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Mantle cell lymphoma (MCL) diagnosis first relies
on morphology and phenotype that may overlap
with other B-cell lymphomas. Therefore, the dem-
onstration of t(11;14)(q13;q32), the cytogenetic hall-
mark of MCL, is considered of diagnostic value. By
studying a series of 35MCLwith characteristic mor-
phology and phenotype (CD5�, CD10�, CD20�,
CD23�), we have evaluated the applicability and
the sensitivity of interphase fluorescence in situ hy-
bridization (FISH) for t(11;14) detection and other
techniques: (1) polymerase chain reaction (PCR) for
amplification of t(11;14) genomic breakpoint, (2)
competitive RT-PCR for the detection of cyclin D1
transcripts overexpression, and (3) immunohisto-
chemistry (IHC) for cyclin D1 protein detection. Tis-
sues from different origins were analyzed: lymph
nodes (n � 24), spleen (n � 3), digestive biopsy (n �
3), tonsils (n � 3), and skin (n � 2). Interphase FISH
was performed either on touch preparations (n �
11) and frozen (n � 9) or paraffin sections (n � 15).
FISH analysis detected t(11;14) in 34/35 cases (97%)
and demonstrated a recurrentCCND1 amplification
in t(11;14)� nuclei of the three blastoid MCL vari-
ants of our series. Genomic PCR analysis, hampered
by the scattering of 11q13 breakpoints, was positive
in only 13/35 cases (37%). RT-PCR analysis was ap-
plicable on nonepithelial tissues (27/35) and
showed cyclin D1 transcript overexpression in all
tested cases (27/35). IHC for cyclin D1 protein was
performed either on frozen (n � 12) or on paraffin

sections (n � 23), and its sensitivity was higher on
paraffin sections (91%) than on frozen sections
(25%). A cyclin D1 protein immunoreactivity was
observed in 24/35 cases (69%). Our study empha-
sizes on the use of FISH analysis for the direct de-
tection of t(11;14) because its applicability and sen-
sitivity largely exceeded those of other techniques. It
may also provide some informations on secondary
cytogenetic changes of potential clinical relevance.
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Mantle cell lymphoma (MCL), previously recognized
as centrocytic lymphoma, represents 3 to 9% of all
non-Hodgkin lymphomas in Western countries (1). It
has been individualized both in the REAL and in the
World Health Organization classifications because it
represents a distinct clinical pathological entity with a
special aggressive course among small B-cell lympho-
mas (2, 3). It frequently involves lymph node, blood,
bone marrow, and spleen (4, 5). The neoplastic cells
typically exhibit a centrocytic morphology and coex-
press pan–B-cell markers CD5 and CD43 but lack
CD23 and CD10. They are surface IgM and often IgD
positive (2). Despite these characteristics, MCL may
be difficult to differentiate from other small B-cell
lymphoma, especially at extranodal sites, or when the
typical morphologic and phenotypic profile of MCL
cannot be demonstrated (6–8).
The t(11;14)(q13;q32) has been identified as a re-

current and characteristic feature of MCL (9–11). This
translocation juxtaposes an immunoglobulin heavy
chain gene (IGH) transcriptional enhancer on chro-
mosome 14q32 to the proto-oncogene CCND1 (bcl-1,
PRAD1) encoding cyclin D1 on chromosome 11q13
(12–15). It results in the overexpression of cyclin D1
messenger RNA (10, 15–17) and protein (18, 19). Cy-
clin D1 belongs to the G1 cyclins and plays a key role
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in the cell cycle regulation during the G1/S transition
(20). A variant translocation implying CCND1 and IG
light chain loci has been described in only one case of
MCL (21), and nearly all MCL exhibit the transloca-
tion (11;14)(q13;q32) (22). The breakpoint on chro-
mosome 11q13 covers a wide range distance from the
CCND1 gene, between 15 and �400 kb (10, 14, 23).
Beside Southern blot for the demonstration of bcl-1
rearrangement that requires a large amount of
genomic DNA, polymerase chain reaction (PCR) can
achieve amplification of t(11;14) breakpoints in only
35 to 60% of cases (24–26). Karyotype analysis al-
lowed identification of t(11;14)(q13;q32) in only 70 to
75% of MCL, which may be related to the low mitotic
index of malignant cells and to the poor morphology
of metaphase spreads (9, 27). Interphase fluorescence
in situ hybridization (FISH) analysis circumvents
these difficulties and has allowed the detection of
t(11;14) in nearly 100% of MCL cases (8, 28, 29). More-
over, detection of t(11;14) by interphase FISH was
achieved on cell suspensions or on nuclei isolated
from fresh-frozen or paraffin-embedded material (8,
29). Competitive or semi-quantitative reverse tran-
scriptase polymerase chain reaction (RT-PCR) al-
lowed to detection of cyclin D1 transcript overexpres-
sion in nearly all MCL cases (7, 16). Cyclin D1 protein
can also be detected at the level of tumor cells by
immunohistochemistry (IHC), with a range of positiv-
ity between 69 and 100% (4, 6, 7, 18). By comparing
the specificity of each technique between MCL and
other small B-cell lymphoproliferative disorders, sev-
eral studies also showed that none of the above cri-
teria could be undertaken in isolation for diagnostic
purpose (30). Indeed, t(11;14) has been identified by
karyotype analysis or FISH in a wide variety of B-cell
malignancies such as splenic lymphoma with villous
lymphocytes, B-cell prolymphocytic leukemia, and
multiple myeloma (10, 31). Moreover, cyclin D1
mRNA was detected in significant subsets of non-
MCL and in some atypical lymphoid hyperplasia (4,
7). Cyclin D1 immunoreactivity may be difficult to
detect in typical MCL cases and may also be present
in hairy cell leukemia or other low-grade B-cell neo-
plasms (32).

However, no combined study of t(11;14) by cyto-
genetic (FISH or karyotype) or molecular (PCR and
RT-PCR) techniques and of cyclin D1 IHC has been
undertaken to evaluate the sensitivity (positive cas-
es/total cases) and the applicability (analyzed cas-
es/total cases) of each technique in MCL diagnosis.
In this aim, we retrieved from our files 35 MCL
cases on the basis of typical morphological and
phenotypic features. In addition, we employed an
original interphase FISH technique on paraffin-
embedded sections. The results of each technique
were compared to allow us to propose FISH as the
method of choice for demonstration of t(11;14) on
routine pathologic specimens.

PATIENTS AND METHODS

Patients
The study included 35 patients with MCL de novo

or in relapse, as classified according to the World
Health Organization (3). The inclusion criteria were
typical morphology and immunophenotype (CD20�,
CD5�, CD10�, CD23�). Tissues from different or-
igin were analyzed: lymph nodes (24), spleen (3),
digestive biopsy (3), tonsils (3), skin (2). Touch
preparations (11) or 5-�m sections (9) were per-
formed from frozen tissues, and 2–3-�m sections
(15) were done from formalin-fixed paraffin-
embedded tissues.

PCR and RT-PCR Analyses
For PCR analysis, DNA was extracted from frozen and

formalin-fixed, paraffin-embedded sections according
to a standard procedure. The analysis of t(11;14) was
performed as previously described (25), using primer
pair MCL1 (5'-GATGGGCTTCTCTCACCTACTA-3' and
JH (5'-ACCTGAGGAGACGGTGACCAGGGT-3'). Five
hundred nanograms of genomic DNA were amplified
on an automated thermal cycler (Hybaid Limited, Ted-
dington, UK) in a final volume of 50 �L, with 1.5 U of
Taq polymerase (Promega, Madison, WI), 1� buffer
(Promega), 1.5 mM MgCl2, 200 �M of each deoxynucle-
otide triphosphate, and 50 pmol of primers MCL1 and
JH. After an initial step at 94° C for 5 minutes, 35 cycles
were performed, each cycle consisting of denaturation
at 94° C for 1 minute, annealing at 55° C for 1 minute,
and elongation at 72° C for 1 minute. Amplicons were
electrophoresed on a 1% agarose gel, stained with
ethidium bromide, then blotted onto nylon membranes
(Hybond N�; Amersham International, Buckingham-
shire, UK). After prehybridization, membranes were hy-
bridized at 42° C overnight in a solution of 5� standard
saline citrate (SSC), 5� Denhardt’s solution, 0.5% so-
dium dodecyl sulfate, 0.2 g/L salmon testes sonicated
denatured DNA (Sigma, St Louis, MO), and 10 pmol of
the 5' digoxigenin–labeled MCL2 internal primer probe
5'-TCAGGCCTTGATAGCTCG - 3'. Blots were washed
twice in 2� SSC, 0.1% sodium dodecyl sulfate for 15
minutes at room temperature, then twice in 1� SSC,
0.1% sodium dodecyl sulfate for 20 minutes at 55° C.
Membranes were equilibrated for 1 minute in Buffer 1
(0.1 M Maleic Acid, 0.15 M NaCl, 0.3% Tween 20), incu-
bated 40 minutes with 10% Blocking Reagent (Roche
Diagnostics, Meylan, France) in Buffer 1, and then 30
minutes with 10 �L anti-digoxigenin alkaline phospha-
tase–conjugated antibody (Roche Diagnostics) in 10%
Blocking Reagent/Buffer 1. Blots were washed twice in
Buffer 1 for 15 minutes at room temperature, equili-
brated in 0.1 M NaCl, 0.1 M Tris-HCl, pH 9.5, for 2 min-
utes then covered with 1 mL of 1/500 CSPD (Roche
Diagnostics) in 0.1 M Tris-HCl and 0.1 M NaCl, pH 9.5,
sealed in a plastic bag, and incubated for 15 minutes at
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37° C. Blots were exposed to an x-ray film for 16 hours
(Kodak X-Omat, Rochester, NY). Negative (reaction mix-
ture without template) and positive (DNA extracted
from REC-1 cells kindly provided by Dr. T. Al Saati, CHU
Purpan, Toulouse, France) controls were included in
each experiment.

The detection of cyclin D1 overexpression by
competitive RT-PCR was performed as previously
described (16) with only slight modifications.
Briefly, 10 mg of frozen tissues was homogenized
in a 1.5-mL tube with a sterile piston in 1 mL of
Trizol reagent (Life Technologies, Cergy-Pontoise,
France), and total RNA was extracted according to
the manufacturer’s instructions. Four microgram of
total RNA was incubated with 20 U of RNAse-free
DNAse I and then reverse transcribed into cDNA
using 800 ng of hexamers (pDN6, Roche Diagnos-
tics) and 200 U of Superscript reverse transcriptase
(Life Technologies). The cDNA (2 �L) was amplified
on an automated thermal cycler (Hybaid Limited)
in a final volume of 50 �L with 1.5 U of Taq
polymerase (Promega, Madison, WI), 1� buffer (Pro-
mega), 1.5 mM of MgCl2, 200 �M of each deoxynucle-
otide triphosphate, and 50 pmol of primers D1S385,
D1AS867, D2ASS609, and D3AS649. All primers were
preheated for 2 minutes at 95° C before their addition
to the reaction mix. The D1S385 upstream primer
(5'-CTGGCCATGAACTACCTGGA-3') is consensus for
all three cyclin D sequences, whereas D1AS867
(5'-GTCACACTTGATCACTCTGG-3'), D2ASS609
(5'-CATGGCAAACTTAAAGTCGG) and D3AS649
(5'-CCAGGAAATCATGTGCAATC-3') primers are
specific for cyclin D1, D2, and D3, respectively.
After an initial step at 94° C for 5 minutes, 35 cycles
were performed, each cycle consisting of denatur-
ation at 94° C for 1 minute, annealing at 51° C for 1
minute, and elongation at 72° C for 1 minute. RT-
PCR amplicons (10 �L) were electrophoresed on a
2% agarose gel, stained with ethidium bromide, and
photographed under ultraviolet light. Cyclin D1
transcripts were considered overexpressed when
the intensity of the 482-bp cyclin D1 band was
found to be higher than the sum of two other bands
(353 bp for cyclin D2 and 243 bp for cyclin D3).
Negative controls (reaction mixture without tem-
plate and cDNA from a follicular lymphoma) were
included in each PCR set.

FISH Analysis
The t(11;14)(q13;q32) was detected in a dual-color

FISH analysis using the previously described IGH-
CCND1 probe set (Adgenix, Voisins Le Bretonneux,
France; 8). Briefly, this reciprocal translocation im-
plied the juxtaposition of directly labeled IGH (spec-
trum green) and CCND1 (spectrum orange), probes
resulting in two yellow fusion signals (F, der (11) and
der (14)) in addition to one red (R, chromosome 11)

and one green (G, chromosome 14) signals. Thus, the
usual FISH pattern was 2R2G in normal nuclei and
1R1G2F in t(11;14) nuclei. Other patterns have been
described by Remstein et al. (8) in normal and t(11;14)
nuclei. For example, the pattern was sometimes
1R1G1F in normal nuclei when one red and one green
signal were juxtaposed by chance or 2R2G1F in t(11;
14) nuclei when one red and one green signal were
simply juxtaposed without fusion (8). All these previ-
ously described FISH patterns were considered for
the exact determination of the percentage of normal
and t(11;14) nuclei in our study. Touch preparations,
cytospins and frozen sections (5 �m) were fixed by
immersion in 100% methanol (5 min, room temper-
ature) and in Carnoy (methanol 0.75, acetic acid 0.25,
30 min, 4° C). Slides were air-dried and placed for 1
hour in a 37° C incubator before dehydration (ethanol
at 70, 80, 90, and 100% for 2 min each, room temper-
ature). After air-drying, probes (10 �L) were added to
each slide according to the manufacturer’s instruc-
tions, and a 22 � 22–mm coverslip was placed over
each hybridization slide and sealed with rubber ce-
ment. Slides and probes were codenatured (85° C, 1
min) using the Vysis Hybrite Hybridization System
(Adgenix), and hybridization was performed for 24
hours at 37° C in a humidified box. Then, slides were
rapidly washed and dehydrated and nuclei were
counterstained as previously described (8). Paraffin-
embedded tissue sections (2–3 �m) were deparaf-
finized by warming for 1 hour at 65° C and by xylene
immersion (15 min, room temperature). After dehy-
dration, they were placed in a HCl bath (0.2 N, 20 min,
room temperature) and treated by the Vysis paraffin
pretreatment kit (Adgenix) according to the manufac-
turer’s instructions. Then, slides were dehydrated and
air-dried and probe (10 �l) was added. Codenatur-
ation was performed in the Hybrite at 85° C during 3
minutes. The end of the protocol was the same as
before. Cells were viewed using a fluorescent micro-
scope (Zeiss, Le Pecq, France) with appropriate filters.
The FISH patterns were interpreted after three counts
of 300 nuclei. Briefly, a specimen was classified as
abnormal and consistent with IGH-CCND1 fusion if
the number of nuclei observed with t(11;14) patterns
was �5% (8). This threshold was found after the anal-
ysis of five control lymph nodes (reactive lymphade-
nitis). As previously described, it was the mean �3 SD
of the percentage of nuclei with a t(11;14) FISH pat-
tern in control samples (8).

Immunochemistry for Cyclin D1
IHC for Cyclin D1 was performed in 23 cases on

10% formalin-fixed paraffin-embedded sections. In
12 cases, with Bouin’s liquid as fixative for paraffin-
embedded material, formalin-postfixed frozen sec-
tions were used for cyclin D1 IHC. The analysis was
realized on an automated Chemate (DAKO, les Ul-
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lis, France) using the monoclonal anti-Cyclin D1
antibody (P2D11F11, Novocastra, Tebu, Le Perray-
en-Yvelines, France) and the biotin–streptavidin–
peroxidase LSAB kit. Before immunostaining, antigen-
unmasking procedure was performed by 10 minutes
of pressure-cooker boiling in Target retrieval solution
at a high pH (DAKO). Two reviewers (MP, JPM) cate-
gorized independently the intensity of nuclear label-
ing as low (�), moderate (��), and strong (���)
and the number of cells with nuclear staining (more
or less than 50% cells). Cytoplasmic staining was not
considered specific and was also observed in histio-
cytes and endothelial cells (6, 7). Except when a nu-
clear labeling of epithelial cell was present on epithe-
lial specimens, no reliable internal positive control of
the cyclin D1 staining was available on lymphoid tis-
sues. Therefore, nonpositive cases were classified as
negative or noncontributive (N).

RESULTS

The study included 35 MCL. Morphological anal-
ysis showed either a monotonous proliferation of
small to medium-sized lymphocytes with irregular
nuclei and relatively low proliferate activity (32/35,
centrocytoid variant, Fig. 1A, C) or larger cells with
more cytoplasm, round to oval nuclei with coarsely
dispersed chromatin, and occasional nucleoli (3/35,
blastoid variant, Fig. 1J). Malignant cells (CD20�,
CD10�) expressed CD5 (Fig. 1D) and were CD23
negative (Fig. 1B). Cyclin D1 protein immunoreac-
tivity was detected by IHC in 24/35 MCL (Table 1).
The labeling intensity was evaluated by both re-
viewers as low (�, 2/35, Figs. 1E and 2), medium
(��, 10/35, Fig. 2), or high (���, 12/35, Figs. 1F
and 2). This intensity paralleled the percentage of
positive cells and was ��� for cases with �50% of
positive cells (Fig. 2). Cyclin D1 IHC was positive in
21 of 23 formalin-fixed paraffin-embedded sections
and was negative or noncontributive in 9 of 12
frozen tissue sections, thus suggesting protein deg-
radation on frozen storage of either sections or
blocks. Indeed, a positive signal was observed in
three cases of recently fresh-frozen material.

FISH analysis for the t(11;14)(q13;q32) detection
was performed using the LSI IGH/CCND1 Dual Color,
Dual Fusion Translocation Probe independently of
the tissue origin, even on skin or other epithelial tis-
sues. Analysis of signals per nuclei was possible on
areas with adequately separated cells (Fig. 1G) and
allowed the determination of the FISH patterns in
normal nuclei (2R2G, Fig. 1H) and in the nuclei con-
taining the t(11;14) (1R1G2F, Fig. 1I). Touch prepara-
tions were more easily interpretable because they in-
volved better separation of the nuclei. Paraffin
sections sometimes showed a fluorescent back-
ground. However, they were always directly interpret-

able on the microscope without numerical signal am-
plification. The FISH analysis demonstrated the t(11;
14) in 34/35 MCL (Table 1). Only one case was
classified as noncontributive because the biopsy
specimen was small and crushed. However, cyclin D1
immunoreactivity was interpreted as positive in this
case. The percentage of positive cells was variable, but
each was much higher than the probe’s cutoff (5%),
thus allowing an easy interpretation of either fixed or
frozen tissue samples. Moreover, the three blastoid
variants of MCL exhibited a complex xRyGzF (x � y, z
� 2) hybridization pattern (Fig. 1K). This pattern was
therefore interpreted as a recurrent amplification of
CCND1 and/or IGH genes in addition to the t(11;14)
in blastoid MCL variants.

The detection of the t(11;14) breakpoint was also
performed using DNA PCR analysis on either
paraffin-embedded (6) or frozen tissues (29). Using
MCL1/JH primers, a t(11;14) breakpoint amplifica-
tion was visualized and hybridized as a specific
band of approximatively 500 bp (Fig. 3A). Finally,
genomic PCR demonstrated a t(11;14) breakpoint
amplification in 13/35 MCL (Table 1).

Because cyclin D1 expression has been described
in normal epithelial tissues (33), epithelial samples
(8/35) were not analyzed by competitive RT-PCR.
This analysis was performed on frozen lymphoid
samples (27/35 MCL). Cyclin D1 transcript overex-
pression was detected when the cyclin D1 cDNA
fragment (482 bp) was found to dominate those of
cyclin D2 (353 bp) and cyclin D3 (243 bp; Fig. 3B).
Interestingly, the cyclin D1 transcript overexpres-
sion was evidenced in 27/27 cases (Table 1).

The comparison among IHC, FISH, PCR,and RT-
PCR analyses is shown in Figure 4. The sensitivity
rates of IHC, FISH, and PCR, performed on all sam-
ples, were 69, 97, and 37%, respectively. The t(11;
14) breakpoint amplification by PCR was positive in
less than half of the MCL, although t(11;14) was
demonstrated by FISH in 97% of the same cases.
Competitive RT-PCR was only applicable to the
study of nonepithelial tissues. It was positive in all
tested MCLs, showing a higher sensitivity for the
detection of cyclin D1 transcript overexpression
than IHC, which allowed the detection of cyclin D1
protein immunoreactivity in 69% of MCL. However,
IHC was applicable to all specimens.

DISCUSSION

The differentiation of MCL from other non-
Hodgkin’s lymphomas of peripheral B-cell type is
clinically relevant because patients with MCL usu-
ally present a disseminated disease, extranodal in-
volvement, aggressive course, and refractoriness to
standard chemotherapy (5). The diagnosis of MCL
first relies on morphological and phenotypical cri-
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FIGURE 1. Morphological, phenotypic and cytogenetic features of mantle cell lymphoma (MCL). A, classic MCL with centrocytic cells surrounding an atrophic
follicle (lymph node section, HES, 200�). B, CD23 labeling of an uneven meshwork of dendritic cells and negativity of centrocytic cells (lymph node section,
immunoperoxidase, 200�). C, monotonous population of small centrocytic cells with irregular cleaved nuclei and scant cytoplasm (lymph node section, HES,
1000�). D, CD5 labeling of both reactive T cells (strong signal) and neoplastic centrocytic cells (moderate signal); centrofollicular cells are not labeled (lymph node
section, immunoperoxidase, 200�). E and F, examples of low (�) and strong (���) labeling for cyclin D1 protein (lymph node section, immunoperoxidase,
400�). G, detection of t(11;14) by interphase fluorescence in situ hybridization (FISH) in areas of adequately separated cells (lymph node section, 400�). H and I,
examples of FISH patterns in normal nuclei (H; 2 reds, 2 green signals) and in t(11;14)� (I; 1 red, 1 green and 2 yellow fusion signals; lymph node section, 1000�).
J, blastoid variant of MCL characterized by larger lymphoid cells with round nuclear contours, vesicular chromatin, and some nucleoli (lymph node section, HES,
1000�). K, examples of CCND1 amplification (red signals) in addition to t(11;14) fusion signals in blastoid cell nuclei after FISH analysis (lymph node section,
1000�). Note the presence of the different number of red and green signals.
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teria but may be problematic when these features
overlap with other B-cell lymphomas (6–8). There-
fore, the direct or indirect detection of t(11;14), the
cytogenetic hallmark of MCL, has been progres-
sively included among diagnostic criteria (7, 8, 15,
16, 18, 28, 29). The t(11;14) can be directly visual-
ized by conventional cytogenetics or interphase
FISH. Molecular techniques may amplify t(11;14)
breakpoints or detect the deregulated overexpres-
sion of cyclin D1/CCND1 transcripts. Cyclin D1
immunoreactivity can be visualized on paraffin sec-
tions. As t(11;14) may be seen in other B-cell lym-
phomas, the results of the above techniques have to
be interpreted together with cytological and phe-
notypic data. So far, methods allowing the demon-
stration of t(11;14) at the cytogenetic, molecular, or

proteic levels have not been simultaneously evalu-
ated for their sensibility and applicability in a series
of MCL cases exhibiting a typical CD5�, CD20�,
CD10�, CD 23� phenotype.

Because of the difficulty in obtaining analyzable
metaphase spreads, the sensitivity of FISH analysis
exceeds that of chromosome analysis (28, 34, 35).
Interphase FISH has been applied for the detection
of t(11;14), either on cell suspensions or on isolated
nuclei from paraffin-embedded tissues with a 100%
sensitivity (8, 29). Despite these encouraging re-
sults, the detection of t(11;14) by FISH was not
found possible on paraffin sections (8, 29). Inter-
phase FISH has been therefore considered a labo-
rious technique requiring nuclei isolation (4). How-
ever, interphase FISH was employed for the
detection of other chromosome abnormalities,
such as Her-2/neu amplification in breast cancer
(36). Our FISH assay was applied to a wide range of
routine specimens, including fresh–frozen tissue
touch preparations or paraffin sections. Its sensitiv-
ity (97%) was analogous to those of previously de-
scribed FISH assays on isolated nuclei (8, 29). It also

FIGURE 2. Patterns for cyclin D1 immunohistochemistry in mantle
cell lymphoma (MCL). The cyclin D1 immunolabeling was evaluated for
its intensity as low (�), medium (��), or high (���). These
parameters were represented for MCL with more (gray squares) or less
(white squares) than 50% of labeled cells. The remaining cases were
classified as negative or as noncontributive (N, black squares).

FIGURE 3. Polymerase chain reaction (PCR) and reverse
transcription PCR (RT-PCR) analysis of mantle cell lymphoma (MCL).
A, detection of the t(11;14) by PCR. Ethidium bromide staining after
electrophoresis of PCR fragment (upper lane) and Southern blot
hybridization with the internal digoxigenin-labeled MCL2 primer (lower
lane). Lanes 1 to 9 corresponded to MCL; Lane 0, no template; Lane T,
Rec1 cell line. For MCL Cases 1, 3, 5, and 8, a specific band around 500
bp was amplified using MCL1/JH primers, whereas no amplicon was
detected in Cases 2, 4, 6, 7 and 9. B, competitive RT-PCR for detection
of cyclin D1 transcripts overexpression. Ethidium bromide staining after
electrophoresis of RT-PCR products. A 482-bp band corresponding to
cyclin D1 cDNA was found to predominate over cyclin D2 (353 bp) and
cyclin D3 (243 bp) bands in all MCL (Lanes 1 to 5). Lane 6, follicular
lymphoma; Lane 0, no template.

TABLE 1. Detection of t(11;14) (by FISH, PCR), Cyclin D1-

mRNA (by RT-PCR) and Protein (Immunohistochemistry)

Overexpression in MCL

Test Pos (n)
Neg/NC

(n)
ND (n)

Total Cases
(n)

FISH 34 1 0 35
RT-PCR 27 0 8 35
PCR 13 22 0 35
Immunohistochemistry 24 11 0 35

FISH, fluorescence in situ hybridization; PCR, polymerase chain reac-
tion; RT-PCR, reverse transcriptase PCR; MCL, mantle cell lymphoma;
Pos, positive cases; Neg, negative cases; ND, not done; NC, noncontribu-
tive.
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allowed the correlation between morphological fea-
tures and cytogenetic data by targeting areas of
interest after HES coloration of an adjacent tissue
section. Finally, touch preparations providing a
better separation of the nuclei and a lower fluores-
cent background could be preferred over frozen or
paraffin sections for specimens containing numer-
ous lymphoma cells, but touch preparations do not
permit checking of which area or cells are analyzed
in cases with partial infiltration. Moreover, their con-
servation on long-term storage was not evaluated.

Moreover, FISH evidenced a CCND1 amplifica-
tion in the three blastoid MCLs of our series. Such
amplification was recently demonstrated in blas-
toid variants of MCL by a dual-color FISH assay
using CCND1 and centromeric chromosome 11
probes (37). Such amplification was interpreted as
the result of tetraploid chromosomes 11 because
tetraploid chromosome clones already had been
identified in 80% of blastoid MCLs (37, 38). In the
present study, the powerful combination of CCND1
and IGH probes gave additional information. First,
it allowed the detection of CCND1 amplification
and t(11;14) in the same nuclei. Second, in nuclei
with CCND1 amplification, we observed an imbal-
ance between the number of red signals (CCND1)
and green signals (IGH), with, in some nuclei, more
than four red signals. Thus, CCND1 amplification in
blastoid MCL may also result from another mech-

anism than tetraploidy. As karyotype data may be
absent, as for our patients, the identification of
CCND1 amplification by interphase FISH may al-
low us to identify blastoid variants of MCL that may
have a more aggressive course (39).

The amplification of t(11;14) breakpoints by
DNA-PCR is hampered by the scattering of 11q13
breakpoints (23, 25, 26). The poor sensitivity (37%)
obtained in our study falls in the range of previous
reports (25, 26). Such technique cannot therefore
be considered an efficient tool for initial diagnosis
but remains of potential use for monitoring mini-
mal residual disease in positive cases, especially by
quantitative PCR (40).

At the RNA level, cyclin D1 transcripts have been
detected in MCL, in non-MCL B-cell lymphomas, as
well as in certain normal tissues (4, 7, 16). Therefore,
quantitative or semiquantitative RT-PCR assays are
required to demonstrate cyclin D1 transcript overex-
pression in MCLs (4, 7, 41, 42). The competitive RT-
PCR assay using cyclin D2 and D3 transcripts as in-
ternal controls (16) was not found suitable for the
study of epithelial tissues, such as skin or digestive
tract specimens, which normally express cyclin D1
(33). By excluding such samples (8/35), cyclin D1
transcript overexpression was observed in all tested
cases, which is in accordance with the 89 to 100%
sensitivity rates described by other investigators (4, 7,
42). Cyclin D1 transcripts can also be detected and
localized to MCL cells on paraffin sections by in situ
hybridization (ISH) with a 86% sensitivity (4, 17).
However, ISH is not a quantitative technique, and its
reproducibility remains to be evaluated.

IHC for cyclin D1 was applied in our study what-
ever the tissue origin, both on frozen or paraffin-
embedded sections. Our sensitivity rate (69%) falls
into the range of previously described rates of cy-
clin D1 immunodetection of from 69 to 100% (4, 6,
7, 18). High variations in labeling intensity have
been observed, as in our study. These variabilities
may be related to difficulties in finding a reliable
method for cyclin D1 immunostaining (6, 43). The
different rates observed for frozen (25%) or paraffin
sections (91%) also suggest that cyclin D1 immuno-
detection requires a rapid fixation procedure with
formalin which, in turn, may increase IHC sensitivity.

In conclusion, comparative studies of some of
these techniques have shown that semiquantitative
RT-PCR and/or ISH had a better sensitivity than
IHC for the diagnosis of MCL (4, 7). Despite a lower
sensitivity, cyclin D1 IHC can be considered a sim-
ple, cost-effective, and reliable routine technique
that should be performed in the diagnosis of lym-
phomas with MCL-evoking morphology and phe-
notype. However, negative cases may remain prob-
lematic because of possible artifacts. Therefore, our
study emphasizes the use of FISH analysis for the
direct detection of t(11;14) in such samples because

FIGURE 4. Comparative results for immunohistochemistry (cyclin D1
protein), reverse transcription polymerase chain reaction (cyclin D1
mRNA), polymerase chain reaction [t(11;14)], and FISH [t(11;14)]
analysis in mantle cell lymphoma. White squares: positive cases. Black
squares: negative and/or noncontributive cases (N). Gray squares: not
applicable (NA).
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the combination of its applicability and sensibility
largely exceeded those of other techniques. It may
also provide some information on secondary cyto-
genetic changes of potential clinical relevance.
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Book Review

Ramzy I: Clinical Cytopathology and Aspiration
Biopsy, Fundamental Principles and Prac-
tice, 2nd Edition, 619 pp, New York,
McGraw-Hill, 2001 ($199.00).

The growth of diagnostic cytopathology during the
past two decades has lead to a plethora of books
trying to meet the growing demand. It is easy to
predict that most of these books will be forgotten
soon and will never have a second edition. Those
that survive in the overcrowded and highly com-
petitive, but limited, market will do so only on their
own merit and only because they have something
that makes them unique and different from all others
that have the same (or more or less similar) title.

The first edition of Dr. Ramzi’s book appeared
in 1990 and was favorably accepted. The fact that a
second edition was commissioned indicates that
the book was selling and that the readers liked
it—there is still nothing like word-of-mouth rec-
ommendation from one user to another! For this
reviewer, only marginally related to cytopathology,
it is thus a challenge to figure out what makes this
book so special as to justify a second edition.

My answers to this challenge are as follows:
first of all, in 1990 this book was one of the
pioneering efforts to explain the intricacies of
cytopathology to pathologists in training and
make it understandable (as well as acceptable) to
old-timers with classical histopathologic back-
grounds. Once the formula for a good book was
discovered, it obviously took less time and effort
to update it than to start from scratch. In this
context it is worth mentioning that the original
book was thoroughly revised and fully updated.

Second, the book is true to its title: it deals with
and masterfully presents the fundamental prin-
ciples of cytopathology and shows how to use
those principles in practice. Third, the author
and his associates use histopathology as the
springboard from which they interpret the cyto-
logic manifestations of various diseases. In the
same vein, tissue diagnosis is constantly used for
final validation of its cytopathologic equivalent.
Fourth, the book is just the right size–neither too
big nor too small. The buyer has the feeling that
he or she can read it in a reasonable period of
time, such as a 2-month rotation in cytology.
Fifth, the text, written in straightforward exposi-
tory no-nonsense prose, is very readable. The
didactic value of the well-chosen, high-quality
color photographs used for the cytologic-
histopathologic correlations cannot be overem-
phasized. The tables summarizing the differen-
tial diagnostic points are well done and designed
for practicing pathologists. Finally, it helps that
the book is printed on high-quality paper and
nicely designed. I am confident that the book will
appeal to residents as well as practicing pathol-
ogists, but above all to instructors trying to in-
troduce the principles of cytopathology to their
students and show how this subspecialty of pa-
thology is linked to other forms of microscopic
and clinical diagnosis.
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