International Journal of Research in Medical Sciences
Kahraman DS et al. Int J Res Med Sci. 2019 May;7(5):1720-1726

www.msjonline.org pISSN 2320-6071 | elSSN 2320-6012

L. . DOI: http://dx.doi.org/10.18203/2320-6012.ijrms20191665
Original Research Article

Prognostic impact of BCL2, BCL6 and MYC status in de novo diffuse
large B-cell lymphoma: a regional study of 43 patients

Dudu Solakoglu Kahraman®*, Gulden Diniz!, Cengiz Ceylan?, Faruk Recep Ozalp?,
Yetkin Koca!, Sumeyye Ekmekci!, Duygu Ayaz?, Sevil Sayhan!

!Department of Pathology, 2Department of Hematology, Department of Internal Medicine, Izmir Health Sciences
University, Tepecik Training and Research Hospital, Izmir, Turkey

Received: 23 February 2019
Accepted: 28 March 2019

*Correspondence:
Dr. Dudu Solakoglu Kahraman,
E-mail: dudusolakoglu@hotmail.com

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under
the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Background: Diffuse large B-cell lymphoma (DLBCL) is an aggressive non-Hodgkin lymphoma with marked
biologic heterogeneity. We aimed to evaluate the status of MYC, BCL2, BCL6 in patients with DLBCL.

Methods: Herein, we have investigated the prognostic relevance of MYC, BCL2 and BCL6 from 43 de novo DLBCL
patients.

Results: In this study, protein overexpression of BCL2 and BCL6 was encountered in 46.5% (n=20) and 27.9%
(n=12) of the tumors, respectively. Rearrangements in MYC, BCL6, and BCL2 were detected in 9.3% (n=4), 25.6%
(n=11), and 4.7% (n=2) of the cases, respectively. Any statistically significant difference could not be found between
Bcl-2, Bcl-6 expression, C-MYC rearrangement and the survival.

Conclusions: We concluded that C-MYC and BCL2 may contribute to aggressive transformation, so more
mechanism-based therapy should be explored. A larger study is warranted to better understand the immunophenotypic
and molecular features of DLBCL and their respective impact on patient survival.

Keywords: Diffuse large B-cell lymphoma, Fluorescence in situ hybridization, Immunohistochemistry, Prognosis,
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INTRODUCTION

Non-Hodgkin lymphoma (NHL) is the fifth most frequent
cancer worldwide, in which diffuse large B-cell
lymphoma (DLBCL) is the most common histologic
subtype in adults.*? DLBCL comprises a heterogeneous
group  with  different  clinical,  morphological,
immunological, cytogenetic characteristics, treatment
responses, and prognosis.® Currently, the prognosis of
patients with DLBCL is estimated using the clinical
parameters of the International Prognostic Index
(1Pn.A4

However, these clinical parameters reflect a mixture of
underlying biologic or genetic differences. Numerous
studies have examined the prognostic factors for
predicting survival and determining optimal therapeutic
strategies in DLBCL.1®

Cytogenetic and molecular cytogenetic in DLBCL
showed that tumor cells carry nonrandom chromosomal
aberrations, most frequently chromosomal translocations,
deletions, or amplifications, as well as gene alterations
and somatic hyper mutations. DNA probes are used to
identify specific genetic abnormalities that provide
insight into the pathogenesis of this complex disease and
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to define distinct subgroups with variable prognoses. The
most common chromosomal rearrangements in DLBCL
are those involving chromosomal gene loci 3g27/BCLS,
8q24/MYC, and 18q21/BCL2.287

The BCL6 gene has been identified from the
chromosomal translocation breakpoint in B cell
lymphomas, and its products are expressed highly in
germinal center (GC) B cells. Several studies showed that
the Bcl6 is essential for the differentiation of GC B cells.
BCL2 gene is also an oncogene that functions as a
dominant regulator of apoptotic cell death and it
promotes hemapoetic cell survival. MYC oncogene is a
transcription factor which play a critical role in cell
proliferation, growth, metabolism, differentiation,
apoptosis, and immune response.®*° The nature of the C-
MYC aberrations included gene translocation, gene
amplification, and C-MYC mRNA or C-MYC protein
overexpression. C-MYC gene translocation is a disease-
initiating event and hallmark of Burkitt lymphoma (BL).
It can be observed in 5-17% of de novo DLBCL and
correlates with a poorer outcome.>!%1? Despite the
advances achieved in assessing prognostic significance of
C-MYC in DLBCL, recent studies have implied the
prognostic value of C-MYC is complicated by other
factors.®* For example, C-MYC gene translocation was
frequently found in DLBCL with concurrent
translocations of BCL2 and/or BCLS6, referred to as
“double-hit” or “triple-hit” lymphomas, and indicated a
dismal prognosis.t*> Although some studies have shown
that the presence of C-MYC aberrations was significantly
associated with shorter survival in DLBCL , other studies
failed to show such an association between C-MYC and
worse prognosis.t16-2! Therefore, the role of C-MYC as
independent prognostic factors needs to be further
addressed in well-designed clinical trials.*

In this study, the frequency of MYC, BCL2, and BCL6
rearrangements was investigated in DLBCLs using
fluorescence in situ hybridization (FISH) analysis. In
addition, the clinicopathological features and prognostic
implications of these gene aberrations in DLBCLSs treated
with  rituximab,  cyclophosphamide,  doxorubicin,
vincristine, and prednisone (R-CHOP).

METHODS

Tumor biopsy or surgical specimens and clinical data
were obtained before treatment from 43 patients with
newly diagnosed DLBCL at Department of pathology,
Izmir Tepecik Research and Training Hospital between
January 2009 and December 2016. Gender of the
patients, their ages at the time of diagnosis, disease
stages, R-IPI scores, LDH levels, presence of B
symptom, and bone marrow involvement (if any) in
addition to their primary site of tumor were recorded.
Besides, treatment plans of the patients, and whether
rituximab was included in their treatment plans, their
responses to treatment, and follow-up periods were also
noted. Patients in the study were divided into 2

prognostic groups according to IPI scores as low risk (O-
2), and high risk (3-5). This study was approved by
Institutional Ethics Committee of Tepecik Education and
Research Hospital, Turkey.

Immunohistochemistry

For immunohistochemistry (IHC), hematoxylin and eosin
(HE) staining was used to select appropriate diagnostic
paraffin blocks and to identify viable tumor areas. IHC
was performed by the streptavidin-biotin peroxidase
method (Invitrogen, Camarillo, 85-9043, USA). Serial
5um sections were obtained and placed on slides which
were baked overnight at 60°C, dewaxed in xylene, and
hydrated with distilled water through decreasing
concentrations of alcohol. All slides were treated with
heat-induced epitope-retrieval procedure in a microwave.
In this procedure slides were left for 20minutes in
10mM/L citrate buffer at pH 6.0, cooled at room
temperature for 20minutes, and then blocked to retrieve
endogenous peroxidase and biotin. BCL2 (monoclonal
Mouse antihuman BCL2 oncoprotein, clone 124, Dako),
and BCL6 (monoclonal Mouse antihuman BCL6 protein,
clone PG-B6p, Dako) were used for primary antibodies.

Fluorescence in Situ Hybridization (FISH) analysis

Interphase FISH analyses were performed on 4um tissue
sections using dual-color break apart probes for
MYC/8g24 (Vysis LSI MYC Dual Color Break-Apart
Rearrangement Probe, DAKO), BCL2/18g21 (Vysis LSI
BCL2 Dual Color Break-Apart Rearrangement Probe,
DAKO), and BCL6/3g27 (Vysis LSI BCL6 Dual Color
Break-Apart Rearrangement Probe, DAKO)
rearrangements. The slides were analyzed using an
Olympus BX61 fluorescence microscope (Olympus,
Tokyo, Japan). A total of 100 interphase nuclei were
analyzed for each probe. Fifty to 100 nuclei were scored
per case, and a case was considered positive for the
rearrangement if 10% or more nuclei exhibited a break-
apart signal.

Statistical analysis

Overall survival (OS) was calculated from the diagnosis
until death (all-cause or event- related) or the last contact.
Survival analysis was performed using Kaplan-Meier
method and compared by the log-rank test. All statistical
analyses were performed using SPSS IBM Statistics 20
(IBM Corporation, Chicago, USA). A P value of <0.05
was considered to be statistically significant.

RESULTS

Among 43 cases, 24 (55.8%) were male, and 19 (44.2%)
were female. The age at diagnosis ranged from 23 to 86
years (median age, 62.5 years). Serum lactate
dehydrogenase (LDH) levels were normal in 8 (18.6%) or
elevated in 35 (81.4%) patients. When clinical symptoms
of the patients were evaluated, B symptoms were present
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in 25 (58.1%), and absent in 18 (41.9%) patients, extranodal region. Bone marrow involvement was present
respectively. The disease demonstrated nodal in 17 in 5 (11.6%), and absent in 38 (88.4%) cases.
(39.5%), and extranodal location in 26 (60.5%) cases. Demographic and clinical characteristics of the patients
Gastrointestinal system was the mostly involved are shown in (Table 1).

Table 1: Clinicopathological characteristics of patients.

Characteristics of patients DLBCL, n Overall survival/
Age, n (%) 62.5+£15.7

<60 20 (46.5) 0.006
>60 23 (54.5)

Gender, n (%)

Male 24 (55.8)

Female 19 (44.2) Py
Presentation, n (%)

Nodal 17 (39.5)

Extra nodal 26 (60.59 0.299
Stage, n (%)

I- 11 21 (48.8)

- 1v 22 (51.2) 0.144
Bone marrow involvement

Present 5(11.6)

Absent 38 (88.4) 0.624
Myc rearranged 4 (9.3) 0.451
Bcl6 rearranged 11 (25.6) 0.026
Bcl6 expression 12 (27.9) 0.485
Bcl2 rearranged 2(4.7) 0.377
Bcl2 expression 20 (46.5) 0.252
Higher LDH levels 35 (81.4) 0.330
Survive (alive/ exitus) 16 (37.2)/ 27 (62.8) -

Table 2: Clinicopathological characteristics of patients with MYC, BCL2, BCL6 rearrangements in DLBCL.

Characteristics of

patients Myc arranged Bcl2 arranged Bcl6 arranged
Patients, n (%) 4(9.3) - 2(4.7) - 11 (25.6) -
 Age, mean 50.2+8.0.9 0.061 82.2+4.2 0.083 66.0+£12.9 0.573
Gender, n (%) I';":‘légw 0398  F=2(100) 0.079 I'l":gﬁ(g‘é‘;’)’ 0.597
Presentation, n (%) Extra nodal 4 (100) 0.121 Extra nodal 2 (100) 0.211 Extra nodal 7 (63.6) 0.548
Stage, n (%) Advanced, 4 (100) 0.059 Advanced, 0 (0) 0.482 Advanced, 5 (45.5) 0.464
Bone marrow 1(25) 0402  1(50) 0684 11 (100) 0.209
involvement
Myc rearranged - - 0 0.741 0 0.291
Bcl2 rearranged 0 0.741 - - 3 (27.3) 0.184
Bcl2 expression 0 0.079 2 (100) 0.221 6 (54.5) 0.393
Bcl6 rearranged 0 0.291 2 (100) 0.184 - -

Bcl6 expression 1(25) 0.773 2 (100) 0.077 4 (36.4) 0.360
Survival (alive/ exitus) Exitus= 2 (50) 0.479 Exitus=2 (100) 0.237 Exitus= 10 (90.9) 0.026
Protein overexpression of BCL2 and BCL6 was and rearrangement rates were close to each other (25-
encountered in 46.5 % (n=20) and 27.9 % (n=12) of the 27%). Contrary to BCL6, BCL2 protein expression, and
tumors, respectively. The results of BCL6 expression, rearrangement rates were very different. They were 46.5,
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and 4.7%, respectively. Interestingly, all patients with
BCL6 protein expression were female and there was a
statistically significance between gender and BCL6
expression (p<0.01).

FISH analysis was successfully performed in 42 cases. In
one patient any signal could not be elicited.

MYC rearrangements were observed in 4 (9.3%) of 42
DLBCL patients. There was no association among other
clinicopathological features including age, gender
(p=0.398), stage, and nodal/extranodal disease (p=0.121)
and mean survival rates (p=0.479). The correlations of
the previously well- known prognostic factors with C-
MY C aberrations are summarized in Table 2.

BCL2 rearrangements were observed in 2 (4.6%) of 42
DLBCL patients. All of them were extranodal lymphoma,
and in one patient any signal was not obtained. There was
no association with other clinical features including age,
gender (p=0.079), stage, CMYC (p=0.741), BCL6
rearrangements (p=0.184), mean survival (p=0.237).

BCL6 rearrangements were observed in 11 (25.6 %) of
43 DLBCL patients. All of them were cases with
extranodal lymphoma. Fisher’s exact test revealed a
negative correlation between survival and BCL6
rearrangement (p=0.026).

The correlations of the previously well-known prognostic
factors with BCL2 and BCL6 expressions are
summarized in Table 3.

Table 3: Clinicopathological characteristics of patients with MYC, BCL2, BCL6 expressions in DLBCL.

Characteristics of " Bcl2 expression

Bcl6 expression

Patients, n (%) 20 (46.5) - 12 (27.9) -
Age, mean 61.1+14.7 0.083 61.8+£16.4 0.904
Gender, n (%) M=10 (50), F=10 (50) 0.079 M=1 (8.3), F=11 (91.7) <0.01
Presentation, n (%) Extra nodal 12 (60) 0.600 Extra nodal 11 (91.7) 0.009
Stage, n (%) Advanced, 11 (25) 0.435 Advanced, 4 (33.3) 0.464
Bone marrow involvement 4 (20) 0.132 1(8.3) 0.569
Myc rearranged 0 0.741 1(8.3) 0.291
Bcl2 rearranged 2 (10) 0.221 2 (16.7) 0.184
Bcl2 expression - - 9 (75) 0.393
Bcl6 rearranged 6 (30) 0.393 4(33.3 0.60
Bcl6 expression 9 (45) 0.077 - -
Survival (alive/ exitus) Exitus= 11 (55) 0.252 Exitus= 7 (58.3) 0.026

Double rearrangements

BCL2 and BCL6 rearrangements were observed in 2 out
(3.09%) of 43 cases. These two cases were 79 (female),
and 85 years old, respectively. Two cases had primary
extranodal presentations. These patients had stage |
disease (Figure 1, Figure 2).

For staging, modified Ann-Arbor classification was used.
The cases were evaluated as stage | (n=13: 30.2%), Il
(n=8: 18.6%)), 111 (n=13: 30.2%), and IV (n=9: 20.9%). In
consideration of the previously indicated data in the
literature, 21 (48.8%) stage I, and Il cases and 22 (51.2%)
stage I, and IV cases were classified in the low, and
advanced stage categories, respectively.

Our cases were classified according to R —IPI risk scoring
in low (n=25: 58.1%), and high risk (n=18; 41.9%)
groups. Four patients with C- MYC rearrangement were
classified in either low (n=3) or high (n=1) risk groups.

Figure 1: Diffuse large B-cell lymphoma, not
otherwise specified (HE, x 400).

Survival: Sixteen patient out of 43 were living during
follow-up period, while 27 of them exited. In our study
overall survival rate was calculated as 37.2 %. Based on
the results of the FISH method survival rates in patients
with and without C-MYC rearrangement were 50 %, and
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50 %, respectively. Based on log- rank analysis this
difference was not statistically significant (p=0.479).

Figure 2: More than 10X nuclei exhibit break-apart
signals in a case was considered positive fot the C-
MY C rearrangement (DAKO FISH probe, x1000).

DISCUSSION

Cytogenetic and molecular cytogenetics in DLBCL
showed that tumor cells carry nonrandom chromosomal
aberrations, most frequently chromosomal translocations,
deletions, or amplifications, as well as gene alterations
and somatic hypermutations. DNA probes are used to
identify specific genetic abnormalities that provide
insight into the pathogenesis of this complex disease and
to define distinct subgroups with variable prognoses.
Recurrent chromosomal translocations involving the
BCL6, BCL2, and/or MYC genes occur in approximately
50% of DLBCL cases.'® These genetic changes indirectly
lead to the over expression of the proteins of these genes.

It was previously reported that, the most common
translocation occurred at the BCL6 locus, accounting for
20-30% of the cases. However, there are some outliers
such as those from lItaly, Japan, and Korea, all at around
15%.222% It has been also reported that BCL6
rearrangement occurs more frequently in patients with
extranodal disease. In our study, significant correlation
was found between BCL6 rearrangement and BCL6
protein expression. However, we didn’t determine a
statistical ~ significant correlation between BCL6
rearrangement and the extra nodal presentation
(p=0.548). Most patients with BCL6 positivity had poorer
survival (p=0.026).

The relative frequency of BCL2 rearrangement varied
significantly among different countries, ranging from as
low as 3.4% in Korea to the highest at 24.6% in
Denmark. In the present study, the frequency of BCL2
rearrangement was 4.7% in DLBCL patients.?> Moreover,
we observed that BCL2 rearrangement did not correlate
with BCL2 protein expression. It has been suggested that

BCL2 rearrangements does not directly lead to BCL2
expression. Some alternative mechanisms may be related
to up-regulation of BCL2 expression.

MYC rearrangement rate was at around 5-10% in most
studies, with only an unusual high figure at 30% from
China (22). The translocation rate of BCL6 in this current
study (25%) was in line with the data reported in the
WHO classification (up to 30%), MYC translocation rate
in this study was 9.3% which was in line with the data
reported in the WHO classification.?® Our BCL2
rearrangement rate is lower than the 20-30% rate
described in the WHO classification, yet it is comparable
to other East Asian countries, indicating a possible
underlying ethnic difference. MYC rearrangement may
coexist with BCL2 translocation in a DLBCL, so-called
double-hit lymphoma; less commonly, BCL6 gene is
rearranged instead of BCL2 in a double-hit lymphoma.?”
In our study MYC, plus BCL2 rearrangement was not

detected.
CONCLUSION

DLBCL‘s have different clinical course, different
response in treatment and survival because of the fact that
these patients constitute a histomorphologically and
genetically  heterogeneous group. These genetic
differences should be revealed in order to specify the
effective treatments and to extend the survival. Recent
studies have provided convincing evidence that a
combined immunohistochemical or fluorescence in situ
hybridization (FISH) score of MYC, BCL2, BCL6
proteins and MYC translocations predicted outcome in
diffuse large B-cell lymphoma (DLBCL) patients treated
with R-CHOP. In this study, we have investigated the
prognostic relevance of MYC-, BCL2- and BCLG6-
rearrangements and protein expression by
immunohistochemistry and FISH from 43 de novo
DLBCL, patients not otherwise specified (NOS). In the
literature the poor prognosis of the cases with C-MYC
rearrangement, and especially those with double-hit
lymphomas has been emphasized. In our study, any
statistically significant correlation between the cases with
C-MYC rearrangement and poor prognosis was not
detected which might be related to small number of
patients (4/43) with C-MYC rearrangement in our study.
However larger scale studies with regular and long-term
follow-ups are needed.
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