variety of reagents, techniques,
and fixatives differ widely in the percentage ofcases of
Hodgkin's disease showing reactivity, the distribution
of reactive cases across the histological subtypes of the
disease, and the pattern of staining achieved. In a
recent review Crocker and Burnett suggested that
much of this interlaboratory variation could be
explained on the basis of the different fixatives used.'
In a review ofthe value ofCD15 staining in Hodgkin's
disease Hall and d'Ardenne emphasised the lack of
data relating to the technical reproducibility of
immunohistology, and specifically the lack of data
assessing the comparability ofCD1 5 antibodies.2

This pilot study therefore chose to compare three
commercially available CD15 antibodies in paraffin
wax embedded material in Hodgkin's disease using
four immunochemical detection techniques under a
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Quality assessment ofCD15 antibodies

Material and methods

Three cases of Hodgkin's disease were studied, the
only criterion for selection being the availability of
sufficient tissue for study. Brief clinical details and
histopathology are provided in table 1. The material
was received fresh from theatre and blocks were taken
for routine histological examination. The rest of the
tissue was frozen and stored in liquid nitrogen. After
Hodgkin's disease had been diagnosed, tissue from
each case was thawed and fixed as described below.

Tissue was cut into blocks no greater than 3 mm
thick and fixed for 24 hours in 10 per cent formol
saline, 10 per cent neutral buffered formalin, formol
sublimate, Bouin's fluid and Carnoy's fluid. After
routine processing, tissue was embedded in paraffin
wax to form composite blocks. The use of composite
blocks permitted simultaneous evaluation of tissue
fixed in each of the fixatives and therefore improved
standardisation.

ANTIBODIES
Three mouse monoclonal CD15 antibodies known to
be effective in paraffin wax sections were studied.
Anti-Leu Ml was obtained from Becton Dickinson,
DM1 from Dako, and Tu9 from Biotest. Each
antibody was studied at dilutions of 1/5, 1/10, 1/20,
1/50, 1/100, 1/200, 1/500 and 1/1000. Incubation with
the primary antibodies took place overnight.

DETECTION TECHNIQUES
Indirect immunoperoxidase, peroxidase anti-peroxi-
dase (PAP), alkaline phosphatase anti-alkaline phos-
phatase (APAAP), and avidin-biotin complex (ABC)
were used as almost all diagnostic immunocyto-
chemistry laboratories routinely use at least one of
these methods.3 Detailed technical methods have been
described in an Appendix which is available on

request.

PRE-TREATMENTS
The effects of pre-treating the sections with both
trypsin and neuraminidase were compared with sec-
tions receiving no pre-treatment. Slides were incu-
bated for 30 minutes in 0I1% trypsin, and neura-
minidase VIII was used at a concentration of 2 U/ml
for four hours.
Where necessary, endogenous peroxidase activity
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was blocked by immersing slides in a methanol/
hydrogen peroxide solution.

STAINING STRATEGY
Each immunochemical run was assembled so that the
three test antibodies could be evaluated simulta-
neously at three dilutions, with and without pre-

treatment, and in tissue fixed in each of the five
fixatives. Included in each run were three negative
controls in which the primary antibody had been
omitted and which had been subjected to each of the
pre-treatment conditions. Each run therefore com-

prised 30 composite slides or 150 sections. Separate
positive control slides were not used because the tissue
in each case contained myeloid cells which would
normally be expected to react with antibodies directed
against the CD15 antigen.

COSTINGS
The costings given in table 2 represent an approximate
estimate of the relative costs of the antibodies and
techniques used in this study. They do not take into
account factors that may operate in routine labora-
tories such as number of tests performed in each batch,
how many such tests are used, and the discounts that
are often negotiated between laboratories and their
suppliers. The values given in the table should not,
therefore, be understood to represent the actual cost of
each reagent and technique, but rather should serve to
emphasise the relative differences between the various
items costed.

ASSESSMENT
For convenience the Reed-Stemnberg cell and its
variants will be collectively referred to as Hodgkin's
cells. Sections were examined by two independent
observers. The mean intensity of Hodgkin's cell stain-
ing was assessed on a scale of 0 to 3 as follows: 0= no

staining; 1 = weak staining; 2 = moderate staining;
3 = good staining.
The number of Hodgkin's cells staining was graded

on a scale of 0 to 4 as follows: 0 = none; 1 = < 5%;
2 = 5-25%; 3 = 25-50%; 4 = > 50%.
The pattern of staining was also noted, a record

being made of the presence or absence of focal
paranuclear staining, membrane staining, and diffuse
cytoplasmic reaction product. The intensity of
myeloid staining was also assessed and scored using

Table I Cases ofHodgkin's disease; histological subtypes and briefclinical details

Case No Tissue Site Age Sex Histology

I Lymph node Supraclavicular 45 Male Nodular sclerosing grade 2
2 Lymph node Cervical 38 Female Mixed cellularity
3 Lymph node Axillary 36 Male Nodular lymphocyte predominant
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Table 2 Relative costs (based on 1987 prices) ofreagents
and techniques*
Reagent Cost in pence per slide

Anti-Leu M1 142.0
DM1 118.0
Tu9 59.8
Indirect immunoperoxidase 5.2
PAP 14.8
APAAP 22.1
ABC 17.8
Trypsin 0.2
Neuraminidase 92.2

*The cost given for the primary antibodies is the cost when 100Ul of
antibody diluted I in 5 are applied to the slide. Calculations for
detection techniques include enzyme demonstration costs.

similar scales to those described above. Finally, the
presence of any other reactions was noted. The results
were compared, and where discrepancies occurred, the
sections were jointly re-examined and agreement
reached. Discrepancies occurred in no more than 5%
of the sections and were occasionally major.
Weak or patchy immunocytochemical staining may

be helpful for diagnosis or research purposes in some
situations, but for the purposes of this study, and to
allow comparisons to be made, staining was regarded
as acceptable when more than 25% of the Hodgkin's
cells stained with a mean intensity of greater than 1-
that is, moderate or good.
Results

Full detailed results of this study are presented in an
Appendix which is available on request from the
authors. The major findings and the conclusions are
summarised below.

In case 3 the Hodgkin's cells were completely
negative using all antibodies and techniques, and this
finding is in keeping with previous studies, suggesting
that CD15 reactivity is often but not invariably absent
in lymphocyte predominant disease, particularly of
nodular type.45

ANTIBODIES
In cases 1 and 2 Hodgkin's cells were stained by all
three antibodies, but considerable differences in inten-
sity and numbers ofHodgkin's cell staining were noted
between the two cases. This heterogeneity ofstaining is
a characteristic of Hodgkin's disease5 and presents
considerable difficulties in the interpretation ofstudies
of this kind.
When the highest titres at which acceptable staining

was achieved were compared, Tu9 was shown to be the
least sensitive, and the dilution required to produce
acceptable staining with this antibody was frequently
lower than the other antibodies across the range of
fixatives, pre-treatment, and techniques. Although
Tu9 is much cheaper than both the other antibodies,

Angel, Warford, Day, Lauder
its relative inexpensiveness did not compensate for its
lack of sensitivity. Overall, DM1 was slightly more
sensitive than anti-Leu M1. As it is also slightly
cheaper than anti-Leu M1, DM1 is probably the
antibody of choice for showing the presence of CD1 5
in Hodgkin's disease.
The staining pattern of Hodgkin's cells in cases 1

and 2 was constant and the choice of antibody had no
effect on this staining pattern. In most instances a
granular dot of positivity was observed in a para-
nuclear location, which may represent Golgi staining.
As the staining reaction became more intense-for
example, at lower antibody dilutions-membrane
staining was often seen. Quite often, granular staining
occupied most or all of the cytoplasm. Occasionally,
the only staining reaction seen was a diffuse, non-
granular cytoplasmic reaction product, but this was
seen mainly in degenerate, poorly preserved cells and is
probably artefactual. The constant staining pattern
shown by all the antibodies suggests that the specificity
of these antibodies, as far as Hodgkin's cells are
concerned, is identical or at least closely similar.

DETECTION TECHNIQUES
When the highest titres at which acceptable staining
was achieved were compared, the avidin-biotin com-
plex technique produced the best results using all
antibodies and fixatives. The APAAP technique had
no obvious advantage when compared with the in-
direct immunoperoxidase technique. Sections stained
using the PAP technique were completely negative,
both for myeloid cells and Hodgkin's cells, and only
when the concentration of the PAP complexes was
increased to 1 in 10 was weak but diagnostically
unacceptable staining achieved. It was concluded,
therefore, that the PAP technique was unsatisfactory
in this study, apparently due to the inferiority of the
mouse PAP complex itself.
The avidin-biotin complex technique is therefore

recommended for optimal demonstration of CD1 5 in
Hodgkin's disease, but the indirect immunoperoxidase
technique produced satisfactory results and is also
technically easier to perform and cheaper than both
the APAAP and avidin-biotin complex techniques.

FIXATIVES
Bouin's fluid was generally a good fixative for showing
the presence ofthe CD15 antigen. The sections cannot
be treated with trypsin, however, as there is an
unacceptable deterioration in morphological detail.
Good results and good morphological preservation
were obtained with tissue fixed in Carnoy's fluid,
although trypsinisation produced total digestion of
the sections along with complete loss of the antigen.
Relatively poor results were obtained when tissue was
fixed in formol saline. The dilutions oftest antibody at
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Quality assessment ofCDJ5 antibodies
which acceptable results were obtained were lower
than with most of the other fixatives, and membrane
staining was seen less often. Tissue preservation was
good and was not adversely affected by pre-treatment.
Tissues fixed in neutral buffered formalin gave very
poor results, and acceptable staining was rarely seen
with any of the antibodies or techniques. The best
results in this study were obtained with tissues fixed in
formol sublimate. Tissue preservation was good and
membrane staining was often seen. The dilution at
which the test antibodies could be used to achieve
acceptable results was almost always higher when
tissue was fixed in formol sublimate.

It seems that fixatives that act by cross linking give
generally poor results with CD15 antibodies in
Hodgkin's disease. Although formol sublimate acts
partly by cross linking, protein precipitation also
occurs, and the other fixatives in which the latter is the
mechanism of fixation, such as Bouin's and Carnoy's
fluids, also gave good results. Protein precipitating
fixatives seem to be superior for detecting the CD15
antigen in Hodgkin's cells.

PRE-TREATMENTS
Neuraminidase frequently improved results, increas-
ing both the intensity of staining and the number of
Hodgkin's cells showing staining. This effect was most
noticeable when less sensitive techniques and higher
test antibody dilutions were used. The dilution at
which the test antibodies could be used was frequently
higher when the tissue had been treated with neura-
minidase. This advantage was, however, considerably
offset by its high cost (£0.92/slide), and in no instance
was it cheaper to use an antibody at a high dilution
with neuraminidase than to use the same antibody at a
lower dilution without neuraminidase to achieve
equivalent results (table 3).
The effects of pre-treatment with trypsin are better

appreciated when the different fixatives are considered
separately. As discussed above, trypsin cannot be used
on tissue fixed in Bouin's or Carnoy's fluids. When
tissues had been fixed in formol sublimate, trypsin
only occasionally improved staining and often seemed
to decrease the staining reaction. Its routine use in
tissues fixed in formol sublimate is therefore not
indicated. In tissues fixed in formol saline and neutral
buffered formalin the effect of trypsin in improving
staining was equivalent to that ofneuraminidase and it
is much cheaper (£0.24/slide). Because staining could
occasionally be decreased by trypsinisation, however,
though not so often as with formol sublimate, it would
seem ideal to perform the test with and without pre-
treatment with trypsin in tissues fixed in formol saline
and neutral buffered formalin. Performing two test
runs is, on the whole, less expensive than performing
one test run with neuraminidase.
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Table 3 Comparative costs ofneuraminidase

Cost per slide (pence)

APAAP (case 2), Bouin's
DM1 1/200 with neuraminidase 117.3
DM1 1/20 without neuraminidase 51.6

Indirect immunoperoxidase (case 1), formol sublimate
DM1 1/50 with neuraminidase 109.2
DM1 1/20 without neuraminidase 34.7

The adequacy of the test antibodies in the demon-
stration ofmyeloid cells was not the focal point of this
study, and the presence and intensity of myeloid
staining was used primarily as an internal positive
control. Intensity of myeloid staining was scored and
was frequently still high when Hodgkin's cell staining
had disappeared, for example, at high antibody dilu-
tions. The use of peroxidase labelled techniques com-
plicated the scoring of myeloid cells because eosino-
phil endogenous peroxidase activity often could not be
completely blocked by hydrogen peroxide.

Background staining was seen with the APAAP
technique and occasionally with the avidin-biotin
complex technique. It occurred most frequently in
sections treated with trypsin, and in those fixed in
Carnoy's fluid. With the APAAP technique, back-
ground staining was a particular problem with DM1,
when it occasionally impaired assessment of the
sections.

Discussion

Several important conclusions have emerged from this
study. Firstly, although the specificity of the test
antibodies seems to be similar, at least in this context,
there was considerable variation in their sensitivities.
When both cost and sensitivity are taken into account,
DM1 seems to be the antibody of choice for showing
the presence of CD15 in Hodgkin's disease.
The avidin-biotin complex technique produced by

far the best results, but indirect immunoperoxidase
produced generally acceptable results, was technically
easier to perform, and less expensive. The APAAP
technique did not show any consistent improvement in
staining when compared with indirect immuno-
peroxidase. The PAP technique, using mouse PAP
complexes, was unsatisfactory in this context.
Formol sublimate fixation is preferred for CD1 5

staining in Hodgkin's disease. Formol saline and
neutral buffered formalin, which are the most widely
used fixatives in this country,3 gave disappointingly
poor results.

Pre-treatment with neuraminidase undoubtedly
improves results, but its routine use is probably
contraindicated by its high cost. Test runs with and
without trypsinisation are recommended for tissues
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fixed in formol saline and neutral buffered formalin.

It is clear from the results of this study that quality
assessment schemes of this kind yield important
information which can be used to improve the quality
and cost effectiveness of immunohistology in routine
pathology laboratories. The necessity for such studies
was shown by Hall and d'Ardenne in a recent review
on CDI 5 staining in Hodgkin's disease,2 which
indicated variable results, possibly accounted for by
the wide range of different methods used. The variable
effects of different fixatives was suggested, and in an
earlier paper Crocker and Burnett had suspected that
both intra- and interlaboratory variation could be
attributed to the different fixatives used.' It is interest-
ing to note that studies concluding that anti-Leu MI
was a sensitive marker of Hodgkin's disease largely
used tissues fixed in formol sublimate.' On the other
hand, studies mainly using formalin fixed material had
concluded that anti-Leu Ml was a relatively insen-
sitive marker of Hodgkin's disease.59
The results of this pilot study have shown that it is

feasible to study antibodies and reagents in particular
diagnostic or research situations, and that valuable
and informative conclusions can be drawn. It is,
however, also clear that comparison of every conceiv-
able variation of fixation, processing, pre-treatment
and detection technique cannot be feasibly studied,
and when studies of this type are designed, attempts
must be made to standardise techniques as much as
possible. It is also important to select techniques and
reagents that are representative of the relevant
laboratories. For example, neutral buffered formalin
and formol saline were used in this study because they
are the most widely used fixatives in the United
Kingdom, but other fixatives were also included to
accommodate laboratories in the USA.

Finally, it must be emphasised that the conclusions
of this study cannot necessarily be applied to other
antibodies and diagnostic situations. For example,
West et al showed that increased intensity of staining
oflymphoid tissues with the antibodies MTl and MB1
occurred with material fixed in neutral buffered
formalin compared with that fixed in formol saline
and Bouin's fluid.'0 This contrasts strongly with the
findings of this study where tissues fixed in neutral
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buffered formalin yielded extremely poor results.
Similar quality assessment studies are therefore
required for other antibodies and diagnostic situa-
tions, and the Department of Health has recently
commissioned several such studies. Respondents to a
questionnaire circulated to district general hospitals in
1986 expressed a need for a national database of
immunohistochemical information," and it is hoped
that pressure to produce departmental guidelines and
"best buys" will come from laboratories using
immunocytochemistry.
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