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Cyclin D1 expression as a diagnostic biomarker
in lymphoid neoplasms
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Abstract - Cyclin D1 is a key regulator of cell cycle progression and a well-established diagnostic marker
in mantle cell lymphoma (MCL). However, its expression has also been reported in a subset of other B-cell
lymphoproliferative disorders, potentially creating diagnostic challenges. We performed a retrospective anal-
ysis of Cyclin D1-positive lymphoid neoplasms diagnosed between 2016 and 2025 at a single tertiary care
centre. Expression patterns were evaluated according to tumour type, staining intensity, distribution, and
co-expression with lineage-specific immunohistochemical markers. A total of 41 Cyclin D1-positive cases were
identified, including MCL (65.85%), plasma cell neoplasms (19.51%), diffuse large B-cell lymphoma (DLBCL)
(7.31%), hairy cell leukaemia (HCL) (4.88%), and chronic lymphocytic leukaemia/small lymphocytic lymphoma
(CLL/SLL) (2.43%). MCL cases demonstrated strong, diffuse nuclear expression with high concordance with
CD5 and SOX11. In contrast, non-MCL neoplasms exhibited variable, frequently weaker, and more heteroge-
neous expression patterns. In CLL/SLL, Cyclin D1 positivity was minimal and restricted to proliferation cen-
tres, whereas HCL showed moderate and heterogeneous expression. DLBCL cases demonstrated moderate
nuclear staining with limited overlap between Cyclin D1-positive and CD20-positive tumour cells. Although
Cyclin D1 remains a highly sensitive marker for MCL, its expression in other B-cell neoplasms limits its diagnos-
tic specificity. Accurate interpretation requires integration of morphological, immunophenotypic, and molec-
ular findings to avoid diagnostic pitfalls, particularly when distinguishing MCL from other Cyclin D1-positive
lymphoid neoplasms
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Introduction neoplastic disorders. Consequently, Cyclin D1 serves as an

invaluable diagnostic marker for the classification of B-cell

Cyclin D1 is a key regulator of cell cycle progression.
Dysregulation of the gene encoding this protein, most
commonly through chromosomal translocations, pro-
motes uncontrolled cellular proliferation in a variety of
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lymphomas, particularly mantle cell lymphoma (MCL),
while also representing a reliable indicator of proliferative
activity in epithelial malignancies [1]. Structurally, Cyclin
D1 is a 295-amino-acid protein encoded by the five-exon
CCNDI gene located on chromosome 11q13.3. Under
physiological conditions, the protein is highly unstable,
with a half-life of approximately 10-30 minutes. Its degra-
dation is mediated through polyubiquitination followed
by proteasome destruction via the 26S proteasome, a pro-
cess regulated by site-specific phosphorylation at thre-
onine 286 (Thr286). Under normal circumstances, Cyclin
D1 expression is tightly controlled; however, excessive

164



Cyclin D1 expression in lymphoid neoplasms

activity resulting from genetic or signalling abnormalities
may exert potent oncogenic effects.

Genetic alterations affecting Cyclin D1 lead to protein
stabilization and facilitate the activation of oncogenic sig-
nalling pathways. CCNDI amplification, translocation,
and overexpression play a central role in the pathogene-
sis of several tumour types. Increased gene copy number
resulting from amplification and the consequent over-
production of Cyclin D1 have been documented in breast
carcinoma and head and neck squamous cell carcinoma,
among others [2,3]. In MCL, neoplastic transformation is
classically driven by the t(11;14)(q13;q32) translocation,
which juxtaposes the CCNDI proto-oncogene at 11q13
with the immunoglobulin heavy-chain (IGH) locus at
14q32. This translocation results in constitutive Cyclin D1
overexpression. Through its interaction with cyclin-de-
pendent kinases CDK4 and CDK6 and the subsequent
phosphorylation of the retinoblastoma (RB) protein, the
E2F transcription factor is released, thereby promoting
cell cycle progression through the G1/S transition [4].

In both solid tumours and lymphoid malignancies,
including MCL and plasma cell neoplasms, Cyclin D1 has
been shown to interact with transcription factors, chro-
matin-remodelling complexes, and histone-modifying
enzymes. These interactions contribute to chromosomal
instability by affecting genes involved in chromosome
segregation and chromatin organization [5].

A broad spectrum of B-cell lymphoid malignancies has
been associated with Cyclin D1 expression, making this
marker particularly important in the diagnosis of MCL.
The clinical presentation of MCL ranges from asymp-
tomatic, indolent variants to highly aggressive disease
forms [6,7]. Hairy cell leukaemia (HCL) is another neo-
plasm that may express Cyclin D1. Although it accounts
for only approximately 2% of all leukaemias, it frequently
involves the bone marrow, peripheral blood, and spleen
simultaneously [8]. Among plasma cell neoplasms, vari-
able Cyclin D1 expression has been described in both
solitary plasmacytoma (SP) and multiple myeloma (MM)
[9,10]. In contrast, plasmablastic lymphoma (PBL),
which arises from immature plasma cells, consistently
exhibits a Cyclin D1-negative immunophenotype [11].
This finding contrasts sharply with the aberrant Cyclin
D1 expression observed in a molecularly defined subset
of diffuse large B-cell lymphoma (DLBCL), representing
a significant diagnostic pitfall and highlighting the bio-
logical complexity of lymphoid neoplasms [12,13]. In
chronic lymphocytic leukaemia/small lymphocytic lym-

phoma (CLL/SLL), Cyclin D1 expression is generally low
within tumour cells; however, its differential diagnostic
relevance remains substantial because of the nodular
growth pattern and CD5 expression shared with MCL
[14].

Therefore, assessment of Cyclin D1 expression is of
considerable importance in the diagnosis of lympho-
cyte-derived neoplasms, particularly in cases with over-
lapping morphological and immunophenotypic features.
Given the marked variability in Cyclin D1 expression
among the aforementioned tumour types, the present
study investigated the proportion of positive cells and the
intensity of nuclear staining in various B-cell lymphomas
to determine whether Cyclin D1 assessment should be
routinely incorporated into the immunohistochemical
panel used for the diagnosis of mature B-cell lymphomas.

Materials and Methods

We performed a retrospective analysis of adult patients
diagnosed with Cyclin D1-positive lymphoid neoplasms
at the Histopathology Laboratory of the Mures County
Emergency Clinical Hospital between 2016 and 2025.
Particular attention was paid to both quantitative (per-
centage of positive cells and staining intensity) and
qualitative (nuclear staining pattern and heterogeneity)
expression characteristics. Cyclin D1 staining intensity
was evaluated in relation to the Ki-67 proliferative index
for each case. Subsequently, Cyclin D1 nuclear expres-
sion was compared with the expression of key diagnostic
immunohistochemical markers, including CD20, SOX11,
CD5, CD38, and HCL-associated markers, and the degree
of co-expression was calculated as a percentage.

Only histopathologically confirmed diagnoses sup-
ported by immunohistochemical findings and classified
according to the 2016 [15] and 2022 [16] World Health
Organization (WHO) classifications were included.
Cases were required to demonstrate nuclear Cyclin D1
positivity irrespective of the percentage of positive cells
or staining intensity. Immunohistochemical assessment
of Cyclin D1 was standardized and included evaluation
of nuclear positivity, the proportion of positive cells, and
staining intensity. However, the primary objective was
not to establish conventional positivity categories or pre-
defined cut-off values but rather to analyse co-expression
patterns between Cyclin D1 and other diagnostically
relevant antigens. Consequently, interpretation focused
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Figure 1. Mantle cell ymphoma (MCL). A-B. H&E staining shows a diffuse lymphoid infiltrate with prominent
vascularization and strong CD20 positivity. C. SOX11 nuclear staining is heterogeneous and limited to 70-80% of
tumor cells. D. Cyclin D1 nuclear expression is strong and homogeneous. A marked overlap between CD20 and
Cyclin D1 staining is observed, supporting Cyclin D1 expression in the neoplastic B-cell population.

on relative expression levels, staining heterogeneity, and
overlap with other immunohistochemical markers, ren-
dering conventional cut-off values of limited relevance.
All immunohistochemical analyses were performed
using standardized protocols and validated in vitro diag-
nostic (IVD)-certified platforms to ensure reproducibil-
ity and diagnostic reliability.

Additional inclusion criteria comprised adequate tis-
sue quality and quantity (for bone marrow biopsies, a
minimum of five evaluable marrow spaces), technically
satisfactory immunohistochemical staining free of sig-
nificant artifacts, and the availability of relevant clinical
and laboratory data, including age, sex, anatomical site,
disease stage, and haematological parameters, retrieved
from the H3 hospital information system database.

Exclusion criteria included ambiguous diagnoses, cases
subsequently reclassified following additional investiga-
tions, repeat biopsies from the same patient that could
confound clinicopathological correlations, and previously
treated cases in which prior oncological therapy may have
altered immunohistochemical marker expression.

Data were recorded and organized using Microsoft
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Excel. Statistical processing consisted of descriptive anal-
yses, including calculation of means, medians, and mea-
sures of dispersion (minimum, maximum, and standard
deviation). Key haematological parameters obtained
from complete blood counts, as well as inflammatory
markers such as lactate dehydrogenase (LDH) and
C-reactive protein (CRP), were compared across tumour
types. Given that the study primarily focused on qualita-
tive parameters and involved a relatively limited number
of cases, inferential statistical analyses and significance
testing were not considered appropriate.

The study protocol was approved by the Ethics
Committee of the Mures County Emergency Clinical
Hospital (Decision of the Medical Ethics Committee for
Clinical Studies of the Targu Mures County Emergency
Clinical Hospital, No. Ad.33795/12.01.2024).

Results

Among the lymphoid neoplasms diagnosed during the
study period, a total of 41 cases demonstrated Cyclin D1
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Figure 2. Plasma cell neoplasm (SPQC). In plasma cell tumors, Cyclin D1 positivity is observed in no more than 40% of
tumor cells, in contrast to the uniform CD138 expression observed in nearly 100% of tumor cells (inset).

expression in neoplastic cells. The distribution by tumour
type was as follows: 27 cases (65.85%) of MCL, 8 cases
(19.51%) of plasma cell neoplasms (SP/MM), 3 cases
(7.31%) of DLBCL, 2 cases (4.88%) of HCL, and 1 case
(2.43%) of CLL/SLL.

Demographic analysis of the study population revealed
a mean age of 67.75 + 11.22 years (range: 38-79 years).
The gender distribution showed a clear male predomi-
nance (25 males versus 16 females), with men accounting
for more than 60% of the cohort.

Analysis of haematological abnormalities demon-
strated that anaemia (66%) and thrombocytopenia
(37%) were the most common findings, predominantly
associated with bone marrow involvement. Elevated
lactate dehydrogenase (LDH) (51%) and C-reactive pro-
tein (CRP) (46%) levels served as indirect indicators of
tumour biological activity and the inflammatory micro-
environment. Leukocyte abnormalities, including leu-
kocytosis and leukopenia, were observed in only 17% of
cases.

Regarding tumour distribution, MCL represented the
predominant diagnostic category, accounting for 65.85%
(27/41) of all cases. The second largest group comprised
plasma cell neoplasms (SP and MM), which accounted
for 19.51% (8/41) of cases. The remaining cases included

3 DLBCLs (7.31%), 2 HCLs (4.88%), and 1 CLL/SLL case
(2.43%).

The anatomical distribution was dominated by nodal
disease, which was observed in 58.53% (24/41) of cases,
most commonly involving peripheral and abdominal
lymph nodes. Nevertheless, a substantial proportion of
tumours presented at extranodal sites (41.46%; 17/41),
including the prostate, tonsil, gastrointestinal tract
(MCL), bone and bone marrow, nasal cavity (SP and MM),
and bone marrow (HCL), reflecting the marked clinical
heterogeneity of lymphoproliferative disorders. Among
the extranodal presentations, bone marrow involvement
was particularly frequent, occurring in 24.39% (10/41)
of the cohort. In three cases, clinical manifestations were
primarily attributable to severe pancytopenia caused by
bone marrow suppression, occurring in plasma cell neo-
plasms, leukemic-phase MCL, and HCL.

Cyclin D1 expression exhibited considerable vari-
ability in both intensity and distribution among the
different tumour types. Strong, diffuse nuclear staining
was consistently observed in MCL, whereas plasma cell
neoplasms demonstrated more moderate nuclear stain-
ing with a focal or zonal distribution pattern. In HCL,
weak-to-moderate nuclear staining was detected in fewer
than 70% of tumour cells. DLBCL cases expressing Cyclin
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Figure 3. Hairy cell leukemia (HCL). Cyclin D1 demonstrates nuclear expression of variable intensity, with partial
overlap with CD20 expression (inset).

D1 showed moderate-intensity nuclear staining involving
less than 30% of neoplastic cells. A similar staining inten-
sity was observed in the single CLL/SLL case, although
the distribution was focal.

Although Cyclin D1 expression possesses substantial
diagnostic value on its own, its clinical significance is best
appreciated when interpreted in conjunction with other
immunohistochemical markers. Considering the charac-
teristic immunophenotypic profiles of these neoplasms,
we analysed Cyclin D1 co-expression with established
B-cell and plasma cell markers, particularly CD20, CD5,
SOX11, CD38, and HCL-associated markers.

In mantle cell lymphoma (CD20+/CD5+/Cyclin D1+/
SOX11+), Cyclin D1 expression showed highly repro-
ducible concordance with the characteristic immuno-
phenotype. In addition to universal CD20 expression
(100%), CD5 positivity averaged 90%, while Cyclin D1
demonstrated an overlap of 85-95% with these markers.
Co-expression of SOX11 and Cyclin D1 reached approx-
imately 90% (Figure 1).

Notably, two extranodal MCL cases were Cyclin
D1-negative and were therefore excluded from the study.
In both cases, the diagnosis was supported by SOX11
positivity. Furthermore, the Ki-67 proliferative index
showed substantial variability, ranging from 10% to 80%.
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In plasma cell neoplasms, the overlap between Cyclin
D1 and lineage-specific plasma cell markers was markedly
lower than that observed in MCL. Although CD138 and
CD38 expression was consistently strong (100%), Cyclin
D1 positivity ranged from 10% to 30%, and the overall
overlap between Cyclin D1 and CD138/CD38 expression
did not exceed 20% within the cohort (Figure 2).

In HCL, Cyclin D1 expression overlapped with CD20
positivity in approximately 50% and 70% of tumour cells,
respectively (Figure 3), whereas in the three DLBCL cases,
Cyclin D1/CD20 co-expression was limited, reaching
only 5%, 15%, and 20% (Figure 4). In the single CLL/SLL
case, only 5% of tumour cells expressed Cyclin D1 (Figure
5), while positivity within proliferation centres served as
an internal control. The principal findings are summa-
rized in Table 1.

Discussion

Our demographic findings are consistent with the
well-established age and sex distribution of lymphoid
malignancies. These epidemiological patterns are likely
driven by age-related immunosenescence, the cumula-
tive effects of genetic instability, and biological sex dif-
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Figure 4. Diffuse large B-cell ymphoma (DLBCL) with Cyclin D1 expression. A. H&E staining reveals large atypical
tumor cells. B-C. Strong CD20 positivity and a high Ki-67 proliferation index are evident in the large atypical tumor
cells. D. Cyclin D1 nuclear expression of moderate intensity shows less than 30% overlap with CD20 expression.

ferences, including hormonal and epigenetic influences.
Overall, the predominance of cytopenias observed in
our cohort reflects bone marrow infiltration, whereas
elevated LDH and CRP levels correlate with increased
tumour biological activity and inflammatory responses
within the tumour microenvironment.

The
expressing Cyclin D1 is highly heterogeneous. Our find-

spectrum of lymphoproliferative disorders

* CyclinD1

2 ‘_;;;f

ings demonstrate that although mantle cell lymphoma
represents the predominant entity, other lymphoid neo-
plasms—including plasma cell neoplasms, DLBCL, HCL,
and CLL/SLL—may also express Cyclin D1. This distri-
bution is consistent with previous reports indicating that
Cyclin D1 expression in non-MCL neoplasms frequently
arises through mechanisms independent of the classical
CCNDI translocation [17].

Figure 5. Small lymphocytic lymphoma (SLL). Focal Cyclin D1 expression of moderate intensity is observed against a
background of small lymphocytes and is predominantly restricted to proliferation centers.
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Table 1. Clinical, laboratory, and immunohistochemical characteristics of cyclin D1-positive cases

Cyclin D1 positive lymphomas MCL PC/MM DLBCL HCL CLL Total

Demographic and clinical data

Number of cases 27 8 3 2 1 41
(65.85%) (19.51%) (7.31%) (4.88%) (2.43%)

Male / Female ratio 19/8 2/6 2/1 2/- -/1 25/16

Localisation Nodal 20 2 1 - 1 24

Extranodal 7 6 2 2 - 17

Cyclin D1 expression

Intensity / distribution Strong, Moderate, Moderate / Moderate, Weak, focal -
diffuse zonal Weak, focal diffuse

Coexpression with other lineage 85-95% 10-40% 10-15% 50-70% 5% -

specific antigens

Abnormal hematologic parameters / elevated LDH or CRP

Hemoglobin (13-17 g/dL) 19 4 1 2 1 27

Leukocytes (3600-10000 / mm”) 5 - - 2 - 7

Thrombocytes (150-450 / pL) 9 2 2 2 - 15

LDH (135-225 U/L) 17 1 2 - 1 21

CRP (<5 mg/L) 13 3 1 2 - 19

At present, no universally accepted cut-off value
exists for Cyclin D1 positivity across all tumour types.
The diagnostic threshold depends largely on the specific
neoplasm, clinical context, and validation studies. In
MCL, strong and diffuse nuclear staining is considered
highly characteristic; however, even limited positivity
may be diagnostically relevant when interpreted within
the appropriate morphological and immunophenotypic
context. In contrast, evaluation of Cyclin D1 expression
in solid tumours, such as breast carcinoma and head and
neck squamous cell carcinoma, is commonly based on
predefined percentage thresholds [2,3]. Cyclin D1 expres-
sion may present differential diagnostic challenges in
neoplasms that share morphological features with MCL,
including transformed CLL and DLBCL. Consequently,
in diagnostically challenging cases, immunohistochem-
ical findings should ideally be complemented by molec-
ular testing to confirm or exclude the t(11;14)(q13;q32)/
CCNDI-IGH rearrangement [6].

Although Cyclin D1 is a hallmark marker of MCL, its
expression alone is insufficient for diagnosis, as a small
proportion of MCL cases are Cyclin D1-negative [18].
Some of these tumours harbour CCND2 or CCND3
translocations and are typically SOX11-positive, exhibit-
ing clinical and genetic features similar to those of Cyclin
D1-positive MCL [19]. The Cyclin D1-negative MCL
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cases identified at our institution were excluded from
the present analysis because of the absence of Cyclin
D1 protein expression. By contrast, another Cyclin
D1-positive/ CD5-negative nodal neoplasm was classified
as MCL based on the presence of SOX11 nuclear posi-
tivity. The predominance of MCL and its characteristic
strong, homogeneous nuclear staining pattern directly
reflect the underlying t(11;14)(q13;q32) translocation.
Consistent with the literature, Cyclin D1 immunoposi-
tivity is observed in approximately 98% of MCL cases and
remains a defining feature of the disease [20].

The anatomical presentation of MCL is also highly
variable. In our cohort, nodal involvement was pres-
ent in approximately 75% of cases, exceeding the pro-
portions reported in some studies, where nodal and
extranodal presentations are more evenly distributed.
Cyclin D1-positive tumours involving the bone marrow
accounted for approximately one-quarter of all cases,
including HCL. In bone marrow trephine biopsies, dis-
tinguishing HCL from other Cyclin D1-positive neo-
plasms, particularly MCL, is of considerable differential
diagnostic importance.

Cytogenetic studies have shown that Cyclin D1 expres-
sion in plasma cell neoplasms is largely restricted to the
t(11;14)-positive subgroup of multiple myeloma. In this
context, Cyclin D1 serves primarily as a subtype-associ-
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ated marker rather than a disease-driving biomarker [21].
The relatively weak and focal staining pattern, together
with the low degree of overlap with CD138 and CD38
expression, suggests that its diagnostic utility in plasma
cell neoplasms is limited.

In HCL, Cyclin D1 may be expressed with
weak-to-moderate intensity in a variable proportion of
tumour cells, ranging from 10% to 70%. Although this
phenomenon is well documented, it is neither universal
nor disease-specific and may be misleading if interpreted
without appropriate immunophenotypic and molecular
correlation. Alternative regulatory pathways, includ-
ing BRAF-mediated signalling, have been proposed as
potential mechanisms underlying Cyclin D1 expression
in HCL. The BRAF mutation present in the vast major-
ity of HCL cases leads to constitutive activation of the
MAPK/ERK pathway, which may indirectly contribute to
Cyclin D1 upregulation [22].

Cyclin D1 expression in DLBCL is uncommon but well
documented and is typically characterized by moderate
nuclear staining with only partial overlap with the CD20-
positive tumour cell population [23]. In most cases,
Cyclin D1 expression in DLBCL is not associated with
the t(11;14)(q13;q32) translocation. Although Cyclin
D1-positive DLBCL constitutes a biologically heteroge-
neous group, several studies suggest that some cases may
pursue a more aggressive clinical course. Distinguishing
these tumours from pleomorphic or blastoid variants of
MCL—which may closely resemble DLBCL both mor-
phologically and immunophenotypically but typically
exhibit strong, diffuse Cyclin D1 expression and char-
acteristic genetic alterations—is of critical diagnostic
importance [12,24].

In CLL/SLL, Cyclin D1 expression is generally min-
imal and limited to a small subset of cells, usually rep-
resenting approximately 5% of the tumour population.
Positivity is typically confined to proliferation centres
(pseudofollicles), which appear as pale expanded areas
within a background of small lymphocytes. These struc-
tures do not represent true germinal centres but rather
sites of increased activation and proliferation of neoplas-
tic cells. Consequently, Cyclin D1 expression in CLL/
SLL does not reflect the baseline tumour phenotype
but instead correlates with cellular activation and pro-
liferation, effectively serving as an internal control. This
observation is particularly important in the differential
diagnosis of MCL, which also expresses CD5 but is char-
acterized by strong, diffuse Cyclin D1 positivity [14].

Recent multiparametric immunophenotypic studies
have further demonstrated that a substantial proportion
of Cyclin D1-positive cells in CLL/SLL may represent
non-neoplastic bystander cells with a histiocytic phe-
notype rather than the neoplastic lymphoid population
itself [25].

Interpretation of Cyclin D1 expression in MCL is gen-
erally straightforward, as the strong and diffuse nuclear
staining pattern closely correlates with CD20, CD5, and
SOX11 expression. Particular attention should also be
paid to SOX11-negative cases, which have been asso-
ciated with extranodal disease and potentially distinct
biological behaviour [26]. The high degree of co-expres-
sion between Cyclin DI and lineage-specific markers
constitutes a characteristic diagnostic signature of MCL,
further complemented by the Ki-67 proliferative index.
The broad range of Ki-67 values observed in our cohort
(10-80%) reflects the biological heterogeneity of the
disease. Furthermore, it is also significant in the case of
plasma cell proliferations, given that normal plasma cells
are also often Cyclin D1-positive. In contrast, the rela-
tively low-level Cyclin D1 expression observed in plasma
cell neoplasms, HCL, DLBCL, and CLL/SLL reduces the
diagnostic specificity of the marker and highlights the
potential for diagnostic misinterpretation.

Several limitations of the present study should be
acknowledged, including the relatively small sample size
(n = 41), the single-centre design, and the retrospective
methodology, all of which may limit the generalizability
of the findings. An additional limitation is the absence
of molecular confirmation of the CCNDI-IGH [t(11;14)]
rearrangement, which would have further strengthened
the diagnostic conclusions.

Conclusion

In conclusion, Cyclin D1 remains a cornerstone bio-
marker for the diagnosis of mantle cell lymphoma.
However, pathologists and clinicians must be aware that
Cyclin D1 expression may also occur in other B-cell and
plasma cell neoplasms, thereby reducing its diagnos-
tic specificity and increasing the risk of overdiagnos-
ing MCL. Our findings strongly support the need for a
comprehensive, multiparametric diagnostic approach
that integrates morphological, immunophenotypic, and
molecular data to ensure accurate classification of Cyclin
D1-positive lymphoid neoplasms.
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A cyclin D1 expresszid, mint diagnosztikus biomarker
a lymphocyta eredetii daganatokban
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Abstract - Cyclin D1 is a key regulator of cell cycle progression and a well-established diagnostic marker in
Mantle Cell Lymphoma. However, its expression has also been described in a subset of other B-cell lymphop-
roliferative disorders, posing potential diagnostic challenges. Methods: We performed a retrospective analysis
of Cyclin D1-positive lymphoid neoplasms diagnosed between 2016 and 2025 at a single tertiary care center.
Expression patterns were evaluated in relation to tumor type, staining intensity, distribution, and co-expression
with lineage-specific immunohistochemical markers. Results: A total of 41 Cyclin D1-positive cases were iden-
tified, including MCL (65.85%), plasma cell neoplasms (19.51%), Diffuse Large B-Cell Lymphoma (7.31%), Hairy
Cell Leukemia (4.88%), and Chronic Lymphocytic Leukemia (2.43%). MCL cases showed strong, diffuse nuclear
expression with high concordance with CD5 and SOX11. In contrast, non-MCL neoplasms exhibited variable,
often weaker and heterogeneous expression patterns. In CLL, Cyclin D1 positivity was minimal and confined
to proliferation centers, while in HCL it was moderate and heterogeneous. DLBCL cases demonstrated mod-
erate nuclear expression with limited overlap with CD20-positive tumor cells. Conclusions: Although Cyclin
D1 remains a highly sensitive marker for MCL, its expression in other B-cell neoplasms limits its diagnostic
specificity. Accurate interpretation requires integration of morphologic, immunophenotypic, and molecular
findings to avoid diagnostic pitfalls, particularly in distinguishing MCL from other Cyclin D1-positive lymphoid

neoplasms.
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Bevezetés

A Cyclin D1 egy kulcsfontossagu fehérje a sejtciklus sza-
balyozasaban. A fehérjét koddolo gén transzlokaciés muta-
cidja révén kiillonboz6 neoplasztikus elvaltozasokban
kontrollélatlan sejtproliferaciot idéz el, ezért fontos sze-
repet jatszik, mint diagnosztikai marker a B- sejtes lymp-
homak elktilonitésében, féleg a kopenysejtes lymphoma
(MCL) azonositasaban, ugyanakkor a hameredetti daga-
natok proliferacios aktivitdsanak megbizhato jellemzéje
[1]. Szerkezetét tekintve egy 295 aminosavbol 4ll6 fehérje,
amelyet a 11q13.3 kromoszéma lékuszban talalhatd, ot
exonnal rendelkez§ CCND1 gén kddol. Elettani koriil-
mények kozott a molekula instabil, felezési ideje 10-30
perc. A lebomlasa polyubiquityldcion keresztiil torténik,
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ezt kovetGen megsemmisitése a 26S proteoszoma dltal
valdsul meg, amit egy helyspecikifus threonin (Thr-286)
foszforilacié szabalyoz. Normal koriilmények kozott exp-
resszidja szigortian kontrollalt, azonban genetikai vagy
jelatviteli eltérések kovetkeztében kialakulo tulzott akti-
vitdsa onkogén hatdast lehet. Ezen molekuldban bekovet-
kez6 mutacid esetén, a Cyclin D1 stabilizalédik, megte-
remtve a lehetdségét a proonkogén-onkogén folyamatok
inicidciéjanak. CCND1 gén amplifikacidja, transzloka-
cidja és tulzott expresszidja kulcsszerepet jatszanak tobb
daganattipusban. Amplifikdcié eredményeként génkopi-
aszam novekedés és kévetkezményes Cyclin D1 tulter-
melés lathaté pl. emlorak, fej-nyaki tumorokban [2,3]. A
MCL-ben a neoplasztikus atalakulas alapjat klasszikusan
a t(11;14) (q13;q32) transzlokdcié képezi, amely soran
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az immunglobulin nehézlanc (IGH) génkomplex 14q32
régidjahoz helyezi at a 11q13 régioban talalhato CCND1
protoonkogént. A transzlokacié hatdsara szabélyozastél
tiiggetlen Cyclin D1 tualexpresszio is kialakul. A CDK4
és CDKG6 kinazokhoz val6 kapcsolddasa révén, valamint
az RB foszforizdcidja eredményeként felszabaditja az E2F
transzkripcios faktort, amely a G1/S fazis progresszidja-
val a sejtciklus felgyorsitasat eredményezi [4].

Szolid daganatokban és lymphomékban (MCL vala-
mint a plazmasejtes neoplaziakban) egyarant kimutattak,
hogy a Cyclin D1 transzkripcids faktorokkal, chromatin
remodeling és hisztont modositd enzimekkel is kolcson-
hatasba lép, amely altal fokozza a kromoszéma instabili-
tast, azdltal, hogy a kromoszomaszegregacié és a kroma-
tin dtrendezddésben szerepet jatszo szabalyozo génekkel
létesit kotddést [5].

A B-sejteredetti limfoid daganatok széles spektruma
kothet6 a Cyclin D1 expresszid jelenlétéhez, a MCL ese-
tében diagnosztikus jelentdséggel. Ennek a daganatnak a
klinikai megjelenése széles spektrumot 6lel fel, az aszimp-
tomatikus, enyhe tiineteket mutat6 klinikai variansoktol
egészen a sulyos, agressziv variansokig [6,7]. Ugyancsak
Cyclin D1 expressziét mutaté daganat a hajas sejtes leu-
kémia (HCL), amely az Osszleukémidk csupan 2%-at
képezi, gyakran a csontveld, a periférias vér és 1ép egyi-
deju érintettségével [8]. A plasmocyta eredett daganatok
esetében mind a lokalizalt szoliter plasmocytoma (SPC),
mind pedig a disszeminalt, csontvel6t is érinté myeloma
multiplex (MM) formaban jellemz6 a valtozé aranyu
Cyclin D1 expresszié [9,10]. Ezzel ellentétben az éretlen
plazmasejtekbdl kialakulé a plasmablastos lymphoma
(PBL) kovetkezetesen Cyclin D1-negativ immunfeno-
tipusa [11] élesen szembedllithaté diffiz nagy B-sejtes
lymphoma (DLBCL) egy molekuldrisan meghatarozott
alcsoportjaban észlelt aberrans Cyclin D1 expresszioval,
amely diagnosztikai csapdat jelent és a lymphoma bio-
logia komplexitasat titkrozi [12,13]. A kis lymphocytas
lymphoma/krénikus lymphocytas leukémia (CCL) daga-
natsejtjeinek Cyclin D1 expresszidja alacsony, de diffe-
rencialdiagnosztikai szempontbol nem elhanyagolhato,
mivel az infiltratum nodularis jellege és a CD5 expresszié
kozos vondsa a MCL-nek és a CCL-nek egyarant [14].

A fentiekbdl kovetkezik, hogy a Cyclin D1 expresszid
vizsgalata a lymphocyta eredetti daganatok diagnosztika-
jaban kiemelt jelentéséggel bir, kiillondsen azon esetek-
ben, ahol a morfoldgiai és immunfenotipusos jellemzék
atfedést mutatnak. Mivel a Cyclin D1 expresszidja szig-
nifikdns kiillonbséget mutat a fent emlitett daganatti-
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pusokban, jelen tanulmanyunkban kiillonb6z6é B-sejtes
lymphomak esetében vizsgaltuk a fehérje expresszidjanak
a szazalékos aranyat, valamint a magfest6dés intenzitasat
annak eldontésére, hogy a Cyclin D1 vizsgalata sziik-
ségszerlien beemelend6-e a rutinszer(ien alkalmazott
immunhisztokémiai panelbe érett B-sejtes lymphomak
diagnosztikajaban.

Anyag és modszer
A Marosvasarhelyi Megyei Siirgésségi Klinikai Kérhaz

Laboratériumaban 2016-2025 kozott
diagnosztizalt Cyclin D1-pozitiv, lymphocytaeredetii

Koérszovettani

felnéttkori daganatok retrospektiv elemzését végeztik el,
kiilonos tekintettel az expresszié mennyiségi (a pozitiv
sejtek aranya, fest6dési intenzitas) és mindségi jellegze-
tességeire (nuklearis mintazat, heterogenitas). Az exp-
resszio intenzitasat az adott esetek Ki67-expresszidjanak
erdsségéhez viszonyitottuk. Ezt kovetSen a kiilonboz6
Cyclin D1-pozitiv daganatokban az antigén nukledris
expresszidjat Osszehasonlitottuk az adott daganatok
diagnosztikai szempontbol meghatirozé immunhisz-
tokémiai markereinek — CD20, SOX11, CD5, CD38 és
HCL — expresszidjaval, és minden daganattipus esetében
meghataroztuk az expresszios atfedés mértékét, amelyet
szazalékban fejeztiink ki. Az adatbdzisba csak a hiszto-
patologiailag igazolt, immunhisztokémiai vizsgalatokkal
alatamasztott, az Egészségiigyi Vildgszervezet (WHO)
2016 [15] illetve 2022 [16] osztalyozdsanak megfelel6
diagndzisokkal rendelkez6 daganatok keriiltek be, ame-
lyek immunhisztokémiai vizsgalattal Cyclin D1 pozitiv
nukledris fest6dést mutattak, fiiggetleniil a pozitiv sej-
tek ardnyatol vagy a festddés intenzitasatol. A Cyclin D1
immunhisztokémiai festédés értékelését standardizalt
szempontok alapjan végeztik, figyelembe véve a nuk-
learis pozitivitast, a pozitiv sejtek aranyat és a festédés
intenzitasat. Ugyanakkor vizsgalatunk elsédleges célja
nem a klasszikus pozitivitasi kategdriak vagy fix cut-off
értékek meghatarozasa volt, hanem a Cyclin D1 és mas
diagnosztikailag relevans antigének kozotti koexpresszios
mintazatok elemzése. Ennek megfeleléen az interpretacio
soran a hangsulyt az expresszi6 relativ mértékére, hete-
rogenitdsara és az egyéb immunhisztokémiai markerek-
kel mutatott atfedésekre helyeztik, igy a hagyomanyos
cut-off értékek alkalmazasa korlatozott jelentdséggel birt.
A fent emlitett immunhisztokémiai vizsgalatok standar-
dizalt protokoll szerint, validalt és in vitro diagnosztikai
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1. abra. Kopenysejtes lymphoma (MCL). A-B. H&E-festéssel gazdagon erezett diffiz lymphoid infiltratum lathato erés
CD20-pozitivitassal. C. A SOX11 nukledris fest6dés heterogén, a daganatsejtek 70-80%-ra korlatozddik. D. A Cyclin

D1 magi expresszio kifejezett, homogén. A CD20 és Cyclin D1 fest6dés kozott jelentds atfedés figyelheté meg, ami
aladtdmasztja a neoplasztikus B-sejt populédcié Cyclin D1-expressziojat.

(IVD) mindsitésli rendszer alkalmazéséaval torténtek, biz-
tositva az eredmények reprodukalhatdsagat és diagnosz-
tikai megbizhatdsagat.

Egyéb besorolasi kritériumnak tekintettiik a megfelel6
minéségl és mennyiségl szovettani mintat (csontveld
biopszia esetén legalabb 5 értékelhetd velSirrel), a miiter-
mékek nélkiili megfeleld technikai mindségli immun-
hisztokémiai reakcidkat, valamint az esetekkel asszocialt
klinikai és labordiagnosztikai eredmények elérhetéségét
a H3 informatikai rendszer adatbdzisabol (pl. életkor,
nem, lokalizaci, stadium, hematoldgiai paraméterek).

Nem kertiltek besorolasra a nem egyértelmli vagy
késSbb pontositott diagndzisok, a klinikopatoldgiai kor-
relaciét gyengitd, ugyanazon betegt6l szarmazo ismételt
biopsziak, valamint a korabban kezelt esetek, amelyekben
az onkoterapias protokoll befolyasolhatja az immunhisz-
tokémiai markerek expressziojat.

A vizsgalat sordn az adatokat Microsoft Excelben
rogzitettiik és rendszereztilk. Az adatok feldolgozasa
egyszerl leird statisztikai moddszerekkel tortént, mint
kozépérték (atlag), median, szérodasi mutatok (mini-
mum, maximum, standard deviacié). Osszehasonlitottuk

a paciensek legfontosabb hematolégiai (hemogramm
alapjan), valamint gyulladdsos paramétereit (LDH, PCR),
vizsgalt daganatok tipusara bontva. Mivel a vizsgalat els6-
sorban kvalitativ jellegti paraméterek értékelésére épiilt,
tovabba a rendelkezésre 4110 esetszam korlatozott volt, a
statisztikai szignifikancia p-érték alapu meghatdrozasat
nem tartottuk indokoltnak.

Jelen tanulmanyt a Marosvasarhelyi Megyei Stirg6sségi
Klinikai Korhaz Etikai Bizottsaga hagyta jova. (Decizia
Comisiei de Eticda Medicala pentru Studiul Clinic al
Medicamentului din cadrul SCJU Targu Mures nr.
Ad.33795 din 12.01.2024)

Eredmények

A vizsgalt periodusba diagnosztizalt lymphocyta eredetii
daganatok koziil 6sszesen 41 esetben taldltunk a daganat-
sejtekben Cyclin D1 antigén-expressziot, melyek a daga-
natok szoveti tipusa szerint a kovetkezé eloszlast mutat-
tak: 27 (65,85%) MCL, 8 (19,51%) SPC/MM, 3 (7,31%)
DLBCL, 2 (4,88%) HCL és 1 (2,43%) CLL.
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2, dbra. Plazmasejtes daganatok (SPC). A plazmasejtes daganatok tumorsejtjeiben a Cyclin D1 pozitivitds nem
haladja meg a 40%-ot, szemben a 100%-o0s CD138 antigén-expresszidval (beillesztés).

A betegpopulacié demografiai jellemzdinek elemzése
soran a vizsgalt beteganyag atlagéletkora 67,75+, max: 79
min: 38, standard devidci6 11,22 év volt. A nemek szerinti
megoszlas egyértelmi férfi dominanciat mutatott (25
férti/16 no), a férfi betegek aranya meghaladta a 60%-ot.

A kéros hematologiai paraméterek elemzése soran az
anémia (66%) és a thrombocytopenia (37%) dominalt,
amelyek elsGsorban csontvel6i érintettséggel hozhatok
Osszefiggésbe. Az emelkedett LDH-szint (51%) és CRP
(46%) a tumorbiologiai aktivitas és a gyulladdsos mikro-
kornyezet indirekt markereinek bizonyultak. A leukocyta
eltérések (leukocytosis, leukopenia) az esetek csupan
17%-ban fordultak eld.

A szoveti tipus tekintetében a diagnosztikus spektrum
megoszlasa egyértelmli dominanciat mutatott a MCL
javara, amely az Osszes eset 65,85%-at (27/41) tette ki.
A masodik leggyakoribb csoportot a plazmasejtes ere-
detli daganatok (SPC és MM) alkottdk (19,51%; 8/41).
A fennmaradd eseteket 3 (7,31%) a (DLBCL), 2 (4,88%)
hajas sejtes leukémia (HCL), valamint 1 (2,43%) kroni-
kus lymphocytas leukémia/small lymphocytic lymphoma
(CLL/SLL) képezték.

A Kklinikai megjelenés elemzése soran az esetek tobbsé-
gében a nodalis lymphomak (58,53%; 24/41) dominaltak,
amelyek lokalizacio tekintetében leggyakrabban a peri-
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térias, illetve az abdominalis nyirokcsomdkat érintették.
Ugyanakkor jelentds aranyban extranodalis manifeszta-
cié is el6fordult (41,46%; 17/41) a kovetkez6 lokalizacidk-
ban: prosztata, garatmandula, gyomor-bél traktus (MCL),
csont és csontveld, orriireg (SPC és MM) valamint csont-
vel6 (HCL), ami jol tiikrozi a lymphoproliferativ betegsé-
gek klinikai heterogenitasat. Az extranodalis esetek kozott
kiemelendd a csontveld érintettség, amely a vizsgalt esetek
24,39%-at (10/41) képezte. Ezek koziil harom esetben a
klinikai tiinetek hatterében a csontveléi haematopoesis
visszaszoritasara utald kifejezett pancytopenia allt, ami
elsésorban plazmasejtes daganatokban, a MCL leukémids
fazisaban, valamint HCL-ben egyértelmiien jelen volt.

A Cyclin D1 expresszi6 a fent emlitett daganatokban
valtozé intenzitast és eloszlast mutatott. Erés, diffuz nuk-
learis fest6dést észleltiink a MCL-ban, ezzel ellentétben a
plazmasejtes daganatokban a nuklearis festdés mérsékel-
tebb és fokalis, zondlis elrendezddést mutatott. HCL-ben
gyenge vagy mérsékelt nukledris festédést talaltunk, ami
a daganatsejtek kevesebb, mint 70%-at érintette. A Cyclin
D1 expressziot mutato DLBCL-ben mérsékelt intenzitasu
magi expressziot taldltunk, ami a daganatsejtek kevesebb,
mint 30%-ban van jelen. Hasonld intenzitasu expresszids
mintazatot taldltunk CLL-ben, ebben az esetben fokalis
elrendezddésben.
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3. abra. Hajas sejtes leukémia (HCL). Cyclin D1 valtozé intenzitdsu nukledris expresszidja részleges atfedést mutat a
CD20 antigénnel (beillesztés).

A Cyclin D1 expresszié diagnosztikai értéke onma-
gaban is jelentds, azonban valddi klinikai relevancigja
az egyéb immunhisztokémiai markerekkel valo egytit-
tes értékelés soran valik teljessé. Figyelembe véve a fent
emlitett daganatok klasszikus immunprofiljat, részlete-
sen elemeztiik a Cyclin D1 és a klasszikus B-sejtes, illetve
plazmasejtes markerek kozotti koexpresszids mintdza-
tokat, kiilonos tekintettel a CD20, CD5, SOX11, CD38,
valamint a HCL antigénekre.

A kopenysejtes lymphoma (CD20/CD5/Cyclin D1/
SOXI11 pozitiv) eseteiben a Cyclin D1 az immunfenoti-
pussal jol reprodukalhatd és konzisztens egybecsengést
taldltunk. A CD20 expresszié mellett (100%), a CD5
pozitivitas atlagosan 90%-os volt, ezekkel az antigének-
kel a Cyclin D1 (kett6s pozitivitas) 85-95% -os atfedést
mutatott. A SOX 11 expresszio6 és a Cyclin D1 expresszid
egylittes jelenléte elérte a 90%-ot (1. dbra).

Ki kell emelniink, hogy két extranodalis MCL lymp-
homa a daganatsejtek immunfenotipusdnak meghataro-
zasa soran Cyclin D1 negativnak bizonyultak, ezért nem
keriiltek be a vizsgalt csoportba. Ebben a két esetben a
diagnozist a daganatsejtek SOX11 expresszidja tdmasz-
totta ald. Ugyanakkor a Ki67 antigén expresszids profilja
is eltéré volt a kiilonb6z6 daganatokban, a Ki67 index
széles tartomanyban mozgott (10-80%). A plazmasej-

tes eredeti daganatok esetében a Cyclin D1 expresszié
atfedése a tobbi vonalspecifikus antigénekkel jelentsen
alacsonyabbnak bizonyult, mint a MCL-esetében. A
CD138 és CD38 expresszio minden esetben dominans
volt (100%), mig a Cyclin D1 pozitivitds 10%-30% kozott
valtozott, dsszesetszamra vonatkoztatva a CD138/CD38-
Cyclin D1 atfedés nem haladta meg az 20%-ot (2. dbra).

A hajas sejtes leukémia eseteiben a CD20 pozitivitassal
asszocialt Cyclin D1 expresszio 50%-ot, illetve 70%-ot ért
el (3.4bra), mig a 3 diffuz nagy B-sejtes lymphoma esetei-
ben a CD20 antigénnel vald atfedés alacsony, 5%, 15% és
20% volt (4. dbra). CLL-ben a daganatsejtek csupan 5%-a
volt Cyclin D1 pozitiv (5. dbra), mig a proliferacids cent-
rumok sejtjeinek pozitiv jelolédése belsé kontrollként
értelmezendd. A fontosabb eredményeinket az 1. tabla-
zatba foglaltuk dssze.

Megbeszélés

Eredményeink a demografiai jellemz8k tekintetében 6ssz-
hangban dllnak a limfoid malignitasok életkori és nemekre
vonatkoztatott epidemioldgiajaval, melynek hatterében az
életkor el6rehaladdsdhoz kapcsolt immunosenescence, a
genetikai instabilitds kumulativ hatdsa és nemi kiilonbsé-
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4. abra. Cyclin D1 expressziét mutaté DLBCL. A. H&E festéssel lathatoak a nagyméret( atipusos daganatsejtek.
B-C. Szembet(iné a nagy, atipusos daganatsejtek erés CD20 pozitivitasa és Ki 67 expresszidja. D. A daganatsejtek
mérsékelt intenzitdsu Cyclin D1 magi expresszidja kevesebb mint 30%-ban mutat atfedést a CD20 antigénnel.

gek bioldgiai okai (hormonalis/epigenetikai tényezdk) all-
nak. Osszességében a cytopenidk dominancija elsésorban
csontvel6i érintettségre utal, mig az emelkedett LDH- és
CRP-szintek a fokozott tumorbioldgiai aktivitds és a gyul-
ladasos vélasz jelenlétével hozhatok dsszefiiggésbe.

A daganat tipusok tekintetében a Cyclin D1 expresszi-
6val rendelkez6 lymphoproliferativ daganatok spektruma
heterogén. A vizsgalt populacié eredményei azt mutat-

‘- CyclinD1
2 :
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SRR
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jak, hogy a domindns a képenysejtes lymphoma (MCL)
mellett kisebb aranyban ugyan, de egyéb daganatok is
expresszalnak Cyclin D1-et (plazmasejtes daganatok,
DLBCL, HCL és CLL). Az emlitett tipusok megoszlasa
jol korreldl az irodalomban emlitett adatokkal, amelyek
kiemelik, hogy a Cyclin D1 expresszi6 a non-MCL daga-
natokban gyakran a klasszikus CCND1 transzlokaciétol
tiiggetlen mechanizmusok révén torténik [17].

o P Y
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5. abra. Kis lymphocytas lymphoma (SLL). Kis lymphocytas hattérben megjelend, mérsékelt intenzitasu és fokalis
Cyclin D1 expresszi6 féleg a proliferacids centrumokra korlatozédik.
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1. tablazat. A vizsgalt populacié klinikai, paraklinikai és korszovettani adatai

Cyclin D1 pozitivlymphomak MCL PC/MM DLBCL HCL CLL Osszesen

Demografiai és klinikai adatok

Esetszam 27 8 3 2 1 41

(65,85%) (19,51%) (7,31%) (4,88%) (2,43%)

Férfi / N6 arany 19/8 2/6 2/1 2/- -/1 25/16

Lokalizacié Nodalis 20 2 1 - 1 24
Extranodalis 7 6 2 2 - 17

Cyclin D1 eszpresszio

Intenzitas / eloszlas Erés, diffiz Meérsékelt, Mérsékelt / Meérsékelt, Gyenge, gocos -

zonélis Gyenge, gocos  diffuz

Koexpresszié egyéb vonalspecifikus ~ 85-95% 10-40% 10-15% 50-70% 5% -

antigénekkel

Koros hematologiai paraméterek / emelkedett LDH és CRP

Hemoglobin (13-17 g/dL) 19 4 1 2 1 27

Leukocyta (3600-10000 / mm”) 5 - - 2 - 7

Thrombocyta (150-450 / uL) 9 2 2 2 - 15

LDH (135-225 U/L) 17 1 2 - 1 21

CRP (<5 mg/L) 13 3 1 2 : 19

A Cyclin DI expresszi6 értékelésére jelenleg nincs
minden daganattipusra egységesen alkalmazhatd, univer-
zalis cut-off érték, mivel a pozitivitas kiiszobe jelent6sen
figg a daganat tipusatdl, a vizsgalat céljatol és a rendel-
kezésre allé klinikai validacidés adatoktol. Kopenysejtes
lymphoma (MCL) esetében a diffiz és erds nuklearis
pozitivitds tekintheté diagnosztikus jelent6ségtinek,
ugyanakkor megfelel6 morfoldgiai és immunfenotipusos
hattér mellett mar kisszamu pozitiv tumorsejt jelenléte is
relevans lehet. Ezzel szemben szolid tumorokban — pél-
daul emlScarcinoméban vagy fej-nyaki carcinomakban
- a Cyclin D1 értékelése gyakran el6re meghatdrozott
szazalékos cut-off értékek alapjan torténik [2,3]. A Cyclin
D1 expresszi6 differencidldiagnosztikai problémakat vet
fel a MCL-hoz hasonlé morfoldgiai mintdzatot mutato
daganatok esetében (transzformalt CLL, DLBCL), ezért
diagnosztikai bizonytalansag esetén a Cyclin D1 immun-
hisztokémiai kimutatdsat ajanlott molekuldris vizsga-
lattal kiegésziteni a t(11,14)(q13q32)/ CCNDI1-IGH
géndtrendez6dés megerGsitése vagy kizardsa céljabol [6].
Annak ellenére, hogy a Cyclin D1 diagnosztikai értéke
a MCL-ben kiemelt, még ebben a daganatban sem ele-
gendd dnmagdban az expresszio jelenléte a diagnézishoz,
mivel ismert tény, hogy a MCL-ak kis szdzaléka Cyclin
D1 negativ [18]. A Cyclin D1-negativ esetek egy részé-
ben Cyclin D2/D3 transzlokaciok fordulnak el6, amelyek

SOX11-pozitivitassal és a Cyclin D1-pozitiv MCL-hez
hasonl6 klinikai és genetikai jellemzdkkel tarsulnak [19].
Az dltalunk diagnosztizalt Cyclin D1 negativ MCL nem
kertlt be az adatfeldolgozasba, éppen a fehérje expresszid
hiany miatt, ellentétben egy masik, Cyclin D1 pozitiv/
CD5 negativ nodalis daganattal, ahol a diagnozist szintén
a SOX11 fehérje expresszidjaval tamasztottuk ald. A mor-
folégiai spektrum MCL dominanciaja és a hozza kapcsolt
erds magi expressziot mutaté homogén immunfestddés
a Cyclin D1 overexpresszio klasszikus t(11;14)(q13;q32)
kovetkezménye. Irodalmi kontextusba helyezve, a Cyclin
D1 immunhisztokémiai pozitivitds a MCL esetek mint-
egy 98%-aban kimutathato, és a betegség egyik meghata-
rozé diagnosztikai markere [20].

A kopenysejtes lymphoma anatéomiai megjelenése is
heterogén. Vizsgalt populacionkban a nodalis érintettség
aranya elérte a 75%-ot, ami meghaladja az irodalomban
kozolt adatokat, ahol a nodalis (~58%) és extranodalis
(~41%) lokalizacié kozel azonos gyakorisaggal fordul
eld. Cyclin D1 pozitiv csontveldt érinté daganat ezzel
szemben az alig egynegyedét képezték, beleértve a
HCL eseteket is. Nem HCL daganatok csontvel$é minta
(BOM) vizsgalatra alapuld diagnozisa esetén differenci-
aldiagnosztikai szempontbdl kiilonds jelentdséggel bir a
szintén Cyclin D1 pozitivitdst mutaté HCL-t6] val¢ elkii-
l6nitésiik.
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A citogenetikai vizsgalatok azt mutatjak, hogy a plaz-
masejtes daganatokban Cyclin D1 expresszié féként a
t(11;14)-pozitiv myeloma alcsoporthoz kotétt. Ebben
a daganatban a Cyclin D1 nem driver marker, hanem
inkabb altipus-specifikus jelenségként értelmezendd
[21]. A gyengébb, fokalis Cyclin D1 pozitivitds alacsony
CD138/CD38 koexpresszié mellett azt bizonyitja, hogy a
diagnosztikai jelentGsége ebben a daganattipusban elha-
nyagolhato.

A Cyclin D1 HCL-ben gyenge-mérsékelt intenzitassal,
a sejtek egy részében, széles spektrumot mutatva (10-70%)
expresszalodhat. Jelenléte ebben a tipusi daganatban
ismert, de nem éllandd, ezért komplex immunfenotipu-
sos és molekuldris korrelacié hianyéban félrevezeté lehet.
Feltételezik, hogy az expresszio hatterében alternativ sza-
balyozasi mechanizmusok allnak (pl. BRAF-medialt jelat-
vitel). A HCL doénté tobbségében jelen 1évé mutacié kons-
titutiv MAPK/ERK aktivacidt okoz, ami indirekt médon
hozzajarulhat a Cyclin D1 fokozott expresszidjahoz [22].

A Cyclin D1 expresszi6 DLBCL esetén ritka, de jol
dokumentilt jelenség, amely rendszerint mérsékelt inten-
zitast, diffuz nukledris mintazatot mutat, és gyakran csak
részleges atfedést mutat a CD20-pozitiv sejtpopulacioval
[23]. Az esetek tobbségében a Cyclin D1 expresszié nem
tarsul t(11;14)(q13;q32) transzlokacidéval. A Cyclin D1
pozitiv DLBCL esetek bioldgiai és klinikai heterogeni-
tast mutatnak, azonban tobb vizsgalat szerint ezen ese-
tek egy része agresszivebb klinikai lefolyassal tarsulhat.
Differencialdiagnosztikai szempontbol kiemelt jelents-
ségll a blasztos MCL kizarasa, amely morfoldgiailag és
immunfenotipusosan is utanozhatja a DLBCL-t, ugyan-
akkor rendszerint erds és diffuz Cyclin D1 expresszidval,
valamint specifikus genetikai eltérésekkel jellemezhet
[12,24].

A Cyclin D1 expresszi6 SLL/CLL esetén altalaban
minimalis mértéki, a tumorsejtek kis hanyadara (~5%)
korlatozodik. A pozitivitas jellemzdéen a proliferacios
centrumokban  (pseudofolliculusokban)  figyelhet6
meg, amelyek vilagosabb, lazabb szerkezett teriiletek-
ként jelennek meg a diffuz, kis lymphocytas hattérben.
Ezek a struktirdk nem valddi csiracentrumok, hanem
a tumorsejtek aktivacios és proliferdcids ,hotspotjai’.
Ennek megfelel6en a Cyclin D1 expresszié CLL-ben nem
a daganat alapfenotipusat tiikr6zi, hanem az aktivacids/
proliferacios allapottal all 9sszefiiggésben, és belsé kont-
rollként is értelmezhetd. A jelenség differencialdiagnosz-
tikai szempontbdl kiilonds jelentdséggel bir, kiillondsen
a MCL elkiilonitésében, amelyre szintén jellemz6 a CD5
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antigén expresszio, ami diffiz és erés Cyclin D1 expresz-
szioval tarsul [14]. Az elmdlt években végzett komplex
immunfenotipizaldsi vizsgalatok ramutattak, hogy SLL/
CLL esetén a Cyclin D1 pozitiv sejtek jelentds része nem
a tumorsejtekhez tartozik, hanem hisztiocita fenotipust
mutato kisérd sejtpopulaciot képvisel [25].

Cyclin D1 expressziés mintdzatok interpretacidja
MCL-ben nem jelent killonosebb problémat, hiszen az
erds, diffiz nuklearis festédés jol egybecseng a CD20,
CD5 és SOXI11 porzitivitassal. Fontos kiemelniink a
SOX11-negativ eseteket is, amelyek az extranodalis loka-
lizacidval és potencidlisan eltérdé bioldgiai viselkedéssel
mutatnak 6sszefliggést [26]. MCL-ben a magas Cyclin D1
koexpresszié mas vonalspecifikus markerekkel diagnosz-
tikai ,,mintdzatnak” tekinthetd, melyhez a Ki67 is hozza-
rendelhetd. Ez utobbi a daganat proliferdcids aktivitasat
jellemzi, a mi eseteinkben a széles tartomany (10-80%)
a tumor bioldgiai heterogenitasat tiikr6zi. Ugyanakkor a
plazmasejtes proliferaciok esetében is jelentdséggel bir,
tekintettel arra, hogy normalis plazmasejtek is gyakran
Cyclin D1-pozitivak. Egyéb Cyclin D1- pozitiv dagana-
tokban (plazmasejtes, HCL, DLBCL, CLL) észlelt, bar
alacsony mértékii antigén expresszio atfedése korlatozza
a marker diagnosztikai specificitdsat, egyuttal hangsu-
lyozza a differencialdiagnosztikai csapdak lehetdségét.

Vizsgéalatunk értelmezését tobb tényezd is korlatozta.
A viszonylag alacsony esetszam (n=41), az egycentru-
mos adatgyjtés, valamint a retrospektiv vizsgalati eljaras
egyarant befolyasolhatjak az eredmények altalanositha-
tésagat. Tovabbi korlatozd tényezét jelent a molekularis
vizsgalatok - killondsen a CCND1-IGH [t(11;14)] génat-
rendezGdés — hidnya, amely a diagnosztikai kovetkezteté-
seket tovabb erdsithette volna.

Osszességében a Cyclin D1 tovabbra is kulcsfontossagt
marker a kopenysejtes lymphoma diagnosztikdjaban,
ugyanakkor fontos szem el6tt tartani, hogy mas B-sejtes
és plazmasejtes daganatokban is megjelenhet, ami korla-
tozza a specificitasat, és noveli a kdpenysejtes lymphoma
tul-diagnosztizalasanak kockazatit. Eredményeink is
egyértelmiien azt timasztjak ald, hogy a multiparametri-
kus, komplex értékelés kulcsfontossagu a pontos diagno-
zis feléllitasaban.

Irodalom

(Ldsd az angol nyelvii cikk végén.)



