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Chapter 6

CHAPTER 6

Summary & Discussion

The aim of this thesis was to further charactesizapecific subgroup of NHL,
namely follicular lymphomas grade 3B (FL3B). Ashwéll cancers, lymphomas
were originally categorized based on morphology @imical behaviour.
Subsequently, the use of antibodies against ce#lieeimarkers together with
morphological criteria made it possible to assiggnaphoma to a diagnostic
entity. However, within each lymphoma categoryyéhs a heterogeneity of
clinical behaviour. For example the majority of pisibed studies show a
significantly more aggressive clinical course fargtade 3*?than for other
follicular lymphomas (FL). Therefore, FL grade 3ea are typically treated with
combination chemotherapy that is also used fousiéflarge B-cell lymphomas
(DLBCL) patients, but also appear to have an iregddikelihood of relapses as
seen in FL gradel and®? The International Prognostic Index (IPI) is lthea
several pre-treatment criteria and can be usedidigde in categories and to
provide useful prognostic information. Despite thdgtailed classification and
prognostic index procedures, different clinical &gburs persists within the same
IPI groups™.

Recurrent genetic abnormalities can provide cloeafi improved classification
and a more reliable prognostic index and therdiad to tailored treatment
strategies for lymphoma subtypes. A large numbeeainiques can be used to
study genetic abnormalities in lymphomas such &sgenetics, molecular
genetics, fluorescence in situ hybridization (FISEEH micro-array and gene
expression profiling.
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Summary & Discussion

Summary discussion/results

Our study was initially based on a cytogenetic stigation of lymphomas with
the diagnosis FL3B. Based on these results, thessaasre divided into 3
subgroups: |, with 3g27 aberrations and withoyiL4;1.8); II, without a 3927
aberration and without a t(14;18); Ill, with a t(18) but without 3927
aberrations. A remarkable finding was the mutualusiveness of a t(14;18) and
a 3927 aberratiof?. This is in contrast with findings in FL grade BA& and
DLBCL where cases have been reported with botth418) and 3g27
aberrations. Our own, unpublished, data revealsmhebined t(14;18) and 3927
aberration in 5 out of 125 FL cases (4%) and im#od 135 DLBCL cases (3%).
In view of the low frequencies of 3927 aberrationghe FL group in general, the
combination of these two aberrations in these B&0% of all cases with a
3027 abnormality share the t(14;18)) is remarkadbl®LBCL cases, t(14;18)
was observed in 25 out of 135 cases (18%) and 8p@itations in 40 out of 135
cases (29%) and a combination of the two in 4 cadass, the mutual
exclusiveness of a 3927 aberration and the t(144&ns to be a characteristic
finding in FL3B.

FL3Bs are thought to be pathogenetically relategittrer FL or DLBCL
based on the presence of a t(14;B8).2 or a 3g27BCL6 rearrangement. Besides
these, other genetic aberrations might charactdre¢hird subgroup without
t(14;18) or 3927 rearrangements. These geneticattmers may be small
deletions or mutations which have not been idesdjfsince the basis of this study
was conventional cytogenetics. The finding of theéual exclusiveness may point
to different pathways of tumorigenesis for FL3B s€awith t(14;18BCL2
rearrangement are probably more related with theZand 3A, which is also in
agreement with a significant higher percentageaaf gf chromosome 7 and an
almost significant higher percentage of CD10 pwesitiases in this subgroup. In
parallel, FL3B cases with a 3qgB{L6 rearrangement might be related to 30-40%
of the DLBCL cases witBCL6 breakpoints.

However, our current and previously published dadécate that there are
essential differences in the exact breakpoint prsitat 3q2BCL6 between
FL3B and DLBCL. In general, the great majority earrangements of tHeCL6
gene in DLBCL occur in the 4kb major breakpointster region (MBRY. An
alternative breakpoint cluster region (ABR) witlirgenomic region between 245
and 285 kb 5’ of th8CL6genewas identified in a small number of 2. Our
findings on 3g27/bcl6 rearrangements indeed shamezty high frequency (6/9)
of BCL6 breaks in the ABR and a low frequency (2/9) inM®R in FL3B, and a
reverse pattern in DLBCL. The cases with a breakpoithe ABR were either

92



Chapter 6

primary FL3B or had a history of FL1,2. These datangly indicate that a FL3B
with a 3927BCL6 rearrangement do not simply represent a follicatamterpart
of DLBCL with a 3g27BCL6 rearrangement, but instead suggest a separate
pathway leading to this particular type of FL.

In cases with a breakpoint at 3gBGL6 can be juxtaposed to a large
number of different translocation partners. Moah#iocations at the MBR will
lead to promoter-substitution of tB€L6 gene where the promoter is removed
and replaced by foreign promoters, for instancegitenline transcript (i)
promoter in cases of t(3;14) with a switgtbreakpoinf®. These breakpoints in
the MBR ofBCL6 likely are generated durirlg rearrangements or class switch
recombination processes or by somatic hypermu(hiM)®© and the
generation of DNA double strand breaks and DNAaremechanisms. In some
cases mutations alone are already sufficient tegigateBCL6 since they may
disrupt negative autoregulatory enhancer sequeasfd@SL6, thereby leading to
constitutive activation dBCL6? %) Translocations and mutations at the MBR
of BCL6therefore can deregulate tBEL6 gene in two essentially different ways
12 n contrast, breakpoints at the ABR likely arediaged by other, yet
unknown, mechanisms and probably leavedBiiE6 promoter intact. In
consequence it is not known how the breakpoineregated and also not how
BCL6is deregulated in these cad$&¥” All our cases reveal BCL6 protein
expression indicating that BCL6 protein expresssomot only caused bBCL6
rearrangements but also by other mechanisms.

Similarly, BCL2 protein expression is also detedtedlmost all FL3B
cases including cases with@€L2rearrangements. Thus, BCL2 and BCL6
protein expression in FL3B are independent of tlesgnce oBCL2andBCL6
gene rearrangements and are also present in tcatisio negative cases. This is
in accordance with findings in FL1,2,3A and DLBEP®)

Additional aberrations

Additional chromosomal aberrations like del(6q) atfTdare often seen as
secondary aberrations and as a reflection of pssgye. Tumor progression
during the course of the disease is often chaiaeteby histological
transformation to large cell ymphoma. The add#ilochromosomal aberrations
in FL3B cases are comparable with those in DLBGhalgh a higher percentage
of secondary aberrations was found in the t(14si®group (Table 1). In cases
with evidence of histologic transformation fromoavito a high grade lymphoma
MY Crearrangement anbP53mutation are often observed. MoreovEP53is
rare in FL1,2 and mostly seen in cases with pra@jpas These two aberrations
are observed in a very low frequency in the FL38ugr, again suggesting that
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FL3B is a separate entity with different pathogenetechanisms (Table 1). P53
expression is seen in 55% of our cases with nerdiffce within one of the three
subgroups and is comparable with findings in FL Bh@CL; no correlation is
seen with CD10 expression.

The three FL3B subgroups show similarities withhbbt BCL and FL.
The only statistically significant and almost siggant differences that provide
further evidence of the existence of different sobgs are the frequent gain of
chromosome 7 as a secondary aberration and thghrgkntage of CD10
overexpression respectively in the t(14;18) subgrou

In summary, a conservative conclusion may be tir@FL3B group can be
divided in at least 2 subgroups based on the pceseina t(14;18), with the
remark that the t(14;18) negative group can béé&ursubdivided in 3927 positive
and 3g27 negative cases.
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Tabel 1. Summary of FL 3B resultsand comparison with FL1,2,3A and

DLBCL
(see also Table 1 General Introduction)

BCcl2 | BCL6 myc | IP53 | CD10 | +7 | de (6q)
FL1,2,3A | 80-90%| 5-15% (ABR)| <5% | <5% | -100%| 50% | 10-20%
DLBCL | 20-30%| 30-40% | 5-15% | 20-30%| <40%|  15% | 30-40)
(MBR)
FL3B | 3% 27% 16% | 9% | 41% | 45% | 40%
|: 3g27+
(n=10) | 0% 80% # 10% | 10% | 33% | 30% | 30%
Il (n=9) | 0% 0% 1% | 0% | 22% | 3% | 4%
I11:t(14;18) 67% 739
(h=11) | 100% 0% 28% | 18% | = | 2| as%

#: 6 cases with ABR break, 2 cases with MBR break.
: higher percentage in testicular lymphomas (88%BCL-CNS and AIDS related DLBC

lymphomas; up to 70%
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Clinical classification

We analyzed the clinical data and treatment outcanakeof 28 patients with the
diagnosis FL3B from which representative cytogenétta were available. See
for supplementary clinical data, treatment resaitis additional
immunohistochemistry data Tables Al, A2a, A2b, ABendix)

In 18 patients the primary diagnosis was FL3B waelia 10 patients NHL was
diagnosed and treated before the biopsy was obtainevhich the diagnosis
FL3B was made.

No significant differences were seen in the treatnedficacy of the primary and
secondary FL3B cases with respect to responsetayf, number of relapses and
overall survival. It is impossible to compare thesgults because almost all
patients underwent a different therapy and the timtexval of collection of
material between the first and last patient exceé@fleyears. Although some
investigators®” reported that cases wiBCL6rearrangements have a better
survival, other$'®“? associatdCL6rearrangement not with a favorable
prognosis.

Biological Classification

Expression patterns of BCL6, CD10 and MUM1 havenbmeygested as
important tools to classify DLBCL in GCB and non-B@roups?*?42° CD10
and BCL6 are common markers of GCB DLBCL and casse classified as
GCB if both BCL6 and CD10 were positive or if CDdldne was positive.
MUM1 expression is associated with ABC DLBCL. Wefpemed this
immunostaining on our panel of FL3B cases and tesoluld be drawn from 25
cases. These results showed that almost all prifia3 cases can indeed
biologically be classified as GC lymphoma wherdgsrhajority of the cases with
an ABC signature were secondary FL3B cases wittnégcedent diagnosis of
DLBCL. All cases with a t(14;18) rearrangement shdw GC signature (Figure
1, Table 2 and 3).

There was no clear difference between the ABC aG@d:&ses with respect
to number of relapses or overall survival. Becanfsthe relatively small number
of patients and the differences in therapy no fionclusion can be drawn. More
data are needed e.g. by combining our results thitlse of other investigators
with respect to (cyto) genetic data on FL3B. Thia cesult in a sufficient number
of patients for meaningful comparison of clinicatebiological data.
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Figure 1: Decision tree for histochemical stainiugd the classification of 25 cases with the
diagnosis FL3B.

Table 2: Biological classification results of 25 3B cases with and without a
t(14;18).

t(14;18) + t(14;18) -
GCB 8 11
non-GCB 0 6

Table 3: Biological classification results of 24rpary and secondary FL3B cases.

primary FL3B secondary FL3B
GCB 14 4
non-GCB 2 4
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Postulated relation of FL3B with FL1,2 and DLBCL

Transformation of FL to DLBCL might occur via twossible pathways: (1) with
acquiredVYCandTP53alterations which leads to FL3B as a separateyewoiit
(2) via FL3B to a histological DLBCL (Fig. 2). Aitid possibility is that the FL
acquires a 3g2@berration in combination with an existing t(14;88ying the
transformation route, but our results show a mutnalusiveness faBCL2 and
BCL6rearrangements in FL3B and again suggests thessiht separate entity.

FL1,2,3A DLBCL

TP53

» 1(14;18)

BCL6 MBR.,
BCL6ABR

1(14;18) —

CD10, +7

"

¢ 3 AW
R N, ©
s A BCL6ABR ——

BCL6 MBR

FL3B

Figure 2

A postulated model of the relationship of FL3B,shetween FL1,2,3A, and DLBCL based on the
data of this study. MBR: major breakpoint regigkBR: alternative breakpoint region.
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Overall Conclusion

With respect to our (cyto) genetic findings we desteated that FL3B is a
separate entity with genetic and histologic prapsibelonging to both the FL and
DLBCL and suggest treatment strategy should bedbaseenetic findings. This
is in concordance with the basic principle of thesently used WHO
classification in which the different subgroups dréded based on genetic,
immunophenotypic, biologic, clinical and morpholodgatures. Based on our
data, it might be reasonable to create two subgraupe with and one without a
t(14;18)breakpoint. The FL3B cases with a t(14;18) and éidlequencies of
CD10 expression and gain of chromosome 7 shouiddoeporated in the
FL1,2,3A group whereas the other cases without4318) and with or without a
3027 rearrangement appear to be more closely deiat®LBCL.
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Testicular lymphomas

Deletion or partial deletion of the long arm of @imosome 6 has been
reported in high frequencies (up to 70%) in tesic DLBCL, central nervous
system (CNS) DLBCL and AIDS related DLBCLs. In aitudy of testicular
lymphomas 88% (15 out of 17) showed a partial dwietf the long arm of
chromosome 6, with the smallest region of overRBID) located at 6916.3-6921
(104Mb-113Mb) and 6g23.3 (137.5Mb-138.8Mb). In @ase we observed a 2.7-
Mb homozygous deletion ranging from 135.3Mb to 08&b, that partly
overlapped with the smallest region of overlapgz33. The overlap is
approximately 0.5 Mb, and contains three RefSeggeih22RA2 and IFNGR1,
and OLIG3. Whether a decreased or absent IL22RAZa®LIG3 expression
plays a role in the development of testicular lympia is presently unclear.
IFNGR1 encodes the ligand-binding chain (alphahefheterodimeric interferon
gamma receptor. The interferon gamma receptov@ved in the regulation of
expression of HLA class Il genes. HLA class Il doggulation is frequently
found in testicular DLBCL and CNS DLBCE"*® and was associated with a very
poor prognosis of DLBCI!?. Another gene, IL20RA is deleted in 10 out of 16
cases, and also lies within the homozygous deletia@ase #5. In contrast with
the other genes mentioned above, IL20RA is higkjyressed in normal testis and
skin (http://genome.ucsc.ejflu

In a very recent study by Pasqualucci et al, thbas identified
BLIMP1/PRDML1 as a possible tumor suppressor geite &Y. These authors
showed that in 24 percent of activated B cell (kBC) DLBCL the BLIMP1
gene is inactivated by structural alterations. géeomic alterations included
deletions on one allele and mutations on the aihele, leading to loss of
function at the protein level. A majority of thessses (77%) lack BLIMP1
expression despite the presence of mRNA. BLIMRG@dalized at 6921-922.1,
which partly overlaps our RMD located at 6q16.3-RLIMP1 mRNA
expression levels as detected by the Affymetrix &JRis2 oligonucleotide arrays
were not consistently low in the cases of testicDlaBCL with 6q deletion
(M.Booman, personal communication).
In conclusion, aberrations affecting chromosomeetodten seen in systemic
DLBCL but the frequency is clearly higher in teatar lymphomas and CNS
lymphomas. Our study revealed in 88% of the ingestid cases a deletion of the
long arm of chromosome 6 with two deletion hot spotapping at 6q16.3-921
and 6g23.3 respectively. This suggest that funatitmss of one or more genes
within these RMDs may be a crucial event in thénpgénesis of testicular
lymphomas.
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Future per spectives

In future studies a large number of FL3B casedepably in a large prospective
international study, should be analyzed in whidipatients are treated with the
same regimens during the course of the diseasgeiirre or absence BCL6and
BCL2rearrangements should be determined and relataeketall survival of the
patients.

Besides the markers and aberrations studied irrtesss, future studies
should also include MIB1/Ki-67, array-CGH and exgsien profiling. An
alternative for grading the follicular lymphomasajsplication of the proliferation
index as measured with the MIB1/Ki-67 antibody wptlognostic significance.
However, as explained above we would advise tdhisenethod only in FL1,2,3
cases with proven t(14;18) and to consider therdth8 without this
translocation as a separate entitiy.

Array-CGH provides another potent tool to analyre pathogenesis of
FL3B lymphomas. These arrays cover the whole genuiitie a very high
resolution down to the level of 1Mb, or even a ctetgtiling array. In Chapter 5
the strength of this technique was demonstrataddmtification of small
deletions in cases which revealed no aberratiotis s@nventional cytogenetics or
FISH. As our starting point was cytogenetics artisegquent molecular genetic
investigation that also reveal translocations, yppglarray-CGH and enlarging
the amount of cases in the future might revealtamdil genetic aberrations in the
different subgroups and give a more reliable blsigrouping the FL3Bs with
either FL1,2,3A, DLBCL or as a separate entity.

Another approach that can be followed is gene esgiwe profiling. The
enormous number of data points resulting in a patteexpressed genes, a
signature, can be used for several goals in tidy sifithe pathogenesis of
lymphomas or even for the development of noveltneat approaches for these
diseases. A disadvantage of these techniquestiththpercentage of tumor cells
is always less than 100% with variable ad-mixtudreaymal cells that may
influence the results. Combining laser dissectigacroscopy (LDM) with
expression profiles could prove to be a potentitoalarifying the real nature of
FL3B.
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