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Lymphangiogenesis in non-Hodgkin's lymphoma
and its correlation with cyclooxygenase-2 and
vascular endothelial growth factor-C
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Abstract. We aimed to investigate the correlations between
lymphangiogenesis, cyclooxygenase (COX)-2 and vascular
endothelial growth factor-C (VEGF-C) in non-Hodgkin's
Ilymphoma (NHL) and their associations with the clinical
parameters of patients. A total of 75 patients diagnosed with
NHL were enrolled in this study. Of the 75 patients, 14 (18.7%)
had low-grade and 61 (81.3%) had aggressive lymphoma. We
examined the immunohistochemical expression of COX-2
and VEGF-C and estimated lymphangiogenesis by counting
lymphatic vessels expressing lymph vessel endothelial hyal-
uronan receptor-1 (LY VE-1). Our results showed that lymphatic
vessel density (LVD) was positive in 59.0% of the cases with
aggressive morphology, while the LVD positive rate of indo-
lent lymphoma was only 28.6% (P=0.039). Both COX-2 and
VEGF-C were correlated with lymphangiogenesis (P=0.030
and 0.000, respectively). The expression levels of COX-2
and VEGF-C were significantly correlated (P=0.015). LVD,
COX-2 and VEGF-C were not correlated with the gender, age,
lactate dehydrogenase (LDH) levels, 32 microglobulin (32M)
levels, extranodal involvement, disease stage, B symptoms or
international prognostic index of the patients. In conclusion,
lymphangiogenesis was correlated with aggressive histology
in NHL. COX-2 and VEGF-C are inducers of lymphangiogen-
esis and their expression levels were correlated in NHL.
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Introduction

Lymphangiogenesis, the formation of new lymphatic vessels,
plays a critical role in the systemic metastasis of malignant
tumors. It is a complicated process tightly regulated by a
variety of direct and indirect growth factors (1,2). With the
discovery of antibodies against lymphatic endothelial cells in
the past decade, lymphangiogenesis has attracted increasing
interest and become a new area of cancer metastasis research.
Lymphangiogenesis has been demonstrated to be associated
with lymph node metastasis and negative prognosis in various
types of cancer (3,4). Lymphoma cells invade the lymph
nodes through the lymphatic vessels. However, few studies
have been performed on lymphangiogenesis and related
factors in lymphoma.

Vascular endothelial growth factor-C (VEGF-C) is a
potent inducer of lymphangiogenesis. It is essential in the
formation of the first lymphatic vessel during embryonic
development (5) and in mediating cancer metastasis through
lymphatic vessels (6). VEGF-C promotes lymphangiogenesis
by binding to VEGFR-3, which is expressed on the lymphatic
endothelial cells of adults (6). Cyclooxygenase (COX) plays
an important role in the conversion of arachidonic acid
to prostaglandin. It has two isoforms, COX-1 and COX-2.
COX-1 maintains the homeostatic level of prostaglandin (7)
and COX-2 is induced by mitogenic or inflammatory stimuli,
including cytokines, growth factors and tumor promoters (8).
Increasing evidence suggests that COX-2 participates in carci-
nogenesis and cancer progression. COX-2 functions through
activating carcinogens, inhibiting apoptosis, promoting
angiogenesis, modulating immunological responses and
influencing tumor invasion by activation of matrix metallo-
proteinases (MMPs) (9). The correlation between COX-2 and
tumor lymphangiogenesis has been discovered in breast (10),
gastric (11), prostate (12) and lung cancer (13), suggesting that
COX-2 plays a role in tumor lymphangiogenesis. However,
whether COX-2 expression is correlated with lymphangiogen-
esis in lymphoma has not been reported.

The aims of the current study were to i) investigate the
expression of COX-2 and VEGF-C and lymphangiogenesis in
non-Hodgkin's lymphoma (NHL) and their correlations with
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the clinical features of patients and ii) investigate the corre-
lations among COX-2, VEGF-C and lymphangiogenesis in
NHL.

Materials and methods

Patients and samples. Formalin-fixed and paraffin-embedded
tissue blocks of 75 patients diagnosed with NHL in Qingdao
Municipal Hospital (Qingdao, China) between 2002 and 2010
were used in the current study. The NHL group included
46 males and 29 females. The median age was 60.0 years
(range, 17-86). The patients' conditions were staged according
to the Ann Arbor staging system. Samples were classified
according to World Health Organization classification of
lymphomas. Samples were further grouped according to the
aggressiveness of the NHL subtypes. There were 14 cases of
indolent lymphoma (8 cases of small lymphocytic lymphoma,
1 case of mucosa-associated lymphoid tissue lymphoma,
2 cases of follicular lymphoma and 3 cases of lymphoplasma-
cytic lymphoma), 57 cases of aggressive lymphoma (56 cases
of diffuse large B-cell lymphoma and 1 case of extranodal
NK/T-cell lymphoma, nasal type) and 4 cases of very aggres-
sive lymphoma (3 cases of Burkitt lymphoma and 1 case of
T-lymphoblastic lymphoma). Patients with aggressive or very
aggressive lymphoma were grouped as aggressive lymphoma
in the following analyses. Informed consent was obtained
from each patient or the patient's family for use of the samples.
This study was approved by the local Ethics Committee.

Immunohistochemical staining and assessment. A total of
75 NHL samples were examined for the expression of lymph
vessel endothelial hyaluronan receptor-1 (LY VE-1), VEGF-C
and COX-2. Briefly, sections of 4-ym thickness were cut
from paraffin blocks and mounted on slides coated with
3-aminopropyl-triethoxysilane (Maxin-bio, Fuzhou, China).
The slides were dewaxed in xylene and rehydrated through
a graded ethanol series. Antigen retrieval was performed
by microwave treatment at 98°C for 10 min in citric buffer
(pH 6.0) for LY VE-1 and VEGF-C detection or EDTA (pH 9.0)
for COX-2 detection. The slides were then cooled at room
temperature for 30 min. Endogenous peroxidase activity was
blocked by immersion in 3% hydrogen peroxide for 10 min
at room temperature. This was followed by addition of rabbit
anti-COX-2 monoclonal antibody (Maxin-bio, Fuzhou, China)
at a dilution of 1:200, rabbit anti-LY VE-1 polyclonal antibody
(Abcam Ltd., Cambridge, UK) at a dilution of 1:200 or rabbit
anti-VEGF-C polyclonal antibody (Zhongshan Goldbridge
Biotech, Beijing, China) at a dilution of 1:200. The slides were
then incubated overnight at 4°C. The secondary antibody of the
Maxvision system, peroxidase-labeled polymer conjugated to
anti-rabbit/mouse immunoglobulin antibody (Maxin-bio), was
then applied and incubated at room temperature for 15 min.
Subsequently, the chromogenic substrate 3,3'-diaminobezidine
tetrahydrochloride (DAB, Maxin-bio) was added. Finally, the
slides were briefly counterstained with hematoxylin. PBS was
used as a negative control in place of the primary antibody.

COX-2 staining was considered to be positive when >20%
of the lymphoma cells showed positive cytoplasmic staining.
The definition of positive staining of VEGF-C was immunore-
activity in =10% of the lymphoma cells.
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VEGF-C expression was evaluated using a scoring
system based on staining intensity and percentage of positive
lymphoma cells. The staining intensity was classified into four
categories: 0, negative; 1, weak; 2, moderate; 3, strong. The
score of a slide was calculated by multiplying the staining
intensity by the percentage of positive lymphoma cells. The
median score was used as the cut-off to divide samples into
high and low VEGF-C expression groups.

Lymphatic vessel density (LVD) was determined using
Weidner's method (14) with minor modifications. Any
brown-stained endothelial cell or cell cluster clearly separated
from the adjacent cells, tissue elements and microvessels
was considered to be a lymph vessel. The sections were first
scanned at x100 magnification to identify two regions with the
greatest number of distinct brown staining regions (hot spots).
The two hot spots were then counted at x200 magnification
with a microscope ocular grid equal to 0.24 mm? of the exami-
nation area. The median LVD was used as a cut-off to separate
the NHL cases into negative and positive groups. The slides
were reviewed independently by two investigators blinded to
clinical details.

Statistical analysis. The Chi-square test was applied to
analyze the correlations among LVD, COX-2 and VEGF-C
and their associations with the clinical features of the patients.
P<0.05 was considered to indicate a statistically significant
result.

Results

Expression of LYVE-1 and its correlation with clinical
variables. The lymphatic vessels were lined with a single
layer of LY VE-1-positive endothelial cells, while blood
vessels containing red blood cells were negative for LY VE-1
staining (Fig. 1A). Lymphatic vessels with open lumina and
lymphatic endothelial cells or cell clusters without a lumen
structure were observed (Fig. 1B). The lymphatic vessels were
distributed unevenly throughout the sections investigated.
The median LVD in this study was 5.5 (range, 0-36). There
were 40 (53.3%) cases of NHL with a LVD counting greater
than or equal to the median. LVD was positive in 59.0% of
the cases with aggressive morphology, while the LVD posi-
tive rate of indolent lymphoma was only 28.6% (P=0.039).
The 5 cases with LVD >25 were all of aggressive histology.
The LVD showed no correlation with the clinical parameters,
including gender, age, lactate dehydrogenase (LDH) levels, 32
microglobulin (B2M) levels, extranodal involvement, disease
stage, B symptoms and international prognostic index (IPI;
Table I).

Expression of COX-2 and its correlation with clinical vari-
ables. Positive expression of COX-2 was observed in 40
(53.3%) of the NHL samples. COX-2 was expressed in the
cytoplasm of lymphoma cells (Fig. 2). In addition, inflam-
matory cells, especially plasma cells, were also positive for
COX-2. COX-2 expression was not correlated with the gender,
age, LDH levels, 32M levels, extranodal involvement, disease
stage, B symptoms or IPI of the patients (Table I). COX-2
expression showed no difference between the indolent and
aggressive subtypes of NHL.
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Table I. Correlation of LVD, COX-2 and VEGF-C with clinical parameters in NHL.
LVD COX-2 VEGF-C
Clinical
parameters n + - P-value + - P-value High Low P-value
Age (years)
<60 36 17 19 0.308 17 19 0.308 17 19 0.725
=60 39 23 16 23 16 20 19
Gender
Male 46 23 23 0.466 24 22 0.800 23 23 0.884
Female 29 17 12 16 13 14 15
LDH
Normal 18 9 9 0.637 10 8 0.930 9 9 0.754
High 46 26 20 25 21 25 21
2M
Normal 20 12 8 0.353 13 7 0.203 9 11 0.406
High 28 13 15 13 15 16 12
En inv
No 31 16 15 0.777 16 15 0.777 19 12 0.116
Yes 40 22 18 22 18 17 23
Stage®
I 15 7 8 0.737 7 8 0.517 5 10 0.383
I 18 9 9 7 11 9 9
I 22 11 11 11 11 10 12
v 12 8 4 8 4 8 4
B symptoms
No 35 20 15 0.893 20 15 0.712 16 19 0.407
Yes 36 20 16 19 17 20 16
IPI
0-2 46 27 19 0.301 25 21 0.571 26 20 0.378
3-5 16 7 9 10 6 7 9
Histology
Indolent 14 4 10 0.039° 5 9 0.143 4 10 0.085¢
Aggressive 61 36 25 35 26 33 28

COX-2, cyclooxygenase-2; VEGF-C, vascular endothelial growth factor-C; NHL, non-Hodgkin's lymphoma. *“Ann Arbor staging system.
LVD, lymphatic vessel density; LDH, lactate dehydrogenase; $2M, 32 microglobulin; En inv, extranodal involvement; IPI, international

prognostic index. "P<0.05; €0.05<P<0.1.

Expression of VEGF-C and its correlation with clinical vari-
ables. Positive VEGF-C staining was observed in 72 (96%) of
the NHL samples. VEGF-C was expressed in the cytoplasm
of lymphoma cells (Fig. 3). A total of 37 (49.3%) cases were
graded as showing high expression and 38 (50.7%) cases were
graded as low expression of VEGF-C. In addition to lymphoma
cells, macrophages and stromal cells positively stained for
VEGEF-C were also observed. VEGF-C expression showed a
trend of association with the morphology of NHL (P=0.085),
with VEGF-C high expression rates of 54.1% in aggressive
lymphoma and 40% in indolent lymphoma. VEGF-C expres-
sion was not correlated with the gender, age, LDH levels, 2M
levels, extranodal involvement, disease stage, B symptoms, or
IPI of the patients (Table I).

Correlation of COX-2, VEGF-C and LVD. LVD was positive
in 65% of cases in the COX-2-positive group, whereas the
LVD positive rate in the COX-2-negative group was only 40%
(P=0.030). The LVD positive rates in the VEGF-C high and low
expression groups were 75.7 and 31.6%, respectively (P=0.000;
Table II). The expression levels of VEGF-C and COX-2 were
significantly correlated in NHL (P=0.015; Table III).

Discussion

To date, the lymphangiogenesis in lymphoma has only been
investigated by two studies. Kadowaki ef al showed that LVD
in lymphoma was significantly higher than that in non-reactive
normal lymph node (15). Wréel er al showed that lymphatic
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Figure 1. LY VE-1-stained lymphatic vessels in DLBCL. (A) Lymphatic vessels showed positive staining (black arrows) while blood vessels (red arrows)
containing erythrocytes were negative. Original magnification, x200. (B) Lymphatic vessels with open lumina and linear lymphatic vessels without lumen
structure were both positive for LY VE-1. Original magnification, x100. LY VE-1, lymph vessel endothelial hyaluronan receptor-1; DLBCL, diffuse large B-cell

lymphoma.

Figure 2. COX-2 expression in DLBCL. Original magnification, x200.
COX-2, cyclooxygenase-2; DLBCL, diffuse large B-cell lymphoma.

Table II. Correlation of LVD and COX-2 or VEGF-C in NHL.

AR E A ST D A 8 L
N
ALY ':ﬂ’“ .;; t%g*fi&

LWy

R .‘;& T

Figure 3. VEGF-C expression in DLBCL. Original magnification, x200.
VEGF-C, vascular endothelial growth factor-C; DLBCL, diffuse large B-cell
lymphoma.

Table III. Correlation between COX-2 and VEGF-C in NHL.

LVD COX-2
n + - P-value n + - P-value

COX-2 VEGF-C

+ 40 26 14 0.030* + 37 25 12 0.015*

- 35 14 21 - 38 15 23
VEGF-C

" 37 28 9 0.000? “P<0.05. COX-2, cyclooxygenase-2; VEGF-C, vascular endothelial

_ 38 12 26 growth factor-C; NHL, non-Hodgkin's lymphoma.

“P<0.05. LVD, lymphatic vessel density; COX-2, cyclooxygenase-2;
VEGF-C, vascular endothelial growth factor-C; NHL, non-Hodgkin's

lymphoma.

sinus density (LSD) was not different between aggressive
and indolent lymphomas (16). The mean LSD in reactive
lymph nodes was found to be significantly higher than that

in NHL (16). The correlation between VEGF-C and LVD
(LSD) was demonstrated in both studies. In the two studies,
lymphatic vessels with lumen structure were identified as
lymphatic vessels. However, when LVD and microvessel
density (MVD) were evaluated in solid tumors (13,14,17,18)
and MVD assessed in lymphomas (19,20), lymphatic vessels
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were usually quantitated by counting endothelial cells or
cell clusters clearly separated from the adjacent cells, tissue
elements and microvessels regardless of whether a lumen
structure was observed. In adults, new lymphatic vessels
form primarily by sprouting from pre-existing vessels (21).
Detry et al (22) disclosed the process of lymphangiogenesis
in adults using in vivo (lymphangiogenic corneal assay and
lymphangioma) and in vitro (lymphatic ring assay) models.
The authors showed that the lymphatic endothelial cells
migrate and organize into a cord-like structure. Subsequently,
the matrix degrades to generate space and a lumen forms in the
intercellular space (22). This suggests that a lumen structure
may not form in the initial stage of adult lymphangiogenesis.
In addition, it is possible that only lymphatic endothelial cells
could be observed even when a lumen structure existed, since
only a single slide, not a series of slides, was used to investi-
gate LVD. Therefore, we calculated LVD by counting LY VE-1
brown-stained endothelial cells or cell clusters regardless of
whether a lumen structure was observed. We showed that the
LVD positive rate in aggressive lymphoma was higher than
that in indolent lymphoma. However, no difference in LSD
was identified between these two histological subtypes in
the study by Wréel et al (16). The difference in definition of
lymphatic vessels between the current study and that by Wréel
et al may be the reason for the discrepant results obtained
by the two studies. This contradiction suggests that there are
more immature lymphatic vessels in aggressive than indolent
lymphomas. Our results also indicate that lymphangiogenesis
plays a role in the progression of NHL.

The correlation between COX-2 and lymphangiogenesis
has been demonstrated in a variety of types of cancer (10-13).
However, other studies failed to demonstrate this correla-
tion (23,24). Lymphangiogenesis is a complicated multi-step
process regulated by a group of growth factors, cytokines
and chemokines (1). In addition to VEGF-C, other factors,
including VEGF-A, angioprotein-1, hepatocyte growth factor
(HGF), insulin-like growth factor 1 and 2 (IGF-1 and -2) and
platelet-derived growth factors (PDGFs), may also promote
lymphangiogenesis (25). Although the correlation between
COX-2 and VEGF-C has been studied in diffuse large B-cell
Ilymphoma (DLBCL) (26), the correlation between COX-2 and
lymphangiogenesis in lymphoma is yet to be elucidated. To
the best of our knowledge, this is the first study to demon-
strate that the expression of COX-2 is significantly correlated
with LVD in NHL. This suggests that COX-2 is an inducer of
lymphangiogenesis and implies that lymphoma cells induce
local lymphangiogenesis. In this study, the expression of
VEGF-C was also associated with LVD. This is in agreement
with the results of previous studies (15,16) which estimated
LVD by counting lymphatic vessels with lumen structure. In
this study, we counted lymphatic vessels regardless of whether
a lumen structure was observed. Therefore, our results demon-
strate that VEGF-C induces lymphangiogenesis in lymphoma
from a different angle from the previous studies.

In the current study, VEGF-C expression showed a trend
of association with aggressive histology but was not correlated
with any of the clinical features investigated. VEGF-C has been
shown to be correlated with prognosis but not with histology or
any clinical features in NHL (27) and DLBCL (28). However,
Ganjoo et al revealed that VEGF-C is correlated with LDH and
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IPI score, but not with progression-free or overall survival in
DLBCL (29). The correlation between COX-2 expression and
clinical features is also inconsistent in NHL. COX-2 expres-
sion was shown to be correlated with aggressive histology by
Paydas et al (30) whereas the study by Hazar ef al revealed that
COX-2 was correlated with disease stage (31). In the present
study, COX-2 expression was not found to be correlated with
any of the clinical features investigated. Variations in patients'
characteristics, immunostaining methods or biological hetero-
geneity among individuals from different countries may be
responsible for the discrepancies. More studies are needed to
decide the true roles of VEGF-C and COX-2 in lymphomas.

In the present study, the expression levels of COX-2 and
VEGEF-C were correlated in NHL. However, no correlation
between COX-2 and VEGF-C was identified in DLBCL in the
study by Paydas er al (26). Staining for VEGF-C was positive
in 96% of the samples investigated in the current study. This is
in agreement with the positive rates in the studies by Kadowaki
et al, Pazgal et al and Ganjoo et al, which were 92.3, 100 and
98%, respectively (15,28,29). However, the VEGF-C positive
rate was 36.4% in the study by Paydas et al (26). The apparent
discrepant positive rates may be the reason for the contra-
dicting results of the correlation between COX-2 and VEGF-C
obtained by the two studies. The results of the current study
are in agreement with those of studies on esophageal (32,33),
head and neck (34), gastric (11), prostate (12) and lung carci-
noma (13). The correlation between COX-2 and VEGF-C may
be due to the expression of the two genes being co-regulated or
the expression of one gene being regulated by the other. Using
a human lung adenocarcinoma cell line (CL1.0) transfected
with a COX-2 expression system, Su et al demonstrated that
COX-2 regulated the expression of VEGF-C in lung adeno-
carcinoma (35). A similar regulatory function of COX-2 has
also been observed in breast cancer cells (10,36). Therefore, the
results in this study suggest that a lymphangiogenic pathway,
i.e. COX-2 upregulating VEGF-C expression, may exist in
NHL.

In conclusion, lymphangiogenesis is correlated with aggres-
sive histology in NHL. COX-2 and VEGF-C are inducers of
lymphangiogenesis and their expression levels are correlated
in NHL.
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