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Abstract

Purpose We have previously demonstrated in a pilot

study of 348 invasive breast cancers that mast cell (MC)

infiltrates within primary breast cancers are associated with

a good prognosis. Our aim was to verify this finding in a

larger cohort of invasive breast cancer patients and exam-

ine the relationship between the presence of MCs and other

clinical and pathological features.

Experimental design Clinically annotated tissue micro-

arrays (TMAs) containing 4,444 cases were constructed

and stained with c-Kit (CD-117) using standard immun-

operoxidase techniques to identify and quantify MCs. For

statistical analysis, we applied a split-sample validation

technique. Breast cancer specific survival was analyzed by

Kaplan–Meier [KM] method and log rank test was used to

compare survival curves.

Results Survival analysis by KM method showed that the

presence of stromal MCs was a favourable prognostic

factor in the training set (P = 0.001), and the validation set

group (P = 0.006). X-tile plot generated to define the

optimal number of MCs showed that the presence of any

number of stromal MCs predicted good prognosis. Multi-

variate analysis showed that the MC effect in the training

set (Hazard ratio [HR] = 0.804, 95% Confidence interval

[CI], 0.653–0.991, P = 0.041) and validation set analysis

(HR = 0.846, 95% CI, 0.683–1.049, P = 0.128) was

independent of age, tumor grade, tumor size, lymph node,

ER and Her2 status.

Conclusions This study concludes that stromal MC

infiltration in invasive breast cancer is an independent good

prognostic marker and reiterates the critical role of local

inflammatory responses in breast cancer progression.

Keywords Breast cancer � Inflammatory infiltrate �
Mast cells � Stroma

Introduction

Mast cells (MCs) are part of the innate immune system and

are recruited to and activated in the microenvironment of a

developing tumor. MCs originate from multipotential

hemopoietic stem cells in the bone marrow, and express the

proto-oncogene c-kit, a transmembrane type III tyrosine

kinase receptor protein [1]. After leaving the vascular bed

they differentiate and acquire functional maturity.

MC infiltrates have been described in a variety of human

cancers, including non-small-cell lung cancer [2–4], breast

cancer [5], colorectal cancer [6], basal cell carcinoma [7]

and pulmonary adenocarcinoma [8]. MCs are attracted to

the tumor by tumor-derived chemo attractants where they

either degranulate to release potential tumor cytotoxic

compounds or become innocent bystanders depending on

local tumor conditions [9]. There is controversy about the
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pro- and anti-tumorigenic effects of MCs in different

cancers. The accumulation of MCs has been associated

with enhanced growth and invasion of several human

cancers [10]. On the other hand, MC infiltration has been

associated with good prognosis in breast [11, 12] ovarian

[13], lung [14] and colorectal [15] carcinomas.

Murine models have shown that tumor incidence and

growth are inversely correlated with the MC density in

MC-deficient mice compared to normal [16].

Our previously published pilot report of 348 case series

of breast carcinomas showed that the presence of stromal

MCs correlated with a good prognosis (P = 0.0036) in

invasive breast cancer [11].We present here a large tissue

microarray (TMA) study of 4,444 cases of invasive breast

carcinomas with clinical outcome data. This study vali-

dates the independent prognostic significance of stromal

MCs in breast cancer.

Materials and methods

Patient selection

A total of 4,620 archival samples from patients with

invasive breast carcinoma referred to the British Columbia

Cancer Agency between January 1986 and September 1992

were used for TMA construction. The Clinical Research

Ethics Board of the University of British Columbia

approved the study. Patients with in-situ disease, metastatic

disease at presentation, and male breast cancer were

excluded from analysis, thus bringing the final tally to

4,444 cases. This represents 34% of all patients diagnosed

with breast cancer in the province of British Columbia

during this time period. This large, well characterized co-

hort is derived from a consecutive series of patients who

were referred to the BC Cancer Agency for consultation

and had tumor samples sent to a central laboratory at the

Vancouver General Hospital for estrogen receptor (ER)

status. Consequently, for all of these patients we have

available detailed demographic and outcome data, as well

as formalin fixed paraffin embedded (FFPE) primary tumor

samples for immunohistochemical analysis. Available

clinical information includes age, histology, tumor grade,

tumor size, lymph node status, type of local and adjuvant

systemic therapy, and dates of first recurrence and death.

Clinical and pathological variables were determined

following well-established criteria. A portion of this cohort

of patients was recently used in a population study

validating the on-line breast cancer prognostic calculator

ADJUVANT! Online [17].

TMA construction

The Vancouver Hospital ER laboratory retained single

archival tumor blocks from each case in this patient cohort.

The material had been frozen prior to neutral buffered

formalin fixation. All the paraffin sections were first stained

with H&E and reviewed by a pathologist. Representative

tumor areas were circled and matched with the donor

blocks. 0.6-mm cores were punched out from the donor

blocks and embedded 1 mm apart in 17 recipient blocks

using Tissue Microarrayer (Beecher instruments Silver

Springs, MD). These tissue arrays have been used to test

the new ER SP1 antibody that improves the sensitivity for

detecting ER by IHC [18].

Immunohistochemistry (IHC)

Sections from TMA were cut at 4 lm and immunostained

with antibody to KIT (CD117), a transmembrane tyrosine

kinase acting as a type III receptor for MC growth factor.

Slides were also concurrently stained for ER and Her2

using standard immunoperoxidase techniques. The anti-

bodies and antigen retrieval methods are summarized in

Table 1.

Immunohistochemical image processing and scoring

The stained slides were digitally scanned with a BLISS

automated digital imaging microscope (Bacus Laboratories,

Lombard, IL) which consists of a microscope with a

scanning stage, video camera and software designed for

scanning TMAs. A relational database was constructed using

identification information and immunohistochemistry scores

for each tissue core in the microarrays. An internet website

was then constructed using this database and a WebSlide-

Viewer Java applet provided by the manufacturer to view the

microarray images and allow for an image zooming func-

tionality. This website is publicly accessible through http://

www.gpecimage.ubc.ca/tma/web/viewer.php.

Table 1 Details of antibodies

used for immunohistochemistry
Antibody Isotype Company Antigen retrieval Concentration

c-kit Rabbit polyclonal Dako Ventana 1:100

Her2 SP3 Rabbit monoclonal Lab vision Steam 30 min, 0.05 M TRIS buffer (pH 10) 1:100

ER SP1 Rabbit monoclonal Lab vision Citrate buffer (pH 6) 1:250
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The slides were scored manually by two independent

pathologists, blinded to the clinical outcome, as previously

described [11]. Total number of stained MCs in each core

was recorded. ER status was assessed using the rabbit

monoclonal antibody (SP1) antibody [18]. The fractions

of ER positive tumor nuclei were scored as 0 (<1%), 1

(1–25%), 2 (25–75%), and 3 (>75%). Her2 SP3 rabbit

monoclonal from LabVision (NeoMarkers) was used to

stain the TMA slides and were scored using Hercept test�

(Dako Corporation, Carpinteria, CA) scoring system. Final

Her2 score was derived using both IHC and Fluorescent

in situ hybridization (FISH) assays. Cases with Her2 IHC

Herceptest score = 3, were scored as positive. Those cases

with Her2 IHC Herceptest score = 2 were re-evaluated

using FISH assay, and only those cases with Her2 FISH

amplification ratio ‡2.0 were scored as Her2 positive.

C-Kit and ER scores were binarized for statistical analysis

as follows: CD-117: 0 = no MCs; 1 = any MCs; ER:

0 £ 1% nuclei stained; 1 ‡ 1% nuclei stained. We

excluded cases for which it was not possible to assign a

score to the immunostaining (insufficient invasive tumor in

the core, or missing core).

Statistical analysis

The raw scores were entered into an Excel database and

each TMA core was assigned a unique core ID number.

The spreadsheet was then processed utilizing TMA-

Deconvoluter 1.06 software that had been adapted for

TMA analysis [19]. A database was created by incorpora-

tion of all deconvoluted marker data into the clinicopath-

ologic patient database.

We applied a split-sample validation technique for our

statistical analysis. Our 4,444 patient cohort was strati-

fied into eight subgroups (Table 2) based on adjuvant

treatment received and then randomized into equal sized

training and validation sets. The two groups were bal-

anced with respect to treatment received; but there are

also no significant differences in clinical or pathological

variables, including age, tumor size and grade, nodal

status, and ER status. For this study, and future studies

using this TMA, the primary investigator is given access

to all clinical, outcome, and TMA data from the training

set only. The training set is used to generate and refine

hypotheses regarding the biomarker under study. Signif-

icant findings are then formally presented at a bimonthly

joint scientific group meeting of the Genetic Pathology

Evaluation Centre (GPEC, a collaborative group of

scientists and pathologists) and Breast Cancer Outcomes

Unit (BCOU, a group of oncologists and epidemiologists

based at the BC Cancer Agency). Those findings

considered to be of clinical and scientific interest are

then re-tested on the validation set. A separate researcher

who did not participate in the training set analysis

performs the re-testing on the validation set. Our statis-

tical approach is intended to minimize false positive

results, particularly with subgroup analysis.

Statistical analysis was performed using SPSS 14.0. In

univariate analysis, breast-cancer specific survival (BCSS)

was estimated using Kaplan–Meier (KM) curves, and sig-

nificant differences determined by Log rank tests. For

BCSS, survival time was censored at the date of death if

the cause was not breast cancer or at the date of last follow-

up if the patient was still alive at the end of the study

period. 6 patients with unknown cause of death were

excluded from BCSS analysis. Cox proportional hazards

models were used to calculate adjusted hazard ratios

accounting for covariates. Kendall’s tau-b and the

Mann-Whitney tests were used to measure the correlation

of c-kit status to pathological variables. All statistical tests

were two-sided. The Bonferroni correction for multiple

comparisons was applied during validation set analysis,

and the alpha value for each comparison is 0.05/n, where n

is the total number of comparisons.

X-tile analysis

We also used X-tile software [20] to find the optimal

cut-off point for the total number of MCs that will predict

prognosis in breast cancer patients. X-tile program split the

cohort randomly into a matched training and validation set

as a method for selecting optimal cut-points. It than

calculated a P value for every possible division of the

cohort expression data. A two-dimensional graph with its

corresponding survival curves was plotted where each

colored pixel was proportional to is v2 Value. The program

automatically calculated the maximum v2 value which

served as a cut-point to separate the number of MCs that

predicted prognosis.

Results

Out of 4,620 cases on the TMAs, we selected 4,444 breast

cancers that showed invasive tumor in the cores. The cli-

nico-pathologic characteristics of patients included in the

study are depicted in Table 2. The total number of stained

MCs was recorded as a continuous variable with counts

ranging from 0 to 24 MCs per core. They were seen as

4–20 lm round to oval mononuclear cells with granular

cytoplasm and single oval nucleus. The cytoplasmic

granules were ganglion-, net-, or crystal-shaped (Fig. 1).
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Training set results

Survival analysis

A total of 2,222 patients were included in the training set

analysis. After excluding cases which had insufficient

invasive tumor, missing core or un-interpretable staining

pattern, 1,801 cases were carried forward for the analysis.

Out of these, MCs were present in 508 (28.2%) cases. The

mean survival time of patients with presence of stromal

MCs was 15.0 years (95% CI, 14.5–15.5) compared to

13.9 years (95% CI, 13.5–14.2) for those who did not have

positively stained MCs in their tumor stroma. KM survival

analysis (Fig. 2a) showed that the presence of stromal MCs

Table 2 Summary of clinical-

pathological characteristics of

the 4,444 breast cancer patients

Test set Validation set

n %

within

group

% within

known

values

n %

within

group

% within

known

values

Total 2,222 2,222

Age at diagnosis (years)

Median

(range)

60 (25–95) 60 (23–91)

<40 170 7.7 7.7 157 7.1 7.1

40–54 457 20.6 20.6 468 21.1 21.1

55–69 702 31.6 31.6 809 36.4 36.4

‡70 893 40.2 40.2 788 35.5 35.5

Gender

Female 2,211 99.5 99.5 2,210 99.5 99.5

Male 11 0.5 0.5 10 0.5 0.5

Nodal status

Negative 1,272 57.2 57.4 1,256 56.5 56.8

Positive 943 42.4 42.6 957 43.1 43.2

Unknown 7 0.3 9 0.4

Number of positive nodes

Median

(range)

2 (1–24) 2 (1–28)

1–3 586 62.1 64.3 614 64.2 66.2

4–9 243 25.8 26.7 229 23.9 24.7

‡10 82 8.7 9.0 84 8.8 9.1

Unknown 32 3.4 30 3.1

ER Status at diagnosis

Negative 472 21.2 21.8 472 21.2 21.9

Positive 1,689 76.0 78.2 1,687 75.9 78.1

Unknown 61 2.7 63 2.8

Tumor size (cm)

Median

(range)

2.0 (0.1–9.9) 2.0 (0.1–9.9)

0.1–1.0 265 11.9 12.1 285 12.8 13.0

1.1–2.0 864 38.9 39.4 864 38.9 39.5

2.1–5.0 949 42.7 43.2 915 41.2 41.8

>5.0 117 5.3 5.3 126 5.7 5.8

Unknown 27 1.2 32 1.4

Tumor grade

1 125 5.6 6.0 103 4.6 4.9

2 876 39.4 42.0 844 38.0 40.2

3 1,083 48.7 52.0 1,153 51.9 54.9

Unknown 138 6.2 122 5.5
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was a favourable prognostic marker in the entire training

set (BCSS @ 18.4 years, Log rank [Mantel Cox],

P = 0.001).

Correlation with other biomarkers

There was positive correlation between MCs and ER

(Kendall’s tau-b [sb], 0.034, P = 0.148), Bcl2 (sb = 0.077,

P = 0.002), and Her2 (sb = 0.049, P = 0.052), and nega-

tive correlation between MCs and EGFR (sb = –0.029,

P = 0.228) and CK5/6 (sb = –0.003, P = 0.906) in the

training set analysis (Table 3). As these correlations were

either not significant or extremely weak, they were not

carried forward to the validation set for further analysis.

Nodal status

KM survival analysis showed no statistically significant

difference in the survival between tumors with and without

MCs in node-negative (BCSS @ 18.1 years, Log rank

[Mantel Cox], P = 0.1199) and a significant difference in

the node-positive group (BCSS @ 18.3 years, Log rank

[Mantel Cox], P = 0.0140). Hence, this result was also not

carried forward to the validation set.

Multivariate analysis

Cox proportional hazard model was used to carry out the

multivariate analysis and included age, tumor grade, tumor

size, nodal status, ER and Her2 as independent predictors

of BCSS. All the above variables achieved statistical

significance as shown in Table 4(a). Presence of MCs

achieved statistical significance (P = 0.041) with a

HR = 0.804, 95% CI 0.653–0.991.

Validation set results

Survival analysis

This group included the remaining 2,222 patients from the

whole cohort. The mean age at diagnosis was 60 years and

the median follow-up was 12.4 years. The median tumor

size was 2.0 cm. 50% of patients had Grade 3 tumors, 43%

were node positive, and 76% were ER positive. After

excluding cases that had insufficient invasive tumor,

missing core or un-interpretable staining pattern, 1,796

cases were carried forward for the analysis. Out of these,

MCs were present in 494 (27.5%) cases. KM survival

analysis (Fig. 2b) showed that the presence of stromal MCs

Fig. 1 TMA core showing stromal mast cells stained with c-kit (CD-

117). Magnification, 20·. MCs are seen as brown, granular stained

oval, spindle or polygonal cells

Fig. 2 KM survival curve for all patients in training set (a) and

validation set (b) with presence of stromal mast cells
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was a favourable prognostic marker in the validation set

(P = 0.006).

Multivariate analysis

Cox proportional hazard model was used to carry out the

multivariate analysis and included age, tumor grade, tumor

size, nodal status, ER and Her2 as independent predictors

of BCSS. All the above variables achieved statistical

significance as shown in Table 4(b). Presence of MCs did

not achieve statistical significance (P = 0.128) but retained

a similar HR = 0.846, 95% CI 0.683–1.049 as in the

training set analysis.

X-tile analysis results

We assessed the association between patient outcome and

number of positively stained MCs in the stroma of tumors

using X-tile software. This software allowed us to define an

optimal cut-off point that defined the number of MCs

needed to predict good prognosis in the cancer patients.

The program divided the population into low and high-risk

groups based on the number of MCs detected. It converted

continuous data into ordinal classes for statistical analysis.

The X-tile plot showed that breast cancer patients with any

number of stromal MCs had better prognosis compared to

those who have no MC infiltration in their stroma. MCs

ranging between 1 and 22 in the tumor stroma were present

in 507 (27.61%) patients and were grouped together in the

low population group of the training set. The high popu-

lation group comprised of 1,329 (72.39%) patients in the

training set. It reiterated the findings obtained by KM

survival analysis that the presence of any number of stro-

mal MCs predicts good prognosis in invasive breast cancer

patients.

Discussion

The importance of the reciprocal relationship between tu-

mor and stroma is being increasingly recognized [21], and

is the role of stromal inflammatory cells like MCs,

macrophages, fibroblasts and T cell subtypes in cancer

initiation and progression. cDNA microarray analysis has

shown that genes expressed by stromal cells correlate with

differences in the biology of the tumors and are prognostic

predictors in breast cancer [22].

There is an ongoing debate about possible detrimental or

beneficial effects of MC accumulation in the stroma of

solid tumors. In-vitro studies have shown that MC inhibits

tumor growth [23]. This is in agreement with other studies

showing increase in MC count in early stage of non-small

cell lung cancer and thereby supporting their anti-tumor

role. [3]. Increased islet/stromal MC-ratio and presence of

tumor islet MCs were shown to be independent good

prognostic indicators in non-small-cell lung cancer [24].

Recent studies in ovarian cancer [13] and colorectal cancer

[15] have also confirmed their correlation with prognosis.

MCs secrete factors like heparin, interleukin-8 (IL-8)

and vascular endothelial growth factor that promote neo-

vascularization; histamine which suppresses immune re-

sponse; platelet-derived growth factor, nerve growth factor

and stem-cell factors which are mitogenic; and proteases

that promote metastasis [9]. On the other hand, MCs can

inhibit tumor growth by releasing endogenous peroxidase

that is cytotoxic to mammalian tumor cells [25], by natural

cytotoxicity [21] and by recruiting neutrophils, eosinophils,

lymphocytes and macrophages [26]. MCs can secrete

protective substances without degranulation in the presence

of tumor-derived blockers like oxidized polyamines and

thus be detrimental to the tumor [27]. They can destroy

tumor cell surface structures directly and indirectly in a

fashion similar to the effect of arginase [28]. MCs can also

inhibit tumor growth by secreting beneficial cytokines like

IL-1, IL-4, IL-6, and tumor necrosis factor-a that induce

apoptosis of endothelial cells [29]; and chondroitin

sulphate which inhibits metastases [30]. Cathepsin G

secreted by MC activates platelets, lymphocytes and

macrophages, and is known to be cytotoxic to some

mammalian cells [31]. Its inhibition by a tumor cell

product was implicated in the progression of advanced

squamous cell tumors [32] suggesting its cytotoxic capa-

bility against target cells. MCs secrete chymase, which

stimulates apoptosis in different target cells [33] and

Table 3 Correlations between mast cells and other biomarkers

Training set Mast cells

ER Kendall’s tau-b 0.034

Significance (2-tailed) 0.148

N 1,788

EGFR Kendall’s tau-b –0.029

Significance (2-tailed) 0.228

N 1,646

Her2 Kendall’s tau-b 0.049

Significance (2-tailed) 0.052

N 1,746

CK5/6 Kendall’s tau-b –0.003

Significance (2-tailed) 0.906

N 1,624

Bcl2 Kendall’s tau-b 0.077

Significance (2-tailed) 0.002

N 1,616

N—scorable for both markers

All scores binarized as detailed in the text
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inhibits angiogenesis by exerting cytotoxic effect on

vascular smooth muscles [34]. MC tryptase stimulates

inflammation and recruits fibroblasts leading to tumor

fibrosis, and thereby limiting tumor growth and metastasis

[35]. Tryptase, however, is also implicated in angiogene-

sis and its effect correlated with a better response to

chemotherapy in ovarian cancer. This suggests that MC

tryptase-mediated fibrosis and angiogenesis may be

responsible for the good prognostic effect seen in advanced

ovarian cancer [13].

In this TMA study, we showed that the presence of even

one or more MCs in the tumor microenvironment was

sufficient to exert a positive prognostic effect. Our finding

supports the idea of assessing inflammatory cell infiltrates

as prognostic markers in cancer. In our previously pub-

lished pilot report, we had observed no correlation between

the presence of stromal MCs with either B-cells (CD20-

positive) or T-cells (CD3-positive) [11], and hence we did

not stain for these inflammatory cells in this study. We also

did not find a statistically significant prognostic effect of

MCs in the node-negative groups in the training set anal-

ysis. This differs from our earlier published report [11] on a

348 case series which concluded that the presence of MCs

was a favourable prognostic factor in the node-negative

patients (P = 0.018) but not the node-positive group

(P = 0.384). This finding underscores the importance of

validating clinically relevant findings on a larger series of

patients and using the test-validation approach to arrive at a

meaningful conclusion.

A number of studies have elaborated on the role of

immune cells in cancer etiopathogenesis. T regulatory

(Treg) cells are known to be associated with poor outcome

in ovarian cancer [36] and the initial results of a clinical

trial aimed at specifically eliminating Treg cells has shown

promising results [37]. Lymphoma-associated macrophag-

es have been used to predict the outcome of follicular

lymphoma [38] and reactive macrophages are used to

predict breast, prostate, ovarian, and cervical cancer

Table 4 Cox proportional

hazard regression analysis

showing hazard ratios and P-
values in patients with invasive

breast carcinoma

* Grade 1—well differentiated

Grade 2—moderately

differentiated

Grade 3—poorly differentiated

HR = adjusted hazard ratio,

CI = confidence interval and

BCSS = Breast Cancer Specific

Survival

Significance HR BCSS 95% CI for HR

Lower Upper

(a) Training set

Mast cells 0.041 0.804 0.653 0.991

ER 0.018 0.777 0.631 0.957

Her2 0.003 1.439 1.129 1.834

Size of the lesion

2–5 cm vs. £2 cm 0.000 1.884 1.547 2.295

>5 cm vs. £2 cm 0.001 1.931 1.330 2.803

Grade*

Grade 1, 2 vs. Grade 3 0.001 1.390 1.139 1.696

Nodal status 0.000 2.380 1.965 2.882

Age

40–49 vs. <40 0.000 0.567 0.420 0.765

50–65 vs. <40 0.013 0.689 0.513 0.924

>65 vs. <40 0.019 0.677 0.489 0.938

(b) Validation set

Mast cells 0.128 0.846 0.683 1.049

ER 0.0289 0.793 0 .644 0 .976

Her2 0.0018 1.463 1.152 1.859

Size of the lesion

2–5 cm vs. £2 cm 3.07 · 10–4 1.439 1.181 1.753

>5 cm vs. £2 cm 1.66 · 10–6 2.258 1.618 3.151

Grade*

Grade 1, 2 vs. Grade 3 1.96 · 10–6 1.658 1.346 2.042

Nodal status 7.06 · 10–19 2.410 1.984 2.927

Age

40–49 vs. <40 0.432 1.158 0.803 1.671

50–65 vs. <40 0.634 1.090 0.765 1.552

>65 vs. <40 0.07 1.394 0.973 1.998
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outcome [39]. Tumor-infiltrating neutrophils are used to

predict outcome in patients with adenocarcinoma of the

bronchioloalveolar carcinoma subtype [40] and gastric

carcinoma [41]. In a recent report, it was concluded that the

type, density, and location of immune cells within the tu-

mor samples are a better predictor of patient survival than

the histopathological methods currently used to stage

colorectal cancer [42].

In conclusion, we confirm our earlier pilot study findings

and confirm that stromal MCs correlate with a good

prognosis in a large cohort of 4,444 invasive breast cancer

patients with long-term follow-up. It highlights the critical

role that the host stromal reaction, in particular the

inflammatory cell infiltrate, plays in modulating cancer

progression. MCs can be used as markers for risk stratifi-

cation in invasive breast cancers.
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