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Background and Objectives. The t(14;18)(gq32;021)
chromosomal translocation is the hallmark of follicular
lymphomas (FL). The translocation induces the overex-
pression of the Bcl-2 protein and prolongs the survival of
clonogenic cells. Tumor cells may acquire additional mol-
ecular alterations that may be associated with histolog-
ic progression or with chemo-resistance.

Design and Methods. We analyzed the distribution and
association of bcl-6 and p53 mutations in 55 consecu-
tive bcl-2/Jh* lymphoma samples derived from 43
patients obtained at the time of diagnosis and, in 5 of
these patients, during follow-up. A total of 29 bcl-6 point
mutations were detected in seventeen patients (40%)
associated with major or minor breakpoints of the bcl-
2/Jh fusion gene. In seven cases a p53 mutation was
detected. Three cases corresponded to FL with the minor
breakpoint in the bcl-2 gene and these patients had a
favorable clinical evolution, whereas the 4 patients with
p53 mutations and the major breakpoint had a bad clin-
ical outcome with morphologic transformation to high-
grade lymphoma in three cases. The sequential analysis
of 5 patients showed a different timing in the acquisition
of mutations; one patient showed bcl-6 and p53 muta-
tions at diagnosis, another patient showed bcl-6 muta-
tions at diagnosis and acquired a p53 mutation later
whereas the third patient had a p53 mutation before the
appearance of the bcl-6 mutation.

Results. We did not find significant differences in survival
between patients with FL who showed exclusively bcl-6
mutations and those without bcl-6 mutations, but those
patients with a high International Progostic Index score
and p53 mutations showed the lowest overall survival (p
=0.002).
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Interpretation and Conclusions. These findings suggest
that bcl-2/Jh lymphomas show molecular heterogeneity
and that bcl-6 and p53 mutations may be acquired dur-
ing the evolution of such lymphomas. Bcl-6 mutations, by
themselves, do not seem to be associated with a bad
prognosis. Rearrangements at the minor bcl-2 locus may
have a different molecular evolution.
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non-Hodgkin's lymphoma (NHL) in adults.! The

1(14,18)(932;021) chromosomal translocation
is the hallmark of FL, being detected in 85% of cas-
es.2 This translocation is not, however, specific to
FLs, being also detected in NHLs transformed from
a FL, in 20% of diffuse large B-cell lymphomas
(DLBCL), in Burkitt's lymphomas (BL) and, even in
rare cases of de novo acute B-cell lymphoblastic
leukemia.? This translocation results from an ille-
gitimate recombination during VDJ rearrangements
in a pre-B-cell stage in bone marrow.45 Deregula-
tion of bcl-2 induced by Ig enhancer leads to the
overexpression of the Bcl-2 protein which prolongs
the survival of clonogenic cells.58 Proliferating
tumor cells are subjected to new molecular lesions
that may be associated with malignant progres-
sion.10-13 Genetic instability demonstrated in trans-
formed NHLs415 and the hypermutational mecha-
nisms that take place in germinal centers play a
fundamental role in the acquisition of these mol-
ecular lesions.1214-20 Mutations in the tumor sup-
pressor gene p53, structural alteration of the
MUM1 gene, the p16™4a and ARF genes, 6q dele-
tions and point mutations that alter the regulato-
ry sequences of proto-oncogenes such as c-myc
and bcl-2 have all been described in transformed
FL. Recently, alterations of the bcl-6 gene have also
been reported in this setting.131621

Follicular lymphoma (FL) is the most common
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The bcl-6 gene is located on chromosome 327
and encodes a POZ/zinc finger protein which func-
tions as a sequence-specific DNA-binding tran-
scriptional repressor. Several lines of evidence sug-
gest that structural alterations of the regulatory
regions of the gene are involved in lymphomagen-
esis.?-24 Chromosomal rearrangements affecting
the bcl-6 gene are associated with 40% of diffuse
large cell lymphomas (DLCL) and 10% of FL. The
Bcl-6 gene may be altered by somatic point muta-
tions clustering within the 5’ non-coding regions of
the gene in lymphomas which display a GC pheno-
type_25-29

The bcl-2/Jh rearrangement takes place at an ear-
ly stage of B-cell differentiation, but the overex-
pression of the antiapoptotic protein Bcl-2 is not
sufficient for the development of lymphomas.*® We
analyzed the distribution and the association of
genetic lesions such as bcl-6 point mutations and
p53 mutations in lymphomas carrying the bcl-2/Jh
rearrangement.

Design and Methods

Tumor samples and DNA extraction

This study was based on fifty-four consecutive
lymphoma samples derived from a total of 43
patients. Samples from patients with a lymphoma
proceeding from the germinal center and with the
1(14,;18)(q21,932) chromosomal translocation were
included in the study. Diagnosis was based on mor-
phology and immunophenotypic analysis of cell
surface markers. The samples were obtained from
bone marrow (n=19), peripheral blood (n=15) and
fresh lymph node (n=20). All the samples were
selected if a positive bcl-2/Jh rearrangement was
detected using molecular methods. These patients
represented about 85% of all newly diagnosed cas-
es of follicular lymphomas. Patients with other mol-
ecular lesions (variant breakpoints or bcl-2 ampli-
fication) were not included in this series.3-33 In most
cases, the fraction of malignant cells was > 75%
and in all cases > 20%. The specimens were col-
lected at diagnosis with the exception of the lym-
phomas transformed from a follicular phase and
the cases in which more than one sample was stud-
ied.

On the basis of the WHO classification of NHLs
originating from the germinal center,3* the samples
were classified as FL (n = 38), BL (n = 2, one case
diagnosed as de novo and the other one derived
from a previous FL) and DLCL (n= 3, two cases de
novo and one arising from a FL). DNA extraction
was performed by digestion with proteinase K,
extraction by the salting out method and precipi-

tation with ethanol (bone marrow and peripheral
blood).®> DNA was obtained from lymph-node sam-
ples using the standard phenol-chloroform method.

Analysis of bcl-2/Jh rearrangements by long
distance-polymerase chain reaction (LD-PCR)
To analyze the presence of the bcl-2/Jh
rearrangements, we used a modified PCR method
(LD-PCR), which was more suited to amplifying long
PCR targets.32% LD-PCR amplification was per-
formed in an automated thermal cycler (DNA PCR
Thermal Cycler 480; Perkin-Elmer, Norwalk, CT,
USA), using 100 ng of genomic DNA, 2.5 mM of
each dNTP, 20 pmol of each primer and 2.5 U Taq
DNA polymerase (TaKaRa LA Taq polymerase, Takara
Shuzo) in a final volume of 50 ulL. LD-PCR condi-
tions were: one cycle of denaturation (94°C for 1
min); 30 cycles of denaturation (98°C for 20 s) and
annealing (68°C for 20 min) followed by one cycle
of extension (72°C for 16 min). The sequence of the
primers used to detect the bcl-2/Jh fusion genes
has been reported previously.3233 The sensitivity
threshold for the LD-PCR was 1/100 cells.

Analysis of bcl-6 and p53 mutations

The bcl-6 5" region and the p53 gene were ana-
lyzed by a combination of polymerase chain reac-
tion-single strand conformation polymorphism
(PCR-SSCP) and DNA direct sequencing. PCR-SSCP
analysis of the bcl-6 gene was performed on three
partially overlapping PCR fragments (fragments
E1.10, E1.11, E1.12), spanning 739 bp, located
downstream of the first non-coding exon of the
gene, as reported by Capello et al.22 PCR-SSCP
analysis of the p53 gene was performed on five PCR
fragments corresponding to exons 5-9 following a
well established protocol.3 PCR-SSCP of the bcl-6
gene was performed using 100 ng of genomic DNA,
10 pmol of each primer, 2.5 umol/L dNTPs, 1 uCi of
a.-3P dCTP (Amersham, Amersham, UK), 10 mmol/L
Tris-HCI (pH 8.8), 50 mmol/L KCI, 1 mmol/L MgCl,
0.01% gelatin, and 0.5 U AmpliTag polymerase
(Perkin-Elmer, Norwalk, CT, USA) in a final volume
of 10 uL. Thirty cycles of denaturation (95°C for 1
min), annealing (56°C for fragments E1.10 and E1.11
and 54°C for fragment E1.12 for 1 min) and exten-
sion (72°C for 1 min) were performed in a DNA ther-
mal cycler (Perkin-Elmer). After heating at 95°C for
5 min, the samples were chilled on ice and loaded
onto a 6% acrylamide gel containing 10% glycerol.
Gels were run at 8W for 15 hours at room temper-
ature, dried and analyzed by autoradiography with
an intensifying screen after exposure for 24 hours
at -80°C. For all samples subjected to DNA sequenc-
ing, the DNA PCR products were purified using a
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commercial kit (QIAquick PCR purification kit, Qia-
gen, CA, USA) and directly sequenced using the
Thermosequenase Kit (Thermosequenase, Amer-
sham, Life Sciences, UK) following the manufac-
turers’ recommendations. Briefly, the sequencing
reaction was performed using 2 ug of purified DNA,
1 pmol of the appropiate primer (forward and
reverse) and [a-3P] labeled terminator dideoxynu-
cleotides (Amersham Life Sciences). Autoradi-
ographs were developed after 2 days of exposure at
-80°C.

Immunohistochemistry

Expression of bcl-2, Bel-6 and p53 was detected
with commercially available monoclonal antibodies
purchased from Dako (Dako A/S, Glostrup, Den-
mark). Reactions were scored as positive using the
following scale: weak positivity, when 5-10% of
cells were positive; moderate positivity, when there
were 10-50% positive cells; and strong positivity,
when more than 50% of the cells were positive (<
5% of neoplastic cells was used as a cut-off to
define tumors negative for Bcl-6 expression). All
samples had a high expression of Bcl-2 protein and
all samples had at least 15% of neoplastic cells
showing Bcl-6 protein expression.

Statistical analysis

The distribution of patients according to biolog-
ical and clinical characteristics was compared by
the %2 test for categorical variables and the U
Mann-Whitney test for continuous variables. Uni-
variate overall survival curves were computed using
the Kaplan-Meier technique. The log-rank test was
used to compare the survival curves. Overall survival
was calculated from the date of diagnosis to the
date of death or the last follow-up. Multivariate
analysis was done using the Cox regression tech-
nique, considering death as a dependent variable
and the following as independent variables: age,
stage, B symptoms, bcl-2 rearrangement, bcl-6
mutation, p53 mutation and the product between
p53 mutation and bcl6 mutation. Statistical results
were considered significant if p<0.05.

Results

Characterization of patients and the tumor
panel

Of the 43 patients included, we could not obtain
clinical information about three patients (UPN 16,
30 and 38). The patients evaluated in the study had
a median age of 55 (29-78) years, 3 were in stage
| disease, 3 in stage Il, 4 in stage Ill, 32 in stage IV
and disease stage was unknown for one. One
patient had an International Prognostic Index (IPI)
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score of 0 (2%), 18 (42%) had an IPI score of 1, 12
(30%) had an IPI score of 2, 4 (9%) had an IPI score
of 3, 5 (12%) had an IPI score of 4 and in two
patients the IPI score was unknown. The percent-
age of patients with B symptoms at diagnosis was
30% (n=12).

According to the WHO classification,* histologic
sections from the 54 samples (from 43 patients)
were diagnosed as follows: 1) FL: 49 tumor samples
derived from 38 patients (20 lymph nodes), 2) DLCL:
3 samples from 3 patients (two of them were diag-
nosed with de novo DLCL whereas the other was
diagnosed with transformed FL), 3) BL: two samples
(one de novo and the other derived from FL). The FL
samples were further graded according to the WHO
classification: 21 samples were judged to be grade
| and 17 samples grade IIl. Two samples were not
assigned to a specific grade.

We studied more than one tumor sample from 5
patients (UPN 1,8,12,13,19). In one patient (UPN
13), two tumor samples were obtained at diagno-
sis from lymph node and bone marrow whereas in
4 patients tumor samples from lymph node, bone
marrow and/or peripheral blood were obtained at
the time of diagnosis and during the follow-up.

Analysis of bcl-2/Jh rearrangements

Analysis of the bcl-2 rearrangement revealed the
presence of the bcl-2 major breakpoint (MBR) in
33/43 cases (77%) and the bcl-2 minor breakpoint
(mcr) in 10/43 cases (23%).

Mutational analysis of bcl-6 and p53 genes

The samples investigated displayed a total of 29
PCR-SSCP variants (3 polymorphisms) which were
unique to individual tumor samples. Cases of lym-
phomas arising from germinal centers were con-
sidered positive for mutations when one or more
PCR-SSCP showed a variant pattern which could
not be ascribed to a population polymorphism. On
this basis, mutations of bcl-6 scored positive in
17/43 (40%) cases when considering all the multi-
ple tumor samples available for each patient. Com-
parison of the distribution of the bcl-6 mutations
and the bcl-2 rearrangements confirmed that
mutations occur in lymphoma cases originating in
germinal centers, both those with bcl-2 major and
minor breakpoints (Table 1).

Twelve patients showed abnormal migration pat-
terns in only one PCR fragment (E1.10, E1.11 or
E1.12). Five patients (UPN 2,5,39,40,43) had abnor-
mal patterns in more than one PCR fragment
reflecting multiple mutations. The most frequently
mutated fragment was E1.11 (14 positive patients);
followed by fragment E1.12 (8 positive patients)
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Table 1. Characteristics, molecular lesions and immunohistochemistry of patients with bcl-6 and/or p53 mutations.

UPN Age  Diagnosis Stage IPl  Sample  Therapy  Outcome Survival BCL-2 BCL-6 p53 BCL-2 BCL6  p53
REAL grade rearrang mutations mutations protein  protein  protein
1 62 FL VB 4 PB CHOP+RT PR Dead MBR-4 Kb EL12 Codon 248 +H + +t
Il BM IAPVP-16 PD 12 months T-A+911 CGG—TGG
PB R248W
N
2 59 DLCL m 3 N CHoP PR Dead MBR-10 Kb EL11 Codon 273 e o
BEAM+PBSCT PR 8 monts TG +775 CGT—TGT
RT T-A+783 R273C
G-A +805
EL12
Insert.T +876 polym
3 35 FL VA1 LN CHOP+CL+N  CR Alive MBR-4Kb Neg Neg +H + Neg
Il Rituimab ~ RCR 44 months
4 55 FL VA 1 N CHop CR Alive MBR-6 Kb EL10 Neg +HH + Neg
| 88 months Insert.C +441
5 3 FL-DLCL VB 4 N CHop PD Dead MBR-4 Kb E111 Codon 242 +H + ++
Il 10 months T-A +807 TGC—TAC
E112 C242Y
C-A+1053
Delect G +1111
6 48 FL 1A 1 N RT CR Alive MBR-4 Kb EL10 Neg +HH + Neg
I 20 months Insert.C +561
7 78 FL VA 1 N CHOP+CL CR Alive MBR-5Kb Neg Neg +H + Neg
| 148 months
8 30 FL-DLCL VA 4 LN CHop PD Dead MBR-20 Kb EL11 Codon 248 +H o
Il N IAPVP-16 PD 9 months G-A+759 CGG—CAG
LN DHAP+ESHAP R248H
BEAM+PBSCT
9 58 FL VA 2 BM  CHOP+IFN CR Alive MBR-4.4 Kb Neg Neg ++ Neg Neg
| IAPVP16 PR 20 months
10 46 FL mA 1 LN CHOP+FN CR Alive MBR-4.4 Kb Neg Neg + +H Neg
1 36 months
1 30 FL VA1 LN CHOP+FN CR Alive mer-3 Kb EL11 Neg +H + Neg
I Rituximab+CVP -~ PR 35 months C-G+780
12 68 FL VB 3 N CHoP PR Alive mer-3 Kb EL12 Codon 234 +HH e +
| BM Rituimab ~ PRPD 9 months G-A+895 TAC—TGC
PB Y234C
BM
13 41 FL VA 1 N CHoOP CR Alive mer-16 Kb Neg Neg + + Neg
1 BM 9 months
14 70 FL 1A 1 PB Surgery CR Alive MBR-4.4 Kb Neg Neg + +Ht Neg
| 18 months
15 59 FL VB 2 PB CHoP CR Alive MBR-5 Kb EL11 Neg - - -
Il Rituximab+CNOP 40 months C-T+786
6 2 FL ? ? PB ? ? Alive MBR-5 Kb EL11 Neg - - -
G-C +754
G-A+791
17 30 FL VA 3 PB FCMHPBSCT  CR Alive MBR-4 Kb EL11 Neg - - -
| 23 months G-A+752
G-C +754
T-A+817
18 50 FL VA 1 BM CHop PR Alive MBR-4.4 Kb EL10 Neg - - -
Il FCM PR 3to5m G-C +479

Rituximab  In course

19 46 FL IVB 1 BM CHOP CR Dead mr-3Kb Neg Neg - - -
| PB  IAPVP16+PBSCT PR 3to9m
BM/PB Rituximab+C\P  CR
(Continued on next page)

haematologica vol. 87(9):september 2002



912 M. Bellido et al.

(Continued from previous page)

20 37 FL IVA 2 BM CHOP NR Alive mbr-4.4 Kb Neg Neg - - -
| IAPVP16+PBSCT PR with disease
Rituximalo+CNOP CR

21 ? Burkitt VB 4 BM Palliative - Dead mbr-4 Kb Neg Neg - - -
4.days
2 29 FL IVA 1 PB CHOP PR Dead mbr-4 Kb Neg Neg - - -

| IAPVP16+PBCST CR 36 months
FCM+PBSCT PR

22 5l FL IVB 1 BM CHOP PR Alive MBR-4.4 Kb Neg Neg - - -
| IAPVP16+PBCST CR 26 months
FCM ?
24 44 FL VB 2 PB CHOP+RT PR Dead MBR-4 Kb Neg Neg - - -
Il ESHAP+PBSCT CR 40 months
Rituximab NR
EPOCH+ minialloSCT
2% A FL IVA 2 BM  CNOP+surgery PR Dead mer-9 Kb Neg Neg - - =
| IAPVP16 PR 44 months
FCM+alloSCT CR
26 44 FL IVB 2 PB CHOP+RT RP Dead MBR-4.4 Kb Neg Neg - - -
1 ESHAP RP 34 months
PBSCT RC
Rituximab REC
EPOCH NR
MiniALOHCT
21 50 DLCL 1A 2 N ESHAP PROG Dead mer-2.4 Kb Neg Neg + +  Neg
EPOCH PROG 2 months
28 58 FL IVA 1 BM CHOP RP Alive mer-2.5 Kb EL12 Neg + +  Neg
| PBSCT+ RC 12 months A-G+970
Rituximab
29 5 FL IVA 2 BM CHOP+RT RP Alive MBR 3.8 Kb Neg Neg - - -
Il 19 months
30 68 L IVA 2 BM ? ? ? MBR-5 Kb E11 Neg - - -
? G-C+779
31 55 L [1A 0 N CHOP RP-PROG Alive MBR-4.4 Kb Neg Neg Neg +  Neg
| 185 months
R 62 FL IVA 3 BM CHOP RP-PROG Alive MBR-4.4 Kb Neg Neg - - -
I incourse 16 months
33 54 FL IVA 1 N FCM RP Alive MBR-4.4. Kb Neg Neg + +  Neg
| 7 months
34 46 FL IVA 2 BM CHOP+IFN RP Alive MBR-3.8 Kb Neg Neg - - -
| 46 months
3B 53 FL IVA 1 PB CHOP+CL RP Alive MBR-4 Kb Neg Neg - - -
| Rituximab 12 months
36 59 FL-BL IVA 2 BM CcL RP-PROG Dead MBR-3 Kb Neg Neg - - -
| CHOP RP 111 months
ESHAP PROG
37 70 FL VB 4 PB CHOP PROG Dead mer-9.4 Kb Neg Neg - - -
Il 6 months
38 39 FL 1A ? N ? ? ? MBR-4 Kb Neg Neg + +  Neg
Il
39 3B FL [1IA 1 LN FCM in course Alive MBR-4 Kb EL11 Neg + +  Neg
| 7 months G-C+833
EL12
G-A+975
40 57 FL 1A 1 LN CHOP in course Alive mer-6 Kb E1.10 Codon 232 + + +
Il 5 months T-C+559 ATC—ACC
EL1l 12321
G-C+793
EL12
T-A+927
41 39 FL 1A 1 BM FCM in course Alive MBR-4 Kb Neg Neg + +  Neg
| 7 months
42 56 FL 1A 2 LN CHOP PROG Alive MBR-4 Kb Neg Neg + + t
I 8 months
43 55 FL VB 2 PB CHOP+IFN CR Alive mer-6 kb EL1l Codon 232 - - -
| 11 months T-A+783 ATC—ACC
EL12 12321
T-A+1093

FL: follicular lymphoma; BM: bone marrow; LN: lymph node; PB: peripheral blood; MBR: major breakpoint region; mer: minor cluster region; CR: complete remission; PR: partial
remission; PD: progressive disease; R: relapse; FL: follicular lymphoma; DLCL: diffuse large cell lymphoma; PBSCT: peripheral blood stem cell transplantation; IPI: international
prognostic index.
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and fragment E1.10 (4 positive patients). The char-
acteristics of the bcl-6 mutations detected in these
samples are summarized in Figure 2.

The frequency of mutations in different lym-
phoma cases ranged from 1 to 4. All cases showed
heterozygous mutations. Twenty-six cases (60%)
were negative both for bcl-6 and p53 mutations.
Ten cases (23%) showed only bcl-6 mutations
whereas 7 cases (16%) harbored both bcl-6 and
p53 mutations.

When considering cases for which multiple tumor

Figure 1.

A. Patient 1 (UPN 1): Multiple
genetic lesions can be present in
cytologically indolent FL (top).
Both bcl-6 (bottom left) and p53
mutation (bottom right) were
detected at diagnosis of this case.
The bcl-6 mutation disappeared
whereas the p53 mutation was
maintained.

B. Patient 2 (UPN 8): Sequential
analysis of three lymph node sam-
ples from a patient with FL
showed a progressive increase in
the percentage of p53+ cells (top).
In the second sample a heterozy-
gous p53 mutation was detected
which became dominant in the
last sample (bottom left). The
third sample, obtained when the
patient developed a DLCL trans-
formation, also showed a bcl-6
mutation (bottom right).

samples were available (n=5,UPN 1, 8,12, 13 and
19), three patients showed bcl-6 mutations. Two of
the 5 patients did not show bcl-6 mutations despite
the fact that >20% cells were tumor cells in the dif-
ferent samples. The Bcl-6 mutations were single
point mutations in E1.11 (one patient) and E1.12 (2
patients).

1. One patient (UPN 1) showed bcl-6 mutations
at diagnosis but these were not detected during
follow-up despite analyzing consecutively bone
marrow, peripheral blood and lymph node samples

haematologica vol. 87(9):september 2002
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at intervals of six months. In these samples, sequen-
tial analysis showed the acquisition of p53 muta-
tions. This patient had a rapid clinical evolution
despite the fact that we could not demonstrate
evidence of histologic transformation to a high
grade lymphoma (Figure 1a).

2. Another patient (UPN 8) showed bcl-6 muta-
tions only in the last sample analyzed, in which a
histologic transformation was evident, indicating
an acquisition of this mutation during the evolution
(Figure 1b).

3. The last patient (UPN 12) had bcl-6 mutations
in the lymph node sample at diagnosis but not in
peripheral blood and bone marrow samples
obtained 2 weeks and 1 month and 5 months after
specific therapy, despite the demonstration of the
mcr breakpoint in the same samples.

All samples included in this study were investi-
gated for mutations in p53 exons 5 through 9 by
PCR-SSCP. Mutations in the p53 gene were detect-
ed in 7/43 patients (16%) (UPN 1, 2,5, 8, 12, 40 and
43). The characteristics of the p53 mutations are
shown in Table 2. A histologic transformation was
evident in patients UPN 2 and UPN 8. Patients with
bcl-6 mutations associated with the MBR break-
point in the bcl-2 gene and p53 mutations (UPN 1,
2, and 8) died with one year from diagnosis. Patients
with the UPN 12, 40 and 43 are still alive and, inter-
estingly, they had bcl-6 and p53 mutations associ-
ated with the mcr breakpoint in the bcl-2 gene.

Relationship between bcl-6 mutations and
p53 mutations and clinical outcome

None of the patients with bcl-6 mutations asso-
ciated exclusively with bcl-2 rearrangements (n =
10) showed disease transformation to a high grade
lymphoma. Lymphoma cases with bcl-6 mutations
have an indolent clinical evolution whereas patients
with both bcl-6 and p53 mutated and MBR bcl-2
showed a poor outcome (Figure 2).

The median follow-up was 19.5 months. Thirty-
five per cent of patients achieved a complete remis-
sion (CR). Thirteen patients (32.5%) died, 10 of
them from disease progression or relapse, 2 from
infection and one from graft-versus-host disease. In
an attempt to define the factors that could influ-
ence the achievement of complete remission, a
univariate analysis of a number of biological and
clinical features was performed with available data
from 40 patients. Univariate analysis did not reveal
a significant association between p53 mutation and
failure to obtain a CR (p = 0.39). The patients’ dis-
tribution between the groups with p53 mutations
and with bcl-6 mutations was homogeneous tak-
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Figure 2. Probability of survival in patients with FL and bcl-
2 rearrangements according to p53 mutations.

ing into account age and stage. Patients with p53
mutations had a higher frequency of B-symptoms
(p=0.017) and a higher frequency of IPI score = 3
(p =0.018) although it was not possible to demon-
strate a higher death rate (p = 0.18). These differ-
ences were also not found in patients who pre-
sented exclusively bcl-6 mutations. There were no
differences in overall survival (OS) between patients
with major or minor bcl-2 rearrangements and bcl-
6 mutations. However, there was a marked differ-
ence in OS between patients with p53 mutations (p
=0.001) and whose with a high IPI score (p<0.001).

To ascertain whether the presence of genetic
lesions was associated with an independent
increase in the risk of death, a Cox regression analy-
sis was performed. Clinical and biological features
including age, stage, B-symptoms, IPI score, break-
point in the bcl-2 gene, presence of p53 and/or bcl-
6 mutations and outcome were analyzed. Of these
factors, only the IPI score estimated the proportion
of patients with a poor evolution. IPl = increased
the risk of death by 10.3-fold (p<0.001, 95% Cl 2.8-
38.1) and there was a positive correlation between
the highest values of the IPl and p53 mutations (p
=0.002).

The interaction between these mutations was
analyzed to determine whether bcl-6 mutations
together with the presence of p53 mutations influ-
enced prognosis. This analysis did not show any sig-
nificant survival difference between these two
groups of patients. In the absence of p53 muta-
tions, the outcome of patients with bcl-6 muta-
tions did no differ significantly from that of patients
without bcl-6 mutations.
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Relationship between Bcl-6 mutations,
p53 mutations, and protein expression
Expression of the Bcl-2, Bcl-6 and p53 proteins
was analyzed from lymph nodes (n=21, 19 FL and
2 DLCL). Bcl-2 and Bcl-6 proteins were expressed in
all the cases. The expression of p53 protein was
clearly positive in 5 cases with p53 mutations and
was weakly expressed in 2 samples with p53 muta-
tions and 4 samples without p53 mutations.

Discussion

The aim of this study was to analyze and describe
the distribution of bcl-6 mutations in NHLs carry-
ing the bcl-2/Jh rearrangement, and the relation-
ship between bcl-6 mutations and p53 mutations
in these lymphomas. We found that bcl-6 point
mutations affected 40% of these lymphomas and
that bcl-6 mutations could be associated with both
bcl-2 major (MBR) and minor (mcr) breakpoints.
Furthermore, p53 mutations were detected in both
groups and when associated with bcl-6 point muta-
tions in the Bcl-2 MBR* cases they were associat-
ed with a short survival rate regardless of a histo-
logic documentation of transformation.

The study of the relationship between survival
and clinical-biological factors revealed that the co-
association of a high IPI score with p53 mutations
is the worst prognostic factor for patients with FL
and bcl-2 rearrangements, whereas bcl-6 mutation
is not an adverse survival risk factor. This observa-
tion suggests that patients with FL and bcl-2
rearrangements with a high IPI score at diagnosis
may be monitored for the presence of p53 muta-
tions during disease evolution. If a p53 mutation
appears, these patients could be candidates for
more aggressive therapy, ie: allogeneic bone mar-
row transplantation. It was clear that all samples
with p53 mutations also had multiple (57%) or sin-
gle (43%) bcl-6 mutations, whereas single point
bcl-6 mutations were detected in 88% of the sam-
ples in which the p53 mutation was not detected.

The timing of the acquisition of bcl-6 and p53
mutations was variable. Multiple consecutive sam-
ples were studied in 5 patients. A p53 mutation was
detected prior to the acquisition of bcl-6 mutations
in one patient with FL (UPN 1), whereas in anoth-
er patient (UPN 8) one p53 mutation appeared after
the acquisition of bcl-6 mutations during the trans-
formation to a high-grade lymphoma. Patient UPN
12 showed bcl-6 and p53 mutations at diagnosis
from the analysis of a lymph node sample, but a
bone marrow sample analyzed 5 months later
showed neither mutation. Although this result was
interpreted as an effect of successful therapy since

the percentage of CD19 positive cells was 3% and
there was no light chain restriction by flow cytom-
etry, the bcl-2 rearrangement was still detected by
PCR. A dynamic acquisition and/or loss of muta-
tions in specific target genes cannot be ruled out in
lymphomas arising from germinal centers. In the
last two patients (UPN 13 and 19) we did not detect
any mutation in any sample at diagnosis or during
evolution of the patients’ disease.

We analyzed three cases of DLCL. One patient
(UPN 2) with de novo DLCL had both Bcl-6 and p53
mutations at the time of diagnosis, the second
patient (UPN 27) did not present any mutation,
whereas in the third case (UPN 8) a p53 mutation
was acquired during the follicular phase and the
bcl-6 mutations appeared during the evolution to
the transformed phase of FL.

The patient identified as UPN 5 showed multiple
bcl-6 and p53 mutations but the transformation to
a high grade lymphoma was only evident on com-
pletion of the study.

These observations generate some information
regarding bcl-6 mutations: bcl-6 mutations may be
acquired (or disappear) during the evolution of lym-
phomas arising from germinal centers, suggesting
that ongoing mutations take place in the bcl-6 gene
which could favor the transformation of FLs. Inter-
estingly there are recent reports suggesting the
acquisition of bcl-6 mutations during the clonal
evolution of FL. Lossos & Levy and Szereday et al.1+13
have demonstrated that new mutations in the 5’
non-coding regulatory region of the bcl-6 gene
developed during the clonal evolution of FL and that
they accumulated during the transformation of
these lymphomas. Moreover, preliminary reports
have confirmed the association of genetic instabil-
ity of FL, lending support to the view that multiple
mutations in NHLsS produce the tumor.10121415.17
Some bcl-6 mutations (i.e. in the E1.11 and E1.12
fragments) could predispose to the acquisition of
p53 mutations. In fact, all the patients with p53
mutations also had bcl-6 mutations. The coexis-
tence of bcl-6 and p53 mutations has already been
described. Capello et al.2 reported 3 out of 3 cases
of FL (100%) transformed to DLCL with bcl-6 and
p53 mutations. In contrast, patients with de novo
DLCL presented both types of mutations in 2 out of
32 cases (6%). It could be hypothesized that bcl-6
and p53 mutations may act in a synergistic man-
ner in lymphoma evolution.?’

The frequency and the nature of bcl-6 mutations
found in this study are comparable with those in
other reports: the frequency in our study was 40%,
that reported frequency in DLCL was 70%, and that

haematologica vol. 87(9):september 2002
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for FL varied between 42-60%.2538-41

Expression of Bcl-2 and Bcl-6 protein was stud-
ied in all the samples because these two genes are
the most frequently affected in mature B-cell neo-
plasms.#2-45 High levels of expression of Bcl-2 and
Bcl-6 were demonstrated in FL with bcl-2
rearrangements*é even in samples without bcl-6
mutations. The role of bcl-6 mutations in an intron-
ic region of this gene is, to date, unknown. Howev-
er, the high level of Bcl-6 expression in FL carrying
bcl-2 rearrangements suggests that the deregulat-
ed bcl-2 gene may exert an influence on the devel-
opment of genetic abnormalities of the bcl-6 gene.

The detection of mutations in other non Ig
genes,*” the absence of structural similarities
between the Bcl-6 and the Ig gene sequences and
the clustering in regulatory and phylogenetically
conserved regions of the bcl-6 suggest an expan-
sion of the hypermutational mechanism.

In conclusion, our study reveals that bcl-6 muta-
tions could be associated with both bcl-2 major
and minor breakpoints. The association of p53 and
bcl-6 mutations confers a very poor prognosis to
patients suffering from FL with the MBR bcl-2
rearrangement, even before the transformation to
a high grade lymphoma. Mutational analysis of bcl-
6 and p53 should be investigated in larger series of
FL in order to establish their potential value as
prognostic factors.
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What is already known on this topic

In spite of a common molecular lesion (Bcl-2/IgH
rearrangement) follicular lymphomas are characterized
by a heterogeneous clinical course.

What this study adds

The authors' data provide a better dissection, at the mol-
ecular level, of these lymphomas.

Potential implications for clinical practice

Additional lesions such as Bcl-6 and p53 mutations
may identify more advanced stage disease in FL, and
p53 alteration in particular might correlate with aggres-
sive clinical behavior requiring more intensive therapy.
The clinical significance of Bcl-6 mutations is less clear.
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