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Abstract 
Only few data are available in the literature concerning angiogenesis in hematological malignancies. Non-Hodgkin lymphoma classified on 
the base of molecular profile is frequently characterized by unpredictable behavior that seems to be related to tumor cells and also to the 
tumor microenvironment. The tumor microenvironment contains blood vessels and a large variety of cells that can play an important role to 
the progression of angiogenesis and tumor growth. From these, mast cells have been shown to be a source of angiogenic factors. The aim 
of this work was to investigated the relationships between mast cells and blood vessels in non-Hodgkin lymphoma and reactive lymphoid 
tissue from three different anatomical sites. Using double immunostaining method CD34/mast cell tryptase we noticed that mast cell 
density was significantly lower in the follicular lymphoma than in diffuse type lymphoma. The morphology of vessels, the presence of pillars 
and splitting suggested that intussusceptions is the main mechanism of angiogenesis. In the cases with primary lymphoma of the spleen, 
we found few mast cells and a high number of blood vessels. Our data suggest that lymphoma-associated angiogenesis is driven in part by 
the tumor microenvironment, and particularly, by mast cells. On the other hand, our results support the organ-specific tumor-associated 
angiogenesis in malignant non-Hodgkin lymphoma. 
Keywords: angiogenesis, immunohistochemistry, mast cells, microvessel density, non-Hodgkin lymphoma, tumor 

microenvironment. 

 Introduction 

The development of new blood vessels is a pre-
requisite of malignant tumor progression and metastatic 
spread, as shown by both experimental and clinical 
studies [1, 2]. Tumor-associated angiogenesis is an early 
event during carcinogenesis and there were accumulated 
a lot of data that support the formation of an extensive 
network of vessels even in the stage of premalignant 
conditions [3]. In last two decades, excessive angio-
genesis and its specific inhibition was mostly 
investigated in solid tumors. Its predictive impact on 
local progression and metastatic spread is nowadays 
largely accepted, although a marked gap persists 
between experimental findings and clinical results based 
on antiangiogenic therapy. Moreover, some unexpected 
observations still limit the antivascular and anti-
angiogenic therapy, such as the acceleration of tumor 
metastasis [4, 5]. Based on these recent findings, it can 
be assumed that there are still a lot of organ-related 
and/or disease-related particular features of angio-
genesis that wait to be characterized.  

Although in solid tumors, the basic steps of angio-

genesis are relatively well known, only few data are 
available in the literature concerning angiogenesis in 
hematological malignancies. Some scattered data have 
shown the prognostic value of microvessel density [6] 
and the expression of vascular endothelial growth factor 
[7] in non-Hodgkin lymphoma and multiple myeloma. 
On the other hand, the reduced number of cases 
included in these studies limited the characterization of 
potential therapeutic targets. Non-Hodgkin lymphoma 
classified on the base of molecular profile is frequently 
characterized by unpredictable behavior that seems to 
be related not only to tumor cells but also to the tumor 
microenvironment. 

Recently, it has been shown that increased number 
of blood vessels indicates a poor prognosis and low  
rate of survival in follicular lymphoma [8]. Based on 
preliminary clinicopathological findings, angiogenesis 
was found to be an effective target for therapy and some 
encouraging results were already published [9, 10].  
The first clinical trials with antiangiogenic drugs in 
combination with chemotherapy were performed in non-
Hodgkin’s lymphoma and currently, they are in progress 
[11]. 
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On the other hand, clinical investigations are less 
supported by experimental findings and clinicopatho-
logical studies that in other tumor types. Like solid 
tumors, non-Hodgkin lymphoma is a heterogeneous 
disease and its behavior is governed by both neoplastic 
cells and tumor microenvironment. Besides blood 
vessels, the tumor microenvironment contains a large 
variety of cells of the host that can contribute more or 
less to the progression of angiogenesis, and consecuti-
vely, to tumor growth. From these, mast cell has been 
shown to be a source of angiogenic factors. The 
accumulation of mast cells in a large variety of human 
and experimental tumors has been demonstrated many 
years ago. More recently, vascular endothelial growth 
factor (VEGF) has been detected in tumor-associated 
mast cells. Together with the other active substances 
secreted by mast cells, VEGF could stimulate angio-
genesis and consecutively, tumor progression.  

Data regarding the contribution of mast cells to 
tumor angiogenesis are still controversial and it seems 
that their reactivity is heterogeneous and we hypothesized 
that mast cell activation maybe organ-dependent. 
Moreover, data regarding the mast cell reaction in non-
Hodgkin lymphoma are lacking from the literature, and 
virtually, the relationship with the number of new blood 
vessels is unknown. Therefore, we asked if mast cells 
contribute to tumor angiogenesis in lymphoma, and if 
so, could these cells be considered as potential targets 
for antiangiogenic therapy? To answer these questions, 
in the present paper we have investigated the 
relationships between mast cells and blood vessels in 
non-Hodgkin lymphoma and reactive lymphoid tissue 
from three different anatomical sites. 

 Materials and Methods 

There were investigated 18 patients admitted with 
primary malignant non-Hodgkin lymphoma of the 
lymph nodes (diffuse and follicular), eight cases with 
follicular lymphoma of the spleen, and seven cases with 
reactive lymphoid tissue from the lymph nodes and 
rhinopharynx. Two normal lymph nodes were used as 
external control for both blood vessels and mast cells. 
Biopsies were fixed in buffer formalin and embedded in 

paraffin, according the standard histological procedure. 
Slides were stained with routine Hematoxylin–Eosin for 
the pathological diagnosis. Additional slides from each 
case were used for the double immunostaining method, 
based on the endothelial marker CD34 (the final product 
of reaction was visualized with diaminobenzidine in 
brown) and the mast cell tryptase (visualized with 
aminoethyl carbazole in red). Antigen retrieval was 
performed in buffer citrate pH6, using the PTlink 
module (DakoCytomation, Denmark) and the working 
system was LSAB plus. All reagents for immuno-
histochemistry were from Dako (Glostrup, Denmark). 
The full immunohistochemical procedure was developed 
using DakoAutostainer plus (DakoCytomation, 
Denmark). The double staining allowed the counting of 
microvessel (microvessel density, MVD) and mast cells 
(mast cell density, MCD) on the same section and in the 
same fields. Counting of mast cells and blood vessels 
was based on the procedure published by Weidner N 
[12], at magnification ×200. Briefly, three fields from 
the tumor area with maximum density of both mast cells 
and blood vessels were counted and the arithmetical 
media was the final result. Additionally, it was possible 
to evaluate the spatial distribution of mast cells and blood 
vessels in the tumor area of lymphoma. The statistical 
analysis was performed with the commercially available 
SPSS15.0, it was evaluated the relationship between 
MCD and MVD, and p<0.05 was considered as 
significant. 

 Results 

Mast cells and blood vessels were identified in all 
specimens in red and brown, respectively. In the normal 
lymph node, the mast cells were uniformly distributed 
in the interfollicular spaces and medulla, and were not 
found within the lymphoid follicles and lymphoid cords. 
Apparently, mast cells were not associated with blood 
vessels and were usually located at some distance from 
the blood vessel wall. In the normal lymph node, the 
mean value for MCD was 28/×200 and MVD was 
10.66. As a particular feature, macrophages were 
slightly and diffuse positive for tryptase in both cortex 
and medulla (Figure 1, a and b). 

 

Figure 1a – Mast cells in the normal lymph node. 
CD34/mast cell tryptase double staining, ob. ×10. 

Figure 1b – Strong reaction for tryptase in mast cells 
and weak reaction in macrophages. CD34/mast cell 
tryptase double staining, ob. ×40. 
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In the diffuse lymph node, lymphoma mast cells 
were randomly distributed in the tumor mass, and we 
noticed a marked accumulation particularly around 
irregular blood vessels. On occasion, mast cells were 
attached to the outer wall of blood vessels or even 
inserted in the endothelium and lining the lumen 
(Figure 2). 

In terms of the spatial distribution, the mast cells 
were not necessary related to blood vessels. Particularly, 
non-perfused small blood vessels were not associated 
with mast cells.  

In the lymph node follicular lymphoma, mast cells 
and blood vessels were concentrated in the inter-
follicular spaces. Very rare small blood vessels were 
notice din the germ centers that usually lack mast cells. 
A focal and massive accumulation of mast cells was 
observed in half of the cases, usually at the apparent end 
of the vessels (Figure 3). 

The huge accumulation of mast cells in these points 
has unknown significance. Mast cell density (MCD) 
was significantly lower in the follicular lymphoma than 
in diffuse type lymphoma. Average values for MVD 

and MCD in both diffuse and follicular lymphoma of 
the lymph node are shown in Figure 4. 

It can be noticed that there are no significant 
differences in the values of MVD, but there is a 
significant increase in the number of mast cells in 
follicular lymphoma. 

In only one case with follicular lymphoma, we found 
extensive areas with irregular CD34-positive vessels 
that formed compartments into the tumor parenchyma 
(Figure 5a). 

In the cases with primary lymphoma of the spleen, 
we found very few mast cells (none in two cases) and  
a high number of blood vessels. No significant 
correlation was found between MCD and MVD in this 
subgroup. 

In the reactive lymphoid tissue, we noticed a large 
number of vessels close to the epithelium and the mast 
cells were distributed at the periphery of follicles 
predominantly. Values for both MCD and MVD are 
lower than for the lymph node lymphoma, although we 
did not find a statistical correlation. 
 

 

Figure 2a – Mast cells in tumor areas, mostly around 
blood vessels. CD34/mast cell tryptase double staining, 
ob. ×100. 

Figure 2b – Mast cells predominantly distributed 
around irregular blood vessels. CD34/mast cell tryptase 
double staining, ob. ×40.

 

Figure 2c – Mast cells on the outer wall of blood vessels. 
CD34/mast cell tryptase double staining, ob. ×40. 

Figure 2d – Mast cells lining the lumen. CD34/mast 
cell tryptase double staining, ob. ×40. 
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Figure 3 – Massive accumulation of mast cells at the 
apparent end of the vessels. CD34/mast cell tryptase 
double staining, ob. ×40. 

Figure 4 – Distribution of cases according with MVD/ 
MCD values. 

 

Figure 5a – Extensive areas with irregular CD34-
positive vessels that formed compartments into the 
tumor parenchyma in a case of follicular lymphoma. 
CD34/mast cell tryptase double staining, ob. ×20. 

Figure 5b – Many neoplastic lymphoid detected in 
CD34-positive structures and only a few mast cells in 
these areas. CD34/mast cell tryptase double staining, 
ob. ×40. 

 

 Discussion 

Non-Hodgkin lymphomas (NHLs) are a hetero-
geneous group of lymphoid malignancies. Although 
angiogenesis in hematological malignancies was less 
investigated than in solid tumors, some older reports 
have shown that VEGF is the main angiogenic molecule 
in these conditions [13, 14] and can be a target for 
antiangiogenic therapy. VEGF has also been shown to 
stimulate angiogenesis in multiple myeloma [15] and  
its effects have been demonstrated in experimental 
conditions, on the chick embryo chorioallantoic 
membrane [16]. Moreover, the serum levels of some 
angiogenic cytokine decrease after radiotherapy in non-
Hodgkin lymphoma [17]. Lymphoma growth and 
progression is potentiated by at least two distinct 
angiogenic mechanisms: autocrine stimulation of tumor 
cells via expression of vascular endothelial growth 
factor (VEGF) and VEGF receptors by lymphoma cells, 
as well as paracrine influences of proangiogenic tumor 
microenvironment on both local neovascular transfor-
mation and recruitment of circulating bone marrow-
derived progenitors [10]. 

Mast cells (MC) are critical for a number of patholo-
gical conditions, including acute and chronic inflam-
mation and tumor angiogenesis. Solid tumor growth is 
dependent on angiogenesis, but the influence of mast 
cells on angiogenesis in non-Hodgkin’s lymphoma, 
(NHL) is not clear. In all NHLs, Fukushima N et al. 
[18] found a significant correlation between vessel 
count and the number of mast cells and between vessel 
count, number of mast cells and the number of VEGF-
expressing cells. They noticed that mast cells play a 
very important role in angiogenesis by expressing 
VEGF in non-Hodgkin lymphomas, especially in angio-
immunoblastic T-cell lymphoma. Crivellato E et al. [19] 
demonstrated that in B-cell non-Hodgkin’s lymphoma 
(B-NHL) angiogenesis is correlated with total meta-
chromatic and tryptase-positive MC and that both 
counts increase in step with the increase in malignancy. 
These data confirm the important role played by MC in 
the angiogenesis associated with progression in B-NHL. 
Jørgensen JM et al. [20] showed that angiogenic scores 
in tumor area were highest in peripheral T-cell 
lymphoma and lowest in follicular B-cell lymphoma. 
However, a remarkable high microvessel density was 
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found in interfollicular areas of follicular B-cell 
lymphoma. In follicular B-cell lymphoma, high inter-
follicular MVD scores predicted progressive disease and 
poorer overall and event-free survival. High inter-
follicular VEGF expression was detected in all NHL 
subtype, and the strongest expression was found in 
peripheral T-cell lymphoma. In follicular B-cell 
lymphoma, patients with diffuse VEGF expression in 
lymphoma cells had poorer overall survival than those 
with focal expression. In our study, in the lymph node 
follicular lymphoma, mast cells and blood vessels were 
concentrated in the interfollicular spaces. Hedström G 
et al. [21] reported that high mast cell numbers were a 
predictor of a favorable outcome in diffuse large B-cell 
lymphomas. Nechushtan H [22] reported that high 
levels of mast cells in follicular lymphoma were linked 
with a poor prognosis. One of the genes they identified 
strongly correlated with poor survival odds coded for 
the microphthalmia transcription factor (MITF). This 
transcription factor is highly expressed in mast cells and 
regulates genes that are found only in mast cells. We 
noticed the highest number of mast cells in folicullar 
lymph node lymphoma and the lowest number in spleen 
follicular lymphoma. 

Mazur G et al. [23] demonstrated that there is no 
correlation between tumor MVD revealed by CD34 
staining and grade of histological malignancy in lymph 
nodes of NHL patients classified according to REAL 
classification. It must be emphasized that the degree of 
angiogenesis may vary between patients, over time, and 
in relation to the disease status of the site biopsied. 
Farinha P et al. [8] findings suggest MVD as a useful 
biomarker in initial therapeutic decisions of patients 

with FL, and thus may provide a rationale for trials of 
anti-angiogenic therapy in FL patients with increased 
MVD. In our study, the highest number of vessels was 
noticed in diffuse lymph node lymphoma and the lowest 
in the spleen follicular lymphoma, without significant 
correlation between MCD and MVD in the last situation. 

Overall, opposite to the normal lymph node, in 
malignant non-Hodgkin lymphoma we found a 
significant increase in the number of blood vessels.  
On the other hand, the MCD values did not differ 
significantly. This means that mast cells have a minor 
contribution to angiogenesis in same conditions or they 
change the spectrum of secreted cytokines. 

 Conclusions 

Mast cells contribute to angiogenesis in non-
Hodgkin’s lymphoma, with a particular expression 
correlated with the type of lymphoma, and the organ 
microenvironment. Small, not perfused blood vessels 
were not accompanied by mast cells. The morphology 
of the vessels, presence of pillars and splitting suggested 
intussusception but not sprouting angiogenesis. Our data 
suggest the possible use of inhibitors of mast cells 
degranulation in the diffuse but not in follicular non-
Hodgkin lymphoma. 
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