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The aim of this thesis was to evaluate the use of the Comparative Genomic Hybridization 

(CGH) technique to identify chromosomal copy number changes associated with clinical 

features of tumors. We applied the CGH technique to identify chromosomal areas that are 

possibly involved in (1) the pathogenesis of two infrequent NHL subtypes, (2) the 

transformation of follicular lymphoma to diffuse large cell lymphoma and (3) the 

development of multidrug resistance in a small cell lung cancer cell line. 

15 patients with typical Splenic Marginal Zone Lymphoma (SMZL) morphology and 

immunophenotype  (IgM+, IgDdim, and CD5-, CD10-, CD23-) were studied to identify 

chromosomal aberrations in this entity by CGH analysis. We found DNA copy number 

changes in 13 out of 15 SMZL. The most frequently observed abnormality was loss of 

chromosomal area 7q31 which was observed in 4 cases of SMZL with splenic involvement. 

To more accurately assess the frequency of loss of 7q31-32 in SMZL with primary 

involvement of the spleen a loss of heterozygosity (LOH) study was performed using 

microsatellite markers located at 7q31-32. This resulted in LOH in 9 of 10 informative 

SMZL cases with the characteristic IgM+, IgDdim, CD5-, CD10-, CD23- immunophenotype. 

No loss was observed in the SMZL cases presenting outside the spleen. 

We hypothesized that a strict morphologic and immunophenotypic definition 

would render a homogeneous group of cases and might result in the identification of a 

specific chromosomal abnormality. From this study it can be concluded that SMZL 

presenting with prominent splenomegaly and the characteristic IgM+, IgDdim, CD5-, CD10-

, CD23- immunophenotype most likely represents a separate entity that is characterized by 

allelic loss of 7q31-32. Deletions of 7q31-32 were also detected by Mateo et al in 40% of 

their SMZL cases and Gruszka-Westwood et al analyzed 29 cases of SLVL (a leukemic 

variant of  SMZL) by LOH and found loss of the 7q32 area in 55% of their cases. 1,2. These 

previous studies did not select the SMZL cases using the same strict morphologic and 

immunophenotypic definitions as in our study. Screening for loss of 7q31-32 may become 

a useful diagnostic tool to distinguish SMZL from other B cell lymphomas presenting in the 

spleen. 

In chapter 3 we studied 8 primary central nervous system lymphoma (PCNSL) 

cases by CGH for the presence of chromosomal abnormalities. This revealed DNA copy 

number changes in all 8 cases. The most frequent changes were gain of chromosome 12 

(63%), chromosome 18 (50%), or 20q (38%), and loss of chromosome 6q (75%). In general, 

the deletions and amplifications detected in PCNSL are similar to those in systemic diffuse 

large B cell lymphoma (DLBL) 3-6 However, the frequency of 6q deletions is much higher in 
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PCNSL than in systemic DLBL cases. A high frequency of 6q deletions has also been 

observed in testicular lymphoma. This lymphoma, like PCNSL, develops in an 

immunoprivileged site. This suggests that 6q16-22 plays an important role in the 

pathogenesis of primary lymphomas developing at immunoprivileged sites like CNS and 

testis in immunocompetent patients.  No specific chromosomal abnormalities were known 

to be associated with primary tumors in immunoprivileged sites, but recently Nakamura et 

al identified a novel tumor suppressor gene on 6q22-23 in PCNSL.7 A more precise 

determination of the genes located in this chromosomal area in a larger series of 

lymphomas developed at immunoprivileged sites may provide further insight in the 

mechanisms involved in lymphomagenesis in an immunoprivileged organ. 

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

cell lymphoma (DLBL) occurs in 22 to 30 % off all cases of FL 8,9. In the study presented in 

chapter 4 we investigated 6 patients who were diagnosed with a FL and subsequently 

underwent transformation to DLBL by CGH to identify gains and losses associated with 

transformation. In contrast to most other studies we demonstrated first that the FL and 

the DLBL were indeed clonally related and we used laser microdissection to isolate 

neoplastic cells from the FL samples to ensure presence of more than 80% tumor cells. 

Abnormalities were detected in all 6 FL indicating that sufficient tumor cells were present. 

CGH using FL as control and DLBL as test sample revealed additional chromosomal 

abnormalities in all 6 cases. 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 common abnormalities. The sixth case with 

transformation of FL grade III to DLBL showed gain at 5p. 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 and further 

studies on the transformation of a follicular lymphoma into a diffuse large B-cell 

lymphoma should focus on these areas. Our findings demonstrate that a direct 

comparison of DLBL and the corresponding FL by CGH allows the identification of 

additional chromosomal abnormalities which most likely are associated with 

transformation.  

A total of 49 cases including this study have been analyzed using CGH, and 

recurrent chromosomal abnormalities have been identified associated with transformation 

of FL to DLBL. These abnormalities included gain chromosomes 2p, 7, 12q and X and loss 

of 4q and 13q, and are most likely associated with transformation  10,11. A recent study 

using Array-CGH on 2400 BAC providing a resolution of 1.4 Mb, described several genomic 
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imbalances previously reported and new abnormalities like over-representation of 4p12-

pter, 6p12.3-p21, 9p23, 9q13-q31, 16q, 17q21, and loss of 1p36.3, 4q21-q23, 5q21-q23, 

11q24-q25 and 15q23 associated with transformation 12,13.  Although more data becomes 

available it is still not clear which chromosomal abnormalities are responsible for the 

transformation of FL to DLBL. Two areas that appear of particular interest based on the 

literature and our own findings are 7p and 9q13-q31. Further analysis of the genomic 

abnormalities using Array-CGH with a larger number of BACS in these areas will likely 

reveal involvement of specific BACS and thus eventually also of the specific genes involved 

in transformation to DLBL. 

The treatment of patients with anti-cancer agents is still seriously hampered by 

the occurrence of resistance and cross-resistance against anti-cancer drugs. In the search 

for mechanisms responsible for the occurrence of resistance, CGH has been used to define 

gain of chromosomal areas that might harbor genes involved in multidrug resistance. We 

aimed at the identification of chromosomal areas that are overrepresented in the 

mitoxantrone resistant GLC4-MITO cell line compared to the mitoxantrone sensitive 

parental cell line GLC4. CGH analysis revealed gain of several genomic regions that could 

harbor candidate drug resistance genes. A search for transporter genes mapping at these 

chromosomal regions indeed revealed presence of 7 transporter genes: ABCB6, ABCB2 

(TAP1), ABCB3 (TAP2), ABCF1 (ABC50), ABCA2 (ABC2) and ABCC4 (MRP4). These 

transporter genes were potential candidates to be involved in the occurrence of 

mitoxantrone resistance in GLC4-MITO. For six of the transporters no RNA or protein 

upregulation was observed. However, an increased level of RNA was detected for ABCA2 

(located at chromosomal region 9q34) in GLC4-MITO. Further analyses of this transporter 

indeed suggested that estramustine is able to block mitoxantrone efflux in GLC4-MITO 

cells, and might be responsible for at least part of the mitoxantrone resistant phenotype. 

Several CGH studies identified specific chromosomal abnormalities on chromosome arm 

2p, 4q and 7q, further research revealed genes such as BCRP1/MTX, MDR1 and MLL 

associated with the resistance phenotype 12-16.  

 

Future perspectives: CGH 

In the 10 years that the CGH technique has been available, it has made a considerable 

contribution to the understanding of tumor development, progression and behavior. CGH 

is the only cytogenetic technique that allows an overview of numerical chromosomal 

aberrations of an entire genome in a single experiment. More recently other techniques 
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have been developed to overcome the limitations, e.g. detection of structural abnormalities 

and the limited resolution. Multicolor chromosome painting (M-FISH) and spectral 

karyotyping (SKY) have been developed to specifically identify structural chromosomal 

abnormalities. Although these techniques are very useful for the analysis of reciprocal 

translocation and other structural abnormalities, they are less powerful for mapping 

deletions and amplifications. Another disadvantage of these techniques is the requirement 

of tumor metaphase chromosomes. These techniques will be used as an extension of the 

classical cytogenetics rather than an improvement of the CGH technique. 

A limitation of CGH is its resolution; deletions need to be at least 10 Mb and 

amplifications at least 2 Mb to fall within the detection limits of CGH. Sensitivity of CGH 

was improved by Kirchhoff et al who used standard reference intervals (the average ratio 

of large numbers of normal hybridizations as reference ratio) instead of 1 reference ratio 

profile for CGH experiment analysis. This procedure lowered the detection limit for 

deletions to 3 Mb 17,18. This improvement results in a technique that is superior to 

conventional chromosome analysis.  One of the most promising new techniques is Matrix-

CGH or Array-CGH. In this technique BAC, PAC or cosmid DNA arrayed onto glass slides is 

used as the hybridization target instead of metaphase chromosomes. This new approach 

has greatly improved the detection limit of CGH. Depending on the size of the BACs, PACs 

or cosmids a resolution of 40kB for amplification and 70-130 kb for deletions can be 

achieved 19,20. This improved resolution, as achieved by array CGH allows a high-resolution 

analysis of gains and losses of genomic areas. At the moment a complete set of probes 

covering the entire genome is not yet available. However, panels of chromosome specific 

BACs are obtainable and will give a resolution of approximately 1Mb-3Mb depending on 

the size of the BACs 19,21. Moreover, with the completion of the physical map of the human 

genome and the continuing improvement of the technique it will be possible to produce 

arrays containing the complete human genome in BAC, P1 and PACS. With these whole 

genome arrays it will be possible to screen clinical samples for the presence of micro 

deletions and/or gains of small genomic areas that can provide very accurately 

information about copy number changes. It will also be possible to compare independent 

studies with each other because the sequence data for most BACs is available, also the Mb 

positions of the BACs are known and they can be linked to genes. The current state of the 

art is that classical CGH as applied in this thesis can be used as a screening tool to identify 

areas of interest in the genome of tumor cells, whereas array CGH makes rapid progress 

towards the analysis of small genomic areas. 
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