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Summary

Mast cells (MCs) are widely distributed in human and animal tissues and have been
shown to play an important role in angiogenesis in normal and pathological condi-
tions. Few data are available about the relationship between MCs and blood vessels in
the normal human thymus, and there are virtually no data about their distribution and
significance in thymoma. The aim of this study was to analyse the spatial distribution
of MCs and microvessels in the normal foetal and adult thymus and thymoma. Twenty
biopsy specimens of human thymus, including foetal and adult normal thymus and
thymoma were analysed. Double staining with CD34 and mast cell tryptase was used
to count both mast cells and microvessels in the same fields. Computer-assisted image
analysis was performed to characterize the spatial distribution of MCs and blood ves-
sels in selected specimens. Results demonstrated that MCs were localized exclusively
to the medulla. Their number was significantly higher in thymoma specimens as com-
pared with adult and foetal normal specimens respectively. In contrast the microvessel
area was unchanged. The analysis of the spatial distribution and relationship between
MCs and microvessels revealed that only in the thymoma specimens was there a signif-
icant spatial association between MCs and microvessels. Overall, these data suggest
that MCs do not contribute significantly to the development of the vascular network
in foetal and adult thymus, whereas in thymoma they show a close relationship to
blood vessels. This could be an expression of their involvement not only in endothelial

cells but also in tumour cell proliferation.
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Mast cells (MCs) are characterized by cytoplasmic granules
storing a large variety of biological active substances and are
normally found in the perivascular space of blood and, to
a lesser extent, lymphatic vessels. MCs of different organs are
extremely heterogeneous in terms of their size, biochemical
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properties of specific granules, and function (Galli et al.
2005). Few data are available concerning MC distribution,
number and functional significance in the human thymus.

A significant increase in MCs number has been observed
in both experimental models

in malignant tumours,

17



18 M. Raica et al.

and human specimens and conflicting results have been pub-
lished about the prognostic role of mast cells in a large vari-
ety of human tumours (Ribatti & Crivellato 2009a).
Thymomas are epithelial tumours that originate in the
thymus epithelial stroma and the clinical behaviour and
therapeutic response to conventional treatment are different
even for the same pathological type (Suster & Moran 2008).
Several biological aspects of thymomas are not completely
clarified, such as the role of angiogenesis in its progression.
An increased number of MCs inside the thymic parenchyma
was observed in human thymomas and a strong correlation
between microvessel density and MCs number has been
found (Raica et al. 2007).

The aim of the present study was to evaluate the distribu-
tion of MCs in normal foetal and adult human thymus and
thymoma and their spatial relationships with blood vessels
and to correlate their number with microvessel area.

Material and methods

Tissue samples

A total of 20 biopsy specimens of thymic tissue selected
from the archive were examined retrospectively. Foetal
thymus specimens were obtained from five cases (6—
8 months old) during necropsy. A total of 15 specimens
were obtained surgically from five patients (1 month to
5 years old) with cardiac malformations and from 10
patients with thymoma. All specimens were fixed in buffer
formalin for 48 h, embedded in paraffin and 5 pm thick sec-
tions were stained with haematoxylin-eosin for the routine
morphological diagnosis. The classification of cases with
thymoma was performed according recommendations of
World Health Organization (Rosai 1999). Additional 5 pm
thick sections were prepared for the immunohistochemical
study. The study protocol was approved by the local
research ethic committee, and
obtained from all subjects according to the World Medical
Association (WMA) Declaration of Helsinki.

informed consent was

Immunobhistochemistry

Immunohistochemistry was performed to visualize blood
vessels and MCs on the same specimen. We used sequential
application of the routine LSAB and HRP method using two
different compatible chromogens. Endothelial cells were
shown using a monoclonal mouse anti-human CD34 anti-
body (QBEnd10, Dako Cytomation, Glostrup, Denmark)
followed by visualization with 3,3’ diaminobenzidine as
brown staining. MCs were shown using a mouse mono-

clonal antibody anti-tryptase (clone AA1, Dako Cytomation)
followed by visualization of MCs in red with amino-ethyl
carbazole. Nuclei were stained with modified Lille’s haema-
toxylin and the slides were mounted in aqueous mounting
media (Glycergel).

Evaluation of mast cell number and microvascular
density

Microvessel and MC counting was performed according to
Weidner’s method (Weidner et al. 1992) on slides stained
for CD34 and tryptase. Four to six 200 x fields of each of
three sections per sample were examined, and the mean
values = Standard Deviation (SD) was determined for each
section, sample and group of samples. Counting was per-
formed by two independent observers. Images were captured
as .jpg format and processed to calculate vascular area using
Lucia G software (Nikon, Tokyo, Japan) for microscopic
image analysis.

Image analysis of MC spatial distribution

Computer-assisted image analysis was performed to charac-
terize the spatial distribution of MCs and blood vessels in
selected specimens, using the method described previously
[Guidolin et al. 2006, 2009]. The image analysis system
included a light microscope (DM-R, Leica Mycrosystems,
Wetzlar, Germany) and a high resolution digital camera
(CD200, Leica Mycrosystems). Images were transmitted to a
PC equipped with software for image acquisition and analy-
sis (Qwin, Leica Mycrosystems, Cambridge, UK). Three
fields per sample were acquired at a primary magnification
of x16 and processed to correct the shading and enhance the
contrast, and finally stored as .tiff file.

The study area was defined as the minimum rectangle
bounding MCs profiles. Colour threshold was applied to dis-
criminate the tryptase-positive structures. The spatial analy-
sis of MCs distribution was performed using two methods.
The first one was based on the estimation of the uniformity
index that can have any value between 1 (when objects are
distributed in a regular array) and 0 (when maximal cluster-
ing occurs). The second method involved the calculation of
the cumulative frequency distribution [G(d)] of the distances
between each cell profile and its nearest neighbour (spatial
statistics). To interpret the cell—cell spatial relationship
statistically, G(d) has to be compared with the value of
[Go(d)] estimated on random point patterns. If G(d) is signif-
icantly greater than Gy(d) for any range of d, then the cells
are clustered and they are closer to each other than could be
expected by chance. If G(d) is significantly lower than Gg(d),
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then short cell—cell distances are less frequent than could be
expected by chance.

One hundred random point patterns per analysed field
were computer generated and each pattern had the same
number of points as the number of observed MCs profiles.
The analysis were performed to estimate the uniformity
index and G(d) in the case of complete spatial randomness

(CSR).

Statistic analysis

Mast cell densities, distances from the nearest blood vessel,
uniformity index and blood vessels area were averaged to
provide representative value of each parameter for that sam-
ple. Differences between the foetal thymus, normal adult
thymus and thymoma were tested statistically by one-way
aNovaA followed by Bonferroni’s test for multiple compari-
sons. Two-sample Student’s test was applied to test the
statistical difference between the uniformity index values
found on tissue samples and the value the parameter
assumed in the simulated random point pattern. The Graph-
Pad Prism 3.0 statistical package (GraphPad Software Inc.,
San Diego, CA, USA) was used for the analysis and
P < 0.05 was considered as the limit for statistical signifi-
cance. The public domain statistical software R 2.6.0 was
used to obtain estimators of G(d) and Gg(d) (together with
the 95% confidence intervals) from the observed and simu-
lated point patterns respectively.

Results

Tryptase-positive MCs and CD34-positive blood vessels
were identified by double staining. In the foetal and adult
normal thymus, CD34-positive blood vessels were more
numerous in the medulla of the thymus parenchyma and at
the junction between cortex and medulla and blood vessels
were more numerous in adult specimens as compared with
foetal ones. MCs were restricted to the thymus medulla and
to connective tissue septa and their number increased in
adult compared  with
(Figures 1a,b and 2a). In thymoma, MCs increased as com-
pared with adult thymus (Figure 1c), they were randomly
distributed in the tumour area (Figure 2b) and were prefer-

thymus  when foetal thymus

entially localized in perivascular position (Figure 2c).

The morphometric evaluation of the number of MCs and
of microvessel area (Table 1) demonstrated that the MC
number increased significantly in adult thymus compared
with foetal thymus, and in thymoma specimens when com-
pared with adult thymus. In contrast the microvessel area
was unchanged.
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Figure 1 CD34-positive endothelial cells (in brown) and
tryptase-positive mast cells (in red) in bioptic specimen of
prenatal thymus (a), adult thymus (b) and thymoma (c).
Original magnification: (a—c), x200.
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Figure 2 Double staining CD34-tryptase. Tryptase-positive
mast cells in the medulla of a bioptic specimen of adult thymus
(a), in the tumour area (b) and in perivascular position (c) in
two bioptic specimens of thymoma. Original magnification:

(a, ), x400; (b), x200.
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The analysis of the spatial distribution and relationship
between MCs and microvessels revealed that only in the thy-
moma specimens was there a significant spatial association
between MCs and microvessels, as indicated by a frequency

Table 1 Mast cells number and microvessel area in foetal and
adult thymus and in thymoma

Mast cells Microvessels

(number/field) (area%)
Foetal thymus 2.2 +0.6% 4.0 + 0.6
Adult thymus 4.2+ 1.1% 3.9=+0.7
Thymoma 9.7 £2.3 3.3+0.6

*P < 0.05 vs. Thymoma group (One-way ANOVA + Bonferroni’s test)
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Figure 3 Analysis of the spatial relationship between mast cells
and microvessels. Solid lines indicate the difference between the
observed distribution of cell-to-vessel distances [G(d)] and the
estimated distribution [Go(d)] under the hypothesis of complete
spatial randomness (CSR). Dotted lines indicate the 95%
confidence envelope for CSR. Only in the thymoma group, there
is a significant spatial association between mast cells and vessels
as indicated by a frequency of short cell-to-vessel distances
significantly higher than expected by chance.
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of short cell-to-vessel distance higher significantly than might
be expected by chance (Figure 3).

Discussion

In the medulla of the thymus parenchyma a variety of cells
are found, including T and B lymphocytes, macrophages, eo-
sinophils, dendritic cells, myoid cells and MCs. In normal
thymus of humans and other animal species, MCs are local-
ized in the capsule and along the connective tissue septa
within the gland (Wight 1970; Frazier 1973; Kendall &
Warley 1986). The presence of MCs precursors in thymus
was first reported by Ginsburg and Sachs (1963) and further
studies supported the possible involvement of MCs in
thymus organogenesis (Crivellato et al. 2005) and the influ-
ence of removal or stimulation of thymus on the number of
tissue MCs distant from the thymic lymphoid tissue (Rao
1972).

In this study, we have analysed the spatial distribution
and their correlation with microvascular density of tryptase-
positive MCs in foetal and adult human thymus and in
thymoma specimens. MCs were localized exclusively in the
medulla, and their number was significantly higher in thy-
moma specimens compared with adult and foetal normal
specimens. Furthermore, MCs were localized in a perivascu-
lar position although analysis of the spatial distribution and
relationship between MCs and microvessels revealed that
only in the thymoma specimens there was spatial association
between MCs and microvessels that was significant. How-
ever, its microvessel area was unchanged between foetal and
adult thymus and thymoma.

These data support the notion of an involvement of MCs
in the maintenance of blood vessel homeostasis, but not a
specific role in angiogenesis occurring in the thymus.

It is well-known that the crucial role played by inflamma-
tory cells and among these by MCs in regulating tumour
progression and angiogenesis. MCs have been associated
either with resistance or with a greater susceptibility to
tumours. Indeed, MCs accumulate in the stroma surrounding
tumours and take part in the inflammatory reaction occurring
at the margin of the neoplasia (Ribatti & Crivellato
2009a,b). MCs can participate in tumour rejection by pro-
ducing molecules like interleukin-1 (IL-1), IL-4, IL-6 and
tumour necrosis factor (TNF)-o, that kill tumour cells. By
contrast, MCs can facilitate tumour growth by promoting
vascular supply, proteinase-mediated degradation of the
tumour extracellular matrix and immunosuppression (Ribat-
ti & Crivellato 2009a,b).

An increased number of MCs has been reported in
neoplasms, like

angiogenesis associated with vascular
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haemangioma and haemangioblastoma (Glowacki & Mulliken
1982), as well as a number of solid and haematopoietic
tumours. In general, MC density correlates with angiogene-
sis and poor tumour outcome. Association between
MCs and new vessel formation has been reported in breast
cancer (Bowrey et al. 2000), colorectal cancer (Lachter et al.
1995) and uterine cervix cancer (Graham & Graham 1966).
Tryptase-positive MCs increase in number and vasculariza-
tion increases in a linear fashion from dysplasia to invasive
cancer of the uterine cervix (Benitez-Bribiesca et al. 2001).
An association of vascular endothelial growth factor (VEGF)
and MCs with angiogenesis has been demonstrated in laryn-
geal carcinoma (Sawatsubashi et al. 2000) and in small lung
carcinoma, where most intratumoural mast cells express
VEGF (Tomita et al. 2000). MC accumulation was corre-
lated with increased neovascularization, mast cell expression
of VEGF (Toth-Jakatics et al. 2000) and fibroblast growth
factor-2 (FGF-2) (Ribatti ef al. 2003a), tumour aggressive-
ness and poor prognosis (Ribatti et al. 2003b) in human
melanoma. A prognostic significance has been attributed to
mast cells and microvascular density also in squamous cell
cancer of the oesophagus (Elpek et al. 2001). Angiogenesis
has been shown to correlate with tryptase-positive MC
count in human endometrial cancer. Both parameters were
found to increase in agreement with tumour progression (Ri-
batti et al. 2005). MC density, new vessel rate and clinical
prognosis have also been found to correlate in haematologi-
cal tumours. In benign lymphadenopathies and B cell non-
Hodgkin’s lymphomas, angiogenesis correlates with total
and tryptase-positive MC counts, and both increase in step
with malignancy grades (Ribatti et al. 1998, 2000). In the
bone marrow of patients with inactive and active multiple
myeloma as well as those with monoclonal gammopathies of
undetermined significance, angiogenesis correlates highly
with MC counts (Ribatti et al. 1999). A similar pattern of
correlation between bone marrow microvessel count, total
and tryptase-positive MC density and tumour progression
has been found in patients with myelodysplastic syndrome
(Ribatti et al. 2002) and B cell chronic lymphocytic leukae-
mia (Ribatti et al. 2003¢). In the early stages of B cell
chronic lymphocytic leukaemia, the density of tryptase-posi-
tive MC in the bone marrow has been shown to predict the
outcome of the disease (Molica et al. 2003).

In this study, for the first time we have demonstrated that in
the thymoma specimens MCs were closer to each other and to
the vessels than in normal thymus. In fact, both the mean dis-
tance from vessels and the mean distance from the nearest cell
profile were significantly lower than in normal thymus speci-
mens. Shorter intercellular distances and lower cell-to-vessel
distances could be a morphological condition important in
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increasing the rate of signal exchange between the cells and
with the vessels and induce higher concentrations of the
signalling molecules in the pericellular and periendothelial
environment.

Overall, these data suggest that MCs do not significantly
contribute to the development of the vascular network in
foetal and adult thymus, whereas in thymoma their close
relationship to blood vessels, could be expression of their
involvement not only in endothelial cell but also in tumour
cell proliferation.
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