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Abstract Mast cells (MCs) accumulate in the stroma

surrounding tumors, where they secrete angiogenic

cytokines and proteases, and an increased number of MCs

have been demonstrated in angiogenesis associated with

solid and hematological tumors. The aim of this study is to

contribute to the knowledge of distribution of MCs in

tumors, investigating the pattern of distribution of tryptase-

positive MCs around the blood vessels in human

endometrial carcinoma samples by introducing a quanti-

tative approach to characterize their spatial distribution.

The results have shown that in human endometrial cancer

bioptic specimens the spatial distribution of MCs shows

significant deviation from randomness as compared with

control group in which, instead, the spatial distribution of

MCs is consistent with a random distribution. These find-

ings confirm that MCs enhance tumor angiogenesis and

their preferential localization along blood vessels and sites

of new vessel formation sustaining the suggestion for an

association between MCs and angiogenesis. However, this

spatial association between vessels and MCs might simply

reflect migrating MCs from the blood stream at vessel

growing sites.
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Introduction

The concept that cancer and inflammation are linked was

suggested as far back at the nineteenth century by Rudolf

Virchow, who was the first to establish a causative con-

nection between the inflammatory infiltrate and cancer.

Mast cells (MCs) accumulate in the stroma surrounding

tumors, where they secrete angiogenic cytokines and pro-

teases. We have previously demonstrated that in human

endometrial carcinoma angiogenesis is highly correlated

with tryptase-positive MC cell counts and that these

parameters parallel with tumor progression [1]. We have

further correlated in the same tumor specimens and the

number of CD8-positive T cells, and we have shown that

both counts correlate and increase in parallel with tumor

progression [2].

The spatial distribution of MCs inside the tumor stroma

of different tumors has been poorly investigated. We have

previously studied the pattern of distribution of MCs in

biopsy samples from four different human solid tumors,

including endometrial adenocarcinoma, primary mela-

noma, non-small cell lung carcinoma, and cutaneous mel-

anoma [3]. The results have shown that the spatial

distribution of MCs was virtually random and was very

similar in all the tumor types, and independent from the

selected area of the lesion (marginal or central area), and

suggested that MC–MC interactions could play a minor

role in the formation of the MC pattern in neoplastic tissue.

& Domenico Ribatti

ribatti@anatomia.uniba.it; domenico.ribatti@uniba.it

1 Department of Molecular Medicine, University of Padova

Medical School, Padua, Italy

2 Department of Basic Medical Sciences, Neurosciences, and

Sensory Organs, University of Bari Medical School, Piazza

Giulio Cesare, 11, 70124 Bari, Italy

3 Department of Biological and Medical Sciences, University

of Udine Medical School, Udine, Italy

4 Department of Experimental and Clinical Medical Sciences,

University of Udine Medical School, Udine, Italy

5 National Cancer Institute ‘‘Giovanni Paolo II’’, Bari, Italy

123

Clin Exp Med

DOI 10.1007/s10238-016-0407-4

http://crossmark.crossref.org/dialog/?doi=10.1007/s10238-016-0407-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10238-016-0407-4&amp;domain=pdf


The aim of this study was to further contribute to the

knowledge of tumor MC distribution, investigating the

pattern of distribution of tryptase-positive MCs around the

blood vessels in human endometrial carcinoma samples by

introducing a quantitative approach to characterize their

spatial distribution.

Materials and methods

Immunohistochemistry

Paraffin-embedded tissue representatives of endometrial

cancer grade III, endometrial cancer grade I, and non-

neoplastic endometrium cases were sectioned at 3 lm. The

sections were transferred onto poly-L-lysine-coated slides

and subjected to deparaffinization and rehydratation. A

double immunohistochemistry reaction was performed

using the Envision commercial (Dako, Agilent Technolo-

gies, Santa Clara, CA, USA). Briefly, after standard heat

antigen retrieval performed with a citrate buffer solution

(Dako, Agilent Technologies, Santa Clara, CA, USA),

endogenous peroxidases and alkaline phosphatases were

blocked with a dual endogenous block solution. The sam-

ples were then incubated overnight at 4 �C with the first

primary antibody against tryptase (Novocastra, Leica

Biosystems, Nussloch, Germany) diluted 1:200 and visu-

alized with a polymer/HRP secondary antibody using DAB

as the first chromogen. Subsequently, samples were incu-

bated for 30 min at room temperature with the second

primary antibody against FVIII diluted 1:250 (Dako, Agi-

lent Technologies, Santa Clara, CA, USA) and visualized

with a polymer/AP secondary antibody using Fast Red as

the second chromogen. Counterstaining was performed

with Harris hematoxylin. Each immunohistochemistry

reaction was coupled with a negative control reaction (no

primary antibody).

Slide scanning and analysis

For each case, slides double stained for tryptase and FVIII

were scanned using the whole-slide scanning platform

Aperio ScanScope CS (Leica Biosystems, Nussloch, Ger-

many). All the slides were scanned at the maximum

magnification available (409) and stored as digital high-

resolution images on the workstation associated with the

instrument.

Digital slides were inspected with the Aperio ImageS-

cope v.11 software (Leica Biosystems, Nussloch, Ger-

many) at 209 magnification. Tryptase-positive cells were

counted in three high-power fields of equal area (409

magnification in the Aperio ScanScope system).

Distances between MCs and blood vessels and between

MCs were assessed with the ruler tool in the Aperio

ImageScope software using the center of the mast cell as

the starting point of the measure and the center of the

vessel lumen or the center of another mast cell as the end

point of the measure. For the measurement purposes, only

vessels with a recognizable shape and lumen were con-

sidered for the analysis (Fig. 1).

Image analysis methods

Computer-assisted image analysis was performed to char-

acterize the distribution of MCs around the vessel profiles.

The image analysis was performed by means of the scan-

ning platform Aperio ScanScope CS (Leica). At a primary

magnification of 209, five randomly chosen fields per

section were selected and their images acquired in full

colors (RGB, 24-bit), processed to correct shading, and

then filed TIFF. All the image analysis procedures were

performed by using the ImageJ software, freely available at

http://rsb.info.nih.gov/ij/.

The main steps of the image analysis procedure are

illustrated in Fig. 2. Color deconvolution was first applied

Fig. 1 Example of distance measurement. Distances were assessed with the ruler tool available in the ImageScope software. a Example of

measurement of distance between a mast cell and blood vessels. b Example of measurement of distance between MCs

Clin Exp Med

123

http://rsb.info.nih.gov/ij/


to allow the identification of vessels and MC profiles. This

procedure implements stain separation according to the

method by Ruifrok and Johnston [4] and was performed by

using an ImageJ plug-in specifically developed by Gabriel

Landini (see http://www.mecourse.com/landinig/software/

software.html). As shown in Fig. 2b, this procedure allows

the generation of two images containing CD31- and DAB-

stained structures, respectively. From these images, vessel

and MC profiles can then be easily discriminated by con-

ventional thresholding methods (Fig. 2c) and the number

and positions (i.e., x-, y-coordinates of the gravity centers)

of MC profiles can be evaluated. To estimate the distance

of each MC profile from the vessels, the binary image of

the vessel profiles was further processed to calculate its

‘‘distance transform’’ [5]. This algorithm provides a map

where each background pixel is labeled (Fig. 2d) with a

value equal to its distance from the nearest pixel belonging

to a vessel profile. The distance from vessels of each MC

profile was then evaluated by the value the map exhibited

at the location corresponding to the x-, y-coordinates of the

cell profile. Around the observed set of vessel profiles, 50

random (Poisson) point patterns were finally computer

generated. Each pattern had a number of points equal to the

number of observed mast cell profiles. They underwent the

previously described analysis in order to provide Monte

Carlo estimates [6] of the distances from vessels in the case

of complete spatial randomness (CSR).

Statistics

Within each sample, MC density values (number of cells

per unit area of sampled tissue) and distances from the

nearest vessel profile were averaged to provide a repre-

sentative value for that sample. Differences between the

groups of samples were then statistically tested by one-way

analysis of variance followed by Bonferroni’s test for

multiple comparisons. The GraphPad Prism 3.0 statistical

package (GraphPad Software Inc., San Diego CA, USA)

was used for the analysis, and p B 0.05 was considered as

the limit for statistical significance.

For each group, the cumulative frequency distribution

[G(d)] of all the observed cell-to-vessel distances was

calculated. Its expected value under CSR [G0(d)] was

estimated by averaging the cumulative frequency distri-

butions of the distances from vessels obtained from the 50

simulated random point patterns. To interpret the cell-to-

vessel spatial relationship statistically, the 95 % confidence

envelope for G0(d) was also calculated from the Monte

Fig. 2 Main steps of the image analysis procedure. a Field image

analysis with CD31-positive vessels (red) and tryptase-positive MCs

(brown). b By applying a color deconvolution procedure (see text),

the two stains can be efficiently separated. c Binary image of the

vessel profiles and MCs obtained by conventional thresholding of the

images in B. d Distance transform of the image shown in c;

background pixels are labeled according to their distance from the

nearest vessel profile boundary as indicated by the colored contour

lines. The distance of each cell profile from the vessels can be

estimated by the value of the map at the point where the cell profile is

located (i.e., at its x-, y-coordinates) (color figure online)
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Carlo simulations [7]. The null hypothesis is that there is

no difference between the two functions, i.e.,

G(d) = G0(d) for all d. Thus, if G(d) is greater than the

confidence envelope around G0(d), then the cells are

clustered around the vessels, i.e., they are closer to the

vessels than expected by chance. If G(d) is lower than the

envelope around G0(d), then short cell-to-vessel distances

are less frequent than expected by chance; i.e., the place-

ment of the cells close to the vessels was ‘‘inhibited’’ [8].

Results

Mast cell counts

Cell counting showed a significant difference (p\ 0.001)

in mean MCs number among the groups examined (Fig. 3).

In particular, a progressively increased number of MCs was

found with the lowest number of MCs detected in non-

neoplastic endometrium (mean = 2.7 SD = 0.42), fol-

lowed by an higher number of MCs in endometrial cancer

grade I (mean = 10.80 SD = 0.28) and by the highest

number detected in endometrial carcinoma grade III

(mean = 20.00 SD = 0.85).

Distances between MCs and blood vessels

Measurements showed a significant difference in the mean

distance between MCs and blood vessels among the groups

(Fig. 4). Specifically, the mean distance in micrometers of

MCs from vessels was significantly higher in the non-

neoplastic endometrium (mean = 97.48 SD = 19.35)

when compared with grade I (mean = 40.63 SD = 5.85)

and grade III (mean = 34.25 SD = 1.41) endometrial

carcinoma indicating a closer spatial relationship between

MCs and vessels in endometrial carcinoma. No significant

difference was present in the mean distance of MCs from

vessels between grade I and grade III endometrial carci-

noma. Furthermore, distances between different MCs were

not significantly different among the groups considered

(Fig. 4).

Analysis of the spatial relationship between MCs

and microvessels

While in the control group, the spatial distribution of MCs

was consistent with a random distribution (Fig. 5a), in both

grade 1 and grade 3 groups it showed significant deviations

from randomness. In particular, the cell pattern in both

cases was clumped around the vessel profiles as indicated

by a G(d) significantly higher than expected under com-

plete spatial randomness (Fig. 5b, c), suggesting a signifi-

cant spatial association between MCs and vessels.

Consistently, when compared to the control group, in both

grade 1 and grade 3 groups the mean distance of MCs from

vessels (Fig. 4) appeared significantly (p\ 0.01) lower.

Discussion

MCs are widely distributed in connective tissue, and evi-

dence has been provided of a mutual spatial and functional

relationship between MCs and endothelial cells, since in

many organs and under physiological conditions MCs are

Fig. 3 Mast cell counts

progressively increase from

non-neoplastic to grade III

endometrial carcinoma.

Representative images from

a non-neoplastic endometrium,

b grade I endometrial

carcinoma, c grade III

endometrial carcinoma.

d Significant difference between

the experimental groups in mast

cell counts. **p\ 0.01;

***p\ 0.0001
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localized close to capillaries and lymphatic channels [9–

11]. Several lines of evidence have implicated MCs in the

regulation of physiological or pathological examples of

angiogenesis, including wound healing [12], ovulation

[13], chronic inflammation [14], and tumor growth [15].

An increased number of MCs have been demonstrated in

angiogenesis associated with vascular tumors, like

hemangioma and hemangioblastoma [16, 17], as well as a

number of hematological and solid tumors, including

lymphomas [18–21], multiple myeloma [22], myelodys-

plastic syndrome [23], B cell chronic lymphocytic leuke-

mia [24], breast cancer [25, 26], colon-rectal cancer [27],

uterine and cervix cancer [1, 28, 29], melanoma [30–34],

and pulmonary adenocarcinoma [35], in which mast cell

accumulation correlates with increased neovascularization,

mast cell vascular endothelial growth factor (VEGF) and

fibroblast growth factor-2 (FGF-2) expression, tumor

aggressiveness, and poor prognosis [33, 36].

A quantitative assessment of the spatial co-localization

of MCs and vessels in tissue sections from the lesions of

patients with primary melanoma as compared with samples

from common acquired nevi was also provided [37]. In the

present study, we have further expanded this quantitative

approach to analyze the changes exhibited by the spatial

distribution of MCs around the vessels in human

endometrial cancer bioptic specimens as compared to

normal tissue samples.

The approach here followed derived from spatial

statistics [38, 39] and was based on the statistical analysis

of the distribution of the distances of MCs from vessels

with the aim to objectively establish whether the two

structures (MCs and vessels) were distributed indepen-

dently over the studied area or displayed any kind of spatial

association. Such an analysis involved the comparison of

the observed distribution of MC-to-vessel distances with

the one corresponding to the case of complete spatial

randomness, i.e., in which the MCs are distributed ran-

domly over the studied area. To derive this reference

Fig. 4 Distance measurements

between MCs and vessels and

between MCs. a Significant

difference between non-

neoplastic endometrium and

carcinoma grades I and III in

mean distance from blood

vessels. b No significant

difference among the

experimental groups in mean

distance between different MCs.

**p\ 0.01

Fig. 5 Analysis of the spatial relationship between MCs and

microvessels. Solid lines indicate the difference between the observed

distribution of cell-to-vessel distances [G(d)] and the estimated

distribution [G0(d)] under complete spatial randomness (CSR). Dotted

lines indicate the 95 % confidence envelope for CSR. While in the

control group the spatial distribution of MCs was consistent with a

random one (a), in both grade 1 (b) and grade 3 (c) groups there was a
significant spatial association between MCs and vessels as indicated

by a frequency of short cell-to-vessel distances significantly higher

than expected by chance
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distribution, a simulation technique was applied [6],

involving the computer generation of point patterns of the

same size as the observed cell pattern, but placed in the

area under investigation according to a random (Poisson)

distribution [37].

The results of this study have shown that in human

endometrial cancer bioptic specimens the spatial distribu-

tion of MCs shows significant deviation from randomness

as compared with control group in which, instead, the

spatial distribution of MCs is consistent with a random

distribution. Shorter cell-to-vessel distances could be a

morphological condition important to the increases in the

rate of signal exchange among the cells and vessels [40,

41] and to the induction of higher concentrations of sig-

naling molecules in the peri-cellular and peri-endothelial

environment.

Overall, these findings confirm that MCs enhance tumor

angiogenesis and their preferential localization along blood

vessels and sites of new vessel formation sustaining the

suggestion for an association between MCs and angio-

genesis. However, the spatial association between vessels

and MCs might simply reflect migrating MCs from the

blood stream at vessel growing sites [42] indicating that

these cells are involved in the maintenance reaction nec-

essary for the long-lasting functional integrity of the

endothelium [43].
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