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Summary 

Primary central nervous system lymphoma is a rare disease. A small number of 

cytogenetic studies of PCNSL have been conducted and several reports have been 

published on molecular and protein expression data in PCNSL. We combined these 

approaches in a series of 8 PCNSL, analyzing the chromosomal abnormalities by 

Comparative Genomic Hybridization, testing for EBV involvement by in situ 

hybridization for EBER, assessing expression of P53, Bcl-2, Bcl-6 and CD10 by 

immunohistochemistry, and screening for mutations of the TP53 gene by DGGE. TP53 

gene mutations and EBV expression were not detected. Most of the cases showed P53, 

Bcl-6 and Bcl-2 protein expression. CGH revealed DNA copy number changes in all 8 

cases. Overall, chromosomal gain (42x) was more frequently found than chromosomal 

loss (28x). The most frequent changes were gain of chromosome 12 (63%), chromosome 

18 (50%) and 20q (38%), and loss of chromosome arm 6q (75%). No correlation between 

protein expression and chromosomal abnormalities was found in these 8 cases. 

Although gain of chromosome 12, 18 and 20q and loss of 6q has also been reported in 

systemic diffuse large B cell lymphomas, the frequency of 6q deletion is clearly higher in 

PCNSL. This creates a similarity to primary lymphomas of the testis that also frequently 

have deletions of 6q.  This suggests that suppressor genes located on chromosome 6q 

may play a role in the development of lymphomas at immunoprivileged sites, like the 

CNS.  

 

Introduction 

Primary central nervous system lymphoma (PCNSL) is a relatively rare neoplasm 

accounting for about 1% of all lymphomas 1. The last decades, the incidence of PCNSL 

has been increasing in both immunosuppressed and immunocompetent patients 2-4. The 

majority of PCNSL is of B cell origin and is usually of the diffuse large B-cell type 1,5,6.  

The molecular pathology of PCNSL is still unclear. Only a few studies describe 

the expression of oncogenic molecules in PCNSL. PCNSL in immunocompromised as well 

as immunocompetent patients usually express Bcl-2, Bcl-6 and p53, although over-

expression of Bcl-6 and p53 seems to occur more frequent in immunocompetent than in 

immunocompromised cases 7. Epstein-Barr virus (EBV) infection is strongly associated 

with AIDS related PCNSL and only rarely found in AIDS unrelated PCNSL 8-10. 

Thus far, only approximately 50 cases of PCNSL have been cytogenetically 

analyzed, using classical cytogenetics or CGH 11-16. The findings suggest that 
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chromosomal abnormalities like gain of chromosome 1, 12, or 18 and loss of 6q found in 

PCNSL are similar to those of systemic large B-cell lymphoma. In this study we analyzed 

EBER, Bcl-2, Bcl-6, CD10 and p53 expression, the occurrence of P53 mutations and the 

presence of chromosomal abnormalities by CGH.  

 

Material and methods 

 

Patients 

Eight cases of PCNSL from immunocompetent patients (7 male, 1 female) were selected 

from the frozen tissue bank at the University Medical Center Groningen. The diagnosis 

was confirmed by histological review and immunophenotyping and the cases were 

reclassified according to the WHO classification. Tissue samples were obtained from 

tumor resection in 3 patients and from stereotactic biopsies in 5 patients. None of the 

patients received chemotherapy or radiation therapy before surgery (see table 1). 

 

Table 1 Overview of clinical data in 8 cases of PCNSL 

case Biopsy location WHO  

Classification 

Kiel  

Classification 

sex Age at diagnosis. 

1 Intra spinal lumbar DLBL Immunoblastic M 62 

2 Right temporal DLBL Polymorphic 

centroblastic 

F 63 

3 Left frontal parietal. DLBL Polymorphic 

centroblastic 

F 65 

4 Deep left frontal basal DLBL Centroblastic  M 54 

5 Left cerebral hemisphere DLBL Immunoblastic M 59 

6 Deep left hemisphere DLBL Polymorphic 

centroblastic 

M 50 

7 Bifrontal  DLBL Immunoblastic M 60 

8 Left frontal/left parietal DLBL Immunoblastic M 59 

DLBL; diffuse large B cell lymphoma 

 

 

 

 

 



Chapter 3 

68 

EBER in situ hybridization 

ISH was performed to detect EBER 1-2 mRNAs, by using a Fluorescein-Conjugated EBV 

(EBER) Peptide Nucleic Acid probe (DAKO, Glostrup, Denmark) on paraffin tissue 

sections. Alkaline phosphatase conjugated anti-FITC sheep IgG Fab fragments (Roche, 

Mannheim, Germany) were used as a second step. The visualization was performed with 

5-bromo-4-chloro-3-indolyl-phosphatase and 4-Nitrobluetetrazolium (Roche Corporation, 

Indianapolis, USA) and MgCl
2.
 Positive (EBV positive Hodgkin lymphoma) and negative 

controls were performed and also 2 cases of PCNSL in HIV positive patients were 

included. 

 

Immunohistochemistry 

For immunohistochemical staining, a mouse anti-human p53 antibody (Bp53-12-1, Bio 

Genex, San Ramon, CA, USA), a mouse anti-human CD10 antobody (Novocastra 

Laboratories, Newcastle upon Tyne, United Kingdom), a mouse anti-human Bcl-2 

antibody (DAKO, Copenhagen, Denmark) and a mouse Bcl-6 monoclonal antibody PG-

B6p17 were used on paraffin sections following 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 and CD10 protein positive cells. Rabbit anti 

mouse antibody followed by APAAP with 2 repeats and alkaline phosphatase staining 

with 5-bromo-4-chloro-3-indolyl-phosphatase and 4-Nitrobluetetrazolium (Roche 

Corporation, Indianapolis, USA) was used to visualize the Bcl-2 and Bcl-6 protein.  

The P53 protein staining was designated as + (weak), with a couple of scattered 

P53 protein positive tumor cells, ++ (moderate), with a substantial proportion of p53 

protein positive tumor cells, varying in intensity or +++ (strong), with almost all the 

tumor cells strongly P53 protein positive. Bcl-2, Bcl-6 and CD10 protein were designated 

as + (positive), ± (weak positive) or – (negative). For Bcl-6 the total percentage of positive 

tumor cells was also estimated. 

 

Laser micro dissection 

Serial tissue sections (20 µM) from PCNSL were mounted on frame foil membranes (LDM-

Foil 76x26mm Leica Microsystems Wetzlar Gmbh, Wetzlar, Germany) and stained with 

hematoxylin. Sections containing tumor cells were identified and microdissected with a 
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Laser Microdissection System (LMD) according to the manufacturer’s instructions (Leica 

Microsystems Wetzlar Gmbh, Wetzlar, Germany).  Cells were collected in 400 µl SE buffer 

containing 1% SDS and proteinase K (0.4 mg/ml) and digested overnight at 55°C. 

Genomic DNA was purified using standard chloroform/salt extraction.  

From the PCNSL samples consisting of more than 70% of tumor cells, 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 at a concentration of 200 µg/ml 

 

TP53 gene Mutation screening 

External and internal primer sequences used for the separate amplification of exons 5 to 

8 of the TP53 gene were derived from published data 18. Mutation detection was carried 

out as previously described 19. The PCR products were analyzed with denatured gradient 

gel electrophoreses (DGGE). From the cases which showed an aberrant 4 banded pattern, 

the aberrant homoduplex band was excised, eluted in TE and re-amplified in a volume of 

75 µl containing 0.2 mM dNTP, 2.5 U Taq-polymerase (Amersham Pharmacia Biotech, 

Roosendaal, The Netherlands), reaction buffer and 375 ng of each primer (without GC-

clamps) with a 5' M13 sequence which allows direct sequencing of the PCR products 

(forward: 5'-cgacgttgtaaaacgacggccagt-3' and reverse: 5'-tttcacacaggaaacagctatgac-3'). 

Sequence analysis was carried out as previously described 19 . 

 

Comparative Genomic Hybridization 

CGH was performed as described by Kallioniemi et al with some minor adjustments 20 . 

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

translation with either Biotin-16-dUTP or digoxigenin-11-dUTP (Roche Molecular 

Biochemicals, Almere, Netherlands). Aliquots of 400 ng labeled test DNA and reference 

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 mixture (50% 

deionized formamide, 2 x SSC, 10% dextran sulfate pH 7.0) and applied to a normal male 

metaphase slide (Vysis, Downers Grove, IL).  

The slide with the DNA hybridization mixture was denatured at 74°C for 3 min and 

hybridized at 37°C for 72 hr. Post-hybridization washes 4 x saline-sodium citrate (SSC), 3 

x 0.1 x SSC at 60°C were performed before immunochemical detection. Immunochemical 
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detection was performed using streptavidin-FITC (Roche Molecular Biochemicals) and l 

anti-DIG-TRITC (Roche Molecular Biochemicals, Almere, Netherlands) 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. The slides were mounted with antifading 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 ratio between the FITC (test) and TRITC (reference) 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. 

 

Results 

The results of immunohistochemistry, in situ hybridization, DGGE and CGH in the 8 

cases of PCNSL are summarized in table 2. In none of the investigated cases EBV was 

detected by EBER in situ hybridization, while 2 cases of PCNSL in HIV positive patients, 

that were investigated in parallel, had EBER positive tumor cells. In 5 of 8 patients, 

strong Bcl-2 protein expression and in 1 case weak Bcl-2 protein staining was observed in 

the tumor cells. Bcl-6 protein expression was found in 7 of 8 cases. In the 7 positive 

cases the protein expression varied in intensity and in amount of tumor cells stained. 

Cases 6, 7 and 8 showed bcl-6 protein expression in less then 10% of the tumor cells, 

whereas the other 4 positive cases showed bcl-6 protein expression in 30%-70% of the 

tumor cells. Five of 8 cases showed CD10 protein expression. All CD10 positive cases 

also expressed bcl-6 protein. P53 protein expression was observed in all of the cases. In 

5 cases more than 90% of tumor cells were positive.  In case 3 we observed more than 

90% positive tumor cells although the intensity of the staining was weak. DGGE analysis 

of the TP53 gene revealed no mutations in exons 5-9. CGH revealed DNA copy number 

changes in all 8 cases. None of the cases showed a single chromosomal abnormality. In 

case 7 we detected 16 chromosomal abnormalities (see table 2). The most frequent 

changes found were gains of chromosome 19 (6 cases), 12 (5 cases), chromosome 18 (4 

cases) and 20q (3 cases) and losses of chromosome 6q (6 cases, see fig. 1). Overall, 
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chromosomal gain (47x) was more frequently observed than chromosomal loss (31x). In 

none of the cases a high level amplification was detected. Strong overrepresentation 

(Ratio>1.5) was only found in case 7 for the chromosome arm 19q.  

 
Table 2 Overview of immunohistochemistry, in situ hybridization, DGGE and CGH data in 
8 cases of PCNSL 

DLBL; difuse large B cell lymphoma; ±, weak positive; +, positive; +++, strong positive; * percentage 

of tumor cells expressing Bcl6 or p53 protein. 

 

 

 

 

  

Immunohistochemistry 

 

CGH 

 

case 

 

P53  

protein (%) 

 

Bcl-2 

 

Bcl-6 (%) 

 

CD 10 

 

Chromosomal gains and losses detected by CGH 

1 +++ (>90%) - + (30%)* + Rev ish enh(18p13, 20q13.3, Xcent-q13, Xq21-

21) 

2 ++ - + (50%) + Rev ish enh(15,17p12-q21.1, 18p11.3, 19, 21, 

22q13.3) Rev ish dim(9p21, 9q12-32, 20q12-13) 

3 + (>90%)  ± + (30%) + Rev ish enh(1q25, 7, 12pter-q15, 12q22-qter, 

20q13) Rev ish dim(6q16-q24, X) 

4 +++ (>90%) + + (>70%) ± Rev ish enh(12p12-q21.3, 13, Xq28), Rev ish 

dim(6q, 9p22, 14q23, 15q21, 15q26) 

5 +++ (>90%) + + (30%) + Rev ish enh(12, 13, 20q13, 21) Rev ish 

dim(6q22-qter, Xp21.3, Xq22.2, Xq24) 

6 +++ (>90%) + + (10%) - Rev ish enh(18, 19p, Xp22.2, Xp11-q13, Xq22, 

Xq28) Rev ish dim( 3p21.3, 6q16) 

7 +++ (>90%) + +(<10%) - Rev ish enh(7p15, 7p14-q31.2, 12p12-q15, 

12q21, 18p11.2, 19p13.1-qter, X) Rev ish 

dim(1p34.2, 4p16-16, 6q, 8p22, 8q24.2, 9q22, 

14q24, 20q12, 20p12) 

8 ++ + - - Rev ish enh(1q32.1-32.1,2p16,6p11.1-p21.3, 

11p11.2-qter, 12, 18q21, 19q13.2, 22q13.3) Rev 

ish dim(1p11-31.1, 3p21.3-14, 5q15-23, 6p22.3, 

6q, 10q24, 17p12) 
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Fig 1. CGH ratio profiles illustrating loss of chromosome 6q in cases 3, 4, 5, 6 and 7. The averaged 

CGH ratio profile shows PCNSL DNA versus normal control DNA (blue line). The vertical red and 

green bars right of the ideogram indicate the cutoff levels for gains (1.15>) and  losses (0.85<). 

Discussion 

This is the first study to combine cytogenetic data obtained by CGH with protein 

expression data and TP53 mutation analysis in a series of PCNSL in immunocompetent 

patients. Another important feature of this study is the employment of laser dissection 

microscopy to select pure tumor cells for the CGH analysis. The absence of EBV 

expression is consistent with other studies in immunocompetent PCNSL patients; in 

general EBV is only associated with immunocompromised PCNSL patients 8,9. 

Co-expression of Bcl-6 and CD10 was detected in 5 cases, whereas in the three 

CD10 negative cases Bcl-6 protein expression was present in less than 10% of the tumor 

cells or not at all. In general, Bcl-6 and CD10 are markers of germinal center B cell 

derivation 21,22, suggesting that the 5 cases with co-expression of CD10 and Bcl-6 are 

derived from germinal center B-cells. Cases #7 and #8, which were both CD10 and Bcl-6 

negative or low, had immunoblastic morphology, a morphologic feature thought to be 

associated with activated B cells and not with germinal center derived cells.  
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One of the immunoblastic cases, case #8 was the only case with loss of material 

on 17p12, the region of the TP53 gene. P53 protein was expressed in all cases, but no 

mutations were detected in exon 5-9 of the TP53 gene. Mutations of the TP53 gene are 

rare in PCNSL 23. P53 protein expression in PCNSL does not differ from expression in 

other nodal and extranodal large B cell lymphomas 7,10,24. A combination of high bcl-2 and 

p53 expression has been reported to have negative effect on patient survival in diffuse 

large B cell lymphoma 25.  

CGH revealed DNA copy number changes in all 8 cases. This is most likely due to 

the laser micro dissection that was applied to obtain pure tumor cells. The most 

frequent changes found were gains of chromosome 12 (5 cases), chromosome 18 (4 

cases) and 20q (3 cases) and losses of 6q (6 cases) (see table 2). In general these changes 

are similar to those found in systemic diffuse large B-cell lymphomas.  However, the 

frequency of 6q loss in our series (75%) is higher than in systemic large B cell 

lymphomas. This is in agreement with other cytogenetic studies on PCNSL that reported 

the frequency of  6q loss ranging from 47% to 62%, whereas the frequency in systemic 

diffuse large B cell lymphomas is less than 35% 13,14,16. This indicates a possible important 

role for one or more genes on 6q in the pathogenesis of PCNSL. In general, deletion of 6q 

is considered a secondary chromosomal abnormality in lymphoma 26. Several studies 

have identified possible hotspots on chromosome arm 6q. Three minimal molecular 

deletion regions (RMD) were identified in NHL. RMD1, mapped to chromosome bands 

6q25-q27 which was associated with intermediate grade NHL, RMD2 located at 6q21 was 

associated with high grade NHL; and RMD3 located at 6q23 was associated with low 

grade NHL with and without t(14:18) 27 . All three RMD areas are suspected to harbor a 

tumor suppressor gene 28. We found loss of the complete 6q arm in 3 cases, loss of 6q16-

24, loss of 6q22-ter and loss of 6q16 each in one case (see fig. 1). In one previous study 14 

on PCNSL, 6q16-21 was found to be a minimal common region of under-representation, 

whereas in another study 6q21-22 was commonly deleted 13. In combination with our 

data it can be concluded that the region 6q16-22 indeed is the area where one or more 

suppressor genes involved in the pathogenesis of PCNSL may be localized. This is 

consistent with the RMD2 region that in general is frequently involved in high-grade 

lymphomas. 

As indicated above, the frequency of 6q deletions is clearly higher in PCNSL than 

in systemic large B-cell lymphoma 29,30. Deletions of 6q are also quite frequent in 

testicular lymphoma. In 7 of 12 investigated cases of testicular lymphoma a deletion of 
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6q was found (Bosga-Bouwer et al, in preparation, 2003). Genetic alterations of the HLA 

region on the short arm of chromosome 6 also arise more frequently in B-cell 

lymphomas in immunoprivileged sites, specifically testis and brain, than in DLBCL at 

other sites. Lack or abnormal expression of HLA may assist the lymphoma cells in their 

escape from an anti tumor response 31. The combination of loss of HLA expression and 

loss of a suppressor gene on 6q may contribute to the pathogenesis of diffuse large B 

cell lymphomas of immunoprivileged sites in immunocompetent individuals. 

Comparison of chromosomal abnormalities with the expression of the oncogenic 

proteins indicated no obvious relations. Gain of chromosome 18 was present in four 

cases and in two of these cases specific gain of the q-arm of chromosome 18 was 

present. The Bcl-2 gene is located on chromosome 18q and was first described because 

of its participation in the translocation (14;18)(q32;q21). This translocation is found in 

approximately 30% of all diffuse large B cell lymphomas 32. No data are available on the 

occurrence of t(14;18)(q32;q21) in PCNSL. High Bcl-2 protein expression without the 

presence of the (14;18)(q32;q21) translocation has been described in diffuse large B-cell 

lymphomas, especially also in testicular lymphoma 33. Monni et al showed that 

amplification of the BCl-2 gene is another important mechanism for Bcl-2 protein 

overexpression in DLBL 34. We detected expression of BCL-2 protein in 6 cases including 

the 2 cases with gain of chromosome 18q. The other 4 Bcl-2 positive cases had no gain of 

chromosome 18. Of further interest is the finding that all Bcl-2 positive cases had 

deletion of chromosome arm 6q whereas the only two cases without chromosome 6 

imbalance also lacked Bcl-2 expression. There is no data in the literature suggesting a 

connection between  6q loss and Bcl-2 expression.  P53 protein expression is probably 

not caused by gain of the TP53 gene in these cases of PCNSL. We found p53 protein 

expression in all cases, whereas only in case #6 loss of 17p12 was detected, suggesting a 

potential breakpoint in the TP53 gene region. Analysis of exon 5-9 did not reveal TP53 

gene mutations in any of these cases, including case #6.  

In conclusion, protein expression of CD10 and Bcl-6 was frequently detected in 

PCNSL, except for 2 cases with immunoblastic morphology. This suggests that most 

PCNSL in immunocompetent patients are of germinal center origin. The deletions and 

amplifications found by CGH in PCNSL are similar to those in systemic diffuse large B 

cell lymphoma, but the frequency of 6q deletions in our small series and in other series 

in the literature is higher than in the systemic cases and similar to that in testicular 

lymphoma. This suggests that one or more suppressor genes localized in the region 
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6q16-22 play a pathogenetically important role in the pathogenesis of primary 

lymphomas of immunoprivileged sites like CNS and testis in immunocompetent patients.  
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