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Mantle cell lymphoma (MCL) is characterized by the
chromosomal translocation t(11;14), which involves
rearrangement of the bcl-1 proto-oncogene to the
immunoglobulin heavy chain gene and results in
overexpression of cyclin D1 mRNA. In this study, we
evaluated the diagnostic relevance of three methods
that may be helpful in the diagnosis of MCL: in situ
hybridization (ISH) and a stringent reverse tran-
scriptase–polymerase chain reaction (RT-PCR) pro-
tocol for cyclin D1 mRNA, and immunohistochem-
istry for cyclin D1 protein. The study group included
37 paraffin-embedded specimens (25 from lymph
nodes and 12 from extranodal tissues) from 30 pa-
tients. MCL diagnosis was performed according to
the Revised European-American Classification of
Lymphoid Neoplasms. Twenty-nine patients with
non-MCL lymphoproliferative disorders comprised
the control group. Biotin-labeled ISH was per-
formed in 28 cases of MCL, 24 (86%) of which were
found to be positive. As shown by ISH in extranodal
tissues, cyclin D1 mRNA was present not only in
neoplastic lymphoid cells, but in other cell types as
well. For this reason, RT-PCR results were consid-
ered reliable for MCL diagnosis only on informative
material (from tissues that do not normally express
cyclin D1); this method was evaluated as positive in
16 of 18 (89%) MCL cases. Cyclin D1 immunoposi-
tivity was present in 20 of 29 (69%) MCL cases. No
members of the control group were found to ex-
press cyclin D1 mRNA by either ISH or RT-PCR
under the stringent conditions used. In conclusion,

stringent RT-PCR for cyclin D1 expression can be
helpful in MCL diagnosis in paraffin-embedded ma-
terial from lymph nodes. ISH is a sensitive method
for cyclin D1 mRNA detection; its sensitivity is su-
perior to that of cyclin D1 immunohistochemistry
and similar to that of the stringent RT-PCR used.
ISH is very specific as well, clearly more specific
than RT-PCR, because it allows the correlation of
molecular findings with morphology. This method
can be applied on all types of paraffin-embedded
tissues and provides an accurate tool for MCL
diagnosis.
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Mantle cell lymphoma (MCL), previously known as
centrocytic lymphoma, has been recognized as a
distinct clinicopathologic entity since 1982 (1) and
represents 3 to 9% of all non-Hodgkin lymphomas
in Western countries (2). In addition to affecting the
lymph nodes, this neoplasm may affect the gastro-
intestinal tract, spleen, bone marrow, and, less fre-
quently, the pharynx and the skin. MCL cells in
peripheral blood may mimic chronic lymphocytic
leukemia (3). Because MCL has a more aggressive
course than low-grade lymphomas of B-cell origin,
accurate diagnosis of this neoplasm is of great clin-
ical importance (4, 5).

When histologic sections are examined, MCL is
found to exhibit a relatively monotonous neoplastic
cell population, composed either of medium-sized
lymphoid cells with cleaved nuclei (centrocytoid
type), or of larger cells with more cytoplasm, round
to oval nuclei with coarsely dispersed chromatin,
and a high mitotic rate (blastoid type). The histo-
logic differential diagnosis of MCL of centrocytoid
type includes several low-grade lymphoprolifera-
tive disorders, such as B-cell chronic lymphocytic
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leukemia (B-CLL), marginal zone lymphoma (MZL),
and MALT-type lymphoma, whereas in cases of the
blastoid type, the possibility of lymphoblastic lym-
phoma must be ruled out. Specific morphologic,
immunohistochemical, and molecular markers for
the accurate diagnosis of MCL have been outlined
in the Revised European-American Classification of
Lymphoid Neoplasms (6) and have been included
in the recent lymphoma classification of the World
Health Organization (7).

The chromosomal translocation t(11;14)(q13;
q32), which is the characteristic molecular alter-
ation of MCL, brings the bcl-1 (PRAD-1) gene close
to the immunoglobulin heavy chain gene on chro-
mosome 14 and results in overexpression of cyclin
D1, a cell cycle regulator.

This translocation has been identified in 60 to
70% of MCL cases by karyotypic analysis or South-
ern blot (8 –11) and in 95% of cases by fluorescence
in situ hybridization (ISH) performed on frozen
tissues or intact cells (12). However, the sensitivity
of these methods in paraffin-embedded material is
very low; instead, polymerase chain reaction (PCR)-
based methods (13) are more sensitive. The inci-
dence of t(11;14) in neoplastic lymphoid disorders
other than MCL is fairly low (14, 15).

By a reverse transcriptase–PCR (RT-PCR) assay
on paraffin-embedded material, Ives Aguilera et al.
(16) have recently demonstrated the presence of
cyclin D1 mRNA in 95% of MCL, but also in a high
percentage of various other lymphoproliferative
disorders, such as MZL, hairy cell leukemia, multi-
ple myeloma, and prolymphocytic leukemia (16,
17). Similar rates of cyclin D1 expression were
found by competitive RT-PCR in frozen tissues of
MCL and other B-cell lymphomas (18), verifying the
results of earlier studies utilizing Northern blot (19)
and ISH (20), but questioning the specificity of RT-
PCR for MCL diagnosis.

The aim of our study was to evaluate the useful-
ness of the presently available molecular methods
for MCL diagnosis in everyday pathology practice.
We used paraffin-embedded material for ISH and
RT-PCR for cyclin D1 mRNA; we also performed
immunohistochemistry for cyclin D1, as well as
nested PCR for the detection of t(11;14).

MATERIALS AND METHODS

Tissue Specimens
The consultation files of our department were

searched for cases of MCL. Thirty-seven paraffin-
embedded specimens from 30 patients were found
and used in the present study. These included 24
samples from lymph nodes, 3 bone marrow biop-
sies, and 10 extranodal tissues (spleen, n 5 1; stom-
ach, n 5 3; small intestine, n 5 1; liver, n 5 1; skin,

n 5 1; palate, n 5 1; nasopharynx, n 5 2) (Table 1).
MCL diagnosis was based on the criteria of the
Revised European-American Classification of Lym-
phoid Neoplasms. At histologic examination, the
tissues were infiltrated, either focally or diffusely, by
a monotonous neoplastic population of medium-
sized lymphoid cells with cleaved nuclei (Fig. 1A,
B). Twenty cases were identified as MCL of centro-
cytoid type and 10 as MCL of blastoid type. The
immunohistochemical profile of the neoplastic
cells included positive staining for the antigens
CD20 and CD45RA, and negative staining for CD3,
CD45RO, CD23, CD34, and TdT. CD5 antigen was
also included in the immunohistochemistry (IHC)
panel, because this antigen is known to be ex-
pressed in the majority of cases of MCL.

In addition, a control group of 29 selected cases
of non-Hodgkin lymphoma was created for the pur-
pose of determining the specificity of the findings.
This group included 10 cases of B-CLL (lymph
node, n 5 7; bone marrow, n 5 3), 5 cases of MZL
(lymph node, n 5 1; spleen, n 5 2; bone marrow, n

TABLE 1. Mantle Cell Lymphoma Patient Cases,

Specimens, and Primary Diagnosis

Patient
No.

Tissue
Specimen

Histologic
Type

CD23 CD34 TdT CD5

1 LN CV N P
2 LN CV N P
3 LN CV N P
4 LN CV N P
5 LN CV N P
6 LN CV N P
7 LN CV N P
8 LN CV N P
9 LN CV N P

10 LN CV N P
11 LN CV N P
12 LN CV N P
13 LN CV N P
14 LN CV N N
15 Palatea CV N N
16 LN BV N P
17 LN BV N N N P
18 LN BV N N N N
19 LN BV N N N P
20 LN BV N N N P
21 LN BV N N N P
22 LN BV N N N P
23 LN BV N N N P
24 Nasopharynxa BV N N N P
25 Skin BV N N N P
26 BMB CV N P
26 Small intestine CV N P
26 Stomach CV N N
27 LN CV N N
27 Liver CV N P
27 Spleen CV N N
28 Stomach CV N N
28 BMB CV N N
29 LN CV N P
29 BMB CV N N
30 Stomach CV N P
30 LN CV N P

BMB, bone marrow biopsy; BV, blastoid variant; CV, centrocytoid
variant; LN, lymph node; N, negative; P, positive.

a Without epithelium.
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5 2), 4 cases of MALT-type lymphoma (lymph
node, n 5 1; gastric biopsy, n 5 2; bone marrow, n
5 1), 4 cases of lymphoblastic lymphoma with
lymph node involvement, and 3 bone marrow bi-
opsies with hairy cell leukemia (Table 2). These
cases were selected because they represent disor-
ders that are often difficult to differentiate from
MCL on the basis of histologic and immunohisto-
chemical features. In particular, the cases of hairy
cell leukemia were included because of the occa-
sional positivity of this disorder for cyclin D1 pro-
tein (21). Three normal bone marrow specimens
were included in the control group as well.

ISH for Cyclin D1 mRNA
Four-micron-thick paraffin sections were placed

on positively charged slides and incubated over-
night at 57°C. For hybridization, the Super Sensitive
mRNA Detection System (Biogenex, San Ramon,
CA) and an oligonucleotide cyclin D1, biotin-
labeled probe (Biogenex) were used. Minor modifi-
cations to the manufacturer’s protocol were ap-
plied, such as shortening of the proteolysis
incubation time (15 min) and increasing the post-
hybridization washing temperature (54°C). The ad-

dition of levamizole was necessary to quench the
endogenous alkaline phosphatase activity, which is
expressed at high level in bone marrow neutrophils.
The chromogen used was BCIP/NBT (Biogenex).
“Poly-A” (Biogenex) was used as a positive control
for the demonstration of mRNA on parallel sec-
tions. Sections with gastrointestinal epithelium,
which normally expresses cyclin D1, were used as a
positive control.

RNA Extraction and RT-PCR for Cyclin D1 mRNA
Eight- to 10-mm-thick paraffin sections were in-

cubated overnight in a digestion buffer (10 mM

NaCl, 50 mM Tris-HCl, pH 7.4, 20 mM ethylene
diamine tetra-acetic acid, and 1% sodium dodecyl
sulfate) at 55°C. RNA was extracted from the com-
pletely digested tissue by use of TRIZOL-LS (Gibco),
according to the manufacturer’s instructions;
where needed, 0.5 microl glycogen (Boehringer-
Mannheim, Indianapolis, IN) were added as an
RNA carrier during the first step of the method. For
first-strand synthesis, half of the extracted RNA was
labeled with random hexamers at 70°C for 10 min-
utes. Reverse transcription was performed with Su-
perscript II (Gibco) at 42°C for 50 minutes, followed

FIGURE 1. Histologic and immunohistochemical findings. A, low-power view of a lymph node infiltrated by mantle cell lymphoma (MCL),
centrocytoid type. A vaguely nodular pattern can be seen. Original magnification, 1003. B, high-power view showing a monotonous population of
MCL cells. Original magnification, 4003. C, positive nuclear immunostaining for cyclin D1 is present in the neoplastic lymphoid cells, whereas the
germinal center cells are negative. Original magnification, 4003.

64 Modern Pathology



by incubation at 70°C for 15 minutes. Finally, any
unused hexamers were removed with RNase H
(Ambion, Austin, TX). The primers used to amplify
the cyclin D1 transcript are shown in Table 3. The
cycling conditions were as follows: 94°C for 30 sec-
onds; 59°C for 30 seconds; and 72°C for 1 minute for
30 and 35 cycles. As a control for the RNA and cDNA
quality, amplification of a glyceraldehyde phos-
phate dehydrogenase transcript was used. Samples
lacking the amplified glyceraldehyde phosphate de-
hydrogenase product were not further processed
for cyclin D1 PCR.

IHC
The staining conditions for the monoclonal anti-

bodies CD20, CD45RA, CD3, CD45RO, CD23, CD34,

TdT, and CD5 are shown in Table 4. IHC for cyclin
D1 was performed on 3- to 4-mm-thick paraffin sec-
tions with a standard streptavidin-biotin method (22).
The sections were placed on positively charged slides.
A heat-induced epitope retrieval method was used
before immunostaining—that is, sections were placed
in 0.01 M sodium citrate buffer at pH 6.0 and heated in
a microwave oven for 10, 9, and 5 minutes. The anti-
bodies to cyclin D1 were purchased from Novocastra
Laboratories (Newcastle, England). Reactivity was de-
tected by a StrepABComplex/HRP system employing
3',3'-diaminobenzidine-tetrahydrochloride dihydrate
as chromogen (DAKO, Carpinteria, CA). Positive im-
munostaining was considered to be present when the
majority (.50%) of the nuclei of neoplastic cells ap-
peared positive, even if the stain was faint. Cytoplas-

TABLE 2. Control Group Specimens, Histologic and Immunohistochemical Diagnosisa

Patient
No.

Diagnosis Tissue CD23 CD34 TdT CD5

1 B-CLL LN P N N P
2 B-CLL LN P N N P
3 B-CLL LN P N N P
4 B-CLL LN P N N P
5 B-CLL LN P N N P
6 B-CLL LN P N N P
7 B-CLL LN P N N P
8 MZL LN P N N N
9 MZL Spleen N N N N

10 MZL Spleen P/N N N N
11 MALT LN N N N N
12 MALT Gastric N N N N
13 MALT Gastric P/N N N N
14 LBL LN N P N N
15 LBL LN N P P N
16 LBL LN N P N N
17 LBL LN N P P N
18 B-CLL BMB P/N N N P/N
19 B-CLL BMB P/N N N P
20 B-CLL BMB N N N P
21 MZL BMB N N N N
22 MZL BMB N N N N
23 MALT BMB N N N N
24 HCL BMB N N N N
25 HCL BMB N N N N
26 HCL BMB N N N N
27 Normal BMB N N N N
28 Normal BMB N N N N
29 Normal BMB N N N N

B-CLL, B-cell chronic lymphocytic leukemia; BMB, bone marrow biopsy; HCL, hairy cell leukemia; LBL, lymphoblastic lymphoma; LN, lymph node;
MALT, MALT type lymphoma; MZL, marginal zone lymphoma; N, negative; P, positive.

a The number of specimens is the same as the number of patients.

TABLE 3. PCR Methods and Primers

Target PCR Template Primer Sequences (59 to 39) Reference

Cyclin D1 RNA/cDNA F: AACAGATCATCCGCAAACAC
R: TCACACTTGATCACTCTGGA

GAPDH RNA/cDNA F: ACTGGCGTCTTCACCACCAT
R: TCACACTTGATCACTCTGGA

t(11;14) DNA (first round) F: CTACTGAAGGACTTGTGGGTTGCT
R: TGAGGAGACGGTGACC

13

PCR product from the first round (nested) F: ATAAGGCTGCTGTACACATCGGTG
R: GTGACCAGGGTNCCTTGGCCCCAG

c-erb-B2 DNA F: GGGAAAACCGCGGACGCCTG
R: GTCCCTGTGTACGAGCCGCAC

GAPDH, glyceraldehyde phosphate dehydrogenase; PCR, polymerase chain reaction.
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mic staining was not considered to represent evi-
dence of immunopositivity.

DNA Extraction and Nested PCR for t(11;14)
DNA extraction was performed from six to eight

10-mm-thick paraffin sections with the QIAamp
DNA mini kit (Qiagen, Valencia, CA), according to
the manufacturer’s instructions. A nested PCR pro-

tocol was employed that used the primers shown in
Table 3, as reported by Lasota et al. (13). The cycling
conditions were as follows: 94°C for 3 minutes,
(94°C for 30 s, 59°C for 1 min, 72°C for 1 min) 3 30,
and 72°C for 7 minutes. Amplification of a c-erbB-2
gene sequence was used as DNA quality control.
Samples negative for the c-erbB-2 product were not
further processed for the nested PCR protocol.

TABLE 5. RT-PCR, PCR, ISH, and IHC Results in the Study Group

Patient
No.

Tissue Specimen MCL RT-PCR t(11;14) ISH IHCa

1 LN CV P ND P N
2 LN CV ND P P P
3 LN CV ND P ND P
4 LN CV ND P P N
5 LN CV P ND P P
6 LN CV P ND P N
7 LN CV P N P P
8 LN CV P P P P
9 LN CV ND N P P

10 LN CV P P P P
11 LN CV N ND N N
12 LN CV N N N N
13 LN CV P N N N
14 LN CV ND N P P
15 Palateb CV P N P P
16 LN BV ND ND N N
17 LN BV P P P P
18 LN BV P P P P
19 LN BV P N P P
20 LN BV P N P P
21 LN BV P P P P
22 LN BV P P P P
23 LN BV P ND ND ND
24 Nasopharynxb BV ND N P P
25 Skin BV ND N P N
26 BMB CV ND N ND P
26 Small intestine CV P(ni) N ND ND
26 Stomach CV P(ni) P P P
27 LN CV P N P N
27 Liver CV P(ni) P P N
27 Spleen CV P P P N
28 Stomach CV ND P P P
28 BMB CV ND P P N
29 LN CV ND P P P
29 BMB CV ND P P P
30 Stomach CV P(ni) P P P
30 LN CV ND P P P

BV, blastoid variant; CV, centrocytoid variant; IHC, immunohistochemistry; ISH, in situ hybridization; LN, lymph node; MCL, mantle cell lymphoma;
N, negative; ND, not done; P, positive; PCR, polymerase chain reaction; P(ni), patients positive for cyclin D1 but noninformative because of tissue
elements normally expressing this gene; RT-PCR, reverse transcriptase-PCR.

a Nuclear staining in .50% of the neoplastic cell population.
b Without epithelium.

TABLE 4. Antibodies and Conditions for Immunohistochemistry on Lymphomas

Antibody Pretreatment Method Source Dilution

L-26/CD20 Microwave, CB, pH 6.0 PAP DAKO 1:30
Pan-B/CD45R Microwave, CB, pH 6.0 PAP DAKO 1:20
UCHL1/CD45RO PAP DAKO 1:50
CD3 Microwave, SCB, pH 6.0 Streptavidin-biotin Novocastra 1:50
CD5 Microwave, SCB, pH 6.0 Streptavidin-biotin Novocastra 1:30
CD23 Microwave, SCB, pH 6.0 Streptavidin-biotin Novocastra 1:30
CD21 PAP DAKO 1:10
Cyclin D1 Microwave, SCB, pH 6.0 Streptavidin-biotin Novocastra 1:20
CD34 Microwave, SCB, pH 6.0 PAP Novocastra 1:30
TdT Microwave, EDTA, pH 9.0 PAP DAKO 1:10

CB, citrate buffer; EDTA, ethylene diamine tetra-acetic acid; SCB, sodium citrate buffer.
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Specificity of the nested PCR products was con-
firmed by DNA sequencing.

RESULTS

The data obtained by the methods evaluated are
presented in Tables 5 and 6. ISH was performed in
33 specimens from 28 patients in the study group;
24 (86%) were positive for cyclin D1 mRNA. Posi-
tivity was evident as strong blue perinuclear stain-
ing of the neoplastic lymphoid cells (Fig. 2A). In the
extranodal cases involving epithelial tissues, such
as stomach, intestine, and skin, basally located ep-
ithelial cells were also strongly positive for cyclin D1
mRNA (Fig. 2B). Occasional hepatocytes were also
found to be positive. None of the patients in the
control group were found to be positive for cyclin
D1 mRNA. However, in extranodal lymphomas, ep-
ithelial cells, such as those in Patients 12 and 13 of
the control group (Table 6), strongly expressed cy-
clin D1 mRNA.

RT-PCR for the cyclin D1 transcript was per-
formed in 23 specimens from 20 patients of the
study group (excluded from the total number of 37
specimens were three bone marrow biopsies, eight
lymph node specimens, and two extranodal speci-

mens with inadequate material, as well as two spec-
imens with degraded RNA [Table 5]). RT-PCR was
also performed in 16 patients of the control group
(excluded from the total of 29 specimens were 12
paraffin-embedded bone marrow biopsies and one
MZL case with inadequate material [Table 6]).

The cyclin D1 product was present in 21 of 23
samples (92% positivity) in the study group (Fig.
3A). However, 4 of these 23 specimens represented
MCL in extranodal tissues where cyclin D1 is nor-
mally expressed (gastrointestinal mucosa and liver).
Hence these four specimens were also considered
to be noninformative, although positive. Thus RT-
PCR was considered as informative for the cyclin
D1 transcript in 19 specimens. Seventeen of these
were positive for the cyclin D1 transcript, corre-
sponding to 16 of 18 patients (89% positivity). PCR
amplification for 35 cycles increased product yield
but did not further increase the number of positive
samples.

In the control group, two patients with MALT
lymphoma were found to be positive for the cyclin
D1 product after 30 cycles of PCR amplification;
however, these samples contained gastric mucosa
that normally expresses cyclin D1 and were hence
considered to be noninformative. All informative

TABLE 6. RT-PCR, PCR, ISH, and IHC Results in the Control Group

Patient
No.

Diagnosis Tissue
RT-PCR

t(11;14) ISH IHCa

30 Cycles 35 Cycles

1 B-CLL LN N N N ND N
2 B-CLL LN N P N ND N
3 B-CLL LN N N N ND N
4 B-CLL LN N P P ND N
5 B-CLL LN N N N ND N
6 B-CLL LN N N N ND N
7 B-CLL LN N N N N N
8 MZL LN N N N N N
9 MZL Spleen N P N N N

10 MZL Spleen ND ND N N N
11 MALT LN N N N N N
12 MALT Gastric P(ni) P(ni) N N N
13 MALT Gastric P(ni) P(ni) N N N
14 LBL LN N P N N N
15 LBL LN N N N ND N
16 LBL LN N N N ND N
17 LBL LN N N N ND N
18 B-CLL BMB ND ND ND N N
19 B-CLL BMB ND ND ND N N
20 B-CLL BMB ND ND ND N N
21 MZL BMB ND ND ND N N
22 MZL BMB ND ND ND N N
23 MALT BMB ND ND ND N N
24 HCL BMB ND ND ND N N
25 HCL BMB ND ND ND N N
26 HCL BMB ND ND ND N N
27 Normal BMB ND ND ND N N
28 Normal BMB ND ND ND N N
29 Normal BMB ND ND ND N N

B-CLL, B-cell chronic lymphocytic leukemia; BMB, bone marrow biopsy; HCL, hairy cell leukemia; IHC, immunohistochemistry; ISH, in situ
hybridization; LBL, lymphoblastic lymphoma; LN, lymph node; MALT, MALT type lymphoma; MZL, marginal zone lymphoma; N, negative; ND, not done;
P, positive; PCR, polymerase chain reaction; P(ni), patients positive for cyclin D1 but noninformative because of tissue elements normally expressing this
gene; RT-PCR, reverse transcriptase–PCR.

a Nuclear staining in .50% of the neoplastic cell population.
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patients (n 5 15) were negative for the cyclin D1
product under the same amplification conditions
(Table 6, Fig. 3C). However, after 35 amplification
cycles, a faint band was present in four informative
patients, including two cases of B-CLL, one case of
MZL, and one case of lymphoblastic lymphoma
(Table 6, Fig. 3D). The specificity of the RT-PCR
products was verified by sequencing of five ran-
domly selected patients (three from the study group
and two from the control group).

IHC for cyclin D1 was performed in 35 specimens
from 29 patients. Twenty (69%) patients exhibited

positive nuclear staining for Cyclin D1 protein in
more than 50% of the neoplastic population (Fig.
1C). Nuclear staining for this antigen was not ob-
served in any case of the control group. However,
four patients in the control group (cases of MZL
and B-CLL) exhibited cytoplasmic staining.

Nested PCR for the identification of t(11;14) was
performed in 31 specimens (24 patients); the trans-
location was found in 14 (58%) patients, including
two bone marrow biopsies (Fig. 4). By contrast, only
one patient in the control group (B-CLL) was found
to be positive for t(11;14). The specificity of the
nested PCR products was confirmed by sequencing,
which was performed in eight randomly selected
patients.

DISCUSSION

MCL is a lymphoproliferative disorder derived
from a subset of naive pregerminal center cells,
which is characterized by a nodular or diffuse pro-
liferation of atypical lymphoid cells with a mono-
clonal B-cell phenotype. Two types have been de-
scribed: the centrocytoid and the blastoid. Cases of

FIGURE 2. In situ hybridization for cyclin D1 mRNA. A, mantle cell lymphoma cells infiltrating a lymph node show diffuse perinuclear positivity.
Original magnification, 4003. B, in this gastric biopsy, epithelial cells also express cyclin D1 mRNA. Original magnification, 4003.

FIGURE 3. Reverse transcriptase–polymerase chain reaction results
for cyclin D1 (A, C, D) and for glyceraldehyde phosphate
dehydrogenase (RNA control; B, E). Representative patients from the
study group positive for the cyclin D1 transcript (30 amplification
cycles) are shown in A, lanes 1–9. Representative patients from the
control group checked for cyclin D1 expression, amplified for 30 and 35
cycles, are shown in C and D, respectively, lanes 1–9. Lane 10: 50 – base
pair (bp; in A, B, C, D) and 10-bp ladder (in E). Positive but
noninformative cases containing tissue elements normally expressing
the cyclin D1 gene are indicated (arrows).

FIGURE 4. A, Polymerase chain reaction (PCR) results for the t(11;
14) translocation. B, the nested PCR protocol was performed after the
amplification for a c-erb-B2 sequence for the DNA control.
Representative cases both from the study and control groups are
shown. Lane 1: negative control; lanes 2–13: mantle cell lymphoma
cases; lane 14: 50 – base pair (bp) ladder; lane 15: marginal zone
lymphoma; lane 16: lymphoblastic lymphoma; lane 17: B-cell chronic
lymphocytic leukemia, representing the only positive case in the
control group.
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the blastoid type have a higher proliferative activity
and a more aggressive clinical evolution (23). MCL
usually affects elderly men, who present with ad-
vanced disease and frequent extranodal involve-
ment. The clinical evolution is relatively aggressive,
with poor response to conventional therapeutic
regimens and a median survival of 3 to 4 years. The
identification of a typical MCL immunohistochem-
ical profile, which includes CD20, CD45RA, and
cyclin D1 positivity, has made diagnosis more ac-
curate; however, IHC performed on paraffin sec-
tions is not always helpful in differentiating be-
tween MCL and low-grade B-cell lymphomas,
mostly because of variable staining depending on
fixation (16). Therefore, molecular methods may be
needed for definitive diagnosis.

The hallmark of MCL is t(11;14)(q13;q32), leading
to overexpression of cyclin D1, which plays an im-
portant pathogenetic role in lymphomagenesis (9).
Cyclin D1 belongs to the family of D-type cyclin
proteins, which function primarily by regulating the
activity of certain protein kinases in the G1 phase of
the cell cycle. Maximum expression of cyclin D1
occurs at a critical point in mid- to late G1 phase.
Immunohistochemical positivity for cyclin D1 char-
acterizes MCL but has also been found in small
numbers of cases of other lymphoproliferative dis-
orders, such as aggressive B-CLL, prolymphocytic
leukemia, hairy cell leukemia, and plasma cell my-
eloma (14, 24 –26). Cyclin D1 immunopositivity was
demonstrated in 69% of our study group patients,
whereas all specimens in the control group were
found to be negative for this marker. This rate con-
firms previous studies that used monoclonal or
polyclonal antibodies on paraffin-embedded lymph
nodes and bone marrow biopsies, as well as frozen
tissues with MCL (10, 14, 27–29).

The aim of our study was to evaluate the useful-
ness of ISH and RT-PCR for cyclin D1 mRNA in the
diagnosis of MCL. In line with the findings of other
researchers (16), we showed that RT-PCR applied
on paraffin-embedded tissues is a sensitive method
for the demonstration of cyclin D1 mRNA, because
89% of our study group patients were found to be
positive. A problem with the interpretation of the
RT-PCR results is specificity. In this setting, speci-
ficity has two aspects: first, cyclin D1 expression by
non-MCL neoplastic cells (16 –18); and second, cy-
clin D1 expression by normal cells included in any
given tissue sample (30, 31).

Semiquantitative PCR methods have been used
to overcome the specificity burden of the first as-
pect (16 –18). In our study, a semiquantitative ap-
proach was not deemed necessary because no cases
of the non-MCL control group were considered
positive under the stringent PCR conditions used.
In fact, when we initially applied lower annealing
temperatures (55°C) and higher cycle numbers (up

to 40), more than 50% of the control group patients
were positive for the cyclin D1 transcript (data not
shown). However, this phenomenon is probably
related to the supersensitivity of PCR after pro-
longed cycling under favorable conditions. There-
fore, we think that the stringent PCR protocol used
in this study provides an adequate means as far as
diagnosis of MCL in lymph node material is con-
cerned. Obviously, a further improvement would be
to use real quantitative PCR protocols, such as
those with real-time amplification; nevertheless,
there are no such reports in the literature at
present, whereas cut-off values for cyclin D1 mRNA
levels diagnostic for MCL have still to be
established.

The second aspect of specificity regarding cyclin
D1 RT-PCR, as mentioned above, refers to false-
positive findings when extranodal tissues contain-
ing various types of epithelia are evaluated. It must
be taken into consideration that PRAD-1/cyclin D1
is a normally expressed gene during the G1/S tran-
sition in the majority of cell types, including prolif-
erating epithelia (30) and fibroblasts (31). In con-
trast, cyclin D1 is not expressed in normal
lymphoid tissues (16, 17, 30) and it does not seem to
be necessary for cell cycle progression in normal
lymphocytes, which instead use other cyclins (17,
31, 32). Thus we suggest that RT-PCR for cyclin D1
expression should not be used in the diagnosis of
extranodal MCL, unless the tissue specimen, from
which RNA is extracted, is homogeneously com-
posed of neoplastic cells. The presence of native
tissue elements normally expressing cyclin D1 dur-
ing proliferation, such as epithelia of the gastroin-
testinal tract, nasopharynx, or skin, should exclude
the processing of these specimens for cyclin D1
expression evaluation by RT-PCR, either with or
without quantitation. This problem may be over-
come by careful laser-assisted microdissection of
the target neoplastic cells; however, protocols in-
volving microdissection of neoplastic lymphoid
populations from paraffin-embedded tissues and
subsequent quantitative RT-PCR are still under
evaluation.

These problems of specificity arising during the
interpretation of the RT-PCR results are adequately
answered by ISH, which is of great value in assess-
ing cell type specific cyclin D1 expression on
paraffin-embedded tissues. The only previous study
on cyclin D1 ISH performed on paraffin-embedded
tissues is that of Williams et al. (20), where all five
cases of MCL were positive. In our study, ISH was
performed in 33 samples from 28 patients; 24 (86%)
were positive. ISH was applied successfully on all
types of paraffin-embedded specimens, including
bone marrow biopsies. Its sensitivity in the detec-
tion of MCL was superior to IHC (86% versus 69%).
In comparison to the stringent RT-PCR protocol
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used, ISH missed only one case (Patient 13; Table
5), where the cyclin D1 transcript was detected by
RT-PCR. The major advantage of ISH in compari-
son to the PCR method is in regard to specificity—
that is, the ability to morphologically identify the
cells that express cyclin D1. Thus cyclin D1 mRNA
could be detected in MCL cells, as well as in normal
cells in extranodal cases, but not in non-MCL cells.
The lack of positivity in our control group probably
reflects the relatively low amounts of this transcript
reported in lymphomas other than MCL (16).
Clearly more studies are needed to confirm our
data; nevertheless, at present, ISH seems to be a
useful technique for the detection of cyclin D1 ex-
pression in MCL diagnosis. In addition, this method
can be used to detect minimal residual disease in
bone marrow biopsies.

In this study, we also used a nested PCR protocol
to detect the presence of t(11;14)(q13;q32). Seventy
percent to 80% of the breakpoints involved in this
translocation are located in the major translocation
cluster (29). Breakpoints outside the major translo-
cation cluster cannot be detected by PCR; this is
why the reported incidence of t(11;14), as demon-
strated by PCR, is relatively low (i.e., in the range of
40%) (13). In our material, the detection rate was
58%. However, this marker was fairly specific be-
cause only one patient (B-CLL) of the control group
was also found to be positive. All patients positive
for the t(11;14) were found to express cyclin D1, in
accordance with the proposed implication for this
translocation at the functional level.

We conclude that ISH and stringent RT-PCR for
cyclin D1 mRNA are sensitive methods for the con-
firmation of MCL diagnosis. However, the applica-
tion of RT-PCR bears certain restrictions, as men-
tioned above, whereas quantitative real-time
protocols on microdissected tissues are on the way
to being established. Therefore, we suggest that
ISH, which provides the ability to correlate the mo-
lecular findings with morphology, should be the
method of choice for the practicing pathologist to
assess cyclin D1 expression in MCL diagnosis.
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Book Review

Scheuer PJ, Lefkowitch JH: Liver Biopsy Inter-
pretation, Sixth Edition, 381 pp, London,
W.B. Saunders, 2000 ($95.00).

In the foreword of this beautiful, small book,
Professor Dame Sheila Sherlock calls it the liver
biopsy bible. Personally, if you allow me to
counter with another ecclesiastical metaphor, I
would prefer to call it a breviary—in my dictio-
nary defined as the book of daily prayers. Some-
thing to be read for inspiration and guidance, or,
if lost, so that you could regain the road to the
greater truth (read ‘correct diagnosis‘), I imagine.

If you are a resident, or a practicing diagnos-
tic pathologist in need of a readable, modern,
no-nonsense hepatopathology text, this book is
almost ideally suited for you. Compact yet com-
prehensive, it covers essentially everything you
need to know from A to Z about interpreting liver
biopsies. The sixth edition is a fully revised and
somewhat expanded version of its predecessor.
Beautifully written, lapidary but to the point, it
deals with all major liver diseases, i.e., those ac-
counting for at least 90% of the routine material.
For the sake of completeness, the authors men-
tion many less common entities, but for more
details you will have to consult references listed
at the end of each chapter. These references are
up-to-date and well-chosen.

The text is illustrated with instructive photo-
graphs, most of which are in full color. The pho-
tographs are of enviably high quality and are
reproduced in nicely balanced colors. A new
chapter on aspiration cytology has been added,
in keeping with the new diagnostic trends. This
old fashioned adherent of classic histopathology
wondered whether this was really needed. In the
chapter on liver transplantation, nevertheless, I
found enough assurances that liver biopsy will
not be relegated to the dust bin.

The first edition of Dr. Scheuer’s book was the
first liver pathology text that I bought as a resident
in 1968. I am thrilled that it has survived into its
sixth edition, thus giving me the opportunity to
recommend it to my residents. For those beyond
the residency, let me add that this didactic master-
piece of the first order deserves to be read (and
reread from time to time) not only by hepato-
pathologists but by generalists as well. In my opin-
ion, it is still the best introductory text on liver
biopsy interpretation. It is as good and authorita-
tive a source of hepatopathological consultations
as you will ever need in your daily practice.

Ivan Damjanov
University of Kansas School of Medicine
Kansas City, Kansas
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