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The purpose of this study was to determine the frequency of BCL2, BCL6, IGH, TP53, and MYC
protein expression and rearrangements of the respective genes in diffuse large B-cell ymphoma
(DLBCL) patients and to assess their prognostic values. Samples from 44 patients with DLBCL
were evaluated using fluorescence in situ hybridization and immunohistochemical analyses.
BCL6 was the most rearranged gene (63.6%), followed by MYC (31.8%), TP53 (22.7%), and
BCL2 (18.2%). Multiple rearrangements were detected in 40.9% of the cases. BCL6 was the
most expressed protein (78.6%), followed by TP53 (69.04%), BCL2 (59.5%) and MYC
(14.3%). Expression of multiple proteins was detected in 67.4% of the cases. BCL2 (P =
.003) expression had a significant negative influence on overall survival,whereas BCL6 (P =
.014) expression had a significant positive influence. Our results with a different pattern of gene
rearrangements and associated protein overexpression indicate the molecular genetic
complexity of DLBCLs, which reflects the morphologic, biologic, and clinical heterogeneity of
these lymphomas.
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Diffuse large B-cell ymphoma (DLBCL) is the most common
type of lymphoma, accounting for approximately 40% of all
B-cell non-Hodgkin lymphomas (NHLs). DLBCLs form a
highly heterogeneous type with different clinical, morpho-
logical, immunological, and cytogenetic characteristics,
treatment responses, and prognoses (1,2). During the past
decade, most studies about the heterogeneity of DLBCL
have focused on genetic and molecular analyses (3). Gene
expression profiling studies have identified two prognostically
important subtypes of DLBCL-—germinal center B-cell
(GCB)—like DLBCL and activated B-cell (ABC)—like
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DLBCL—with a survival advantage in GCB-like DLBCL pa-
tients treated with rituximab, cyclophosphamide, doxorubicin,
vincristine sulfate, and prednisone (R-CHOP); patients with
GCB-like DLBCL had higher overall survival (OS) and
progression-free survival (PFS) rates than those with ABC-
like DLBCL (4).

DLBCLs show considerable molecular genetic heteroge-
neity. The most frequently detected genetic alteration is
rearrangement of BCL6 at 3927, occurring in <35% of cases
(5). The reported prognostic impact of BCL6 protein
expression and gene rearrangement in DLBCLs is contro-
versial. A favorable prognostic impact of BCL6 protein
expression by immunohistochemistry (6—8) and BCL6
mRNA expression by real-time reverse transcription—PCR
assay have been documented, whereas BCL6 rearrange-
ment was an adverse predictor of disease-free survival (9).
BCL2 rearrangement involving the t(14;18)(932;921) is
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expressed in 20—30% of DLBCL cases (10). Prior studies
have reported varying results regarding the prognostic sig-
nificance of BCL2 protein expression and gene rearrange-
ment in DLBCLs. A number of studies have linked a negative
relationship between survival and overexpression of the
antiapoptotic BCL2 protein in patients with DLBCL
(9,11—17). Barrans et al. and Tang et al. reported decreased
survival in patients with a BCL2 rearrangement (18,19),
whereas other studies attributed better survival in BCL2-
rearranged cases (20,21). Rearrangement of the MYC gene,
frequently involving the 1(8;14)(q24;932), is characteristic of
Burkitt lymphoma, but its presence has also been confirmed
by Southern blot analysis or fluorescence in situ hybridization
(FISH) analysis at a frequency of 5—15% in DLBCL patients,
who had an unfavorable prognosis (11,12,22,23). Double-hit
B-cell lymphomas, which are characterized by a MYC
breakpoint in combination with BCL2 breaks, as well as
BCL6 rearrangement, also run an aggressive clinical course
(24). Secondary molecular lesions have also been implicated
in the pathogenesis of DLBCL. The TP53 gene plays a
central role in cell-cycle arrest or cell death after DNA dam-
age and prevents genetic instability (10). TP53 deletion, as
detected by FISH analysis, and protein expression have
been identified as strong predictors of poor survival in pa-
tients with DLBCL (25—27). Additionally, coexpression of
TP53 with MYC and BCL2 was associated with a poorer
prognosis than expression of TP53 alone (28,29).

Taken together, we have two main purposes in this study:
1) to determine the frequency of BCL2, BCL6, IGH, TP53,
and MYC protein expression and gene rearrangements and
2) to assess the prognostic impact of these markers in
DLBCL patients.

Patients and methods
Patients

A total of 44 patients who had been diagnosed with DLBCL
between 1996 and 2011 at Eskisehir Osmangazi University
Hematology Department were included in this study. Patients
were classified according to the WHO classification (30). The
samples were prepared from the paraffin blocks of lymph
nodes that were recovered from the archives of the Depart-
ment of Pathology. Histological sections of 3—4 um thickness
taken from a representative tissue block were placed on
charged slides for fluorescence in situ hybridization (FISH)
and immunohistochemical analysis. Slides for FISH were
referred to the Cancer Cytogenetics Section of the Medical
Genetics Department. Approval was obtained from the
Ethics Committee of our university for the study and the
study was performed in accordance with ethical standards of
the Helsinki Declaration.

FISH analysis

FISH analysis was performed using Vysis CEP 3 Single
Color DNA Probe, Vysis LS| BCL6 Dual Color Break Apart
Rearrangement DNA Probe, Vysis CEP 8 Single Color DNA
Probe, Vysis MYC Dual Color Break Apart DNA Probe, Vysis
LS| IGH/CCND1 Dual Color Dual Fusion Translocation DNA
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Probe, Vysis LS| IGH/BCL2 Dual Color Dual Fusion Trans-
location DNA Probe, LSI P53 (17p13.1) Single Color DNA
Probe, and Vysis CEP 17 Single Color DNA Probe (Abbott
Molecular, Abbott Park, IL) and were used to detect the IGH/
BCL2, BCL6 translocations according to the manufacturer’s
protocols. The slides were analyzed using an Olympus BX61
fluorescence microscope (Olympus, Tokyo, Japan) and im-
ages were captured with a charge-coupled device camera
using an image analysis system (Applied Imaging, Grand
Rapids, MI). At least 50—100 nuclei were examined for each
probe whenever possible. The signals derived from the target
gene or chromosome centromere were calculated. The cutoff
values for each probe were as follows: 3—5% for the LSI
BCL6/CEP 3, MYC/CEP 8, and LSI P53 (17p13.1)/CEP 17
probe set and 1% for the LSI IGH/BCL2 t(14;18)(q32;q21)
dual-color, dual-fusion translocation probe set and the LSI
IGH/CCND1 t(11;14)(q13;932) dual-color, dual-fusion trans-
location probe set.

Immunohistochemistry

Immunostaining for BCL2 (clone:100/D5) (Neomarkers,
Fremont, CA), MYC (clone 9E10.3, working dilution 1:75)
(Neomarkers), and TP53 (clone: DO-7) (Neomarkers) was
performed using the labeled streptavidin—biotin—peroxidase
complex method as described in the instructions provided by
the manufacturer. BCL6 (clone bl6.02:same as PG-B6p,
working dilution 1:20) (Neomarkers) staining was performed
using a Lab Vision HRP polymer detection system (Thermo
Fisher Scientific, Waltham, MA). Immunohistochemical re-
sults were evaluated semiquantitatively. A cutoff of 10% of
immunoreactive neoplastic cells was used to consider a case
positive (7,8,31). Staining showing nuclear localization for
BCL6, MYC, and TP53 and cytoplasmic localization for BCL2
in degrees weak to strong were evaluated as positive. Tu-
mors with any follicular pattern were excluded.

Statistical analysis

OS was calculated from diagnosis until death (all causes,
events) or last follow-up. PFS was defined as the time from
initial diagnosis to progressive disease under therapy, failure
to achieve complete remission, additional therapy, relapse,
or death from any cause. Survival curves were plotted using
the Kaplan—Meier method and compared using the log-rank
test. Multivariate analyses were performed with the use of a
Cox regression model to determine hazard ratios of an
evolving event. All statistical analyses were performed using
the SPSS IBM Statistics 20 (IBM Corporation, Chicago). A P
value of <.05 was considered significant.

Results
Clinical features

The demographic and clinical characteristics of the patients
are shown in Table 1. Of the 44 patients, 24 were male and
20 were female, and the age at diagnosis ranged from 27 to
77 years (mean age, 56.6 y). Overall, advanced stage (l11/1V)
lymphoma was observed in 23 cases (52.3 %), 30 patients
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Table 1 Clinical characteristics of DLBCL patients at diag-
nosis (n = 44)
No. of % of
Characteristic patients patients
Age
Mean (minimum—maximum), y 56.6 (27—77)
Sex
Male 24 55
Female 20 45
Ann Arbor Cancer Stage
| 8 18.2
Il 13 29.5
i 13 29.5
\Y 10 22.8
IPI group
Low risk 16 36.4
Low/intermediate risk 12 27.3
High/intermediate risk 12 27.3
High risk 1 2.2
Nonassessable 3 6.8

(68.2%) presented with high serum lactic acid dehydroge-
nase (LDH) levels, and 14 of the 32 patients with available
data had high serum B2-microglobulin levels. According to
the International Prognostic Index (IPI), 16 cases (36.4%)
were classified as low risk, 12 cases (27.3%) were classified
as low/intermediate risk, 12 cases (27.3%) were classified as
high/intermediate risk, one case (2.2%) was classified as
high risk, and three cases (6.8%) were nonassessable.

Rearrangements detected by FISH

FISH analysis was successfully performed for all patient
samples. Rearrangement of BCL6 was found in 28 patients
(63.6%), BCL2 rearrangement in eight (18.2%), MYC rear-
rangement in 14 (31.8%), and TP53 rearrangement in 10
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TP53 deletion

by
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\
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(22.7%) cases. Figure 1 shows representative examples of
FISH analyses.

Multiple rearrangements were detected in 18 (40.9%)
cases: BCL6 and MYC (nine cases); BCL6 and TP53 (eight
cases); BCL6 and BCL2 (four cases); MYC and TP53 (four
cases); MYC and BCL2 (two cases); BCL6 and MYC (one
case); BCL6, MYC, and TP53 (three cases); BCL6, BCL2,
and TP53 (two cases); and BCL6, BCL2, MYC, and TP53
(one case).

Immunohistochemical results

Reliable immunohistochemistry analysis was possible in all
patients except in two patients because of inadequacy of
tumor sample for the analysis. Expression of BCL6 was
found in 33 patients (78.6%), BCL2 in 25 (59.5%), MYC in six
(14.3%) and TP53 in 29 (69.04%). Figure 2 shows repre-
sentative examples of immunohistochemical stains.

Expression of multiple proteins were detected in 29
(67.4%) cases; BCL6 and TP53 (22 cases), BCL6 and BCL2
(21 cases), BCL2 and TP53 (17 cases), BCL6, BCL2 and
TP53 (14 cases), BCL6, MYC and BCL2 (five cases), BCLS6,
MYC and TP53 (four cases) and BCL6, MYC, BCL2 and
TP53 (three cases).

Correlation with clinical outcome

Univariate analysis showed that among the clinical parame-
ters, an IPI score >2 (P = .013) and advanced stage (lll or
IV, P = .025) were significantly associated with worse OS. In
a multivariate analysis incorporating IPI score, cancer stage,
and BCL2 and BCL6 rearrangements, only BCL2 (P = .004)
and BCL6 (P = .039) rearrangements remained as inde-
pendent prognostic factors for OS, whereas the prognostic
significance of IPI score and cancer stage disappeared. Only
BCL2 (P = .004) rearrangement was independently asso-
ciated with PFS.

B ' *BCL6
rearrangement

BCL6 -
rearrangement

MYC ——
amplification

Representative FISH results showing rearrangements of (A) BCL2, (B) BCL6, (C) TP53, and (D) MYC.
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Figure 2

Representative examples of immunohistochemical stains. (A) BCL6 expression in a case with BCL6 rearrangement.

(B) C-MYC expression in a case with negative C-MYC rearrangement. (C) TP53 expression in a case without TP53 deletion.
(D) BCL2 expression in a case without BCL2 rearrangement (immunoperoxidase, x40).

Patients with rearrangements of BCL6 (P = .053), MYC
(P = .483), or TP53 (P = .877) tended to have shorter OS,
whereas patients with rearrangements of BCL2 (P = .302)
were in a trend for better OS (Figure 3). However, these
trends did not reach statistical significance, because of the
small sample size. Trends toward worse PFSs were
observed for BCL6 (P = .091), BCL2 (P = .357), C-MYC
(P = .592), and TP53 (P = .916) rearrangements.

BCL2 (P = .003) expression had a significant negative
impact on overall survival, whereas BCL6 (P = .014)
expression had a significant positive impact. Although there
was a trend toward worse survival with MYC (P = .197)
expression and better survival with TP53 (P = .85) expres-
sion, these relationships failed to reach statistical signifi-
cance. Patients with BCL2 (P = .02) expression had
significantly shorter PFS, whereas a trend toward a better
PFS was observed for patients with BCL6 (P = .078) and
TP53 (P = .843) expression and a trend toward a worse PFS
was observed for C-MYC (P = .056) expression.

Discussion

For more than a decade, the clinical factors described by the
IPI have been used for risk stratification of patients with
DLBCL. However, DLBCL patients with identical IPI risk
groups show considerably variable outcomes, indicating the
biological and clinical heterogeneity of this disease (32).
Whereas gene expression profiling studies are uncovering
biological heterogeneity with prognostic significance in
DLBCL, the incorporation of this information into treatment
algorithms awaits further investigation. This situation has
motivated us to evaluate the clinical and prognostic

significance of protein expression and rearrangements of
BCL2, BCL6, IGH, TP53, and MYC in a series of represen-
tative patients with DLBCL.

Cytogenetic analysis is now a routine part of the diagnosis
and management of various types of NHL. Traditional cyto-
genetic studies as well as FISH analyses utilizing locus-
specific 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 (33). Cytogenetic and molecular cyto-
genetics in DLBCL showed that tumor cells carry nonrandom
chromosomal aberrations, most frequently chromosomal
translocations, deletions, or amplifications, as well as gene
alterations, including somatic hypermutations (34).

By FISH analysis, a gene-specific abnormality was iden-
tified in 88.6% of our series, and the most frequently involved
gene of those we evaluated was BCL6 (61.4% of all rear-
rangements). Furthermore, 18 patients (40.9%) showed
rearrangements of more than one gene. Immunohis-
tochemically, protein expression of the four genes studied
were identified in 95.3% of our patients, with the highest
expression of BCL6 (76.7% of the expression patterns
identified). In an analysis of 74 cases of DLBCL using FISH
with commercially available probes for split-signal targeting,
BCL2, BCL6, MYC, BCL10, and MALT-1 gene rearrange-
ments were identified in 48 patients (65%). BCL6 was the
most frequently rearranged gene (45%), followed by BCL2
(21%), BCL10(18%), and MYC (16%) (10). A larger series of
156 DLBCL patients was investigated for rearrangements of
BCL2, BCL6, and MYC by Southern blot analysis. Structural
alterations of BCL2, BCL6, and MYC were detected in 25 of
156, 36 of 116, and 10 of 151 patients, respectively (12). In a
similar analysis of 137 patients with de novo DLBCL,



Molecular cytogenetics in diffuse large B-cell lymphoma

A

- .00-censored
+-1.00-censored

i 00
.—\ P=0.053 1.00

! 1‘" BCL6 negative
L*O#&—o—v—o

©
2
>
c
=
n
I
o
>
o

BCL6 positive

0.24

0.0

g
8
8

T T
100.00 150.00 200.00

91

.00
“L P=0.483 1.00

+- .00 d
0.8 17

+-1.00-censored
064 ‘h

C-MYC negative

©
2
f<
S
>
=
9]
>
o

1
1
+

C-MYC positive

0.2+

0.0

T T
00 50.00 100.00 150.00 200.00

Time (months)

H\\—L‘mﬂ +

©
2
>
<
S
@
E
o
>
o

0.0

TP53 negative
TP53 positive

—.00
P=0.877 1.00
4~ 00.

+-1.00-censored

T
50.

384

T
00 100.00

T
150.00 200.00

Time (months)

Figure 3
rearrangement status.

structural alterations of BCL1, BCL2, BCL6, and MYC were
detected by Southern blot analysis in 15.3%, 5.8%, 16.1%,
and 10.2% of patients, respectively (1). The pattern of cyto-
genetic abnormalities in our study is consistent with those of
these previous reports. The presence of different genetic
rearrangements in the same lymphoid tissue samples un-
derline the complex nature of molecular events in DLBCLs,
which is a reflection of the morphologic and clinical hetero-
geneity of this disease.

We found no concordance between gene rearrangements
and protein overexpression. BCL6 protein expression was
found in 19 of 25 patients with BCL6 rearrangement, versus
14 of 16 patients without rearrangement; BCL2 protein
expression was found in four of seven patients with BCL2
rearrangement, versus 21 of 35 patients without rearrange-
ment; MYC protein expression was not found in any of the
patients with MYC rearrangement, versus six of 29 patients
without rearrangement; and TP53 protein expression was
found in six of 10 patients with TP53 deletion, versus 23 of 33
patients without deletion. In their study, Monni et al.

Overall survival of patients according to (A) BCL6 rearrangement status, (B) MYC rearrangement status, and (C) TP53

attributed BCL2 overexpression in cases that lack the
t(14;18) translocation or BCL2 gene amplification to addi-
tional mechanisms, such as point mutations or post-
translational changes (35). Another explanation, by Kramer
et al., of the fact that many DLBCL cases without detectable
BCL2 rearrangements show overexpression of the protein is
DNA amplification instead of translocation (12). Moreover,
the absence of BCL2 protein expression was detected in
cases with a molecular rearrangement. This might be
explained by mutations in the open reading frame of the
translocated BCL2 gene leading to absent or diminished
protein production or genetic events developing during tumor
progression that may abrogate the need for BCL2 (36). A
study searching for a correlation between TP53 mutation and
TP53 expression documented that there was no significant
difference in the frequency of TP53-positive and TP53-
negative patients, with or without gene mutation, and no
significant association between cytogenetic complexity and
TP53 expression was found. However, cases with higher
TP53 protein positivity (>25%) had complex cytogenetic
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abnormalities. Non-missense mutations—premature stop
codon, duplication, or deletion—were found to prevent TP53
expression in patients with B-cell NHL, as in lung, breast, and
ovarian cancers (25). Villuendas et al. have also shown that
the expression of TP53 was not always dependent on TP53
mutations (37). Our results reinforced the absence of syn-
onymy between gene rearrangement and protein over-
expression. The question of what leads to the oncogene
activation in cases without any rearrangement or amplifica-
tion still remains to be answered.

In our cohort, patients with rearrangements of BCLS6,
MYC, and TP53 tended to have shorter OS, whereas pa-
tients with rearrangements of BCL2 were in a trend for better
OS. BCL2 expression had a statistically significant negative
influence on OS, whereas BCL6 expression had a statisti-
cally significant positive influence. Although there was also a
trend toward worse OS with MYC expression, patients with
TP53 expression tended to survive longer. The prognostic
significance of BCL2 and BCL6 in DLBCLs is still contro-
versial, probably reflecting the heterogeneity of the disease
and different molecular techniques used (11,12,38—40).
However, there is now a clear consensus that MYC trans-
locations confer a worse prognosis in patients treated with
CHOP, both in combination with and without rituximab
(41,42). The poor clinical outcomes of patients with double-
hit B-cell lymphomas treated with standard R-CHOP have
been shown in publications of Johnson et al. and Green
et al., suggesting the need for new therapeutic approaches in
clinical trial settings in these patients (43,44). The adverse
effect of TP53 aberrations on the survival of DLBCL patients
treated with R-CHOP has been documented in a recent
study by Stefancikova et al. (45).

We conclude that 1) a different pattern of gene rear-
rangements and associated protein overexpression has
shown the complex nature of molecular events in DLBCLs,
which reflect the morphologic, biologic, and clinical hetero-
geneity of these lymphomas and 2) rearrangements of these
genes and especially expression of these oncogenic proteins
may serve as prognostic markers in DLBCL patients.

Acknowledgment

The study was supported by the Eskisehir Osmangazi Uni-
versity Scientific Research Projects Committee (Project
number: 200711020).

References

1. Rossi D, Gaidano G. Molecular heterogeneity of diffuse large B-
cell lymphoma: Implications for disease management and
prognosis. Hematology 2002;7(4):239—252.

2. Sohn SK, Jung JT, Kim DH, et al. Prognostic significance of bcl-
2, bax, and p53 expression in diffuse large B-cell ymphoma. Am
J Hematol 2003;73:101—107.

3. Chaganti RS, Nanjangud G, Schmidt H, et al. Recurring chro-
mosomal abnormalities in non-Hodgkin’s lymphoma: biologic
and clinical significance. Semin Hematol 2000;37:396—411.

4. Lenz G, Wright G, Dave SS, et al. Stromal gene signatures in
large B-cell lymphomas. N Engl J Med 2008;359:2313—2323.

5. Shustik J, Han G, Farinha P, et al. Correlations between BCL6
rearrangement and outcome in patients with diffuse large B-cell

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

O.M. Akay et al.

lymphoma treated with CHOP or R-CHOP. Haematologica 2010;
95:96—101.

. Mahmoud HM, EI-Sakhawy YN. Significance of Bcl-2 and Bcl-6

immunostaining in B-Non Hodgkin’s lymphoma. Hematol Rep
2011;3:e26.

. Zhang A, Ohshima K, Sato K, et al. Prognostic clinicopathologic

factors, including immunologic expression in diffuse large B-cell
lymphomas. Pathol Int 1999;49:1043—1052.

. Lossos IS, Jones CD, Warnke R, et al. Expression of a single

gene, BCL-6, strongly predicts survival in patients with diffuse
large B-cell lymphoma. Blood 2001;98:945—951.

. De Paepe P, Achten R, Verhoef G, et al. Large cleaved and

immunoblastic lymphoma may represent two distinct clinico-
pathologic entities within the group of diffuse large B-cell lym-
phomas. J Clin Oncol 2005;23:7060—7068.

Tibiletti MG, Martin V, Bernasconi B, et al. BCL2, BCL6, MYC,
MALT1 and BCL10 rearrangements in nodal diffuse large B-cell
lymphomas: a multicenter evaluation of a new set of fluorescent
in situ hybridization probes and correlation with clinical outcome.
Hum Pathol 2009;40:645—652.

van Imhoff GW, Boerma EL, van der Holt B, et al. Prognostic
impact of germinal center-associated proteins and chromosomal
breakpoints in poor-risk diffuse large B-cell lymphoma. J Clin
Oncol 2006;24:4135—4142.

Kramer MH, Hermans J, Wijburg E, et al. Clinical relevance of
BCL2, BCL6 and MYC rearrangements in diffuse large B-cell
lymphoma. Blood 1998;92:3152—3162.

Colomo L, Lopez- Gullermo A, Perales M, et al. Clinical impact
of the differentiation profile assessed by immunophenotyping in
patients with diffuse large B-cell lymphoma. Blood 2003;101:
78—84.

Barrans SL, Carter RG, Owen RG, et al. Germinal center pho-
motyphe and bcl-2 expression combined with the International
Prognostic Index improves patient risk stratification in diffuse
large B cell lymphoma. Blood 2002;99:1136—1143.

Gascoyne RD, Adomat SA, Krajewski S, et al. Prognostic sig-
nificance of Bcl-2 protein expression and Bcl-2 gene rear-
rangement in diffuse aggressive non-Hodgkin’s lymphoma.
Blood 1997;90:244—251.

Hermine O, Haioun C, Lepage E, et al. Prognostic significance of
bcl-2 protein expression in aggressive non-Hodgkins’s lym-
phoma: Groupe d’Etude des Lymphomes de I'’Adulte (GELA).
Blood 1996;87:265—272.

Hill ME, Maclennan KA, Cunningham DC, et al. Prognostic sig-
nificance of BCL-2 expression and bcl-major breakpoint region
rearrangement in diffuse large cell non-Hodgkin’s lymphoma: A
British National Lymphoma Investigation study. Blood 1996;88:
1046—1051.

Barrans SL, Evans P, O’Connor S, et al. The t(14;18) is asso-
ciated with germinal center derived diffuse large B-cell lym-
phoma. Clin Cancer Res 2003;9:2133—2139.

Tang S, Visser L, Hepperle B, et al. Clinical significance of bcl-2-
MBR gene rearrangement and protein expression in diffuse
large-cell non-Hodgkin’s lymphoma: an analysis of 83 cases.
J Clin Oncol 1994;12:149—154.

Vitolo U, Gaidano G, Botto B, et al. Rearrangements of bcl-6,
bcl-2, c-myc, and 6q deletion in diffuse large cell lymphoma:
clinical relevance in 71 patients. Ann Oncol 1998;9:55—61.
Kawasaki C, Ohshim K, Suzumiya J, et al. Rearrangement of
bcl-6, bcl-2, and c-myc in diffuse large B-cell lymphomas. Leuk
Lymphoma 2001;42:1099—1106.

Yoon SO, Jeon YK, Paik JH, et al. MYC translocation and an
increased copy number predict poor prognosis in adult diffuse
large B-cell lymphoma (DLBCL), especially in germinal centre-
like B cell (GCB) type. Histopathol 2008;53:205—217.

Hummel M, Bentink S, Berger H, et al. A biologic definition of
Burkitt’s lymphoma from transcriptional and genomic profiling.
N Engl J Med 2006;354:2419—2430.


http://refhub.elsevier.com/S2210-7762(14)00031-3/sref1
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref1
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref1
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref1
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref2
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref2
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref2
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref2
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref3
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref3
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref3
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref3
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref4
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref4
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref4
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref5
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref5
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref5
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref5
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref5
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref6
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref6
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref6
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref7
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref7
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref7
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref7
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref8
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref8
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref8
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref8
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref9
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref9
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref9
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref9
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref9
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref10
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref10
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref10
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref10
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref10
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref10
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref11
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref11
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref11
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref11
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref11
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref12
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref12
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref12
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref12
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref13
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref13
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref13
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref13
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref13
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref14
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref14
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref14
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref14
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref14
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref15
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref15
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref15
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref15
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref15
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref16
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref16
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref16
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref16
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref16
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref17
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref17
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref17
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref17
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref17
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref17
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref18
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref18
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref18
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref18
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref19
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref19
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref19
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref19
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref19
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref20
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref20
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref20
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref20
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref21
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref21
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref21
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref21
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref22
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref22
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref22
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref22
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref22
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref23
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref23
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref23
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref23

Molecular cytogenetics in diffuse large B-cell lymphoma

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Michael P. Growing importance of MYC/BCL2 immunochemistry in
diffuse large B-cell ymhomas. J Clin Oncol 2012;30:3343—3435.
Koduru PR, Raju K, Vadmal V, et al. Correlation between mu-
tation in P53, p53 expression, cytogenetics, histologic type and
survival in patients with B-cell non-Hodgkin’s lymphoma. Blood
1997;90:4078—4091.

JiaZ, He J, Cen L, et al. P53 deletion is dependently associated
with increased age and decreased survival in a cohort of Chi-
nese patients with diffuse large B-cell lymphoma. Leuk Lym-
phoma 2012;53:2182—2185.

Sun GX, Cao XS, Li Q, et al. Correlation of BCL6, MYC and p53
gene abnormalities with immunological subtypes and prognosis
of diffuse large B-cell lymphoma. Zhonghua Yi Xue Yi Chuan
Xue Za Zhi 2012;29:576—581.

Chanq CC, Liu YC, Cleveland RP, et al. Expression of c-Myc
and p53 correlates with clinical outcome in diffuse large B-cell
lymphomas. Am J Clin Pathol 2000;113:512—518.

Piris MA, Pezella F, Martinez- Montero JC, et al. p53 and bcl-2
expression in high-grade B-cell lymphomas: correlation with
survival time. Br J Cancer 1994;69:337—341.

Swerdlow SH, Campo E, Harris NL, et al. WHO classification of
tumours of haematopoietic and lymphoid tissues. 4th ed. Lyon,
France: IARC Press; 2008.

Jerkeman M, Anderson H, Dictor M, et al. Assessment of bio-
logical prognostic factors provides clinically relevant information
in patients with diffuse large B-cell lymphoma—a Nordic Lym-
phoma Group study. Ann Hematol 2004;83:414—419.
Sweetenham JW. Diffuse large B-cell lymphoma: risk stratifica-
tion and management of relapsed disease. Hematology Am Soc
Hematol Educ Program 2005:252—259.

Campbell LJ. Cytogenetics of lymphomas. Pathology 2005;37:
493-507.

Nedomova R, Papajik T, Prochazka V, et al. Cytogenetics and
molecular cytogenetics in diffuse large B-cell lymphoma
(DLBCL). Biomed Pap Med Fac Univ Palacky Olomouc Czech
Repub 2013;157:239—-247.

Monni O, Joensuu H, Franssila K, et al. BCL2 overexpression
associated with chromosomal amplification in diffuse large B-cell
lymphoma. Blood 1997;90:1168—1174.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

93

El-Hameed AA. De novo nodal diffuse large B-cell lymphoma:
identification of biologic prognostic factors. J Egypt Natl Canc
Inst 2005;17:20—28.

Villuendas R, Piris MA, Algara P, et al. The expression of p53
protein in non-Hodgkin’s lymphomas is not always dependent on
p53 gene mutations. Blood 1993;82:3151—3156.

Offit K, Lo Coco F, Louie DC, et al. Rearrangements of the bcl-6
gene as a prognostic marker in diffuse large-cell lymphoma.
N Engl J Med 1994;331:74—80.

Barrans SL, Evans P, O’Connor S, et al. Rearrangement of the
BCL6 locus at 3927 is an independent poor prognostic factor in
nodal diffuse large B-cell lymphoma. Br J Haematol 2002;117:
322-332.

Igbal J, Greiner TC, Patel K, et al. Distinctive patterns of BCL6
molecular alterations and their functional consequences in
different subgroups of diffuse large B-cell lymphoma. Leukemia
2007;21:2332—2343.

Savage KJ, Johnson NA, Ben-Neriah S, et al. MYC gene rear-
rangements are associated with a poor prognosis in diffuse large
B-cell lymphoma patients treated with R-CHOP chemotherapy.
Blood 2009;114:3533—3537.

Barrans S, Crouch S, Smith A, et al. Rearrangement of MYC is
associated with poor prognosis in patients with diffuse large
B-cell lymphoma treated in the era of rituximab. J Clin Oncol
2010;28:3360—3365.

Johnson NA, Slack GW, Savage KJ, et al. Concurrent
expression of MYC and BCL2 in diffuse large B-cell lym-
phoma treated with rituximab plus cyclophosphamide, doxo-
rubicin, vincristine and prednisone. J Clin Oncol 2012;30:
3460—3468.

Green TM, Young KH, Visco C, et al. Immunohistochemical
double-hit score is a strong predictor of outcome in patients with
diffuse large B-cell lymphoma treated with rituximab plus
cyclophosphamide, doxorubicin, vincristine and prednisone.
J Clin Oncol 2012;30:3460—3467.

Stefancikova L, Moulis M, Fabian P, et al. Prognostic
impact of p53 aberrations for R-CHOP-treated patients
with diffuse large B-cell lymphoma. Int J Oncol 2011;39:
1413—1420.


http://refhub.elsevier.com/S2210-7762(14)00031-3/sref24
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref24
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref24
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref25
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref25
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref25
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref25
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref25
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref26
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref26
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref26
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref26
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref26
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref27
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref27
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref27
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref27
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref27
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref28
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref28
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref28
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref28
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref29
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref29
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref29
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref29
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref45
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref45
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref45
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref30
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref30
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref30
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref30
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref30
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref30
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref31
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref31
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref31
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref31
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref32
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref32
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref32
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref33
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref33
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref33
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref33
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref33
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref34
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref34
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref34
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref34
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref35
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref35
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref35
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref35
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref36
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref36
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref36
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref36
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref37
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref37
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref37
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref37
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref38
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref38
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref38
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref38
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref38
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref39
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref39
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref39
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref39
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref39
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref40
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref40
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref40
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref40
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref40
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref41
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref41
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref41
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref41
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref41
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref42
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref42
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref42
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref42
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref42
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref42
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref43
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref43
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref43
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref43
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref43
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref43
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref44
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref44
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref44
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref44
http://refhub.elsevier.com/S2210-7762(14)00031-3/sref44

	BCL2, BCL6, IGH, TP53, and MYC protein expression and gene rearrangements as prognostic markers in diffuse large B-cell lym ...
	Patients and methods
	Patients
	FISH analysis
	Immunohistochemistry
	Statistical analysis

	Results
	Clinical features
	Rearrangements detected by FISH
	Immunohistochemical results
	Correlation with clinical outcome
	Discussion

	Acknowledgment
	References


