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Abstract. Cyclooxygenase (COX) is the rate-limiting enzyme
that catalyzes the initial step in biosynthesis of prostaglandins
(PGs) from arachidonic acid. COX-2 has been associated with
inflammatory processes and tumorigenesis. In order to investi-
gate the correlation between VEGF, COX-2 expression, and
tumorigenesis in primary central nervous system lymphomas
(PCNSLs), the present study assessed 26 cases of PCNSL by
immunostaining for VEGF and COX-2. Immunohistochemical
studies were evaluated as follows: (-), no staining; (1+), 0-30%
positive cells; (2+), 30-60% positive cells; (3+), >60% positive
cells. VEGF expression was detected in 21 of 26 cases; of
these, 14, 1 and 6 were scored as 3+, 2+ and 1+, respectively.
COX-2 expression was detected in 22 of 26 cases; of these,
14, 4 and 4 were scored as 3+, 2+ and 1+, respectively. For
double immunofluorescence, 20 of 26 cases that were detected
with both VEGF and COX-2 were examined and almost all
tumor cells coexpressed both VEGF and COX-2 in the
examined cases. However, COX-2 and VEGF expression in
PCNSLs did not correlate with neoangiogenesis and patient
survival in the present study, in contrast to previous findings
in systemic lymphomas. It is suggested that the high
frequency of COX-2 and VEGF coexpression in PCNSLs
may be associated with tumorigenesis of PCNSLs and could
possibly lead to a future therapeutic trial of PCNSLs with
selective COX-2 inhibitor therapy.

Introduction

The incidence of primary central nervous system lymphomas
(PCNSLs) is quite low, currently accounting for 1-2% of
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lymphomas, but this incidence has been increasing steadily
and the most recent analysis reveals that it now represents
4% of all brain tumors (1). An increasing incidence of PCNSLs
has been seen not only in patients associated with acquired
immunodeficiency syndrome (AIDS), but also in immuno-
competent hosts (1,2). The majority of PCNSLs are histo-
pathologically confirmed as diffuse large B-cell lymphoma
(DLBCL) (2,6). However, distinct characteristics of PCNSLs
have been demonstrated, including poor prognosis compared
with non-PCNSLs (3-5). Hence, new molecular targets are
needed for the prevention and treatment of PCNSLs.

Cyclooxygenase (COX) is the rate-limiting enzyme that
catalyzes the initial step in biosynthesis of prostaglandins
(PGs) from arachidonic acid. Two COX enzymes have been
described; COX-1 is the constitutive form and is regarded as
a housekeeping gene, whereas COX-2 has been associated
with inflammatory processes and tumorigenesis (7-23). Recent
evidence suggests that excessive COX-2 overexpression
plays a role in tumor growth and spread also because of its
ability to regulate tumor vascularization by modulating
production of several angiogenic factors, including vascular
endothelial growth factor (18-20,23). Moreover, it has been
reported that inhibition of COX-2 could be a new targeted
therapy for B-cell lymphomas (21,24). From this perspective,
we studied a series of 26 PCNSLs to investigate the
correlation between vascular endothelial growth factor
(VEGF) and COX-2 expression and the pathogenesis of
PCNSLs.

Materials and methods

Cases. Surgical tissue samples (n=26) from 26 patients with
PCNSL were studied. All tumor specimens were retrieved
from the archives of Kurume University and their affiliated
hospitals between 1989 and 2003. The clinical information
for the patients was also retrieved from these archives.

Histological and immunohistochemical studies. Tissue
samples were fixed in 10% buffered formalin, embedded in
paraffin and processed conventionally for histology and
immunohistochemistry. Sections (5 ym) were stained using
hematoxylin and eosin (HE) for histological evaluation. The
remaining serial unstained sections were used for immuno-
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Table I. Summary of clinicopathological data.
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Case no. Age/gender Histopathology VEGF COX-2 IMVD Follow-up

1 59'M DL, CBV 3+ 3+ 11.6 ANED 1 month

2 56/F DL, CBV 3+ 3+ 50 DOD 20 months

3 56/M DL, CBV 0 30.3 ANED 10 months

4 57TM DL, IMBV 1+ 2+ 50 Unknown

5 83/F DL, IMBV 0 1+ 13.3 ANED 12 months

6 83/F DL, CBV 3+ 3+ 5.1 ANED 17 months

7 62/F DL, CBV 3+ 2+ 5.3 Unknown

8 68/F DL, CBV 1+ 1+ 5.1 Unknown

9 61/M DL, CBV 3+ 3+ 50 ANED 94 months
10 70/M DL, CBV 0 0 10.0 DOD 20 months
11 48/M DL, CBV 1+ 1+ 110 ANED 60 months
12 54/F DL, CBV 1+ 0 20.0 ANED 2 months
13 70/F DL, CBV 0 3+ 223 ANED 1 month
14 71/F DL, CBV 1+ 3+ 310 ANED 4 months
15 79'M DL, CBV 2+ 3+ 20.0 DOD 5 months
16 67/M DL, CBV 3+ 1+ 10.0 ANED 18 months
17 70/F DL, CBV 3+ 3+ 36.6 DOD 6 months
18 59/'M DL, CBV 3+ 3+ 16.3 DOD 6 months
19 79/F DL, CBV 0 0 190 DOD 1 month
20 70/M DL, IMBV 3+ 3+ 18.0 DOD 1 month
21 56/F DL, CBV 3+ 3+ 12.0 ANED 4 months
22 66/M DL, CBV 3+ 3+ 13.0 ANED 5 months
23 54/M DL, CBV 1+ 2+ 352 DOD 4 months
24 60/F DL, CBV 3+ 3+ 350 DOD 10 months
25 62/F DL, IMBV 3+ 3+ 15.2 DOD 11 months
26 56/M DL, CBV 3+ 2+ 16.0 DOD 14 months

ANED, alive and no evidence of disease; CBV, centroblastic variant; COX-2, cyclooxygenase-2; DL, diffuse large; DOD, died of disease; F,
female; IMBV, immunoblastic variant; IMVD, intratumoral microvessel density; M, male; VEGF, vascular endothelial growth factor.

histochemistry. All specimens were histologically diagnosed
according to the World Health Organization criteria for tumors
of the central nervous system (6). Immunohistochemical
studies were performed using peroxidase avidin-biotin methods
(LASB kit, Dako Corp., Carpinteria, CA, USA) on paraffin
sections following heat-induced antigen retrieval. Primary
antibodies were directed toward CD20 (dilution 1:50;
DakoCytomation, Glostrup, Denmark), CD79a (dilution 1:50;
DakoCytomation), CD3 (dilution 1:50; DakoCytomation),
CD45RO (dilution 1:100; DakoCytomation), Cyclooxy-
genase-2 (COX-2, 1:250; Cayman Chemical, MI, USA),
vascular endothelial growth factor (VEGF, dilution 1:10; R&D
Systems, Minneapolis, USA), and endoglin (CD105, dilution
1:50; Novocastra, Newcastle, UK).

Immunohistochemical studies were evaluated as follows:
(-), no staining; (1+), 0-30% positive cells; (2+), 30-60%
positive cells; (3+), >60% positive cells.

Immunohistochemical evaluation was performed by two
observers (Y.S. and H.K.) in independent readings. Cases
that varied significantly between readers were re-evaluated in
order to arrive at a consensus.

Quantitation of CDI105 immunostained vessels. Endoglin
(CD105) is predominantly expressed on cellular lineages
within the vascular system and is overexpressed on prolife-
rating endothelial cells that participate in tumor angiogenesis,
with weak or negative expression in the vascular endothelium
of normal tissues (25). Thus, we used endoglin (CD105) to
evaluate neoangiogenesis of PCNSLs. After scanning the
immunostained section at low magnification, three areas of
tumor with the greatest number of distinctly highlighted areas
(hot-spots) were counted on a x200 field. Any single cell or
spot that was stained by the immunohistochemical marker
was counted as a vessel. The average counts from the three
areas were recorded as the CD105-IMVD for each tumor to
measure the degree of angiogenesis.

Double immunofluorescence. The slides were deparaffinized
and soaked in 0.01 M citrate buffer (pH 6.0) at 90°C for 40 min
for antigen retrieval. The samples were treated with 10 mg/
ml bovine serum albumin (BSA) to inhibit non-specific anti-
body binding and were then incubated with the primary murine
antibody VEGF for 1 h at 37°C. After washing thrice with
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Figure 1. Illustration of immunohistochemical findings for VEGF and COX-2 proteins in primary central nervous system lymphoma. (A) VEGF protein-
positive lymphoma showing cytoplasmic staining (3+) (case 22). (B) COX-2 protein-positive lymphoma showing cytoplasmic staining (3+) (case 22). (C)
VEGEF protein-positive lymphoma showing cytoplasmic staining (3+) (case 1). (D) COX-2 protein-positive lymphoma showing cytoplasmic staining (3+)

(case 1).

PBS (pH 7.2), the samples were incubated with fluorescein-
isothiocyanate (FITC)-labeled secondary rabbit polyclonal
antibody against murine immunoglobulin G (IgG) for 30 min
at 37°C. To inactivate the primary and secondary anti-
bodies, the samples were heated in the citrate buffer at 90°C
for 15 min. This treatment made it possible to carry out the
second immunoreaction with the monoclonal antibody. For the
second immunoreaction, the same procedure was repeated;
the samples were treated with 10 mg/ml BSA, incubated with
another primary antibody COX-2, and then incubated with
rhodamine-labeled secondary antibody. After washing with
PBS, FITC-labeled and rhodamine-labeled samples were
examined using a fluorescence microscope (Olympus BX60,
Tokyo, Japan). To detect non-specific antibody binding,
control sections were incubated with either normal murine or
rabbit serum or PBS instead of primary antibody. No staining
was observed in these control samples.

In situ mRNA hybridization. Preparation of frozen tissues
(case no. 22) and in situ hybridization were performed as
described (26). The sequence of the oligonucleotide probe for
VEGF is TGGTGATGTTGGACTCCTCAGTGGGC.

Statistical analysis. Statistical analyses were performed by
using the Stat Mate III for Windows Version software
package (ATMS, Tokyo, Japan). The survival rate was
computed using the Kaplan-Meier method. Patients were
censored on loss-to-follow-up at the time of analysis. Survival
curves were computed between subgroups of patients using
the Cox-Mantel test. Comparison of the tumor cell expression
of COX-2 or CD105-IMVD were assessed by Pearson
correlation.

Results

Clinical features. The clinical features of the 26 patients are
summarized in Table I. Follow-up data are available in 23 of
the 26 cases. The legal limitation regarding personal
information prevented us from analyzing the follow-up data
of some cases. Therefore, the survival curves were established
based on the data from only 23 patients. Most patients received
adjuvant radiation and chemotherapy, while 2 (cases 19 and
20) were not treated with either adjuvant radiation or
chemotherapy due to their poor overall conditions. Eighteen
patients (cases 1-18) received CHOP (cyclophosphamide,
doxorubicin, vincristine, prednisone) chemotherapy, while 6
(cases 21-26) were treated by high doses of methotrexate.

Histological and immunohistochemical features of PCNSLs.
The histological characteristics of the 26 PCNSLs are
summarized in Table I. Immunohistochemically, all cases
expressed CD20 or CD79a, but were negative for CD3 and
CD45RO (data not shown). VEGF expression was detected
in 21 of 26 cases; of these, 14, 1 and 6 were scored as 3+, 2+
and 1+, respectively. COX-2 expression was detected in 22
of 26 cases; of these, 14, 4 and 4 were scored as 3+, 2+ and
1+, respectively (Table I, Fig. 1). Eleven of 21 cases (52%)
that highly expressed VEGF (3+) also showed high level of
COX-2 (3+). For double immunofluorescence, 20 of 26 cases
that were detected with both VEGF and COX-2 were
examined and almost all tumor cells coexpressed both
VEGF and COX-2 in the examined cases (Fig. 2).

The average counts from the three areas were recorded as
the CD105-IMVD for each tumor (Table I). To gain a better
understanding of the correlation with VEGF, COX-2
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Figure 2. Representative illustration of double immunofluorescence findings for VEGF and COX-2 proteins in primary central nervous system lymphoma
(case 22). (A) An intense cytoplasmic expression of VEGF is noted (green fluorescence image). (B) An intense cytoplasmic expression of COX-2 is noted
(red fluorescence image). (C) Colocalization of VEGF and COX-2 in lymphoma cells. Their characteristics are demonstrated in the merged image.
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Figure 3. Survival curves (Kaplan-Meier) for patients with VEGF high
expression (n=14) and VEGF low expression (n=7). There are no signi-
ficant differences in the 5-year survival rate between these two groups
(p<0.01, Cox-Mantel test).
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Figure 4. Survival curves (Kaplan-Meier) for patients with COX-2 high
expression (n=14) and COX-2 low expression (n=8). There are no
significant differences in the 5-year survival rate between these two groups
(p=0.21, Cox-Mantel test).

expression and the CD105-IMVD in PCNSLs, statistical
analyses between each of the relevant groups were
performed. Neither VEGF expression nor COX-2 correlated
with the CD105-IMVD (VEGF: r=-0.19, p=0.35, COX-2:
r=0.05, p=0.79).

According to the score of VEGF or COX-2, patients were
classified into lower-score (<2) and higher-score patients
(>3). When VEGF was used as a marker, the survival rate

Figure 5. (A) The signals of VEGF expression are detected in the cytoplasm
of tumor cells in situ mRNA hybridization (case 22). (B) Negative control of
sense VEGF probe is shown (case 22).

between these two groups demonstrated no significant
difference (p=0.34) (Fig. 3). When COX-2 was used as a
marker, the survival rate between these two groups
demonstrated no significant difference (p=0.21) (Fig. 4).

In situ mRNA hybridization. The signals of VEGF expression
were detected in the cytoplasm of tumor cells with in situ
mRNA hybridization (Fig. 5).

Discussion

Numerous studies have revealed that COX-2 and VEGF play
a critical role in the development of neoplasms in a variety of
ways (7-23). For example, Gallo et al have reported that
COX-2 activation induces VEGF production in human epi-
dermoid cell lines, which is abolished by the COX inhibitors
indomethacin and celecoxib, suggesting that the COX-2
pathway may play a central role in squamous cell carcinoma
by modulating VEGF production (14). Fujiwaki et al also
have observed upregulation of protein and mRNA expression
for COX-2 and VEGF in endometrial cancers compared to
normal endometrium (13). As such, they hypothesized that
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COX-2 regulates tumor-induced angiogenesis in endometrial
cancer via VEGF. In brain tumors, Shono et al have reported
that high COX-2 expression in tumor cells correlates with the
increasing histological grade of astrocytic gliomas (12). Hara
and Okayasu have described a stepwise increase in immuno-
reactive scores for COX-2 and VEGF from astrogliosis,
through low- to high-grade astrocytoma (19). They also
pointed out that the findings for COX-2 and VEGF-related
angiogenesis raise the possibility that the COX-2 pathway
may contribute to astrocytic tumorigenesis by promoting new
vessel formation with prognostic implications. Recently,
several studies have suggested that the growth of hemato-
poietic neoplasms also depends on angiogenesis (21,27).
Salven et al have demonstrated that simultaneous serum
elevation of VEGF and basic fibroblast growth factor is an
independent predictor of poor prognosis in non-Hodgkin's
lymphoma (27). Hazar et al have investigated the role of
COX-2 and VEGF in malignant lymphoma (28). They
showed that prostaglandins regulate the VEGF expresson and
that COX-2 activity is able to activate tumor angiogenesis.
They also demonstrated COX-2 and VEGF might have a
common induction pathway in malignant lymphoma. There
is scarce data regarding tumor angiogenesis in PCNSLs.
However, we have previously demonstrated that the growth
of PCNSLs is dependent on angiogenesis. Particularly, the
microvascular density determined by anti-endoglin (CD105)
monoclonal antibody correlates with patient survival (25). In
the present study, we show high frequency and colo-
calization of VEGF and COX-2 protein in tumor cells in
PCNSLs. In addition, mRNA expression was observed for
VEGF in one case. These findings suggested that VEGF and
COX-2 contribute to the tumorigenesis in PCNSLs, similar to
systemic lymphomas. Although most PCNSLs in immuno-
competent patients are diffuse large B-cell lymphoma, they
are characterized by poor prognosis compared with the same
type of systemic lymphomas (3-5). Some investigators have
speculated that the poor PCNSL prognosis may in part be
due to biologic aggressiveness associated with its activated
B cell-like pattern (2,5). In the present study, COX-2 and
VEGF expression in tumor cells did not correlate with micro-
vascular density and patient survival, in contrast with the
findings for systemic lymphomas. This discrepancy is
presumably due, in part, to the small number of cases
examined. In contrast, we have previously reported that
PCNSLs do not require sufficient neoangiogenesis at the start
of PCNSLs, also in contrast with systemic lymphomas (25).
From this perspective, the reason for the lack of correlation
between COX-2 and VEGF overexpression in PCNSLs and
patient survival may be due to either this unique infiltration
style of PCNLs or another role of COX-2 and VEGF in
addition to neoangiogenesis in PCNSLs.

Although the mechanisms remain unclear, a recent in vitro
investigation indicated that overexpression of COX-2 results
in dedifferentiation, adhesion to extracellular matrices, and
inhibition of programmed cell death in intestinal cells. Li et al
found that COX-2 overexpression is closely related to the
p53 mutation status in gastric MALT lymphoma (16). They
also referred to COX-2 as the ultimate effector in the p53-
Ras/Raf/MAPK-COX-2 pathway in gastric MALT
lymphoma. In the laboratory examination, Wun et al
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examined the effects of COX-2 inhibition on apotosis in
several B lymphoma cell lines and showed apoptotic
induction of >85% in all cell lines examined by celecoxib
(21). In their examination of apoptosis-related proteins, the
levels of BCL-2, BCL-XL and Bax were unaffected, but Akt,
MCL-1 and phosphorylated SAP-kinase were all decreased
after incubation with the selective COX inhibitor celecoxib.
They, therefore, considered that COX-2 activation and
activity contribute to the pathogenesis of B-cell lymphomas.
Scarce data are available regarding the potential role of
COX-2 in PCNSL pathogenesis. However, the findings of
over-expression of COX-2 and VEGF in PCNSLs are in line
with those observed previously in various types of tumori-
genesis.

Epidemiologic studies have demonstrated that chronic
use of a non-steroidal antiinflammatory drug (NSAID)
significantly reduces the risk of colon cancer (29). Studies in
animal models have also shown colon tumor inhibition by
several NSAIDs (30). In hematopoietic neoplasms, Potter et
al have shown that the non-selective COX inhibitor blunts
the generation of plasmacytomas in a mouse pre-clinical
model (31).

Clinical trials in patients with familial polyposis suggest
that administration of sulindac, an NSAIDs, induces a
reduction of polyps (32). NSAID function could involve
blockage of COXs and continuous inhibition of eicosanoids,
which affect cell proliferation, cancer growth and immune
responsiveness. Interestingly, Reddy e al have assessed the
chemopreventive properties of SC-58635, a selective COX-2
inhibitor using azoxymethane-induced colonic aberrant crypt
foci (ACF), in rats as a measure of efficiency (7). They found
that SC-58635 significantly suppresses colonic ACF formation
and multiplicity, and hypothesized that a selective COX-2
inhibitor possesses chemopreventive activity against colon
carcinogenesis. Altorki et al have reported that celecoxib, a
selective COX-2 inhibitor, enhances the response to preopera-
tive paclitaxel and carboplatin in early-stage non-small cell
lung cancer in clinical trials (15). Phipps et al have indicated
that celecoxib might have potential therapeutic benefits in the
treatment of patients with B-cell lymphomas in combination
with other agents (24). These observations, together with the
observed overexpression of COX-2 and VEGF staining in
PCNSLs in the present study could possibly lead to a future
therapeutic trial of PCNSLs with selective COX-2 inhibitor
therapy.
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