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Summary 

Histological transformation from a follicular lymphoma (FL) to a diffuse large B-cell 

lymphoma (DLBL) occurs in 22 to 30 % of all cases of FL. The aim of this study was to 

identify specific chromosomal gains/losses associated with transformation of FL to 

DLBL, in addition to the well known mechanisms like P53 mutation and protein 

expression and c-myc translocation and upregulation. This is the first study to meet two 

important conditions for such a comparison. First, we demonstrate that the FL and the 

DLBL were clonally related, based on identical Ig gene rearrangements in 5 of the 6 cases. 

Second, we used laser micro-dissection microscopy to isolate only the neoplastic cells 

from the initial FL samples. The results indicate that no single chromosomal abnormality 

seems to be responsible for the transformation of FL to DLBL. P53 protein 

overexpression was found in 4 and c-myc translocation in 3 of the 6 transformed DLBL, 

but not in the initial FL samples. Additional chromosomal abnormalities were detected 

by CGH in all 6 cases when the DLBL was compared with the FL.  In the 5 cases with 

transformation of grade 1 or 2 FL to DLBL, gains at chromosome 7 (5/5 cases), 10p1 (3/5 

cases), 12 (3/5 cases) and 20p13 (2/5 cases) and loss at 9q (4/5 cases) were the most 

frequently found abnormalities. Gain on 7p in combination with loss on 9q was found in 

4 of the 5 DLBL that transformed from FL grade 1 or 2.  

 

Introduction 

Follicular lymphoma (FL) is a B-cell non-Hodgkin lymphoma (NHL) that originates from 

follicle center B-cells. FL accounts for about 40% of adult NHL in the western world. 

Patients with FL have a relatively indolent course 1. Histological transformation to a 

diffuse large B-cell lymphoma (DLBL) occurs in 22 to 30 % of all cases. 2,3. This 

transformation is generally associated with clinical acceleration of the disease and a 

short survival.  

Up to 90 % of all FL carry the t(14;18)(q32;q21) chromosomal translocation. This 

translocation juxtaposes the Bcl-2 proto-oncogene to the immunoglobulin (Ig) heavy 

chain joining region 4-6. The immunoglobulin heavy chain gene enhancer induces over-

expression of the Bcl-2 gene, resulting in an increased production of the Bcl-2 protein. 

The Bcl-2 protein blocks programmed cell death and prolongs cell survival. 7,8. 

Several secondary genetic abnormalities have been reported in FL. These include non-

random chromosomal changes, most commonly found on chromosomes 1, 5, 6, 7, 10, 

13, 12, 18 and 21 9,10. Also, mutations or deletions of specific genes like Bcl-2, Bcl-6, P53 
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and c-myc have been reported as well as inactivation of p16 and p15 by 

hypermethylation 11-14. Such secondary chromosomal abnormalities in FL have been 

suggested to be associated with the histological transformation of FL to DLBL. The aim 

of this study was to identify additional specific chromosomal gains/losses associated 

with transformation of FL to DLBL and analyze the role of c-myc and p53 in the 

transformation process. We analyzed tissues of six patients with secondary DLBL that 

were demonstrated to be clonally related to the previously diagnosed FL samples in five 

cases and compared the samples of individual patients using comparative genomic 

hybridization (CGH), p53 protein detection and c-myc rearrangement analysis by FISH 

focusing on additional chromosomal copy number changes and oncogene expression. 

 

Material and methods 

 

Patient selection 

Patients with DLBL and a previously diagnosed FL were identified from a pathological 

database. For six patients frozen material was available from both lymphomas. The 

diagnoses were reconfirmed by histological review and immunophenotyping and the 

cases were reclassified according to the WHO classification (see table I).  

 

Laser micro-dissection 

Serial tissue sections (20µM) from the DLBL and FL tissues were mounted on frame foil 

membranes (LDM-Foil 76x26mm Leica Microsystems Wetzlar Gmbh, Wetzlar, Germany) 

and stained with hematoxylin. Follicles containing FL tumor cells were identified and 

micro-dissected with a Laser Micro-dissection System Leica LMD according to the 

manufacturer’s instructions (Leica Microsystems Wetzlar Gmbh, Wetzlar, Germany). 50-

100 follicles were micro-dissected per tumor and collected in a reaction tube. The micro-

dissected cells were digested with proteinase K (0.4 mg/ml) 200 µl SE buffer and 1% SDS 

overnight at 55°C. Genomic DNA was purified using standard chloroform/salt extraction. 

From the DLBL samples 6 serial tissue sections of 20µM were cut and used for the 

isolation of genomic DNA using the same protocol. DNA was solved in TE-4 at a 

concentration of 200 µg/ml 
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Amplification of the IgH gene rearrangements  

The clonal relation between the two tumors that developed in individual patients was 

analyzed by amplification of IgH gene rearrangements. PCR analysis was performed in 

50 µl PCR containing: 1x Gene AMP PCR buffer II (Applied Biosystems), 1.5 mM MgCl
2
 

(Applied Biosystems), 0.2 mM dNTP’s, 1 U of Amplitaq Gold (Applied Biosystems) and 

100 ng Genomic DNA.  The FRI and FRII regions were amplified with a panel of 7 VH-

family specific primers and a consensus JH primer in a semi-nested PCR. All primers 

were designed by and used according to the BIOMED2 program “PCR-based clonality 

studies for early diagnoses of lymphoproliferative diseases” (Van Dongen et al., 2001). 

PCR was performed on a Gene Amp PCR system 9700 (Applied Biosystems). PCR 

products in deionised formamide and ET-400R size standard (Amersham Pharmacia 

Biotech, Upsala, Sweden) were separated on a MegaBACE 1000 capillary sequencer 

analyzed using the Genetic Profiler v1.1 (Amersham Pharmacia Biotech, Upsala, Sweden). 

As control samples we used proven monoclonal and polyclonal patient DNA material. All 

PCR experiments were performed in duplicate. A monoclonal pattern was defined by 1 

dominant band in the expected size range of 320-355 bp for the FRI framework PCR and 

between 250-290 for the FRII PCR. 

 

CGH 

CGH was performed as described by Kallioniemi et al with some adjustments 15. 

Approximately 1 µg of test DNA and 1 µg of reference DNA were labeled by nick 

translation using a biotin and digoxigenin labeling kit (Roche Molecular Biochemicals, 

Almere, the Netherlands) with either Biotin-16-dUTP or digoxigenin-11-dUTP. The size of 

the labeled fragments ranged from 400-3000 bp as assessed by agarose gel 

electrophoresis. Aliquots of 400 ng labeled test DNA and control DNA were ethanol 

precipitated with 50 µg unlabeled human Cot1 DNA (Life Technologies Breda, the 

Netherlands) and 10 µg of salmon sperm DNA (Sigma, Zwijndrecht, the Netherlands). The 

DNA mixture was dissolved in 15 µl hybridization solution (50% deionized formamide, 2 

x SSC, 10% dextran sulfate pH 7.0) and applied to a normal male metaphase slide (Vysis). 

A cover slip was added and the slide was sealed with rubber cement. The slide with the 

hybridization solution was denatured at 74°C for 3 min and hybridized at 37°C for 72 hr. 

Post-hybridization washes (3 x 5 min in 4 x saline-sodium citrate (SSC) at 42 °C and 3 x 5 

min 0.1 x SSC at 60°C) were performed before immunochemical detection. The slide was 
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incubated with 10 µl streptavidin-FITC (Roche Molecular Biochemicals) and 10 µl anti-

DIG-TRITC (Roche Molecular Biochemicals) in 4 X SSC, Tween-20 and 1% fat free powder 

milk during 1 h to detect the biotin-labeled tumor DNA and digoxigenin-labeled normal 

DNA. After washing and dehydration the slides were mounted with antifade solution 

containing 4,6-diamidino-2-phenylindole (DAPI), used as a counter stain. (Vectashield, 

Vector laboratories, Burlingame, Ca) 

The grayscale images of the three different fluorochromes were captured using a Leica 

DMRA fluorescence microscope equipped with DAPI, FITC and TRITC filters (Chroma, 

Brattleboro, VT), CCD camera (Cohu 4912 CCD camera, San Diego, Ca) and the image-

capturing program QFISH (Leica, Cambridge, United Kingdom). The three captured 

images were combined and pseudocolor was applied matching the original colors of the 

fluorochromes. The reversed DAPI image was used for chromosome identification. The 

ratio between the FITC (tumor cell line) and TRITC (normal) fluorescence was calculated 

with use of the QCGH software program (Leica, Cambridge). For each case the mean of 

the individual ratio profiles of 8-10 metaphase spreads was calculated. The three vertical 

lines at the right side of the ideogram represent the balanced state of the chromosomal 

copy number. The middle line is set at ratio 1.0, the upper threshold (right) was set at 

1.15 for gain and the lower thresholds (left) was set at 0.85 for loss as determined by 

control experiments using two normal DNAs. Overrepresentations were considered as 

high-level amplifications when the fluorescence ratio values exceeded 2.0. The 

centromeric regions, heterochromatin blocks of chromosomes 1, 9 and 16, the satellite 

regions of the acrocentric chromosomes and the Y chromosome were excluded from 

analysis because of the abundance of highly repetitive DNA sequences. With CGH we 

compared 6 cases of DLBL with 6 cases of FL from the same patient. As control 

experiment cases of FL were compared with a normal control sample (peripheral blood). 

 

Cytogenetics 

The tumor samples were harvested and chromosome preparations were made using 

standard cytogenetic techniques. The chromosomes were G-banded using 0.1% 

pancreatin (Sigma, Zwijndrecht, the Netherlands), and 10% Giemsa. Ten metaphases were 

analyzed. Karyotypes were described according to the ISCN (1995) 
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Fluorescence in situ hybridization 

For detection of the breakpoints in the immediate 5’ region and the intron 1 region of c-

myc as reported in most sporadic Burkitt’s lymphomas, but also the 3’ region reported 

for the variant translocation involving the Kappa and lambda genes, we selected two 

pooled cosmids (cos I C8 and cos II F5) and PAC 1117K22 which cover the region up to 

340 kbs 3' of c-myc. According to the published data it should flank the breakpoint 

region in most non-endemic BL including the variant translocations. Any breakpoint 

should result in segregation of one or both probe sets and in consequence, the presence 

of single red and/or green hybridization signals in tissue sections 16. 

 Probes were labeled by standard nick-translation with biotin-16-dUTP or 

digoxygenin-11-dUTP (Roche, Basel, Switzerland). The hybridization solution contained 

50% (for interphase nuclei) formamide, 10% dextran sulfate, 50 mM sodiumphosphate, 

pH 7.0, 2 x SCC, 3 ng/µl of each probe, and a 50-fold excess of human Cot-1 DNA 

(BRL\Life Technologies, Rockville, Maryland). The adapted conditions for the 

hybridization on routine tissue sections from formaldehyde fixed, paraffin-embedded 

tissue block were described recently 16. Briefly, the sections were submitted to 10 

minutes heat pretreatment in 50mM Tris/2mM EDTA buffer solution, pH 9,0, followed by 

a standard hybridization procedure. For documentation and measurements, images were 

captured using a COHU 4910 series monochrome CCD camera (COHU, San Diego, CA) 

attached to a DMRXA fluorescence microscope (Leica, Wetzlar, Germany) equipped with a 

PL Fluotar 100 x, NA 1.30-0.60 objective and I3 and N2.1 filters and Leica QFISH software 

(Leica Imaging Systems, Cambridge, UK).  

 

Immunohistochemistry 

For immunohistochemical staining a mouse anti-human P53 antibody (Bp53-12-1 Bio 

Genex, San Ramon, CA, USA), was used on paraffin sections after heat-induced antigen 

retrieval. Peroxidase labeled rabbit anti mouse followed by peroxidase labeled goat anti-

rabbit antibodies (DAKO, Copenhagen, Denmark) and peroxidase enzyme staining with 

diaminobenzidine and H
2
0

2
 were used to visualize the P53 protein positive cells. The P53 

protein expression was expressed as the percentage of P53 positive tumor cells. 
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Results 

 

Patients 

All 6 patients were diagnosed with FL; three had a grade 1, two had a grade 2, and one 

patient had a grade 3 FL. The grade 3 FL (case 5) recurred 13 years later as a grade 3 FL 

with the same morphology as the initial lymphoma. In all 6 patients subsequently a 

diffuse large B-cell lymphoma developed with intervals between 1 and 7 years (Table I). 

H&E stains of FL and subsequent DLBL in two of these cases are illustrated in figure 1. 

 

Table 1: Summary of clinical data of 6 patients with FL transformed to DLBL 

 Primary lymphoma Recurrence lymphoma Transformed  lymphoma  

Patient Date of 

biopsie 

Histology Date of 

biopsie 

Histology Date of 

biopsie 

Histology Clonally 

related 

1 1994 FL grade 2   1999 DLBL n.p 

2 1993 FL grade 1   1995 DLBL Yes 

3 1992 FL grade 1   1995 DLBL Yes 

4 1995 FL grade 2   1996 DLBL Yes 

5 1984 FL grade 3 1997 FL grade 3 1998 DLBL Yes 

6 1985 FL grade 1   1992 DLBL Yes 

FL, follicular lymphoma; DLBL, diffuse large cell lymphoma; Clonally related: clonal relation proven 

by immunoglobulin heavy chain gene rearrangement analysis; n.p., clonal relation not proven. 

 

IgH rearrangement PCR 

To determine whether or not the FL and DLBL in individual patients were clonally 

related, IgH gene rearrangements were amplified. A single band of the expected size was 

identified on agarose gel electrophoreses in both lymphomas in 5 patients, suggesting 

the presence of a monoclonal population. Both lymphomas of case 1 showed a 

polyclonal pattern on agarose gel electrophoreses. 
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Figure 1: Illustration of morphology of two of the cases that transformed from FL grade 1 or 2 to 

DLBL. Figures 1A and D show low magnifications (objective x4) demonstrating the follicular pattern 

of the FL, while figures 1B and E show high magnifications (objective x63), demonstrating the 

cytology with predominantly small cleaved cells. Arrows indicate large non-cleaved cells 

(centroblasts). Figures 1C and F show cytology (objective x63) of the diffuse large B cell lymphomas 

with mixtures of large non-cleaved cells (centroblasts) and immunoblasts. 
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A further analysis on the Megabase showed identical peak size for FRI, FRII or both for 

patients 2-6. This indicates that both lymphomas of these 5 patients carry the same IgH 

gene rearrangement, and are thus clonally related. For patient 1 a pattern similar to 

polyclonal controls was observed. We could not determine a clonal relation for these two 

samples, most likely because the rearranged allele failed detection due to somatic 

mutation in the primer-binding region. 

 

Cytogenetics 

We obtained cytogenetic data from three FL and two DLBL in three patients. The 

karyotypes are summarized in table 2. Cases 2 and 3 both had a t(14;18) translocation, 

whereas in case 5 an abnormality involving 3q27, the site of the bcl-6 gene was present. 

Consistent structural abnormalities were detected in the FL and the clonally related DLBL 

for 2 cases. The DLBL in case 2 showed a trisomy of chromosomes 7 and 18, a deletion 

in 5q and a marker chromosome in addition to chromosomal aberrations detected in the 

initial FL. The DLBL in case 5 showed an add 5(q11.2) and a trisomy of chromosome 20 

as compared with karyotype of the initial FL.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: CGH profiles of 5 cases with gain of chromosome 7 material. CGH profile of FL versus 

DLBL (blue line), gain >1.15 in DLBL indicated in green bars. 
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Case 3 Case 4

Case 6



Chapter 4 

86 

 

CGH 

The FL cases were first compared with a normal control. CGH revealed chromosomal 

abnormalities in all 6 cases. The most frequent gains were detected on chromosome X (4 

cases), on chromosome 7 (2 cases) and on chromosome 19 (2 cases). The most frequent 

losses were detected on chromosome 6q (2 cases) and on chromosome 15q (2 cases). See 

table 3 for an overview of the CGH results. Using CGH, the FL was then directly 

compared with the transformed DLBL, resulting in detection of additional chromosomal 

aberrations (table 4). The most frequent changes were gains of chromosome 7 (5 

cases)(see figure 2), chromosome 12 (3 cases) and chromosome X (3 cases) and losses of 

chromosome 9q (4 cases). Fig 2 shows CGH ratio profiles of the 5 cases with gain of 

chromosome 7 material.  In three of the five cases with gain in chromosome 7, a trisomy 

7 was responsible for gain of chromosome 7 (figure 2) and in one of the three cases with 

gain of chromosome 12, a trisomy 12 was responsible for gain of chromosome. The 

other cases showed gain of parts of chromosome 7 or chromosome 12. Overall, 

chromosomal gain (51x) was found more frequently than chromosomal loss (29x). In 

none of the cases a high level amplification (Ratio>2) was detected. Strong 

overrepresentation (Ratio>1.5) was found in 1 patient for chromosome 7p. 

The patient diagnosed with grade 3 FL (case 5), which recurred after 13 years 

and subsequently transformed to a DLBL showed less chromosomal abnormalities than 

the other cases. Comparison of the recurrent FL grade 3 with the initial FL grade 3 

lymphoma of case 5 revealed a gain of 5p14-15 and 5p11.2 and a loss on 1q12-1q25, 

whereas comparison of the DLBL with the initial FL revealed gain of 5p, 20p, 20q and 

loss on 1qp13-q24. The only detectable differences between the DLBL and the recurrent 

grade 3 FL a year earlier was a gain in 5p15.1-q3. 
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Table 2: Chromosomal abnormalities in FL and DLBL as detected by cytogenetics. 

Patient  

 

Histology Cytogenetics 

1 FLII N.A 

1 DLBL N.A 

2 FLI 46,XY, t(1;15)(q42;p11) c [10], 46,XY, t(1;15)(q42;p11) c, 

t(2;5)(p10;q10),add(9)(p11), inv(11)(q21q25), t(14;18)(q32;q21.3) [8] 

2 DLBL 51,XY,+Y, t(t(1;15)(q42;p11) c, t(2;5)(p11;q11),+del 

(5)(q23),+7,der(9)?del(9p)inv(9p), inv(11)(q21q25), +12,t(14;18)(q32;q21),  

+18 [5] 51,XY,+Y, t(t(1;15)(q42;p11) c, t(2;5)(p11;q11), +del (5)(q23), +7, 

der(9)?del(9p)inv(9p), inv(11)(q21q25), +12,t(14;18)(q32;q21), +18 [5], 

+mar1 [5] 

3 FLI 46,XX [4], 47,XX, ins(6;?)(p21;?), 

der(14)t(14;?18)(q32;q21),der(18)t(?14;18)(q32;q21), 

+der(18)t(?14;18)(q32;q21) [10] 

3 DLBL N.A 

4 FLII N.A 

4 DLBL N.A 

5 FLIII N.A 

5 FLIII 46,XY,add 

(2)(q32),del(3)(q27),der(3)add(3)(p21)?add(3)(q2?7),add(4)(q3?1),add(5)(q1

1.2), add(7)(q31) or del (7) (q31-q35),der(8)t(3;8)(p24;24),-14,del(15)(q23),-

16,add(17)(q24),der (18)t(8;18)(q24;q22), add(19)(p13), der 

(19)t(1;19)(q11;p13),+mar1,+mar2 [cp13] 

5 DLBL 48,XY,t(2;15)(q37;q24),del(3)(q26q27),add(3)(p24),add(5)(q11.2),+add(5)(q

11.2),add (6)(q22), del (7)(q31-q3?3),der(8)t(8;18;3)(q22;q21q23;p24), 

add(14)(q21),-16,add(17)(q25), der (18)t(8;18) (q22;q21), der 

(19)t(1;?;19)(q23;?;p13), +20, +mar1 [16] 

6 FLI N.A 

6 DLBL N.A 

N.A., not available 
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Table 3: Chromosomal abnormalities present in FL as compared with normal control 

detected by CGH. 

Patient Gain  loss 

1 rev ish enh(2p15,X) rev ish dim(6q, 8p23.3p12,  

-10q23q24.2) 

2 rev ish enh(20p13, Xq22, Xq28) rev ish dim(6q26,14q32) 

3 rev ish enh(4p16, 5p15, 9q34, 17q25, 18p, 19, 

21q13.3, 22q13.3) 

rev ish dim(4p15, 9q12q21.1, 12q21.3, 

13q22q31, Xp22.2, Xq24) 

4 rev ish enh(7, 11q10q14, 19q13.4, 20q13.3, 

Xp11.3q21) 

rev ish dim(8q24.1, 15q23q26) 

5 rev ish enh(1q10q25, 7p22, 8q23q24, 20q13.3, 

Xp11.4q21, Xq22, Xq27q28) 

rev ish dim(18q21q23) 

6 rev ish enh (10p11.2, 20q13.2q13.3, Xp21, 

Xq10q26) 

rev ish dim(15q25q26) 

 

P53 Immunohistochemistry 

In the FL cases P53 protein expression was detected in approximately 5% of the tumor 

cells in case 4. In case 2 and 3 a few positive tumor cells (<0.01%) were detected and in 

case 6 there was no p53 protein expression at all. We were unable to obtain data from 

cases 1 and 5. Cases 1, 4, 5 and 6 of the DLBL showed P53 protein expression in all of 

the tumor cells. In cases 2 and 3 a small percentage of the tumor cells showed p53 

protein expression. (table 4) 

 

FISH c-myc  

All 6 cases of FL and transformed DLBL were analyzed for the presence of a c-myc 

translocation. The probes used covered the breakpoint in most non-endemic BL 

including the variant translocations. A c-myc breakpoint was identified in 3 out of 6 

cases of DLBL and in none of the FL cases (table 4). 
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Table IV: Chromosomal abnormalities, P53 expression and c-myc translocation detection 

present in FL as compared with DLBL. 

 FL DLBL 
case Date 

biop. 
c-myc 
transl. 

P53 Date of 
biopsie 

c-myc 
transl. 

P53 CGH DLBL versus FL 

*1 1994 N.A. N.A. 1999 - 100% rev ish enh(6, 7p21, 7q22, 7q36, 
10p15, 12p13, 12q10q13, 12q21, 
16p13, 16q10q22, 18p11.3, 
18p11.2q12.2, Xq21.1) rev ish 
dim(3p, 3q10q13.2, 3q26q27, 
9p24q32, 19q13.3q13.4) 

2 1993 - <0.01% 1995 + 1-5% rev ish enh(5p15.3, 5p14q12, 7, 
12p13.3p13.2, 12p12q14, 
12q22q24.3, 18p11.3-q12.2, 
18q21q22.3, 20p13, 21q22) rev ish 
dim(6q16, 9p22, 9q22, 13q31q32) 

3 1992 - <0.01% 1995 - <0.1% rev ish enh(3p12q13.3, 4q13q23, 
4q28, 4q31.3q32, 7p, 8q21.3q23, 
Xq21.2, Xq25q27) rev ish 
dim(1p36.2p34.3, 2q37.3, 4p16, 
9q34, 10q26, 11q24, 17p13, 17q25, 
20q13.1q13.2, 19p13, 19q13.2q13.4, 
22q13) 

4 1995 - + 5% 1996 + 100% rev ish enh(6p25p21.2, 7, 10q24, 
10q26, 11, 12, 15q24q26, X) rev ish 
dim(4q13q22, 6p12q27, 9q21, 
9q34, 16p13.1p12, 17p) 

5 1984 
1997 

N.A. 
- 

N.A. 
5% 

1998 - 100% 5a: rev ish enh(5p14p15, 5p12) rev 
ish dim(1q12q25)5b: rev ish enh(5p, 
20p11. 2p10) rev ish 
dim(1p13q24)5c: rev ish 
enh(5p15.1q13) 

6 1985 - - 1992 + 100% rev ish enh(5q31q32, 5q34q35, 7, 
8p23. q24.1, 10p, 10q21q22, 
10q25q26, 19p13.3, 20p13) rev ish 
dim(3p23p10, 5q21q23) 

N.A. = not available, *clonal relation between FL and DLBLcould not be proven; 5a, recurrent FL 

grade III compared to initial FL grade III; 5b, DLBL compared to initial FL grade III; 5c, DLBL 

compared to secondary F, grade III 

 

Discussion 

Histological transformation from a FL to a DLBL occurs in 22 to 30% off all cases. 2,3. We 

investigated 6 patients who were diagnosed with a FL and subsequently underwent 

transformation to DLBL. IgH gene rearrangement analysis demonstrated in 5 out of 6 

cases that the DLBL was clonally related to the FL. This indicates that the DLBL was 

transformed from the initial FL clone or from a common precursor. The similarities in 

chromosomal abnormalities further supports that the DLBL indeed represents a 

secondary transformation from the FL.  
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Cytogenetic data were available from three FL and two DLBL. Consistent 

structural abnormalities were detected in the FL and the clonally related DLBL in two 

cases. Cases 2 and 3, that both were FL grade 1, showed the typical FL translocation 

t(14:18)(q32;q21). This translocation was also present in the clonally related DLBL in case 

2. Because of the presence of several unknown marker chromosomes and the limited 

availability of cytogenetic data, CGH was used to get an overview of specific gains and 

losses of chromosomal abnormalities in FL and the clonally related DLBL.   

CGH revealed chromosomal abnormalities in all six FL when compared to normal 

control. The most frequent gains were detected on X (x4), 7 (x2) and 20q (x2).  The most 

frequent losses were detected on 6q (x2) and 15q (x2) (see table III for results). These 

findings are in agreement with previous cytogenetic studies. Gains of chromosome X and 

7 and loss of 6q occur frequently in FL. Gain of chromosome 7 and/or chromosome 12 

together with loss of 6q was found to be associated with a more aggressive mixed cell FL 

(in WHO classification grade 2) or large cell FL (in WHO classification grade 3) 17. 

Although these combinations were not detected in the initial FL of these 6 cases, they 

were present in cases 1 and 2 when the gains and losses in the DLBL were added to those 

in the initial FL. 

Additional chromosomal abnormalities were detected in all 6 cases when the 

DLBL was compared with the FL. The most frequent changes found were gains of 

chromosome 7, 12, X, and losses of 6q and 9q (see table IV). In five of six cases gain of 

chromosome 7 was detected in the DLBL as compared with the FL; case 4 already showed 

a gain of chromosome 7 in the FL but in the DLBL there was additional gain. 

Interestingly, case 4 was the case with the shortest interval - less than 1 year - between 

FL and DLBL. Gain of chromosome 7 is a frequently found abnormality in follicular 

lymphoma and DLBL. A large study of 2175 NHL cases showed an incidence of 25% of  a 

+7 in all t(14:18) positive NHL 18. Other studies showed that the incidence of a gains of 

chromosome 7 seems to increase with progression from low grade to intermediate grade 

and high grade and has a strong association with a diffuse pattern in FL 9,17,19,20. Gain of 

chromosome 7 is an abnormality often found in DLBL although gain of 7p seemed to be 

restricted to transformed DLBL and not de novo DLBL. 21,22. In our own cytogenetic 

analysis of a series of 100 primary DLBL we found trisomy 7 in 20 cases (20%) (Bosga-

Bouwer et al, in preparation, 2003). Such a series of large cell lymphomas of course may 

include cases resulting from transformation of a cryptic follicular lymphoma. The 

presence of 15 cases with a t(14;18) and three cases with a t(3;14) in this large series 
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indicates the possibility that some of these may have transformed from a FL, although 

there is no evidence that such is the case. In a series of 101 cases of FL we found trisomy 

7 in 21 cases (Bosga-Bouwer et al, in preparation, 2003). Since gain of chromosome 7 

occurred in the transformation of all five FL, grade 1 or 2 to DLBL in our present series, 

the findings strongly support a role of trisomy 7 in the transformation of follicular 

lymphoma to DLBL.  

Presence of an extra copy of chromosome X is a frequently found secondary 

abnormality in NHL 18. Gain of chromosome X is generally considered to be not important 

in the pathogenesis of NHL although some evidence points to a growth advantage in 

some lymphomas 23. 

Gain of chromosome 12 was detected in three cases when DLBL was compared 

to FL. This is one of the most frequently found abnormalities in NHL, and especially gain 

of 12q12-14 seems to be restricted to transformed DLBL 22,24,25. In our series of 100 DLBL 

we found breakpoints in 12q1 or 12q2 in 28 cases (Bosga-Bouwer et al, in preparation, 

2003). 

Loss of parts of chromosome 9p and 9q material was detected in two and four 

cases of DLBL versus FL respectively.  A study of chromosome 9 abnormalities in 426 

NHL patients showed that deletions in 9q31-32 were associated with a diffuse histology, 

whereas deletions in 9q11-13 were associated with diffuse lymphoma with a large cell 

component 26. Breaks at 9q34 were observed in T-cell lymphomas 26. In a more recent 

study 9p21-22 and 9q31-34 regions were reported to be frequently deleted in diffuse 

large cell lymphomas 27.  One of our cases showed a del in 9p22 and in two cases a 

deletion in 9q34 was detected. In a series of 100 cases of DLBL we only found 

breakpoints in 9p2 in four cases and in 9q3 in five cases (Bosga-Bouwer et al, in 

preparation, 2003). Since loss of parts of chromosome 9q was found in 4 of the 5 cases 

of DLBL versus FL grade 1 or 2, the findings support a role of 9q3 deletions in the 

transformation of FL to DLBL. 

Additional loss of 6q in the DLBL was found in only two cases. 6q deletions 

according to the literature may play a role in the progression of lower to higher grade FL. 

One of our cases (case 2) already had loss of 6q26 in the FL and underwent additional 

loss at 6q16 in the DLBL. The other case had loss of 6p12-qter in the DLBL. In addition, 

case 1 already had 6q loss in the FL, but gained chromosome 6 most likely by 

duplication in the transformation to DLBL. These findings suggest that it is not likely 

that 6q deletions play a major role in the transformation of FL to DLBL.  
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One of the patients was initially diagnosed as a FL grade 3. After 13 years this 

patient was diagnosed again with a FL grade 3 and one year later the he developed a 

DLBL. All three tumors were clonally related. In the available cytogenetic and CGH data 

only few chromosomal differences were present. Comparison of the recurrent FL grade 3 

with the initial FL grade 3 revealed a gain of a part of 5p and a loss on 1q and 

comparison of the DLBL with the initial FL revealed gain of 5p, 20p and loss on 1q. In 

this case the only detectable difference between the DLBL and the recurrent FL were the 

acquirement of P53 expression and a gain in 5p. Gain of 5p was also present in the DLBL 

of case 2. Breakpoints in 5p1 are quite infrequent in DLBL in general; only 3 out of 100 

cases showed this abnormality in our large series (Bosga-Bouwer et al, in preparation, 

2003). 

Combinations of abnormalities may predispose to transformation from a grade 

1 or 2 FL to a DLBL. Case 1 already had loss of 6q in the FL and had gain at 10p15 and 

12q21 and loss at 9q in the transformed DLBL. Case 2 also had already loss of 6q26 in 

the FL and had gain at 5p, 7, 12q, 20p13 and further loss at 6q16 and at 9q. Case 3 

already had loss at 9q and had gain at 7p and loss at 9q34 in the transformed DLBL.  

Case 4 already had trisomy 7 in the FL and had further gain at 7 and gain at 12 as well as 

loss at 9q34 upon transformation to DLBL. Case 6 already had gain at 10p11 in the FL 

and further gain at 10p and 20p13.  

P53 protein expression was detected in none of the FL cases and in 4 out 6 of 

the transformed DLBL cases, suggesting a possible role of P53 in the transformation of 

these 4 cases. CGH revealed in case 4 a deletion of 17p which was the only chromosomal 

abnormality at the location of P53 detected in this series. Other studies revealed that the 

expression of the P53 protein seems to increase with the grade of the FL 28,29 The findings 

support a possible role of P53 in the progression of FL to either higher grade FL or to 

DLBL28-30.  

The translocation affecting the c-myc gene was not detected in the FL cases; 

however, 3 of 6 DLBL cases did show a c-myc translocation.  Remarkably 2 of the c-myc 

translocation positive cases were also positive for p53 protein expression. There are only 

a few case reports available on the occurrence of c-myc translocations in the 

transformation of FL to higher grade FL or to DLBL 31-33. Yano et al detected in 3 out of 38 

transformed lymphomas a c-myc rearrangement and in none of the pretransformation FL 

34. A gene expression profile study of 12 paired cases of FL and subsequent 

transformation to DLBL revealed two different gene expression patterns associated with 
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transformation; one with an increase of expression of c-myc and c-myc associated genes 

and one with a decreased expression of these genes 35.  

Our findings indicate that CGH allows a direct comparison of clonally related 

DLBL with the initial FL. This is the first study to meet two important conditions for such 

a comparison. First, we demonstrated that the FL and the DLBL were clonally related 

based on identical Ig gene rearrangements in 5 of the 6 cases. In the one remaining case 

the FL and DLBL both produced the same heavy and light chain immunoglobulin isotype 

by immunohistochemistry (data not shown). Second, we used laser micro-dissection 

microscopy to isolate only the neoplastic cells from the initial FL samples. In this way it 

could be assured that the FL material indeed had abnormalities and therefore that the 

comparison between DLBL and FL by CGH reflects additional abnormalities. In previous 

studies these conditions were not met. In addition, we also studied P53 expression and 

c-myc translocation. In these 6 cases no sole chromosomal abnormality seems to be 

responsible for the transformation of FL to DLBL. However, in the 5 cases with 

transformation of grade 1 or 2 FL to DLBL, gains at chromosome 7 (5/5 cases), 10p1 (2/5 

cases), 12 (3/5 cases) and 20p13 (2/5 cases) and loss at 9q (4/5 cases) were the most 

frequently found abnormalities. Gain on 7p in combination with loss on 9q was found in 

4 of the 5 DLBL that transformed from FL grade I or II and further studies on the 

transformation of a follicular lymphoma into a diffuse large B-cell lymphoma should 

focus on these areas. We observed abnormalities in the c-myc gene and P53 protein 

expression in half of our transformed DLBL cases. In summary, this suggests that 

combinations of several different genetic aberrations might be responsible for the 

histological transformation of FL including specific chromosomal abnormalities and 

deregulation or up-regulation of several oncogenes genes.  
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