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ABSTRACT: Angiogenesis is in part related to mast cells. However, the biological
significance of mast cells within lung carcinoma remains unclear.

Immunohistochemistry was used to stain for tryptase, CD34 and vascular endo-
thelial growth factor (VEGF) in 85 cases of stage I nonsmall cell lung carcinoma.

VEGF was found in 33 of 53 adenocarcinomas and 14 of 32 squamous cell car-
cinomas. Cases of adenocarcinoma had significantly higher mast cell counts than
those of squamous cell carcinoma. In adenocarcinoma, mast cell counts in VEGF-
positive tumours were significantly higher than in VEGF-negative tumours, whereas
in squamous cell carcinoma they were not. Good correlation was observed between
intratumoural mast cell counts and microvessel counts. Double staining showed most
intratumoural mast cells expressed VEGF. Importantly, only in lung adenocarcinoma,
members in the high mast cell count group had significantly worse prognosis than
those in the low mast cell count group.

It is concluded that tumour-released vascular endothelial growth factors may be
related to mast cell accumulation, intratumoural mast cells may produce vascular
endothelial growth factor, and stromal mast cells correlate with angiogenesis and poor
outcome in stage I lung adenocarcinoma.
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Invasion and metastasis are cardinal features of malig-
nant tumours and the complexity of these phenomena is
well recognized. Tumour cell interactions with interstitial
stroma or specific host cells may be of prime importance in
determining invasive and metastatic behaviour. Tumour
angiogenesis is certainly one of the most important factors
involved in the development and progression of some solid
human tumours [1, 2]. Recent studies [3±7] have demon-
strated that angiogenesis assessed by microvessel counts
(MVCs) is closely related to postoperative relapse, es-
pecially with distal metastasis, indicating that MVC with-
in tumours is a prognostic factor in nonsmall cell lung
carcinoma (NSCLC), especially stage I NSCLC.

Increased numbers of mast cells have been shown in
malignant tumours including colorectal carcinoma [8],
breast carcinoma [9, 10], basal cell carcinoma of the skin
[11], soft tissue tumours [12] and melanoma [13]. Al-
though functional roles of mast cells in tumour behaviour
have remained speculative, several lines of evidence [14±
19] suggest that mast cells are responsible for mediating
angiogenesis.

Vascular endothelial growth factor (VEGF) is a highly
specific mitogen for vascular endothelial cells, known to
be involved in physiological (embryogenesis) and patho-
physiological (rheumatoid arthritis, tumour) angiogenesis
[20]. Recent investigations [4, 6, 7] have demonstrated
that VEGF is one of the significant cytokines in the angio-
genesis of lung carcinoma, and its expression in lung car-
cinoma cells correlates with clinical outcome. However
mast cells have recently been shown to be a rich source of

VEGF [17, 18]. In addition, VEGF is reported to induce
chemotactic migration of mast cells [21]. The aims of this
study were to assess intratumoural MVCs and mast cell
counts, to examine VEGF expression, and to analyse the
clinicopathological role of mast cell counts in patients
with stage I NSCLC.

Methods

Patients

The subjects consisted of consecutive patients with stage
I NSCLC who were treated only by surgery at Sapporo
Medical University Hospital, (Sapporo, Japan) between
January 1981 and December 1992. Lymph nodes were ex-
tensively sampled at thoracotomy and they were patholo-
gically confirmed to have no metastasis in mediastinal
lymph nodes. In this study, patients with atopic diseases
including asthma, atopic dermatitis and allergic rhinitis
were excluded in order to eliminate the influence of atopy
on mast cell counts. Patients with stage I NSCLC who died
of unrelated diseases were also excluded. The subjects con-
sisted of 85 consecutive patients (56 male and 29 female);
58 patients had T1 tumour and 27 patients had T2 tumour.
These tumours included 53 cases of adenocarcinoma, 32
cases of squamous cell carcinoma and none of large cell
carcinoma. Forty-eight patients had well-differentiated
carcinoma (30 patients adenocarcinoma and 18 squamous
cell carcinoma), 28 patients had moderately-differentiated
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carcinoma (15 adenocarcinoma and 13 squamous cell car-
cinoma) and nine patients had poorly-differentiated carcin-
oma (8 adenocarcinoma and 1 squamous cell carcinoma).
Postoperative follow-up comprised 3 or 6 monthly office
visits, with yearly restaging or as indicated clinically. All
reasonable attempts were made to confirm tumour recur-
rence/metastasis cytologically or histologically, using radio-
logically-guided or echo-guided fine needle aspiration
or bronchoscopic biopsy. Twenty-six patients had post-
operative relapse and 59 patients were disease-free and
alive with a follow-up of 65±210 months (median, 137
months). When the survival rates were calculated using the
Kaplan-Meier method, there were no significant differ-
ences in survivals rates between: patients with stage I lung
adenocarcinoma and squamous cell carcinoma; patients
that were histologically differentiated into subgroups of
adenocarcinoma; and between moderate- and well-differ-
entiation subgroups of squamous cell carcinoma.

Immunohistochemistry

Immunohistochemical analyses were performed on at
least two paraffin blocks of resected lung tissue per patient.
Details of the technique have been previously described for
human mast cell tryptase [22], CD34 and VEGF [6].
Tumour tissue specimens were fixed with 10% buffered
formalin and embedded in paraffin. Five-micrometre-
thick sections were mounted on silanized slides (Dako
Japan, Kyoto, Japan) and deparaffinized with xylene and
ethanol. To retrieve the antigen, sections were pretreated
in 0.1% trypsin (Dako, Glostrup, Denmark) and 0.1%
CaCl2 in 50 mmol Tris buffer pH 7.4 at 378C for 120 min
before immunostaining of mast cell tryptase and pre-
treated in 10 mmol citrate buffer, pH 6.0 with autoclave
for 15 min at 1208C before the immunostaining of CD34
as described previously [6]. No pretreatment was perfor-
med before the immunostaining of VEGF. The sections
were then washed three times with phosphate buffered
saline (PBS) for 5 min. The sections were soaked in abso-
lute methanol containing 0.3% hydrogen peroxide for 30
min at room temperature to remove endogenous peroxi-
dase activity. To suppress nonspecific binding, the sec-
tions were incubated with 1.5% nonimmune goat serum
for 20 min. The sections were then incubated with mouse
monoclonal antibody QBEND10 to CD34 (5 mg.mL-1;
Immunotech, Cedex, France), with monoclonal antibody
AA1 to human mast cell tryptase (1 mg.mL-1; Dako), or
with rabbit polyclonal antibody to VEGF (5 mg.mL-1;
Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 60
min at room temperature. After being washed with PBS,
the slides were subsequently incubated with biotin-con-
jugated goat antimouse or goat antirabbit immunoglobu-
lin (Ig)G antibody for 30 min. Then, after being washed
again with PBS, the sections were incubated with avidin-
biotin-peroxidase complex (Vectastain Elite ABC kit;
Vector Laboratories, Berlingame, CA, USA) for 30 min,
and washed once more with PBS. The sections were fi-
nally incubated with 0.03% hydrogen peroxide and 0.05%
3,3'-diaminobenzidine. The slides were then washed in
running tap water, counterstained with haematoxylin, and
mounted in Canadian balsam. Nonimmunized mouse or
rabbit IgG was used as a negative control. No significant
immunohistochemical reaction occurred in the control
sections.

The specificity of polyclonal antibody against VEGF
was tested; VEGF blocking peptide (Santa Cruz Biotech-
nology) completely absorbed VEGF immunoreactivities in
VEGF immunostaining.

To evaluate immunohistochemical expression of VEGF
the authors established a score corresponding to the sum of
both: staining intensity (0 = negative; 1 = weak; 2 = inter-
mediate; 3 = strong); and percentage of positive cells (0 =
0% positive cells; 1 = <25% positive cells; 2 = 26±50%
positive cells; 3 = >50% positive cells), as described else-
where [6, 7]. The sum of the staining intensity plus the
percentage of positive cells reached a maximum score of
6. A score >3 represented a positive immunohistochem-
ical survey.

To assess intratumoural MVCs and mast cell counts,
immunohistochemical reactivities for CD34 and tryptase
were evaluated, respectively. The authors assessed delin-
eated CD34-positive cells as a microvessel and tryptase-
positive cells as mast cells. Mast cells were counted at the
sites where mast cells most intensively accumulated in a
3200 microscopic field (i.e., 320 objective lens and 310
ocular lens; 0.723 mm2.field of view-1). The authors ex-
cluded perivascular, peribronchial and peribronchiolar
regions within tumours for the evaluation of mast cell
counts. In the areas that were considered to be most active
for neovascularization, stained vessels were counted in a
3200 microscopic field; the MVCs were designated as
MVCs at the most neovascularization sites. MVCs were
also evaluated at the sites where mast cells most inten-
sively accumulated in serial sections. The averages of mast
cells and microvessels counted in five fields were calcu-
lated as described elsewhere [6]. The mast cell counts and
MVCs were assessed without knowledge of patient
outcome (the presence or absence of relapse or any other
pertinent variable) by two investigators. Between two ob-
servers, there were good correlations of MVCs (r=0.866,
p<0.0001) and mast cell counts (r=0.950, p<0.0001).

To assess whether intratumoural mast cells express
VEGF, sections were double labelled with anti-VEGF plus
antitryptase antibody using combined ABC-peroxidase
and ABC-alkaline phosphatase methods (Vectastain-AP
kit, Vector Laboratories). Diaminobenzidine was used as
the substrate of horseradish peroxidase and 5-bromo-4-
choloro-indolyl phosphate (BCIT)/nitroblue tetrazolium
(NBT) (Vector Laboratories) was applied to the alkaline
phosphatase substrate. For this experiment, several con-
trols were used: 1) anti-VEGF antibody first and anti-
tryptase antibody later; 2) antitryptase antibody first and
anti-VEGF antibody later, and 3) omission of the first anti-
body and/or secondary antibody. To assess how many mast
cells ex-press VEGF, VEGF-positive cells were counted in
200 tryptase-positive cells.

Statistical analysis

Data are expressed as mean�SD. The Mann-Whitney U-
test was used for analysis of two unpaired samples and the
Pearson's least squares linear regression analysis was used
to determine correlations. Contingency tables were anal-
ysed for trends with the Chi-squared test. Survivals were
calculated from the day of operation using the Kaplan-
Meier method and differences in the survivals were
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examined by the Wilcoxon test. The level of critical signi-
ficance was assigned at p<0.05.

Results

Microvessel counts

The MVCs were assessed in the most intensive areas of
neovascularization within tumours by an immunohisto-
chemical survey of CD34. Delineated CD34-positive cells
were counted as a microvessel (fig. 1A and 1B). The mean
MVC in cases of adenocarcinoma was 79.8�39.4 per
3200 microscopic field with a range of 4±229 and that of
squamous cell carcinoma was 33.8�15.7 with a range of
5±72. The mean MVC at the most neovascularized sites
in stage I lung adenocarcinoma was significantly higher
than that in stage I lung squamous cell carcinoma (p<
0.0001). There were no significant differences of MVCs
between genders, distinct tumour size ($3 cm and <3
cm), or distinct histological differentiation subgroups in
lung adenocarcinoma or in squamous cell carcinoma.

Mast cell counts

The authors assessed mast cell counts in the control lung
tissue and at the sites where mast cells most intensively
accumulated within tumours by an immunohistochemical
survey of tryptase. Tryptase-positive cells were counted as
mast cells (fig. 1C and 1D). In the control lung tissue the
average mast cell count was 9.2�2.3 per 3200 micro-
scopic field. The mean mast cell count in cases of
adenocarcinoma was 84.9�71.5 with a range of 1±284
and that of squamous cell carcinoma was 18.7�15.6 with
a range of 1±77. The mast cell counts in cases of ad-
enocarcinoma were significantly higher than those of
squamous cell carcinoma (p<0.0001). Most intratumoural
mast cells were located proximally to microvessels in
lung adenocarcinoma, whereas a few intratumoural mast
cells were in lung squamous cell carcinoma. There were
no significant differences of intratumoural mast cell co-
unts between genders or distinct tumour size groups in
adenocarcinoma or in squamous cell carcinoma. In ad-
enocarcinoma, mast cell counts in the well- (105.1�71.0)
and moderate-differentiation subgroups (77.5�72.6) were
significantly higher than in the poor-differentiation sub-
group (23.0�19.7; p<0.0005 and p<0.05, respectively),
while there was no significant difference of mast cell
counts between the moderate- and well-differentiation
subgroups. There was no significant difference of mast
cell counts between well- and moderate-differentiation
subgroups of lung squamous cell carcinoma. The mast
cell count in a case of poorly-differentiated squamous cell
carcinoma was one.

Vascular endothelial growth factor expression

The immunoreactivities of VEGF were found in the tu-
mour cells (fig. 1E and 1F). A part of fibroblasts, smooth
muscle cells, and inflammatory cells within the intratu-
moural stroma were positive for VEGF as well. No sig-
nificant immunoreactivity was observed when control
rabbit IgG was used (fig. 1G and 1H). Immunohisto-
chemical expression of VEGF was found in 33 of 53

cases of stage I lung adenocarcinoma and in 14 of 32
cases of stage I squamous cell carcinoma. There were
no significant differences of VEGF expression between
genders, distinct tumour size, or distinct histological dif-
ferentiation subgroups in lung adenocarcinoma or in
squamous cell carcinoma.

Double staining of vascular endothelial growth factor
and tryptase

This study clearly demonstrates increased accumulation
of mast cells within intratumoural stroma. To assess whe-
ther intratumoural mast cells express VEGF, the authors
double labelled sections with anti-VEGF and with anti-
tryptase antibody (fig. 2A and 2B). It was found that most
intratumoural mast cells were positive for VEGF (78±
94% in adenocarcinoma and 75±88% in squamous cell
carcinoma).

Correlations of mast cell counts with microvessel co-
unts

Correlations between mast cell counts and MVCs were
analysed at the sites where mast cells most intensively
accumulated in NSCLC. Their significant positive correla-
tions were found in lung adenocarcinoma (r=0.791 p<
0.0001) and squamous cell carcinoma (r=0.499, p<0.01;
fig. 3). There were significant positive correlations be-
tween MVCs at the most neovascularized sites and mast
cell counts in lung adenocarcinoma (r=0.641, p<0.0001)
and squamous cell carcinoma (r=0.359, p<0.05). Good
correlations were also found between MVCs at the most
neovascularized sites and at the sites where mast cells
most intensively accumulated in lung adenocarcinoma
(r=0.859, p<0.0001) and squamous cell carcinoma (r=
0.637, p<0.0001).

Relationships of vascular endothelial growth factor ex-
pression with microvessel counts and mast cell counts

The mean MVC at the most neovascularized sites in
VEGF-positive adenocarcinomas (94.3�40.6) was signi-
ficantly higher than that in VEGF-negative adenocar-
cinomas (56.0�22.6; p<0.0005), whereas there was no
significant difference between VEGF-positive (36.7�16.8)
and VEGF-negative squamouscell carcinomas (31.6�14.9).
The mean mast cell count in VEGF-positive adenocarci-
nomas (102.8�72.5) was significantly higher than that in
VEGF-negative adenocarcinomas (55.3�60.6; p<0.005;
fig. 4) whereas there was no significant difference of mast
cell counts between VEGF-positive (16.6�10.5) and
VEGF-negative squamous cell carcinomas (20.3�18.8).

Relationship of clinical outcome to mast cell counts

By using cut-off values of means of mast cell counts
(adenocarcinoma 84.9; squamous cell carcinoma 18.6), the
patients were divided into low (adenocarcinoma 30; squa-
mous cell carcinoma 17) and high mast cell count groups
(adenocarcinoma 23; squamous cell carcinoma 15).

In patients with lung adenocarcinoma, the postoperative
relapse rate in the high mast cell count group (11/23; 48%)
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Fig. 1. ± Immunohistochemical study of CD34, tryptase and vascular endothelial growth factor (VEGF) in lung adenocarcinoma (A, C, E and G) and
squamous cell carcinoma (B, D, F, and H). The delineated CD34-positive cells were assessed as a microvessel (A and B). Tryptase-positive cells are
assessed as mast cells (C and D). VEGF was expressed in cancer cells and some stromal cells are positive for VEGF (E and F). No significant
immunoreactivity was observed when control rabbit immunoglobulin G was used (G and H). Internal scale bar = 50 mm.
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was significantly higher than that in the low mast cell count
group (4/30; 13%; p<0.01) whereas in patients with squa-
mous cell carcinoma there was no significant difference
between the low (5/15; 33%) and high mast cell count
groups (6/17; 35%). In well- and moderate-differentiation
subgroups of lung adenocarcinoma, the postoperative re-
lapse rate in the high mast cell count group (11/23; 48%)

was significantly higher than that in the low mast cell count
group (2/22; 9%; p<0.005).

Using the Kaplan-Meier survival estimates, the authors
compared survivals in the low and high mast cell count
groups. In patients with stage I lung adenocarcinoma.
members in the high mast cell count group had signi-
ficantly worse prognosis than those in the low mast cell
count group (p<0.05; fig. 5a), whereas in patients with
stage I squamous cell carcinoma, they did not (fig. 5b). In
the well- and moderate-differentiation subgroups of lung
adenocarcinoma, members in the high mast cell count
group had extremely significantly worse prognosis than
those in the low mast cell count group (p<0.01; fig. 5c).

Discussion

This study demonstrates, that counts of intratumoural
stromal mast cells significantly correlate with MVCs at the
sites where mast cells intensively accumulate in NSCLC.
To the authors' knowledge, this is the first report to de-
monstrate that intratumoural stromal mast cells correlate
with angiogenesis in NSCLC. A site where mast cells
intensively accumulate may be a site of new microvessel
growth in NSCLC and mast cells may play a crucial role in
neovascularization in NSCLC, especially lung adenocar-
cinoma. Angiogenesis has much to do with mast cells,
because mast-cell-deficient W/Wv mice growing B16-BL6
tumours have been shown to exhibit a decreased rate of
tumour angiogenesis as compared with mast-cell-sufficient
+/+ littermate mice [19].

Neovascularization is crucial for sustained tumour gro-
wth as it allows oxygenation and nutrient perfusion of the
tumour as well as removal of waste products. Increased
angiogenesis coincides with increased tumour cell entry
into circulation and thus facilitates metastasis [1, 2] An-
giogenesis assessed by MVCs is related with poor out-
come in stage I NSCLC [4±7]. To date, at least 20
angiogenic molecules have been identified. Among these
molecules with angiogenic activity, VEGF is thought to
be one of the most important, because specific inhibition
of VEGF decreases tumour neovascularization and
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Fig. 3. ± Correlations between mast cell counts and microvessel counts
(both shown as per 3200 microscopic field) in cases of lung adeno-
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Fig. 4. ± Mast cell counts (per 3200 microscopic field) in cases of
vascular endothelial growth factor (VEGF)-positive and VEGF-negative
lung adenocarcinoma (a) and squamous cell carcinoma (b). In adeno-
carcinoma mast cell counts in cases of VEGF-positive tumours were
significantly higher than those in cases of VEGF-negative tumours
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Fig. 2. ± Double staining of tryptase and vascular endothelial growth
factor (VEGF) in lung adenocarcinoma (A) and squamous cell car-
cinoma (B). VEGF was visualized using diaminobenzidine as brown and
tryptase was visualized using 5-bromo-4-choloro-indolyl phosphate
(BCIT)/nitroblue tetrazolium (NBT) as blue in double staining. Tryp-
tase-positive mast cells express VEGF. Internal scale bar = 20 mm.
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substantially inhibits primary tumour growth in vivo [23].
The current authors and other investigators have detected
VEGF expression in NSCLC [4, 6, 7].

YUAN and coworkers [3] and SHIJUBO et al. [7] have
demonstrated that the mean MVC in lung adenocarcino-
ma is significantly higher than in lung squamous cell
carcinoma. This study demonstrates significantly higher
counts of intratumoural stromal mast cells in lung adeno-
carcinoma than those in lung squamous cell carcinoma. In
lung adenocarcinoma, mast cell counts in the well- and

moderate-differentiation subgroups were significantly hi-
gher than in the poor-differentiation subgroup. The dif-
ference of mast cell counts between lung adenocarcinoma
and squamous cell carcinoma and among histological
differentiation subgroups of lung adenocarcinoma may be
elucidated by the complex molecular and cellular mech-
anisms of mast cell accumulation within tumours. The
difference of mast cell accumulation between lung adeno-
carcinoma and squamous cell carcinoma may be eluci-
dated by the differing production of the cytokines that
have properties that reduce mast cell accumulation. Slow
tumour growth seems to make a good environment for
slow activation of mast cells and accumulation of mast
cells. Interestingly, the number of mast cells in the upper
dermis was significantly increased in VEGF transgenic
mice using a keratin 14 promoter expression cassette con-
taining the gene for murine VEGF-164 to selectively
target VEGF expression to basal epidermal keratinocytes
[24], suggesting that VEGF overproduction from kera-
tinocytes induces mast cell migration. A recent study [21]
has demonstrated that mast cells migrate in response to
angiogenic factors including VEGF. In lung adenocarci-
noma, VEGF-positive tumours had significantly higher
mast cell counts than VEGF-negative tumours, whereas
in lung squamous cell carcinoma they did not. The evi-
dence suggests that unlike in lung squamous cell carcin-
oma, VEGF produced from lung adenocarcinoma cells
may induce mast cell migration, although the mechan-
isms by which mast cells accumulate within tumours
remain unclear. Further investigations will be needed to
elucidate why VEGF induces angiogenesis and mast cell
accumulation in lung adenocarcinoma but not in lung
squamous cell carcinoma.

Mast cells accumulate in a number of angiogenesis-
dependent situations including rheumatoid arthritis [25],
wound healing [26], and malignant tumours [8±13]. In
vitro, mast cell conditioned medium stimulates capillary
endothelial cell migration [14]. Mast cell granules localize
within endothelial cells and stimulate their proliferation
[14]. Mast cell products also degrade connective tissue
matrix to provide space for neovascular sprouts to form
[16]. Mast cell histamine induces angiogenesis and heparin
promotes new vessel formation in vivo [14]. Tryptase de-
rived from mast cells stimulates vascular tube formation
and functions as a mitogen for microvascular endothelial
cells [16]. Tryptase also activates latent metalloproteinases
[27] and plasminogen activator [14], which function to de-
grade the extracellular matrix. Mast cells have been repor-
ted to express matrix metalloproteases 2 and 9 [28], which
are pivotal enzymes in matrix remodelling. Such matrix
degradation is crucial in the early stages of angiogenesis.
Mast cells have been shown to produce VEGF [17, 18].
This article documents VEGF expression in intratumoural
stromal mast cells in stage I NSCLC.

Increased numbers of mast cells have been shown in
colorectal cancer [8], breast carcinoma [9, 10], basal cell
carcinoma of the skin [11], soft tissue tumours [12] and
melanoma [13]. The functional significance of the ac-
cumulation of mast cells within tumours is a subject of
controversy because of contradictory experimental [29]
and clinical data; intratumoural mast cell numbers corre-
late with metastasis in breast carcinoma [9] and invasive-
ness in melanoma [13], while in contrast in soft tissue
sarcoma, patients with distant metastases all belonged to
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in patients with lung adenocarcinoma (a and c) and squamous cell
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the low mast cell count group [12]. In mast-cell-deficient
W/Wv mice a decreased rate of tumour angiogenesis has
been shown in parallel with a decreased haematogenous
metastasis [19]. However, mast cells are shown to be a
rich source of tumour necrosis factor-a cytotoxic for some
tumours [14, 29], and the mast cell derived cytokine,
interleukin-4, which inhibits growth and induces apoptosis
in human carcinoma cells [30]. In patients with stage I lung
adenocarcinoma, the postoperative relapse rate in the high
mast cell count group was significantly higher than in the
low mast cell count group, whereas there was no significant
difference of the postoperative relapse rate between two
groups in stage I lung squamous cell carcinoma. More
importantly, only in patients with stage I lung adeno-
carcinoma, the high mast cell count group had significantly
worse prognosis than the low mast cell count group. This is
the first report to document that mast cell accumulation
within tumours correlates with metastasis and poor out-
come in patients with lung adenocarcinoma.

It is concluded that intratumoural stromal mast cells
correlate with angiogenesis assessed by microvessel counts
and with poor outcome in stage I lung adenocarcinoma.
Vascular endothelial growth factor released from adenocar-
cinoma cells may be related to mast cell accumulation and
most intratumoural stromal mast cells produce vascular en-
dothelial growth factor. Intratumoural stromal mast cell
counts may be a significant prognostic factor in patients with
stage I well- and moderately-differentiated lung adenocar-
cinoma.
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