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Abstract
Cyclin D1 expression, usually absent in chronic lymphocytic leukemia/small lymphocytic
lymphoma (CLL/SLL), has been described in the proliferation centers (PC) of some CLL/SLL.
The prevalence of this finding is uncertain, as is the explanation for its occurrence and whether
these cases have any other unique features. Cyclin D1 immunohistochemical staining was
therefore investigated in 57 extramedullary CLL/SLL biopsies. In 6 cases, cyclin D1
immunofluorescence followed by CCND1 fluorescence in situ hybridization (FISH) and PC
targeted analysis was performed using a Bioview Duet system. Excluding the prospectively
selected cases that had the targeted FISH studies, cyclin D1+ PC were identified in 20% of cases.
The cyclin D1+ CLL did not appear pathologically or phenotypically distinctive, though 46% had
an interfollicular growth pattern. The cyclin D1+ PCs were SOX11− and lacked CCND1
translocations and gains in 5 of 5 informative cases. The recognition of cyclin D1 expression in
PC of a significant minority of CLL/SLL can be a diagnostic aid and should not lead to the
diagnosis of focal mantle cell lymphoma.
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Distinguishing chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL)
from mantle cell lymphoma (MCL) is considered important for clinical purposes, even
though both entities show a clinical spectrum ranging from indolent to more aggressive.1

CLL/SLL is considered a “low grade” B-cell neoplasm and MCL has a reported median
survival of only 3 to 5 years.2,3 Histologically, CLL/SLL is most confidently recognized in
tissues when classic proliferation centers (PCs) are seen in the midst of a diffuse
proliferation of small relatively round lymphocytes.2 The paler PCs are phenotypically
distinct and reported to be sites of B-cell antigen receptor stimulation.4–9 Distinctive but
nonspecific phenotypic features that have been reported include increased expression of
proliferation-associated and activation-associated antigens.4,5 In addition, larger and more
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proliferative PCs have been associated with “atypical CLL”10 and with “accelerated” CLL,
which has an aggressive clinical course.11

Unfortunately the distinction of CLL/SLL from MCL is not always straightforward because
some MCLs may mimic CLL/SLL clinically, histologically, and/or phenotypically and vice
versa. Specifically, some MCLs may be composed of small lymphoid cells with relatively
round nuclei and even have foci mimicking PC,3,12 some present with blood and bone
marrow involvement without adenopathy,13 and some may share even more phenotypic
similarities than usual with CLL/SLL such as CD23 expression.3,14,15 Conversely, cases of
CLL/SLL may manifest prominent adenopathy, have irregular nuclear contours,10

demonstrate a perifollicular growth pattern,16,17 and also show phenotypic variation, such as
expression of FMC7 which is more commonly found in MCL.18 To aid in this distinction,
one of the more important and heavily relied upon techniques when dealing with tissue
sections is immunohistochemical staining for cyclin D1 because most MCLs express cyclin
D1 whereas the vast majority of cases of CLL/SLL typically do not.

The cyclin D1 protooncogene is a regulator of cell cycle progression from the G1 to S phase,
which is not expressed in normal lymphoid cells but is overexpressed in a subset of B-cell/
plasma cell neoplasms, including MCL, plasma cell myeloma (PCM), and hairy cell
leukemia (HCL).1 Cyclin D1 forms a complex with cyclin-dependent kinases 4 and 6,
leading to phosphorylation and “inactivation” of the tumor suppressor protein
retinoblastoma, releasing E2F, and culminating in cell cycle progression from the G1 to S
phase.19–21 In MCL and a subset of cyclin D1+ PCM, the cyclin D1 is over-expressed
because of a t(11;14)(q13;q32) translocation juxtaposing the immunoglobulin heavy chain
gene (IGH@) and the CCND1 gene.22–25 Many of the other cyclin D1+, as well as some
cyclin D1–, PCM show gains in the CCND1 gene, as detected with cytogenetic fluorescence
in situ hybridization (FISH).25 The explanation for cyclin D1 expression in HCL is uncertain
with only 1 unusual case reported to show a t(11;14) translocation.26 The cyclin D1+ HCLs,
however, are reported to express the MCL-associated SOX11 transcription factor.27

The situation with cyclin D1 expression in CLL/SLL has become more complicated in
recent years, perhaps because of the use of improved and more sensitive cyclin D1
immunohistochemistry.28 Cyclin D1+ CLL/SLL has traditionally been considered to be rare
and in some reported cases the diagnosis is considered controversial. A recent series
reported cyclin D1 positivity in PCs in 10% of CLLs including in 20% of lymph node
biopsies, an observation noted in an earlier case report.28–32 The prevalence of this finding,
however, is uncertain because the prior single case report of CLL/SLL with cyclin D1+ PC
described 15 additional CLL/SLL cases and found no other cases with cyclin D1+ PC.30

Although cytogenetic studies have suggested a lack of the t(11;14) translocation in CLL/
SLL with cyclin D1+ PC, a specific analysis of the PC has not been performed. Thus, it is
unknown whether CCND1 abnormalities, like those in the dominant populations of MCL or
PCM, are present specifically in the PC cells and whether, as in HCL,27 cyclin D1
expression might be correlated with expression of SOX11. Furthermore, data on the
histopathologic and phenotypic features of the cyclin D1+ cases are limited.

To address these issues, 6 CLL/SLL with cyclin D1+ PC were characterized
histopathologically and phenotypically. This included SOX11 staining in 5 cases which
were then studied in detail using a targeted immunoFISH approach with cyclin D1
immunohistochemical study and a CCND1 “break-apart” probe. In addition, to assess the
prevalence of this finding and its possible pathologic correlates, a contiguous series of 50
additional CLL/SLL cases with available cyclin D1 stain results were then reviewed.
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Materials and Methods
Case Selection and Morphologic/Phenotypic Review

Seven cases that fulfilled the World Health Classification (WHO) classification criteria for
CLL/SLL and had easily identified cyclin D1+ PCs were selected from the Division of
Hematopathology files at University of Pittsburgh Medical Center (UPMC)–Presbyterian
Hospital, Pittsburgh, PA. One case did not have additional available material and was
excluded from further analysis. Two authors (J.F.G., S.H.S.) reviewed H&E-stained sections
and the cyclin D1 immunohistochemical stains as well as findings of additional
immunophenotypic studies such as flow cytometric studies. The size of the PCs, cellular
components of the PCs, presence of residual reactive germinal centers, and patent sinuses
were specifically assessed.

Immunohistochemical Stains for Cyclin D1 and SOX11
The cyclin D1 immunohistochemical staining had been previously performed using the
Ventana BenchMark XT (Ventana, Tucson, AZ) and cyclin D1 rabbit monoclonal antibody
(1:100 dilution, Clone SP4, 50-test dispenser, Cell Marque, Rocklin, CA). Prospective
staining for SOX11 was performed using the Ventana BenchMark XT and the SOX11 rabbit
polyclonal antibody at a 1:50 dilution (Sigma Aldrich, St Louis, MO).

Prevalence
To determine the prevalence of cyclin D1 positivity in the PC of CLL/SLL, extramedullary
tissue biopsy specimens of CLL/SLL with an available H&E-stained section and a cyclin D1
immunohistochemical stain (performed as described earlier) diagnosed at UPMC from April
2005 through April 2010 were retrieved and reviewed. Cases were considered to have cyclin
D1+ PC if discrete aggregates of cyclin D1+ lymphocyte nuclei were easily visible using a
10× objective. The pathologic and phenotypic features of these cases were also reviewed.

Immunofluorescence Staining/FISH (ImmunoFISH)
Immunofluorescence staining for cyclin D1 was performed on 5 cases. Briefly, 5-μm thick
sections of formalin-fixed paraffin-embedded tissue were deparaffinized in xylene and
ethanol, protein-blocked (DAKO X0909, DAKO, Carpinteria, CA) for 15 minutes, and then
incubated with a cyclin D1 primary antibody (1:25 dilution, SC-753, Santa Cruz
Biotechnology, Santa Cruz, CA) overnight at 4°C. After washing with phosphate-buffered
saline plus 0.05% polysorbate 20 (Igepal 630, Sigma Aldrich) slides were incubated at room
temperature for 30 minutes in anti-rabbit IgG (Fl-1000, Vector Labs, Burlingame, CA) and
then counterstained with DAPI I (30-804930 Abbott Molecular, Des Plaines, IL). Groups of
positive staining cells with round nuclei were targeted and imaged using the Bioview Duet
System (Bioview, Nes Ziona, Israel) equipped with an Olympus BX61 microscope
(Olympus America, Center Valley, PA) using a 60× oil plan fluor objective and filter sets
containing single band excitors for Texas red/rhodamine, fluorescein isothiocyanate (FITC),
DAPI (UV 360 nm), a dual filter for SpectrumOrange/FITC, and a triple filter for
SpectrumOrange, FITC, and DAPI. FISH analysis was then performed after removing the
coverslips from the immunohistochemically imaged slides. The tissue was first digested for
28 minutes in protease solution (0.5 mg/mL) (Macron Chemical, Phillipsburg, NJ) at 37°C.
The slides were washed in 2× saline sodium citrate (SSC, Abbott Molecular), followed by
fixation in 10% buffered formalin phosphate (Fisher Scientific, Fair Lawn, NJ). Following
fixation, the slides were again washed in 2× SSC. Dual-color FISH was performed using the
LSI CCND1 direct-labeled break-apart rearrangement probe (1:10 dilution in LSI buffer
#05J96-001, Abbott Molecular). The target tissue and probe were denatured at 90°C for 12
minutes and then incubated overnight at 37°C in a humidified chamber. The
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posthybridization wash was performed using 2× SSC/0.3% NP-40 at 73°C for 2 minutes.
The slides were then air-dried in the dark, and counterstained with DAPI I. Areas with
previously identified cyclin D1+ PC were identified using the Bioview Duet system and
photographed for FISH analysis. Tissue sections from a lymph node involved by MCL were
used as a positive control. It had numerous cells strongly positive to cyclin D1 and more
than 50% of the cells had a CCND1 translocation.

Results
Clinicopathologic Features

The 6 patients (4 men, 2 women) included in the immunoFISH study were adults (range,
54–84 years) Table 1. All cases were nodal. Five cases had PCs of typical size and 1 case
had larger PCs. All cases had identifiable paraimmunoblasts in the PCs and 2 cases had at
least a moderate number of paraimmunoblasts. One case had scattered larger transformed
cells in the PCs. All cases had at least some patent sinuses and 4 of 5 evaluable cases had
reactive germinal centers and a pattern of “interfollicular SLL” Image 1. The sixth case was
a needle core biopsy.

Five of six cases had a classic CLL/SLL phenotype that was CD5 positive, CD10 negative,
CD23 positive, FMC7 negative, CD20 dim positive with dim surface light chain restriction.
One case had a similar phenotype except it was CD5 negative and surface immunoglobulin
(SIg) negative. Four of six cases were CD38 negative on either the diagnostic tissue
specimen or a subsequent bone marrow evaluation. Five of the 6 cases had weak to
moderate intensity cyclin D1 positivity in PC Image 2A and Image 2B and 1 case had
stronger lymphoid staining in the PC Image 2C and Image 2D. Conventional FISH studies
for CCND1 rearrangement were negative in 3 tested cases; however, 1 case had loss of the
ATM tumor suppressor gene and a subset of cells with loss of the TP53 tumor suppressor
gene. All 5 tested cases were negative for SOX11.

Prevalence
Review of the files of UPMC from April 2005 through April 2010 yielded an additional 50
cases that met the inclusion criteria for retrospective review. The patients (29 men, 21
women) were all adults (45–88 years). Of the 23 cases with concurrent flow cytometric
immunophenotypic studies, 18 had a classic CLL/SLL type phenotype, 1 case had brighter
than usual CD20 expression, 1 case was CD20 negative, 2 cases had brighter than usual SIg
expression, and 1 had only partial CD23 expression. Cyclin D1+ PC was identified in 10
(20%) of 50 cases included in this retrospective review, in the 6 cases studied in more detail
and 1 case initially chosen for more detailed study but which was not further pursued
(because of insufficient material). All cases including the latter 7 cases were from the same
period. Cyclin D1 staining intensity in the additional cases was variable even within the
same PC, though it was unusual to find strongly staining cells. All cases had a majority of
negative cells in the PCs. No cases had staining of lymphoid cells outside the PCs. Three
additional cases with cyclin D1+ PC had an interfollicular growth pattern with germinal
centers and intact sinuses, 2 had patent sinuses but no reactive germinal centers, and 5 had
neither patent sinuses nor reactive germinal centers. Of the additional 5 cyclin D1+ cases
with flow cytometric studies, 4 had a classic CLL/ SLL phenotype and 1 had a classic CLL/
SLL phenotype except for brighter than usual SIg.

Immunofluorescence Staining/ImmunoFISH
Five cases had recognizable cyclin D1+ PC after staining with the fluorescently labeled
cyclin D1 antibody. The positive cells in the PCs varied in intensity with few staining
strongly. The number of PCs identified and analyzed per case ranged from 3 to 13 (median,
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4). CCND1 rearrangements were not identified in either the PC or elsewhere in any of the
CLL/SLL cases Image 3. No cases had extra copies suggesting CCND1 gains.

Discussion
It is important to distinguish CLL/SLL from MCL because, on average, CLL/SLL is
considered a low-grade neoplasm even when the disease is nodal, whereas cases of MCL,
especially those of nodal type, are clinically aggressive, with a median survival of 3 to 5
years.2,3,13 The distinction is based on well-characterized morphologic, phenotypic, and
cytogenetic differences, including cyclin D1 expression in most MCLs and an absence of
cyclin D1 in the vast majority of CLL/SLL. Given the overlapping clinical presentations,13

variability in the classic phenotypic features of both CLL/SLL and MCL,1,3,14,15,18,33

overlapping cytologic features with some MCLs composed of small round lymphocytes with
even some foci resembling PC3,12,34 and some CLL/SLL with irregular nuclear contours10

and/or PC that are either not present or not readily apparent, the presence of cyclin D1
positivity is considered a very important diagnostic tool used to support the diagnosis of
MCL when histologic material is available.

A small number of CLL/SLL with extensive cyclin D1 expression have been reported,
though in the absence of an absolute gold standard for CLL/SLL, some might be considered
controversial.32,35 Cyclin D1 positivity in CLL/ SLL, however, has also been reported to be
restricted to the PC, initially seen in a single case report.30 This finding was reported to be
“quite unusual” because a study of 15 additional cases failed to show any cyclin D1+ PC.
Nevertheless, the importance of the finding as a diagnostic pitfall was emphasized, even if
only found in 6% of the CLL/SLL cases analyzed.30 A more recent study found cyclin D1+
cells in the PC in about 10% of CLL/SLL and in 20% of nodal CLL/SLL29; however,
whether the cyclin D1 positivity was the result of CCND1 translocation, gains, or another
mechanism was not addressed. Although cytogenetic FISH studies performed in 3 of their
cases failed to demonstrate a t(11;14) translocation, there is no comment about possible
CCND1 gains that were presumed to be absent; more importantly, the PC cells were not
specifically examined. It remains important to exclude the possibility of CCND1 gains
restricted to PC, particularly because it was recently reported that the frequency of cells with
varied genetic alterations in CLL is higher in PC than in the surrounding areas.36

The prevalence of at least 20% CLL with cyclin D1+ PC in the current extramedullary
tissue-based study, with 7 additional cases identified during the same period (which, if
included, would result in a prevalence of 30%) may be somewhat higher than previously
reported. The recognition of this phenomenon in a significant minority of CLL/SLL may
relate to the use of a better rabbit monoclonal anti-cyclin D1 antibody28 as seen in this study
and the series reporting a 20% prevalence in lymph nodes with CLL/SLL. This antibody was
not used in the past or in the study reporting only 1 of 16 positive cases.29,30

Although additional study is required to determine if there are specific clinical associations
with the CLL/SLL having cyclin D1+ PC, no distinctive pathologic or immunophenotypic
features have been suggested in these cases.29,30 Among the cases studied here, 46% did
have a growth pattern like that reported in “interfollicular small lymphocytic
lymphoma”16,37 and 69% had intact sinuses. Almost 80% of cases had a typical flow
cytometric phenotype for CLL/SLL with the remaining cases showing common phenotypic
variations. These cases do not appear to have features suggesting an overall more aggressive
type of CLL/SLL, with most cases being predominantly CD38− and only 1 of the cases
studied in greater detail showing larger than usual PCs. On the other hand, these cyclin D1+
PC cases do include some that have one or more adverse prognostic indicators such as the
minority with CD38 expression or individual cases with ATM or TP53 deletion. Single
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cases have also been reported with trisomy 12,30 del(13)(q14.3), ins(14;19)(q32;p13p22),
and t(X;17)(p11;q21).29

Cyclin D1 overexpression in MCL is caused by a CCND1 translocation, with classical and
FISH cytogenetic studies being useful tools to document this characteristic abnormality in
difficult cases or cases without tissue sections. Approximately 36% of PCMs that express
cyclin D1 are also reported to have CCND1 translocations, while in the remaining cyclin
D1+ cases, the overexpression is usually the result of increased copies of the CCND1
gene.25 The mechanism of cyclin D1 overexpression is unknown in HCL, though a recently
reported unusual case had a CCND1 translocation.26 Neither CCND1 translocations nor
gene amplifications were identified by FISH in the cyclin D1+ PC of the CLL/SLL studied
here. This is consistent with the analyses in these cases that have not specifically looked at
the PC and which report an absence of at least CCND1 translocations.29,30 Although our
observations do not provide an explanation for the cyclin D1 expression in PC, they
highlight how even FISH studies focused on the cyclin D1+ PC retain their usefulness in
distinguishing MCL from CLL/SLL. These studies can be particularly useful in cases in
which the cyclin D1 staining in CLL/SLL is stronger than usual and when a composite CLL/
SLL and MCL38 is a consideration. Lymph nodes with MCL-like cells of uncertain
significance/in situ MCL may also cause confusion because they might exhibit only focal
cyclin D1 staining and the precise extent of the neoplasm may be uncertain.39,40 The cyclin
D1 expression in these cases, however, would be expected to be in the mantle zones around
reactive-appearing germinal centers. Rarely, PCs may be noted around germinal centers in
CLL/SLL,16,17 thus in theory showing some cyclin D1 expression. However, the cases of
MCL-like cells of uncertain significance/in situ MCL would show CCND1 translocations in
the cyclin D1+ cells.

Another feature that distinguishes the cyclin D1 expression in CLL/SLL from other cyclin
D1+ lymphoid/plasmacytic neoplasms is the lack of expression of the MCL-associated
SOX11 transcription factor. SOX11 is expressed by about 90% of MCL as well as in many
lymphoblastic lymphomas and some Burkitt lymphomas and HCLs.27,41–43 It should be
recognized, however, that SOX11 negativity has been associated with indolent MCL that
might look and behave like CLL/ SLL.43 Although CLL/SLL is known to be SOX11
negative, staining of scattered cells in PC might easily be missed if not specifically looked
for. However, in contrast to HCL where cyclin D1 staining is reported to correlate with
SOX11 expression,27 the cyclin D1+ PCs are SOX11 negative.

The fact that PCs have different expression of cyclin D1 compared with the surrounding
CLL/SLL cells, while unexplained, is consistent with the observation that PCs are
morphologically, phenotypically, and even sometimes cytogenetically distinct from the
surrounding CLL/SLL. These paler foci in many CLL/SLL tissue infiltrates, where one finds
larger neoplastic cells including paraimmunoblasts, are considered a critical component of
CLL/SLL. The PC microenvironment of CLL/SLL both promotes the proliferation of the
CLL/ SLL cells, perhaps also enhancing the likelihood of additional genetic abnormalities,
and inhibits apoptosis.6–8,36 Antigenic drive with stimulation through the B-cell receptor is
considered essential in the pathobiology of CLL/SLL, with the PC being a potential site
where B-cell receptor stimulation occurs, with the presence of CD4+, CD40L+ T cells.6–9,44

Although one could speculate that the cyclin D1 expression in PC was simply related to the
increased proliferation, many other highly proliferating lymphoid neoplasms are cyclin D1−.
In addition to the increased cellular proliferation, other phenotypic changes seen in the PC,
including their very frequent IRF4/MUM1 expression, are consistent with activation and
potential B-cell receptor–mediated signaling at that site with changes that are similar to
those that can be seen with mitogenic or immunologic stimulation of CLL/SLL cells.5 Some
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of the additional phenotypic alterations in PC include a higher frequency or greater
expression of HLA-DC, HLA-DR, CD20, CD23, survivin (BIRC5), and possibly CD38 and
diminished expression of IgD and CD9.4,5,44–51

In conclusion, approximately 20% to 30% of CLL/ SLL have cyclin D1 staining in the PC.
It is important to recognize this finding and not to mistake these cases for MCL. The cyclin
D1 positivity is not because of CCND1 translocation or gains and is not associated with
SOX11 expression. The presence of a CCND1 translocation or gain, or SOX11 staining,
therefore, should prompt one to consider MCL or one of the other cyclin D1+ lymphoid
neoplasms. Given the importance of the microenvironment and PC in the pathobiology of
CLL/SLL, further exploring the mechanism for cyclin D1 expression in these PCs might
lead to further understanding of CLL/SLL and discovery of additional therapeutic targets.
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Image 1.
Partial preservation of lymph node architectural features. A (Case 2), Note the patent
sinuses. B (Case 4), Prominent reactive germinal centers are present. (H&E, ×100)
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Image 2.
A and B (Case 1), The distinct proliferation centers showed weak to moderate intensity
cyclin D1 staining. C and D (Case 2), In contrast, in this case, the proliferation centers are
somewhat confluent and have moderate to strong cyclin D1 staining. (A and C, H&E, ×40;
B and D, immunohistochemistry with hematoxylin counterstain, ×500.)
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Image 3.
Immunofluorescence in situ hybridization analysis showing the green cyclin D1+ cells in the
immunohistochemical stain (A) and the results of the CCND1 break-apart probe in this
specific region (B). Cells with split signals indicating a CCND1 translocation are not seen.
Note 2 fusion signals in all informative cells in the region of the cyclin D1 positive
proliferation center. The cells with a single fusion signal or rare cells with a single red or
green signal represent truncation. (A, fluorescence cyclin D1 stain, ×1,000; B, cyclin D1
break-apart probe, ×1,000.)
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