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Abstract

Primary central nervous system lymphoma (PCNSL) is a rare variant of non-Hodgkin lymphoma
that is confined to the central nervous system. Biologic studies of PCNSL are challenging to
conduct because the disease is rare and available tissue material is sparse. However, in recent
years there has been progress in the understanding of PCNSL biology, largely as the result of
multicenter studies using modern molecular techniques. Recent studies may improve insight into
the pathogenesis of PCNSL and increase the chances of identifying prognostic factors and novel
therapeutic targets. This review discusses recent advances in PCNSL biology, including
immunologic and genetic risk factors, and focuses on the molecular alterations important in
central nervous system lymphomagenesis.

Introduction

Primary central nervous system lymphoma (PCNSL) is a rare and aggressive form of
extranodal non-Hodgkin lymphoma (NHL) involving the brain, leptomeninges, or eyes [1].
Unlike other forms of NHL, relatively little is known about the biology of PCNSL.
Although insight into the biology of all forms of NHL may be achieved with studies of
extraneural lymphomas, it is becoming increasingly evident that PCNSL is associated with a
unique set of biologic, clinical, and therapeutic features. Recent studies have identified
specific molecular alterations in PCNSL, and a “central nervous system (CNS) signature” of
the disease is slowly emerging. These discoveries likely will lead to the development of
targeted therapeutics in the near future. Currently, a limited number of molecular markers
can be used to predict prognosis in PCNSL. The greatest challenge for researchers continues
to be the paucity of archival or fresh frozen tissue available for research purposes, because
this disease is commonly diagnosed by stereotactic brain biopsy and the tissue is often
consumed by the diagnostic process.
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Epidemiology

Although PCNSL was considered extremely rare several decades ago, its incidence
increased nearly threefold between 1973 and 1984 [2]. However, recent data suggest that
PCNSL incidence rates may be stabilizing or declining slightly [3,4]. This tumor accounted
for 3.1% of all primary brain tumors diagnosed in the United States from 1998 to 2002 [5].
The demographics of immunocompetent and immunocompromised patients with PCNSL
differ. Immunocompetent patients who develop PCNSL are predominantly older adults [1],
and although PCNSL tends to affect males more than females in both groups, this difference
is more pronounced in the immunocompromised population (male-to-female ratio, 7.38:1)
than in the immunocompetent population (1.35:1). PCNSL incidence peaks at age 57 years
in immunocompetent populations, compared with a peak range of 31 to 35 years in
immunocompromised patients [6,7].

Immunologic risk factors

Congenital or acquired immunodeficiency is the only established risk factor for PCNSL. The
HIV pandemic is the primary factor responsible for the increase in PCNSL incidence. In
fact, persons infected with HIV have a 3600-fold higher risk of PCNSL compared with the
general population [8]. HIV-related PCNSL is associated with a reduction in the number of
circulating CD4" cells, a factor linked to patient survival [9]. With the introduction of highly
active antiretroviral therapy, the proportion of HIV-infected persons with CD4* cell counts
less than 50 cells/mm? has declined, and this has correlated with a reduction in PCNSL
incidence in this population.

An increased PCNSL risk has been observed in organ transplant recipients receiving
immunosuppressive drugs [10] and in some autoimmune and immunomodulating diseases,
as well as in patients with prior malignancies, implicating immune dysregulation as a risk
factor for PCNSL [1].

Genetic risk factors

Homocysteine and folate metabolism is closely linked to DNA methylation and contributes
substantially to preservation of DNA integrity. Consequently, genetic polymorphisms that
influence homocysteine and folate metabolism are associated with different types of cancer,
including NHL, acute leukemias, and colorectal cancer. Methionine synthase (MS) is an
important enzyme in folate metabolism, and the MS missense dimorphism ¢.2756A > G
(D919G) is associated with a lower risk of developing colorectal cancer and systemic NHL.
Linnebank et al. [11] analyzed 31 cases of PCNSL and concluded that the MS ¢.2756A > G
(G allele) also may protect against PCNSL.

Pathology and Immunopathogenesis

Immunopathologic characterization of PCNSL and tissue-based genetic studies of PCNSL
have been limited by the availability of tissue for research purposes. Additionally, many
patients receive corticosteroid treatment before tissue sampling. Corticosteroids promote
necrosis of malignant lymphoid cells, leading to changes in tumor architecture. This often
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prevents pathologists from making an accurate histopathologic diagnosis and limits the
amount of fresh, “untreated” tumor tissue available for molecular analysis.

PCNSL diffusely infiltrates brain parenchyma in a uniquely angiocentric pattern. The tumor
is composed of immunoblasts or centroblasts with a predilection for blood vessels, resulting
in lymphoid clustering around small cerebral vessels. Reactive T-cell infiltrates also are
present to varying degrees either in the form of scattered lymphocytes or perivascular
cuffing occurring alone or interposed between the vessel wall and malignant cells (reactive
perivascular T-cell infiltrate [RPVI]), making it difficult for the pathologist to discriminate
between PCNSL versus a reactive process. Relatively high percentages of activated
cytotoxic T lymphocytes (CTLs) have been detected in CNS lymphomas as compared with
extraneural lymphoma, yet the antitumor effect of these CTLs may be impaired by an escape
mechanism common to aggressive B-cell lymphomas of the brain. In particular, CTL killing
action requires HLA class | and class Il molecule expression by target cells. When
expression of these two molecules is lost, an efficient antitumor response cannot be
mounted. One study of HLA | and HLA Il expression suggests that loss of HLA expression
provides a strong growth advantage for lymphoma cells and is much more common in B-cell
lymphomas of the CNS than in extraneural B-cell lymphomas [12].

Diffuse large B-cell lymphoma (DLBCL) is the most common type of systemic lymphoma,
comprising approximately 30% of all NHL cases worldwide. DLBCL accounts for 85% of
PCNSL cases. The other 15% consists of low-grade B-cell lymphomas (mainly marginal
zone B-cell lymphomas arising from the meninges), Burkitt’s lymphomas, and T-cell
lymphomas. Systemic DLBCL encompasses a heterogeneous group of aggressive B-cell
lymphomas [13]. These tumors arise from B cells arrested at a certain differentiation stage at
which the neoplastic transformation occurs [14]. Based on gene expression profiling studies,
two distinct groups of DLBCL have been described: germinal center (GC)-like and non-
GC-like. The non—-GC-like group can be further subdivided into activated B-cell (ABC)-like
and “type 3” subtypes. These two groups (GC-like and non—GC-like) originate from distinct
B-cell counterparts and employ distinct mechanisms of malignant transformation [13].
Notably, the clinical outcome for GC-like DLBCL is more favorable compared with that of
non-GC-like DLBCL. Normal GC B cells have been implicated as the likely origin for GC-
like DLBCL, whereas in non—-GC-like DLBCL, the ABC-like subtype appears to derive
from a post-GC stage such as memory B cells or plasma cells [15,16]. GC-like DLBCL
tumors are marked by characteristic genetic variations that distinguish them from non-GC-
like DLBCL. Somatic mutations in the variable (V) region of immunoglobulin (1g) genes are
commonly used as markers of passage through the GC, because normal pregerminal center
lymphocytes harbor unmutated Ig genes. Also, the presence of intraclonal heterogeneity in
Ig gene mutations is regarded as a marker of ongoing somatic mutations that occur almost
exclusively in the GC and thus is used as a marker of GC origin [13,17].

In contrast to extraneural DLBCL, PCNSL is poorly understood in terms of its precise
histogenetic origin and molecular pathogenesis. However, recent immunohistochemical
studies and gene profiling experiments suggest that PCNSL is derived from GC B cells.
Although there is no evidence of GC formation in the brain, the high levels of accumulated
somatic mutations, BCL-6 gene mutations, and ongoing hypermutation (features typically
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observed in cells with transition through the GC) are observed in tumor tissue from
immunocompetent PCNSL patients. These results suggest a GC origin for PCNSL
[14,18,19]. Braaten et al. [20] investigated the histogenetic origin of PCNSL with respect to
the stage of B-cell differentiation. Within a cohort of 33 immunocompetent patients with
PCNSL, 79% of tumors expressed bcl-6, a protein primarily found in B lymphocytes in the
GC stage of development. A zinc-finger transcriptional repressor encoded by the BCL-6
gene, bcl-6 promotes cell proliferation and blocks differentiation. Although expression of
bcl-6, which is highly associated with the GC, supports the theory that the cell of origin in
PCNSL is related to the GC stage of B-cell differentiation, only 19% of tumor samples in
this study displayed a definite GC-like phenotype, as denoted by coexpression of two GC
antigens, bcl-6 and CD10, combined with an absence of the post-GC antigens, vs38c and
CD138. However, 10 additional bcl-6—positive cases were CD10 negative but lacked CD44
and vs38c as well, possibly suggesting late GC differentiation. Combining these two
categories, 50% of the PCNSL cases in these series had either a definite or possible GC-like
phenotype. All but one tumor expressed MUM-1, a transcriptional factor involved in
differentiation from GC to plasma cells and a generally accepted marker of the ABC-like
phenotype. These findings suggest a late GC or post-GC origin for the PCNSL cases
studied. Furthermore, seven tumors were bcl-67/CD10, consistent with a non-GC
immunophenotype. True plasmacytic differentiation, as evidenced by membrane staining for
CD138, was not observed, and cytoplasmic staining for vs38c was distinctly rare. Taken
together, these immunophenotypic findings suggest a GC or possibly late GC stage of B-cell
differentiation for most cases of PCNSL (Table 1).

Studies of Viral Pathogenesis

The Epstein-Barr virus (EBV), a lymphotropic virus involved in malignant B-cell
transformation, is involved in PCNSL pathogenesis in immunocompromised patients;
PCNSL in immunocompromised patients is strongly associated with EBV infection [21]. In
the immunocompromised state, chronic immune stimulation by EBV may lead to B-cell
immortalization and, ultimately, malignant transformation [22]. Under natural immune
conditions, proliferation of EBV-infected B cells is suppressed by normal T-cell immunity.
With diminished T-cell function, EBV-infected clones may progress to malignant lymphoma
[23,24]. In addition, EBV infection correlates with CNS tropism of lymphoma. The risk of
CNS tumor dissemination in EBV-positive, AIDS-related systemic lymphoma is 10 times
higher than in EBV-negative cases [25]. Cerebrospinal fluid (CSF) EBV titers are higher in
AIDS patients with PCNSL compared with those in AIDS patients with systemic
lymphomas, suggesting a distinct viral pathogenesis for PCNSL in this patient population.
Meeker et al. [26] demonstrated that tumor tissue in all PCNSL cases is EBV positive, and
the EBV CSF titer is widely used as a diagnostic screen in the immunocompromised patient
population [27]. Conversely, EBV does not appear to play a major role in PCNSL
pathogenesis in immunocompetent patients.

Del Valle et al. [28] recently reported that JC virus might play a pathogenetic role in
PCNSL. Researchers identified JC virus DNA by gene amplification and
immunohistochemistry in B lymphocytes and mononuclear cells in brain perivascular
spaces. Of 27 PCNSL tissue samples studied, 22 (81%) were positive for JC virus DNA.
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Twelve patients were HIV positive, but no cases of progressive multifocal
leukoencephalopathy (PML) were described in the studied cohort. Importantly, coexpression
of EBV latent membrane protein (LMP1) and JC virus antigen was identified in the same
cells, suggesting a possible pathogenetic role for JC virus in PCNSL development.

Although other viruses, namely human herpes simplex type 6 and type 8 and simian virus
40, have been implicated in PCNSL pathogenesis, definitive evidence regarding the
causative role of these viruses is lacking [29].

Genetic Studies

Gene expression profiling studies indicate that PCNSL is a distinct biologic subtype of
DLBCL. Although PCNSL can be segregated into the same three classes of DLBCL (GC B
cell, activated B cell, type 3 B cell) as systemic NHL, there are critical differences. In one
study involving 35 frozen tumor specimens from PCNSL patients, approximately 100 genes
had at least a twofold level of differential expression between PCNSL, systemic DLBCL,
and nonneoplastic brain. The gene expression signature of PCNSL includes genes involved
in B-cell differentiation, proliferation, apoptosis, and cytokine signaling [30]. Additional
genes associated with the unfolded protein response (UPR) pathway, which is important in
the stress response crucial for tumor adaptation to glucose deprivation (X-box binding
protein 1 [XBP-1]), also were identified in PCNSL [31e¢,32]. Proto-oncogenes MYC and
PIM1 were found to be highly expressed in PCNSL, and there is evidence of somatic
mutations in these genes [32].

B-cell growth factor interleukin-4 (IL-4), which may function in an autocrine or paracrine
manner, was reported to be highly expressed in tumor tissue and endothelium derived from
PCNSL [31ee]. Identification of IL-4 in the endothelium may help explain why PCNSLs
grow in an angiocentric pattern. Transcription factor STAT6 and specifically its activated
form also were implicated in lymphoma pathogenesis. STAT®6 is highly expressed in tumor
cells and endothelium and is a mediator of IL-4—dependent gene expression. Tumors with
STATG6 overexpression are associated with aggressive growth, early progression, and shorter
survival in patients treated with methotrexate [31e¢]. Thus, STAT6 deserves further study as
a potential novel biomarker for prognostic determination at the time of PCNSL diagnosis
[31e¢,33°].

Recently, Tun et al. [34¢¢] published an important contribution to our knowledge about the
molecular biology of PCNSL. The authors performed a genome-wide analysis comparing
gene expression between PCNSL and non-CNS lymphomas (nodal and extranodal). Using
pathway analysis (SigPathway method), these investigators studied differential expression of
multiple extracellular matrix (ECM) and adhesion-related pathways. The most significantly
upregulated gene set found in their analysis was the ECM receptor pathway, suggesting that
the interaction between the brain microenvironment and lymphoma cells is of great
importance for PCNSL. Upregulation of two important ECM-related genes, osteopontin
(SPP1) and chitinase 3—-like 1 (CHI3L1), was demonstrated at the protein level. Osteopontin
(SPP1, OPN) has been implicated in many cellular functions, including CNS tropism, B-cell
migration and activation, and lymphoproliferation. Moreover, SPP1 overexpression is
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associated with more aggressive tumor behavior, greater propensity for metastatic behavior,
and poor prognosis. SPP1 was found to be upregulated in other CNS diseases, including
multiple sclerosis, glioblastoma, and astrocytomas [35,36]. It appears that SPP1 plays an
important role in CNS disease pathogenesis. Another gene with differential expression in
PCNSL versus non-CNS types is CHI3L1. This ECM-related gene plays an important role in
cancer cell proliferation, differentiation, survival, migration, metastasis, and angiogenesis.
High serum levels of CHI3L1 products were found in patients with metastatic cancers [37¢].
This gene was found to be associated with poor prognosis in patients with breast cancer
[38].

Tun et al. [34¢¢] studied 13 PCNSL, 11 nodal DLBCL, and 19 extranodal DLBCL samples.
Unique expression of ECM and adhesion-related pathways was identified only in PCNSL.
Interestingly, adhesion-related genes, when analyzed individually, did not differ in their
expression between PCNSL and the other two groups analyzed. However, when genes were
pooled and analyzed using SigPathway methodology, they were found to be overexpressed
in PCNSL. Findings from this study imply that the brain microenvironment might play a
critical role in PCNSL pathogenesis. Individual genes might be responsible for different
stages in the transformation of a B cell into a malignant form. SPP1 and DDR1 (ECM/
adhesion gene) may be important for CNS tropism in PCNSL. CXCL13 (B-cell-attracting
chemokine [BCA]) and SPP1 likely are associated with B-cell migration and SPP1, TCL1A
(a gene important in lymphatic leukemias and lymphomas), and CHI3L1 with B-cell
proliferation. This study was the first to present an in-depth genomic analysis differentiating
PCNSL from non-CNS DLBCL and will serve as the platform for further studies, ultimately
leading to identification of the true CNS signature of PCNSL.

Data regarding expression of the antiapoptotic protein survivin, platelet-derived growth
factor A (PDGF-A), and PDGF receptor-a (PDGFR-a) in PCNSL were recently reported.
Forty-four tumor specimens were analyzed immunohistochemically. Eighty-four percent of
the samples expressed survivin, 36% PDGF-A, and 77% PDGFR-a. However, the
expression of these proteins did not predict survival in this study cohort [39¢]. Thus,
survivin’s role in PCNSL pathology remains unclear. This protein has been identified in
many human cancers, and its high expression has been associated with shorter survival and
increased resistance to therapy [40]. Although the potential role of survivin and PDGF in
PCNSL biology needs further study, it appears that their utility as prognostic markers may
be limited.

In a study of 21 PCNSL patients, tumor specimens were analyzed for the presence of
mutations in the PRDM1 gene and alterations in the expression pattern of the PRDM1
protein. This gene is important in regulating terminal B-cell differentiation into plasma cells
and has been implicated as a tumor suppressor in systemic DLBCL. Direct sequencing of all
coding exons of the PRDM1 gene identified mutations associated with abrogation of
PRDML1 protein expression in 4 of 21 PCNSL cases (19%). The authors hypothesized that
alterations in the function of this gene may lead to lymphomagenesis by disrupting terminal
B-cell differentiation [41°].
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Montesinos-Rongen et al. [42] investigated whether aberrant somatic hypermutation in
growth regulatory genes may play a role in PCNSL development. They observed extremely
high mutation frequencies for immunoglobulin H (IgH) genes in PCNSL. The investigators
also found that PCNSL exhibited aberrant somatic hypermutation with involvement of four
proto-oncogenes: PAX5, PIM1, c-MYC, and RhoH/TTF. These genes have a role in B-cell
development and differentiation as well as in the regulation of proliferation and apoptosis
[42]. Although mutation frequencies reported for IgH genes are much higher (60-fold) than
mutation frequencies for PAX5, PIM1, c-MYC, and RhoH/TTF, the involvement of these
four genes in PCNSL pathogenesis is potentially significant. Moreover, individual
comparison of these genes in PCNSL and extraneural DLBCL revealed that their mean
mutation frequencies are two- to fivefold higher in PCNSL [42]. Such high mutation
frequencies may arise during a prolonged interaction of the tumor cell (or its precursor) in
the GC microenvironment [19].

The p16'NK4a gene is frequently inactivated by either homozygous deletion (40%-50%) or
5/-CpG hypermethylation (15%-30%) in PCNSL patients [43]. Inactivation of p14ARF and
p16/NK4a genes by homozygous deletion or promoter hypermethylation may represent an
important step in the molecular pathogenesis of PCNSL. The p14ARF gene, for example,
normally induces growth arrest and stabilizes p53 protein in the cell nucleus. Its deletion has
been reported in glioblastomas and systemic NHL. p14ARF and p16!NK42 are frequently co-
deleted in human neoplasms; moreover, mice lacking the murine homologue of p14ARF
develop a variety of tumors, including lymphomas, sarcomas, and gliomas [44—46]. In
contrast, mutations in the TP53 gene have been observed in only a small proportion of
PCNSL specimens.

Comparative genomic hybridization has identified other potentially important genetic
lesions in PCNSL. Gains have been detected on chromosome 12 and the long arms of
chromosomes 1, 7, and 18. A reduced number of DNA copies was detected on chromosome
6 and the short arms of chromosomes 17 and 18 [33¢]. Gain on chromosome 12 appears to
be the most common chromosomal alteration, specifically in the 12q region harboring
MDM2, CDK4, and GLI1 [45-47]. Figure 1 summarizes major genetic events potentially
important in the pathogenesis of DLBCL, including PCNSL.

Specific chromosomal translocations observed frequently in PCNSL tumor specimens
involve the IgH and BCL-6 genes. Such translocations are thought to originate by
recombination mechanisms following double-strand DNA breaks; these breaks may be
generated during class switch recombinations and somatic hypermutation of the Ig genes.
Montesinos-Rongen et al. [48] have proposed that the resulting juxtaposition of some
oncogenes with regulatory elements may lead to oncogene activation. BCL-6 translocations
in PCNSL appear similar to translocations found in other extranodal forms of DLBCL and
are thought to be pathogenetically relevant as well. In addition to the genetic alterations
discussed earlier, there are differences in the expression of chemokines, chemokine
receptors, cytokines, and cytokine receptors in extranodal lymphomas such as PCNSL.
Compared with other extranodal lymphomas, PCNSL exhibits significantly higher
expression of Thl-type cytokine IL-2 and Th2-type cytokine IL-13 [49]. It was initially
believed that CXCL13 (BCA-1) was exclusively expressed in malignant lymphocytes and
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vascular endothelium within the CNS; however, further studies demonstrated that BCA-1
expression was not specific for CNS lymphomas and may also be found in extraneural
lymphomas [49,50].

Proteomic approaches to identify possible new biomarkers of PCNSL in CSF also have been
studied [51e¢]. In one report, investigators identified 80 CSF proteins that were differentially
expressed in patients with PCNSL. One of these proteins, antithrombin 11 (ATIII), is
typically localized selectively in tumor vasculature. The presence of ATIII in CSF was
highly suggestive of PCNSL diagnosis in this study. Determining ATIII concentration by
enzyme-linked immunosorbent assay was found to be significantly more accurate (> 75%
sensitivity; > 98% specificity) than cytology in identifying cancer. Measuring CSF ATIII
levels may potentially enhance the ability to diagnose PCNSL.

Biomarkers of prognosis

Lymphomas thought to be derived from GC cells, such as follicular lymphoma, express
BCL-6, whereas lymphomas derived from naive B cells, like chronic lymphocytic leukemia
or mantle cell lymphoma, do not [52,53]. Consistent with other studies demonstrating a
favorable prognostic effect of BCL-6 expression in patients with extraneural DLBCL,
Braaten et al. [20] demonstrated that overexpression of BCL-6 in PCNSL patients was
associated with improved survival (101 months) compared with patients whose tumors did
not express BCL-6 (14.7 months). The prognostic significance of BCL-6 in CNS lymphoma
was subsequently corroborated by Levy et al. [54¢] and Lin et al. [55]. Another potential
prognostic marker is the presence of RPVI in PCNSL. In a large multicenter retrospective
series of 100 PCNSL cases, the presence of RPVI significantly correlated with a better
outcome [56¢]; this feature highlights the tumor microenvironment’s potential role in
PCNSL pathogenesis.

Analysis of chromosomal imbalances by comparative genomic hybridization has
demonstrated frequent chromosome 6q deletions in PCNSL (60% of cases) [57]. The
incidence of chromosome 6q deletions is higher in PCNSL than in extraneural lymphomas.
Patients with loss of heterozygosity (LOH) on 6q have a shorter survival compared with
PCNSL patients without LOH on 6q. Further study consisting of deletion mapping of
chromosome 6q in PCNSL disclosed a region suspected to harbor a lymphoma-related
tumor suppressor gene (6g22-23) [58]. This locus is known to contain the PTPRK gene in
humans. Products of this gene are important for regulating cell contact and adhesion [58].
Earlier death was observed in patients with PCNSL showing loss of PTPRK expression
compared with those maintaining PTPRK expression; however, this correlation was not
statistically significant [58].

In preliminary gene expression studies in PCNSL, Rubenstein et al. [30,31+¢] demonstrated
that differential expression of genes may distinguish between patients with long-term versus
short-term survival. Ongoing gene expression profiling studies may yield other markers with
specific clinical relevance. For example, as noted previously, STAT6 was implicated as a
possible marker of poor prognosis in a subset of patients with PCNSL receiving
methotrexate therapy [31¢¢,33¢]. Table 2 summarizes selected important genetic events in
the biology of PCNSL and their possible prognostic and therapeutic implications.
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Possible therapeutic implications

Based on a better understanding of PCNSL biology, investigators are now in a position to
investigate potential therapeutic targets in this distinct form of NHL. For example, elevated
expression of regulators of the UPR signaling pathway might suggest a potential therapeutic
role for proteosome inhibitors. Expression of IL-4 and several I1L-4—dependent genes,
including XBP-1, by tumor vasculature as well as by tumor cells in CNS lymphomas also
suggests that inhibitors of these molecules may have therapeutic value. Other possible
targets include multiple ECM and adhesion-related pathways. It is hoped that the
identification of these potential therapeutic targets in PCNSL will lead to future clinical
trials of novel agents capable of inhibiting or modulating these pathways.

Conclusions

PCNSL, a rare form of extranodal NHL, is typically represented by a DLBCL that is
confined to the nervous system. Our understanding of PCNSL biology has improved over
the past few years. Molecular profiling is now possible although not yet widely available.
Genetic studies demonstrate that CNS lymphomas exhibit a distinct gene expression profile
compared with nodal lymphomas of the same histologic type. Emerging data also indicate
that CNS lymphomas are derived from a distinct cell of origin and exhibit a unique
immunophenotype. The importance of the brain microenvironment in the malignant
transformation of B cells has been implicated. Efforts continue to identify novel tumor
biomarkers to possibly facilitate noninvasive diagnosis and identify patients with a better
prognosis.

A better biologic understanding of PCNSL will enable the development of customized
treatment approaches for this patient population. Until recently, biologic studies of PCNSL
were lacking, mainly because of the rarity of the disease and the paucity of available
research specimens. However, multicenter collaboration has resulted in the first gene
expression profile study in PCNSL, and other studies regarding biomarkers of prognosis
have been published recently. Although there is still a large gap between our understanding
of other forms of extranodal B-cell lymphomas and PCNSL, it is anticipated that this gap
will close in the coming years as multicenter collaboration, tissue preservation methods, and
molecular techniques are improved and refined.
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Figure 1.
Model for diffuse large B-cell lymphoma pathogenesis. Only the most common genetic

lesions and their frequencies are shown. Genetic lesions more specific for primary central
nervous system lymphoma (PCNSL) include somatic hypermutations as well as
chromosomal translocations, especially those involving the IgH and BCL-6 genes. TP53
mutations are rare in PCNSL. (Adapted from Lossos [13].)
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Table 1

Immunohistochemistry for germinal center—related antigens

Positive PCNSL
cases, n/n (%)

Antigen
bcl-6
CD10
MUM1
CD44
vs38¢c
CD138
BCL-2

26/33 (79)
6/32 (19)
31/32 (97)
11/31 (35)
433 (12)
0/32 (0)
27/29 (93)

Comment

The bcl-6 protein is a zinc-finger transcriptional repressor encoded by the BCL-6 gene
CD10 is a marker that reflects GC origin in reactive lymphoid tissue and lymphomas
MUML1 is a late GC/early post-GC marker

CD44 is expressed most strongly by post-GC mantle zone cells

The presence of vs38c and CD138 denotes plasmacytic and/or post-GC differentiation
The presence of vs38c and CD138 denotes plasmacytic and/or post-GC differentiation

BCL-2 protein expression prevents cellular apoptosis and is downregulated by normal
GC cells

GC—germinal center; PCNSL—primary central nervous system lymphoma.

(From Braaten et al. [20].)
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Table 2

Selected genetic factors in primary central nervous system lymphoma and their biologic and prognostic

significance
Gene Biologic effects Possible clinical significance
ECM family: CNS tropism, B-cell migration, lymphoproliferation, cell Aggressive tumor growth, high metastatic
SPP1and CHI3L1 differentiation, migration, angiogenesis, and metastasis potential, poor prognosis
STAT6 Expressed in tumor tissue and endothelium Overexpression associated with aggressive
tumor growth, decreased survival in
patients treated with methotrexate
PRDM1 Tumor suppressor gene, regulation of B-cell differentiation Mutations associated
with lymphomagenesis
p14 ARF Induction of cell growth arrest and stabilization Deletion or promoter methylation can
of p53 protein induce tumor growth
PTPRK Regulation of cell contact and adhesion Shorter survival in patients with loss
of expression
BCL-6 Transcriptional repressor, oncogene, malignant Overexpression associated with

transformation of germinal center B cells

CNS—central nervous system; ECM—extracellular matrix.

favorable prognosis
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