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Mantle cell lymphoma is characterized by a t(11;
14)(q13;q32) translocation resulting in cyclin D1
protein overexpression. Immunohistochemical de-
tection of the latter, therefore, is a useful marker for
the diagnosis of mantle cell lymphoma. Neverthe-
less, interpretation of results is often hampered by
the weak immunoreactivity obtained with routine
detection techniques. This problem can be over-
come by resorting to highly sensitive catalyzed sig-
nal amplification methods based on peroxidase-
catalyzed deposition of a biotinylated phenolic
compound. The present study compares the results
obtained with catalyzed signal amplification, la-
beled streptavidin biotin, and dextran polymeric
conjugate (EnVision�) techniques in cyclin D1
demonstration in mantle cell lymphoma. The study
was performed on formalin-fixed, paraffin-
embedded archival tissue from 20 mantle cell lym-
phoma cases. Ten cases of small lymphocytic lym-
phoma and 10 instances of follicular center cell
lymphoma were used as controls. Antigen retrieval
was done by autoclaving under controlled pressure
(2 bar) and temperature (120° C) conditions. The
best results were obtained after 1 minute of expo-
sure with catalyzed signal amplification and after 6
minutes with other detection systems. Regarding
cyclin D1 expression in mantle cell lymphoma
cases, 17 (85%) were weakly positive and 3 (15%),
moderately positive with labeled streptavidin bi-
otin, whereas 15 (75%) were weakly positive and 5
(25%) moderately positive with EnVision�. In con-
trast, all 20 mantle cell lymphoma cases were
strongly cyclin D1 positive with catalyzed signal am-

plification. No evidence of cyclin D1 immunostain-
ing was obtained in any of the small lymphocytic
lymphoma and follicular center cell lymphoma in-
stances with any of the three methods used. In con-
clusion, catalyzed signal amplification methods
provide a very useful tool for cyclin D1 demonstra-
tion in cases in which other immunohistochemical
techniques yield inconclusive results.
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Mantle cell lymphoma, a malignant proliferation of
small or medium-sized B lymphocytes that are the
neoplastic counterpart of normal lymphoid follicle
mantle cells, adopts a variety of growth patterns.
This neoplasm is associated with a median survival
of 3–5 years and lack of cure in the vast majority of
patients. In fact, the 5-year overall survival of man-
tle cell lymphoma patients (30%) is among the
worst for the various lymphoma types (1–7). Distin-
guishing this more aggressive type of B-cell lym-
phoma from others (marginal zone, small lympho-
cytic, and follicular lymphomas) can be very
difficult.
The most useful mantle cell lymphoma marker is

cyclin D1, a cell cycle regulator that stimulates tran-
sition from G1 phase to S phase by cooperating
with cdk4-6 in Rb phosphorylation and E2F release.
Normally, lymphocytes do not express cyclin D1 or
produce it in very low, immunohistochemically un-
detectable levels. In contrast, mantle cell lym-
phoma lymphocytes show immunohistochemically
demonstrable cyclin D1 overexpression as a conse-
quence of a t(11;14)(q13;q32) translocation involv-
ing the bcl-1 region of chromosome 11 and the
immunoglobulin heavy chain gene of chromosome
14 (8–10). This translocation is shown by cytoge-
netics or Southern blotting techniques in 70–75% of
mantle cell lymphoma cases and by fluorescence in
situ hybridization (FISH) studies in virtually all
mantle cell lymphoma cases (11). As for immuno-
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histochemistry, it detects cyclin D1 overexpression
in virtually 100% of mantle cell lymphoma cases
(8–10). Often, however, the immunoreaction signal
provided by routine detection systems is of weak or
moderate intensity. On the other hand, catalyzed
signal amplification methods are extremely sensi-
tive and very useful when antigen concentration is
below the detection threshold of routine immuno-
histochemical procedures. Consequently, they are
able to yield stronger intensities and significantly
improve the results obtained with commercially
available anti-cyclin D1 monoclonal antibodies (12,
13).

In this work we have compared the effectiveness
of catalyzed signal amplification, labeled streptavi-
din biotin, and dextran polymeric conjugate (EnVi-
sion�) detection systems for cyclin D1 demonstra-
tion in mantle cell lymphoma. Additionally, to
explore whether the increased sensitivity associated
with these techniques affects specificity in any way,
cases of small lymphocytic lymphoma and follicu-
lar center cell lymphoma were included in the
study.

MATERIAL AND METHODS

Formalin-fixed, paraffin-embedded tissue from
20 mantle cell lymphoma, 10 small lymphocytic
lymphoma, and 10 follicular center cell lymphoma
cases was retrieved from the archives of the Depart-
ments of Pathology of Hospital del Mar and Hospi-
tal Germans Trias i Pujol, Barcelona, Spain. In each
instance, the immunophenotype was characteristic
of the respective lymphoma type. Specifically, man-
tle cell lymphoma cases were CD20�, CD5�,
CD23�, and CD10�; small lymphocytic lymphoma
cases were CD79a�, CD5�, CD23�, and CD10�;
and follicular center cell lymphoma cases were
CD20�, CD10�, CD5�, and CD23�.

Sections 3 to 4 �m thick were deparaffinized in
xylene and hydrated. Because autoclaving provides
a very fine control of the pressure and temperature
applied to samples, we resorted to this system as a
source of heath for antigen retrieval. All samples
were autoclaved in buffer citrate at pH 7.4, 2 bar
pressure, and 120° C temperature. Incubation time
was optimized for every detection system em-
ployed. Thus, catalyzed signal amplification yielded
best results after just 1 minute of antigen retrieval,
whereas the other two detection systems needed 6
minutes each to achieve maximally intense immu-
nostaining against a clean background.

Anticyclin D1-GM (Novocastra, Newcastle, UK)
was used as primary antibody. The three detection
systems employed were as follows: labeled strepta-
vidin biotin (DAKO, Glostrup, Denmark), EnVi-
sion� (DAKO), and catalyzed signal amplification
(DAKO).

Anti-cyclin D1-GM monoclonal antibody was
used at a 1:50 dilution with the labeled streptavidin
biotin and EnVision� detection systems and at a
1:500 dilution with the catalyzed signal amplifica-
tion method. All immunostaining procedures were
carried out with the aid of Autostainer (DAKO).
Results were independently evaluated by three pa-
thologists as follows: (�) negative, (�) weakly pos-
itive, (��) moderately positive, and (���)
strongly positive.

RESULTS

Regardless of the detection system employed, all
mantle cell lymphoma cases showed nuclear posi-
tivity for cyclin D1. On the contrary, every small
lymphocytic lymphoma and follicular center cell
lymphoma case was cyclin D1 negative. As for the
various detection systems used, catalyzed signal
amplification was the most efficient in achieving a
very strong signal intensity in the absence of signif-
icant background staining. Thus, all 20 mantle cell
lymphoma cases included in the study were
strongly positive for cyclin D1 when the catalyzed
signal amplification method was used, whereas the
intensity yielded by the labeled streptavidin biotin
and EnVision� systems was only weak (75% and
85% of mantle cell lymphoma cases, respectively)
or moderate (25% and 15%, respectively; Fig. 1).
Table 1 summarizes these results.

DISCUSSION

As a small cell lymphoma, mantle cell lymphoma
with a nodular pattern may mimic follicular center
cell lymphoma, marginal zone lymphoma, and
small lymphocytic lymphoma, but immunopheno-
typic differences usually allow distinction among
these various entities. Nevertheless, when the im-
munophenotypic profile is atypical or tissue avail-
ability is suboptimal, reaching a diagnosis may be
fraught with difficulties. This is particularly true in
regard to the distinction between mantle cell lym-
phoma and small lymphocytic lymphoma, which
share a substantial part of their phenotypic and
cytologic features. Because mantle cell lymphoma
aggressive behavior makes its discrimination from
the remainder of small cell lymphomas of para-
mount importance, recourse to other diagnostic
tools is mandatory. Very helpful in this setting is the
demonstration of a t(11;14) translocation leading to
cyclin D1 overexpression in mantle cell lymphoma.
Detection of this translocation is made possible by
cytogenetic, FISH, Southern blot, or PCR studies,
whereas overexpression of cyclin D1 can be as-
sessed by more readily available immunohisto-
chemical methods. Unfortunately, formalin fixation
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and paraffin embedding of tissue greatly jeopar-
dizes immunohistochemical demonstration of cy-
clin D1. This hurdle can be overcome by a variety of
strategies based on improvement of antigen re-
trieval, employment of several antibodies, or use of
sensitive detection systems such as labeled strepta-

vidin biotin or EnVision� (12–17). Many immuno-
histochemistry laboratories, however, continue to
obtain weak cyclin D1 signals despite resorting to
the aforesaid strategies. In agreement with this,
most mantle cell lymphoma cases included in the
present work exhibited weak cyclin D1 positivity

FIGURE 1. Cyclin D1 expression as demonstrated by labeled streptavidin biotin (weak, A), EnVision� (weak, B), and catalyzed signal amplification
(strong, C) in one mantle cell lymphoma case and by labeled streptavidin biotin (weak, D), EnVision� (moderate, E), and catalyzed signal
amplification (strong, F) in another mantle cell lymphoma case. A reactive germinal center surrounded by cyclin D1–positive tumor cells may be
seen in C (cyclin D1, 400�).
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when studied with either labeled streptavidin biotin
or EnVision�. In contrast, catalyzed signal amplifi-
cation has proven itself a very effective tool for
immunostaining optimization, particularly when
the antigen is either poorly represented or heavily
masked by undue fixation (18). This catalyzed sig-
nal amplification powerful signal enhancement re-
sults from the deposition of a biotinylated phenolic
compound in the vicinity of the antigen. Using a
variety of tissues, Sabattini et al. (13) have explored
optimal dilutions for anti-cyclin D1 and other 52
monoclonal antibodies with the aid of six different
detection systems including labeled streptavidin bi-
otin, EnVision�, and catalyzed signal amplification.
They propose catalyzed signal amplification as the
gold standard technique for cyclin D1 immunohis-
tochemistry (13), a recommendation that gains fur-
ther support from the present work, in which all 20
mantle cell lymphoma cases exhibited maximally
intense cyclin D1 immunoreactivity when studied
with the catalyzed signal amplification technique.

Recently, Korin et al. (14) have investigated cyclin
D1 expression in mantle cell lymphoma using cat-
alyzed signal amplification as a detection system.
Unexpectedly, catalyzed signal amplification has
failed to show enhanced sensitivity in the hands of
these authors, which consequently recommend the
concomitant use of several anti-cyclin D1 antibod-
ies to improve detection. The good results obtained
in the present work with catalyzed signal amplifi-
cation are probably related to our use of the auto-
clave for antigen retrieval, because autoclaving pro-
vides optimal time and temperature control and
allows primary antibody concentration reductions
of �100 times. Presumably, the excessive back-
ground obtained by Korin et al. (14) with catalyzed
signal amplification is caused by their use of differ-
ent antigen retrieval methods. In our work, antigen
retrieval time in the autoclave had to be signifi-
cantly reduced to prevent an increase in back-
ground immunostaining because distortion of pro-
tein structure by overheating, in conjunction with
high primary antibody concentrations, results in
undue nonspecific signal.

Overall, cyclin D1 overexpression is immunohis-
tochemically demonstrable in mantle cell lym-
phoma with a frequency ranging from 75% to 100%

according to different authors (16, 19, 20). Owing to
the significant difficulties inherent to cyclin D1 im-
munohistochemical search, lack of immunoreactiv-
ity in some mantle cell lymphoma cases may rea-
sonably be ascribed to the low sensitivity of the
methods employed. In such cases, employment of
Southern blot, cytogenetics, FISH, or mRNA expres-
sion studies allows confirmation of the diagnosis,
but they are costly techniques that are not widely
available. Much more easily accessible for most
pathology laboratories is the catalyzed signal am-
plification technique, use of which significantly im-
proves the sensitivity of cyclin D1 detection without
compromising its specificity. The caveat, however,
is that the catalyzed signal amplification method is
more laborious and technically demanding than
other routinely used detection methods. These
problems notwithstanding, catalyzed signal ampli-
fication usefulness is availed by the good results
obtained by us and other groups even when using
automated systems (13, 18). In conclusion, we be-
lieve that catalyzed signal amplification is an excel-
lent method for immunohistochemical demonstra-
tion of cyclin D1 overexpression in mantle cell
lymphoma.
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Book Review

Silverberg S: Atlas of Breast Pathology, 255
pp, Philadelphia, W. B. Saunders, 2002
($179.00).

This book makes a good argument in favor of
single authorship for atlases. The Atlas of Breast
Pathology takes the form usually reserved for
textbooks in which a different individual authors
each chapter. The result is an uneven effort in
which some of the chapters provide a coherent
summary of the topic (such as the chapter on
infiltrating duct carcinoma, not otherwise spec-
ified), while others display a compendium of
sub-optimal photographs (such as the chapter
on normal anatomy and physiologic changes).
That being said, the atlas does appear to include
the full range of breast pathology, including in-
flammatory, benign, and malignant histology.
Notable features include a chapter on radiologic
techniques and core needle biopsy that effec-
tively juxtaposes mammographic and histologic

findings, an interesting chapter on iatrogenic le-
sions of the breast such as those caused by pros-
theses, and an expertly annotated chapter au-
thored by Dr. Silverberg himself on infiltrating
carcinomas other than infiltrating duct carcino-
mas not otherwise specified. The most outstand-
ing portion of the atlas is the superb chapter on
fine needle aspiration cytology authored by Dr.
Shahla Masood, who organizes the chapter such
that several related entities are presented on a
single page for convenient comparison. She also
presents the features of the most common diag-
noses in list form for easy reference. Overall, The
Atlas of Breast Pathology serves as a useful sup-
plement to more general textbooks on the pa-
thologist’s reference shelf.
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