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Abstract

The morbidity rate of breast cancer is on the rise, and the age of onset appears to be trend-
ing toward a young age. Breast cancer in young women (BCYW) has a number of distinctive
features that differ from breast cancer in middle-aged or elderly women (BCMEW). Lym-
phatic metastasis plays an important role in the spread of BCYW; however, the mecha-
nisms of lymph node metastasis (LNM) in BCYW are not clear. This study aimed to
investigate the mechanism of lymphatic metastasis in BCYW and to evaluate the relation-
ships between lymphangiogenesis, the expression of matrix metalloproteinase 9 (MMP-9)
and vascular endothelial growth factor C (VEGF-C) expression, clinicopathological charac-
teristics, and prognosis. Using immunohistochemistry, MMP-9, VEGF-C and the level of
lymphatic microvessel density (LMVD) were analyzed in 106 cases of breast invasive ductal
carcinoma and 20 cases of breast proliferative lesions. Compared with BCMEW, BCYW
had higher MMP-9 expression, higher LNM, and more adverse prognoses. In BCYW, high
MMP-9 expression was positively correlated with LNM and impaired survival time. How-
ever, in BCMEW, MMP-9 expression was not correlated with LNM or survival time. In addi-
tion, high VEGF-C expression was positively correlated with a high level of LMVD in both
BCYW and BCMEW. Nevertheless, a high level of LMVD was not correlated with LNM or
survival time in the two groups. More importantly, univariate and multivariate survival analy-
sis showed that MMP-9 expression and LNM were independent prognostic factors in
BCYW. Our present study indicates that lymphangiogenesis induced by VEGF-C is aug-
mented in breast cancer; however, a higher level of lymphangiogenesis has no significant

PLOS ONE | DOI:10.1371/journal.pone.0144376 December 11,2015

1/15


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0144376&domain=pdf
http://creativecommons.org/licenses/by/4.0/

@'PLOS ‘ ONE

Role of Lymphangiogenesis and MMP-9 in Young Breast Cancer

impact on LNM or survival time. We suggest that tumor invasiveness, rather than lymphan-
giogenesis, plays an important role in LNM among BCYW. Moreover, MMP-9 and LNM
were independent prognostic factors for BCYW.

Introduction

Breast cancer is one of the most common malignancies and the leading cause of cancer deaths
in women worldwide. Tumor metastasis is the primary cause of death for most breast cancer
patients. It is well known that the routes of metastasis in breast cancer consist of local invasion,
lymphatic metastasis, and hematogenous metastasis. Furthermore, it has been shown that
tumor invasion occurs mainly through the lymphatic system in breast cancer; thus, lymphatic
metastasis plays a leading role in tumor metastasis. However, the mechanism of lymphatic
metastasis in tumors has not yet been fully elucidated [1].

The generally accepted approach for quantifying tumor vascularity has been the quantifica-
tion of the number of immunohistochemically identified microvessels. However, the study of
lymphatic vessel characteristics in malignant tumors has lagged behind the study of blood ves-
sels, largely due to the lack of availability of lymphatic-specific markers. In recent years, these
types of specific markers, such as LYVE-1, Prox-1, and D2-40, have been characterized and
have become commercially available. Consequently, the study of the characteristics of lym-
phatic vessels in malignant tumors has recently become feasible [2]. It has been reported that
tumor cells can induce the formation of new lymphatic vessels in a process known as lymphan-
giogenesis [3]. Lymphatic microvessel density (LMVD), which is the calculation of positively
stained lymphatic vessels per tumor area, has been used to assess lymphangiogenesis in tumor
specimens. Newly formed lymphatic vessels are composed of a single layer of endothelial cells,
and the junctions between these endothelial cells are not tight. Consequently, tumor cells can
easily invade the lymphatic vessels and metastasize to lymph nodes or distant sites. These find-
ings suggest that lymphatic vessel characteristics may be an applicable indicator to predict the
metastatic ability of breast tumor cells.

Women younger than 35 years old are less likely to develop breast cancer according to clini-
cal data. However, in recent years, the morbidity rate of breast cancer has risen, and the age of
onset appears to be trending toward a younger age [4]. Moreover, the majority of previous
studies has shown that BCYW has a relatively high degree of malignancy and an unfavorable
prognosis [5-8]. Similarly, our previous work also showed that BCYW has a higher rate of
LNM and a poorer prognosis. It has been reported that breast tumor cell intravasation into
lymphatic vessels is a critical step in lymphatic metastasis; therefore, it is imperative to eluci-
date the mechanism of lymphatic metastasis and to clarify the regulatory factors of lymphatic
metastasis in breast cancer. However, few studies have focused on the relationships between
lymphangiogenesis, lymphatic metastasis, molecular markers, and prognosis in human breast
cancers, especially in BCYW.

VEGEF-C is the most important lymphangiogenic factor produced by tumor and stromal
cells [9]. Several investigations have demonstrated that lymphangiogenesis is correlated with
VEGE-C expression [10]. It has been reported that VEGF-C can promote lymphangiogenesis
and lymphatic metastasis of tumors, activating the signaling pathway for lymphangiogenesis
by merging with VEGFR-3 on the surface of lymphatic endothelial cells [11]. MMP-9, which
belongs to the gelatinase subfamily of MMPs, has the unique ability to degrade Type IV colla-
gen (the major component of the basement membrane) and other essential extracellular matrix
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components. It has been demonstrated that degradation of the extracellular matrix is an essen-
tial step in the formation of tumor metastasis. Wu and colleagues found that MMP-9 expres-
sion was associated with LNM and suggested that MMP-9 may take part in the early
progression of lymphangiogenesis and lymphatic metastasis in breast cancer [12]. Moreover, it
has been reported that elevated expression of MMP-9 is positively associated with tumor inva-
sion, metastasis, and poor prognosis in breast cancer [13]. In addition, MMP-9 exerts diverse
roles in the tumor dissemination process, such as tumor invasion, tumor-induced angiogenesis,
and immunomodulation of the tumor microenvironment [14]. These findings indicate that the
combined evaluation of of MMP-9 and VEGF-C expression and lymphatic vessel characteris-
tics is useful in predicting the probability of malignant metastasis and can also provide theoret-
ical guidance for the clinical treatment of breast cancer patients.

To evaluate lymphatic vessel characteristics in BCYW, we calculated the LMVD and investi-
gated the relationship between LMVD and the expression of VEGE-C and MMP-9 by immu-
nohistochemical staining. Furthermore, to ascertain the characteristics of lymphatic metastasis
in BCYW, we investigated the relationship between lymph node status and LMVD and the
expression of VEGF-C and MMP-9 expressions in clinical samples. Notably, to gain a deeper
understanding of the features of BCYW, we further explored the clinicopathological features,
survival rate, LMVD, and expression of VEGF-C and MMP-9 in BCYW as well as BCMEW
and drew comparisons between these two groups. To our knowledge, this is the first study to
investigate the lymphatic vessel characteristics and the expression of MMP-9 and VEGEF-C in
clinical samples of BCYW (< 35 years).

Materials and Methods
2.1. Patients and tumor samples

All tissues used for the study were retrieved from the archives of the Pathology Department at
the Affiliated Hospital of Binzhou Medical University from 2002 to 2009. The study was
approved by the local ethics committee. Approximately 106 female breast cancer patients path-
ologically diagnosed with invasive ductal carcinoma were included in the study group. Of the
106 patients, 51 were 35 years old or younger (median age 34.0 years, range 26-35 years) [15],
and 55 were randomly selected in the archives from those who were older than 40 years old
(median age 50.0 years, range 40-67 years). All the patients in the study group had undergone
modified radical operation and had not received any radiotherapy, chemotherapy, or immuno-
therapy before the operation. The 20 patients with breast proliferative lesions in the control
group (median age 35.0 years, range 26-45 years) were randomly selected from the archives
during the same period from 2002 to 2009. The follow-up period was completed in May 2015
with a 3-6 month interval. The median follow-up duration was 94.5 months (range 12-120
months). Disease-free survival (DFS) was defined as the duration from diagnosis to any tumor-
related relapse or death due to breast. Overall survival (OS) was defined as the duration from
diagnosis to the date of death from any cause or the date of last follow-up.

2.2 Ethical approval

This study was approved by the Ethics Committee of the Affiliated Hospital of Binzhou Medi-
cal University and was performed in accordance with the Helsinki declaration on the use of
human subjects in research. The patients or their guardians signed informed consent and
agreed to the use of their medical records and samples in research before participating in this
study. To protect the private information of the patients enrolled in the present study, the
patients were coded with serial numbers, and their private data were removed once the analysis
was completed.
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2.3 Immunohistochemistry

Serial section slides (5 microns) were obtained from paraffin-embedded specimens, and the
paraffin medium was removed. The slides were then re-hydrated by passing them through
descending serial alcohol dilutions. After antigen retrieval, slides were incubated in antibodies
to estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor recep-
tor 2 (HER2), VEGF-C, MMP-9 (all from Zhongshan Golden Bridge Biotechnology Co., Ltd.),
and LYVEL (Abcam) overnight at 4°C. After washing, slides were incubated in secondary anti-
body for 30 min at room temperature, washed three times, visualized using DAB, rinsed in dis-
tilled water and counterstained with hematoxylin. Finally, the slides were mounted and cover-
slipped with neutral balsam. Slides stained with PBS instead of primary antibody were used as
negative controls. Slides known to stain positively were used as positive controls.

2.4 Microscopic examination

Immunostaining was independently examined by two clinical pathologists who had no knowl-
edge of the clinical data. LYVE1 was considered positive when intense and diffuse staining was
seen along the endothelium. LMVD was determined from the counts of LYVE1-positive ves-
sels. The immunostained sections were first scanned at a low magnification, and areas with the
highest positively stained vessel density (termed “hot spots”) were identified. The number of
positively stained lymphatic vessels in three high-power fields (200x) in the selected areas was
counted. LMVD was determined as the mean value of vessel counts. VEGE-C-, MMP-9-, and
HER2-positive cells showed brown-yellow particles in their cytoplasm. ER- and PR-positive
cells showed brown-yellow particles in their nuclei. Three high-power fields (200x) were ran-
domly selected for each sample. Staining intensity and the percentage of positive tumor cells
were assessed according to the methods described by Hao [16]. Intensity was scored as 0 (nega-
tive), 1 (weakly positive), 2 (moderately positive) and 3 (strongly positive). The fraction of posi-
tive-staining tumor cells was categorized as follows: 0 (<5% positive cells), 1 (6-25% positive
cells), 2 (26-50% positive cells), 3 (51-75% positive cells) and 4 (>75% positive cells). The indi-
vidual labeling scores were generated by multiplying the intensity and the percentage scores: 0
(negative), + (1-4), ++ (5-8), and +++ (9-12). Among these, 0 and + samples were determined
to represent low expression; otherwise, they were designated as representing high expression.
Molecular subtype classification defined as follows: Luminal A (ER-positive and/or PR-positive
and HER2-negative); Luminal B (ER-positive and/or PR-positive and HER2-positive); HER2-
positive (ER-negative and PR-negative and HER2-positive); Triple-negative (ER-negative and
PR-negative and HER2-negative).

2.5 Statistical analysis

All statistical analyses were performed with SPSS for Windows version 13.0 (SPSS Inc., Chi-
cago, IL, USA). Pearson’s chi-square test or the Kruskal-Wallis H test was used to compare the
clinicopathological parameters in BCYW and BCMEW and to compare the expression of
VEGF-C and MMP-9 in BCYW and BCMEW. LMVD were expressed as the means+SD, medi-
ans, or interquartile ranges according to the distribution features of the LMVD data. The
Mann-Whitney U test was adopted to assess LMVD in BCYW and BCMEW. The correlations
among the expression of VEGF-C, MMP-9, levels of LMVD, and lymph node status were cal-
culated by the chi-square test and Spearman’s correlation coefficient. For survival analysis, the
end points were the incidence of DFS and OS. Kaplan-Meier survival curves were employed to
evaluate DFS and OS, and the differences in the survival curves were assessed by the log-rank
test. Univariate and multivariate analysis using the Cox proportional hazards model were
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performed to evaluate the independent predictive effect of the covariates. All statistical tests
were two-sided and differences were considered to be statistically significant when P < 0.05.

Results

3.1 Comparisons between clinicopathological parameters in BCYW and
BCMEW

Clinicopathological parameters in BCYW and BCMEW are shown in Table 1. The difference
in LNM status between BCYW and BCMEW was statistically significant. Data analysis indi-
cated that the rate of LNM was higher in BCYW compared to BCMEW. There were no signifi-
cant differences in tumor size, histological grade, molecular subtype, and TNM staging
between BCYW and BCMEW group (all P >0.05). Although the ER- and PR-positive

Table 1. clinicopathological parameters and VEGF-C, MMP-9 expression in BCYW and BCMEW group.

Case No. BCYW BCMEW P
Tumor size
<2cm 70 35 35
>2.cm 36 16 20 0.588
Histological grade
| 14 4 10
Il 56 30 26
1] 36 17 19 0.247
ER
Negative 52 29 23
Positive 54 22 32 0.122
PR
Negative 48 27 21
Positive 58 24 34 0.127
HER2
Negative 57 23 34
Positive 49 28 21 0.085
Molecular subtype
Luminal A 44 18 26
Luminal B 19 9 10
HER2 positive 30 19 11
Triple negative 13 5 8 0.242
LNM
no 62 24 38
yes 44 27 17 0.021
TNM staging
| 46 22 24
Il 33 13 20
1l 27 16 11 0.312
VEGF-C
Negative 42 22 20
Positive 64 29 35 0.476
MMP-9
Negative 61 24 37
Positive 45 27 18 0.035

doi:10.1371/journal.pone.0144376.1001
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Fig 1. Representative images of LYVE1-positive lymphatic vessels and immunohistochemical
staining of VEGF-C and MMP-9. (A) The hot spots in LYVE1 immuno-stained sections. LYVE1-positive
lymphatic vessels were thin-walled structures with irregular lumens, mainly present at the tumor periphery
(blue arrows). Blood vessel endothelium near LYVE-1-positive lymph vessels were negatively stained (red
arrows). (B) Positive expression of VEGF-C. (C) Positive expression of MMP-9. Diffuse and strong positive
VEGF-C and MMP-9 immunostaining was mainly observed in the cytoplasm of breast cancer cells.

doi:10.1371/journal.pone.0144376.g001

expression rates were higher in BCMEW and HER2-positive expression rate was higher in
BCYW, these values did not reach statistical significance.

3.2LMVD, VEGF-C, and MMP-9 expression in breast cancers and
breast proliferative lesions

Positive staining of LYVE] was seen in the cytoplasm of endothelial cells (Fig 1A). LYVE1-po-
sitive vessels were thin-walled structures with irregular lumens devoid of RBC, and they were
composed of a single layer of endothelium surrounded by razor-thin connective tissue without
smooth muscle fibers. Lymphatic vessels mainly exist in the peripheral area of the tumor and
are rarely seen inside the tumor mass (S1 Fig). LYVE-1-positive lymph vascular structures in
the tumor peripheries were flattened and cluttered compared to those of the control (S1 Fig).
This type of vessel was dispersively located in the interlobular stroma, adipose tissue, and areas
close to blood vessels. Based on the features mentioned above, these vessels were identified as
lymphatic vessels. The endothelial cells of the blood vessels near the lymphatic vessels were not
stained, and RBCs could be found in the blood vessel cavity. Both VEGF-C- and MMP-9-posi-
tive staining were found in the cytoplasm of tumor cells, in which brown-yellow particles were
dispersively located (Fig 1B and 1C).

3.3 Comparisons of LMVD in BCYW and BCMEW

LMVD levels in the breast cancer and control groups are shown in Fig 2. The difference in
LMVD between BCYW or BCMEW and the control group was statistically significant, while
the difference in LMVD between the BCYW and BCMEW groups was not statistically signifi-
cant (Fig 2A). Statistical analysis indicated that LMVD in both the BCYW and BCMEW groups
was higher than that in the control group. There was no significant difference in LMVD
between breast cancer groups with or without LNM (Fig 2B). In both the BCYW and BCMEW
groups, there were no significant differences in LMVD according to lymph node status (Fig
2C). Moreover, there was no significant difference for LMVD according to tumor size, histo-
logical grade, or TNM stage (data not shown).

3.4 Comparisons of VEGF-C and MMP-9 expression between BCYW
and BCMEW
The differences in VEGF-C or MMP-9 expression between the BCYW and control groups and

between the BCMEW and control groups were statistically significant (P = 0.000). The differ-
ence in MMP-9 expression between the BCYW and BCMEW groups was statistically
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Fig 2. Comparisons of LMVD in different subgroups. (A) LMVD in the BCYW and BCMEW groups and in the control group. LMVD in either BCYW or
BCMEW was significantly higher than that in the breast proliferative lesions. However, no significant difference was found between the BCYW and BCMEW
groups. (B) LMVD in breast cancer patients with or without LNM was not significantly different. (C) LMVD was not significantly different according to lymph
node status in both the BCYW and BCMEW groups (Mann-Whitney U-test).

doi:10.1371/journal.pone.0144376.9002

significant, while the difference in VEGF-C expression between the two breast cancer groups
was not statistically significant (Table 1). Statistical analysis indicated that the positive expres-
sion rate of both VEGF-C and MMP-9 in the BCYW and BCMEW groups was higher than
that in the control group. Furthermore, the positive expression rate of MMP-9 in the BCYW
group was higher than that in the BCMEW group.

3.5 Associations between VEGF-C or MMP-9 expression and LMVD in
BCYW and BCMEW

According to the frequency distribution of LMVD and literature reports, samples were desig-
nated “low LMVD” when the LMVD count was lower than or equal to 5; otherwise, they were
designated “high LMVD.” The associations between VEGF-C expression and LMVD and
between MMP-9 expression and LMVD were analyzed by chi-square test (Table 2). The associ-
ation coefficient of LMVD and VEGF-C in the BCYW and BCMEW groups revealed that
VEGE-C expression was positively associated with LMVD. However, the association coefficient
of LMVD and MMP-9 in the two groups revealed that MMP-9 expression was not significantly
associated with LMVD.

3.6 Associations between LNM and LMVD, VEGF-C, or MMP-9
expression in BCYW and BCMEW

The association between LMVD, VEGEF-C, or MMP-9 expression and LNM was analyzed by
chi-square test (Table 3). The association coefficient of LMVD, VEGF-C and LNM in the

Table 2. Associations between VEGF-C, MMP-9 expression and LMVD in BCYW and BCMEW group.

VEGF-C MMP-9

n negative positive P r negative positive P r
BCYW
LMVD low 21 14 7 10 11
LMVD high 30 8 22 0.005 0.369 14 16 0.947 0.009
BCMEW
LMVD low 23 13 10 16 7
LMVD high 32 7 25 0.008 0.335 21 11 0.759 0.041

doi:10.1371/journal.pone.0144376.1002
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Table 3. Association between LMVD or MMP-9 expression and lymph node status in BCYW and BCMEW group.

n low
BCYW
LNM no 24 11
LNM yes 27 10
BCMEW
LNM no 38 14
LNM yes 17 9

doi:10.1371/journal.pone.0144376.t003

high

13
17

24

LMVD VEGF-C MMP-9
P r low high P r low high P r
11 13 17 7
0.524 0.089 11 16 0.714 0.051 7 20 0.001 0.410
14 24 25 13
0.263 0.149 6 11 0.912 0.015 12 5 0.726 0.047

BCYW and BCMEW groups revealed that LMVD or VEGF-C was not significantly associated
with LNM. In addition, the association coefficient of MMP-9 and LNM revealed that MMP-9
was not significantly associated with LNM in the BCMEW group. However, the statistical anal-
ysis showed that MMP-9 was significantly associated with LNM in the BCYW group.

3.7 Associations between MMP-9 expression and clinicopathological
parameters in BCYW and BCMEW

In the BCYW group, MMP-9 expression was significantly associated with tumor size, TNM
staging, ER and PR status (Table A in S1 File). In the BCMEW group, although it appeared
that MMP-9 expression was associated with PR status, it did not reach statistical significance.
However, there was no significant correlation between MMP-9 expression and histological
grade in the BCYW or BCMEW groups. Moreover, there was no significant correlation
between MMP-9 expression and tumor size, TNM staging, ER status, HER2 status, or molecu-
lar subtype in the BCMEW group. Although it appeared that MMP-9 expression was associ-
ated with HER?2 status and molecular subtype in the BCYW group, the analysis did not show
statistical significance.

3.8 Survival analysis

At a median follow-up of 94.5 months, 27 RFS events and 24 OS events were registered.
Kaplan-Meier analysis was used to evaluate the DFS and OS of patients with breast cancer. The
BCYW group had a lower OS and DFS rate compared with the BCMEW group (Fig 3A and
3B). Fig 3C and 3D showed the Kaplan-Meier curves of OS and DEFS for breast cancer groups
with or without LNM. The results showed that patients with LNM had a worse OS and DFS
than those without LNM.

Significant predictors for the death of the BCYW are summarized in Tables B and Cin S1
File. Univariate and multivariate analyses were performed to identify factors associated with
OS and DFS. In BCYW, univariate analysis identified tumor size, LNM, TNM stage, and
MMP-9 expression levels to be adverse prognostic factors for OS and DFS (P<0.05 for each
factor). Univariate analysis identified triple-negative subtype to be adverse prognostic factors
for OS (P = 0.046). Although there was a trend for triple-negative subtype serving as an adverse
prognostic factor for DFS, the analysis did not show statistical significance (P = 0.182). Multi-
variate analysis indicated that high MMP-9 expression was an independent factor for OS (RR,
5.354; 95%CI, 1.171 to 24.481; P = 0.004) or DFS (RR, 6.466; 95%ClI, 1.443 to 28.968;

P =0.015) in BCYW, as well as LNM for OS (RR, 5.282; 95%ClI, 1.156 to 24.132; P = 0.032) or
DFS (RR, 6.466; 95%CI, 1.443 to 28.968; P = 0.015).
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Fig 3. Kaplan-Meier OS (A and C) and DFS (B and D) curves. (A) BCYW (age <35) had a significantly
worse OS compared with BCMEW (age >40). (B) BCYW had a significantly worse DFS compared with
BCMEW. (C) Breast cancer patients with LNM had a significantly worse OS compared to those without LNM.
(D) Breast cancer patients with LNM had a significantly worse DFS compared to those without LNM.

doi:10.1371/journal.pone.0144376.9003

In BCMEW, univariate analysis identified histological grade, HER2, and LNM as adverse
prognostic factors for OS and DFS. Although there was a clear trend for ER status serving as a
favorable prognostic factor for OS by univariate analysis in BCMEW, the analysis did not show
statistical significance (P = 0.064). Nevertheless, univariate analysis showed that ER status was
a favorable prognostic factor for DFS by univariate analysis in BCMEW (P = 0.034). Multivari-
ate analysis also indicated that histological grade and LNM were significant predictors for both
OS and DEFS (histological grade, P = 0.013 and 0.014; LNM, P = 0.009 and 0.004, respectively).
However, no significant correlations were observed between LMVD or VEGF-C and any sur-
vival outcome.

Discussion

Previous reports indicated that breast cancer is a relatively rare disease in young women,
although earlier studies have also shown that women <35 years have distinctly worse survival
than middle-aged women [6]. There is still no unanimous definition for “young age breast can-
cer” or “young breast cancer.” Multicenter clinical studies considered 35 years to be the age
boundary [15]. Han and colleagues analyzed data on 9,885 breast cancer patients aged <50
years, and their team found that age less than 35 years was a reasonable cut-off for defining

PLOS ONE | DOI:10.1371/journal.pone.0144376 December 11,2015 9/15



@'PLOS ‘ ONE

Role of Lymphangiogenesis and MMP-9 in Young Breast Cancer

young age-onset breast cancer [15]. In our present study, we also used 35 years as the age
boundary.

There are a number of different clinicopathological features between BCYW and BCMEW.
Anders and colleagues showed that younger women demonstrated a larger tumor size, higher
grade tumors, and greater incidence of lymph node positivity in their study [17]. A number of
findings have agreed with Anders’ work [5, 18]. Wei’s study included a total of 1913 cases of
primary breast cancer, with 283 cases diagnosed as young patients [19]. Their data analysis
showed that no significant difference was observed in tumor size, TNM staging, or LNM
between BCYW and BCMEW. The results from a number of other studies are in accordance
with Wei’s findings [7, 20]. In the present study, we found that the differences in tumor size
and histological grade between BCYW and BCMEW were not statistically significant, which
was in agreement with Wei’s findings. Nevertheless, there was a trend towards lower positive
rates of ER or PR in BCYW than in BCMEW in our study. In addition, there seemed to be a
trend that the positive rate of HER2 was higher in BCYW than in BCMEW. These discrepan-
cies could be due to several reasons. First, the patients studied were from different countries
and regions. The inconsistencies in patients’ races and nationalities may have had a noticeable
impact on the results; for example, the morbidity rate of young breast cancer patients (<35
years old) was less than 4% in Western countries, but the proportion of patients in this age
range was reported to be 10-15% in China [19]. Second, the disparities in economic and social
status among patients may also have impacted the results. Lastly, random error may have influ-
enced the results. These findings indicate that the BCYW has distinct features from BCMEW.
Consequently, we should focus on the unique characteristics of the young populations to clarify
the pathogenic mechanisms of BCYW.

It was reported that the greater the number of metastatic lymph nodes, the worse the prog-
nosis. Hutter and colleagues found that the number of LNM was one of the decisive factors
affecting the prognosis of breast cancer [21]. Our findings showed that the BCYW group had a
higher LNM rate and a more adverse prognosis than the BCMEW group, which was in accor-
dance with other studies [22]. Patients with LNM have a more unfavorable prognosis than
those without LNM. Therefore, it is necessary to elucidate the mechanism underlying LNM in
young populations. However, whether lymphangiogenesis plays an important role in LNM of
BCYW has yet to be evaluated. Solid evidence for a relationship between lymphangiogenesis
and LNM or prognosis in human breast cancer is still lacking. Elucidation of the mechanism
underlying LNM could have implications for the clinical management of BCYW.

The metastatic spread of tumor cells is the main cause of death in breast cancer patients.
Metastasis involves complex processes, such as the degradation of extracellular matrix, intrava-
sation into lymphatic and/or blood vessels, clonogenic growth in secondary sites and neoangio-
genesis [16]. The routes of tumor metastasis mainly include local invasion, lymphatic
metastasis, and circulatory metastasis. In breast cancer, lymphatic metastasis is considered to
be a key process among the three routes. Lymphatic metastasis may depend on the capacity of
tumor cells to induce lymphangiogenesis and to invade the lymphatic system. It is not clear
whether lymphatic metastasis is achieved via the invasion of newly formed lymphatic vessels
and/or by the invasion of preexisting lymphatic vessels [23].

The study of lymphatic vessel characteristics in malignant tumors has lagged behind that of
blood vessels largely due to the absence of specific markers for lymphatics and the lack of
detailed knowledge concerning the molecular mechanisms of lymphangiogenesis. In recent
years, the type of specific markers that are specifically expressed and localized in lymphatic
endothelial cells, such as LYVE-1, vascular endothelial growth factor receptor-3, D2-40, Prox-
1, and podoplanin have been identified and become commercially available. The discovery of
these lymphatic endothelial cell markers has enabled the distinction between lymphatic and
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blood vessels at the capillary level, resulting in marked advances in the study of lymphangio-
genesis. LYVEL, a type of hyaluronan receptor, is one of the most specific lymphatic endothe-
lial markers. In this study, we used LYVEI as the specific lymphatic markers and found that
LYVE1 was expressed specifically in the lymphatic endothelial cells in breast cancer tissues
without being expressed in blood vessel endothelial cells. Therefore, LYVE1 could serve as a
reliable lymphatic marker for the study of lymphatic metastasis in breast cancer.

In our study, LYVE] immunostaining revealed that lymph vessels were mainly present in
the peritumoral lesions of breast tumors and were rarely observed inside the tumor. This may
be due to the high hydrostatic pressure in the intratumoral lesions, which is not conducive to
the formation of lymphatic vessels.It may also be because the immunophenotype of newly
formed lymphatic vessels is different from typical lymphatic vessels distributed in the normal
structure. A plausible hypothesis is that tumor tissues might use a different lymphatic drainage
mechanism, such as “lymphogenic mimicry,” similar to the vasculogenic mimicry described in
other studies [24, 25]. The analysis of our data on LMVD showed that lymphatic vessels in the
tumor periphery significantly exceeded those of the control proliferative lesion, which indi-
cated that lymphatic vessels in the tumor periphery are mainly induced by tumor cells in lym-
phangiogenesis. Furthermore, data analysis showed that VEGF-C expression in tumor cells
significantly exceeded the expression of control proliferative lesions, which further supported
the explanation mentioned above.

In this study, we found that LMVD in both the BCYW and BCMEW groups was higher
than that in the proliferative lesion group. However, LMVD was not significantly different
between the BCYW and BCMEW groups. Furthermore, our statistical analysis showed that
LMVD was not associated with LNM. In addition, LMVD was not associated with tumor size
or with histological grade in both the BCYW and BCMEW groups. These findings are in line
with the results of Williams et al. [26, 27]. According to our findings, we conclude that the
number of lymphatic vessels around the tumor mass in breast cancer may not play a major role
in the process of LNM, and lymphangiogenesis might be not be involved in LNM. Initially, we
proposed that BCYW would exhibit a higher degree of lymphangiogenesis than BCMEW. Cor-
respondingly, we also proposed that a higher degree of lymphangiogenesis in BCYW would be
accompanied by an increased risk of LNM. Interestingly, in our study, we found that the degree
of lymphangiogenesis showed no significant relationship with LNM in both BCYW and
BCMEW populations. Furthermore, we found that the degree of lymphangiogenesis showed
no significant relationship with DFS or OS. However, in the present study, we found that the
overexpression of MMP-9 was significantly associated with a higher rate of LNM in BCYW.
Based on the present data and on those available in the literature, we propose that lymphangio-
genesis induced by the tumor may not play an important role in the complex processes of lym-
phatic metastasis.

Indeed, newly formed lymphatic vessels in the tumor periphery offer an opportunity for
tumor cells to invade and migrate to the lymphatic draining system. However, in BCYW, the
induced newly formed lymphatic vessels may be dysfunctional and exhibit difficulty in con-
necting to the lymphatic drainage system. Moreover, the newly formed lymphatic vessels,
which lack connective tissue support, tend to be occluded by the compression of tumor tissue.
Thus, lymphangiogenesis in the tumor periphery does not have a significant relationship with
LNM. It has been reported that young breast tumors have more aggressive biological features,
and age is an independent factor for prognosis in several studies. Therefore, tumor cells in the
young breast cancer population could exhibit a more aggressive method of growth to more eas-
ily detach from the tumor colony, spread to the surrounding normal tissues, and invade the
pre-existing or newly formed functional lymphatic vessels.
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VEGEF-C, an important member of the VEGF family, has been demonstrated to participate
in the regulation of lymphangiogenesis by activating its special receptor, vascular endothelial
growth factor receptor-3, on the surface of lymphatic endothelial cells [28, 29]. In our study,
we showed that the positive expression rate of VEGF-C in both the BCYW and BCMEW
groups was higher than that in the control group, which was in accordance with previous
reports [30, 31]. It has been reported that elevated VEGF-C expression is associated with higher
lymph vessel density and LNM in breast cancer [23, 32]. Timoshenko and colleagues reported
that the over-expression of VEGF-C in the tumor micro-environment was associated with
LNM and a poor prognosis in breast cancer patients [33]. In our research, we also showed that
the higher expression of VEGF-C was significantly associated with increased LMVD. However,
our present results indicate that higher expression of VEGF-C is not associated with LNM or
poor prognosis in breast cancer patients.

MMP-9 can disintegrate and destroy the collagen and fibronectin of the extracellular
matrix. The overexpression of MMP-9 in the tumor tissue can facilitate the tumor cells to pene-
trate through the basilar membrane and infiltrate the adjacent tissues, resulting in tumor
metastasis [34]. Previous findings indicated that the overexpression of MMP-9 in breast cancer
tissues was significantly associated with LNM [16, 35]. Our data analysis showed that the
expression of MMP-9 in either BCYW or BCMEW group was higher than that in the control
group, which was in line with literature. In addition, the overexpression of MMP-9 in both the
BCYW and BCMEW groups was significantly associated with LNM. These findings indicate
that MMP-9 expression is increased in breast cancer, which suggests that MMP-9 may play an
important role in LNM in BCYW.

Based on these findings, we suggest that breast tumor cells that express high levels of MMP-
9 may be more invasive and have a greater probability of passing through the extracellular
matrix and entering the lymphatic system. Moreover, we found that the positive expression
rate of MMP-9 in BCYW was significantly higher than that in the BCMEW, which indicates
that disease in BCYW tends to be more aggressive than in BCMEW. Furthermore, we demon-
strated that high MMP-9 expression was an independent prognostic factor for BCYW. In addi-
tion, we found that positive MMP-9 expression was associated with larger tumor size, higher
TNM staging, negative ER and PR in the BCYW. We also found that positive MMP-9 expres-
sion tended to be associated with positive HER2 in the BCYW and negative PR in the
BCMEW. A number of findings have indicated that HER2-positive breast cancers are associ-
ated with higher local recurrence rates and poorer OS than ER- and PR-positive breast cancers
[36, 37]. Therefore, we propose that MMP-9 might be an effective target for therapeutic strate-
gies to prevent or retard LNM in BCYW. Inhibiting the expression or blocking the function of
MMP-9 to reduce tumor invasiveness may be an effective therapeutic strategy for the treatment
and management of BCYW.

In summary, for the first time, we used the reliable lymphatic endothelial marker LYVEI to
estimate LMVD and assessed VEGF-C and MMP-9 expression by immunohistochemical stain-
ing in BCYW. The LMVD assays and the assessment of VEGF-C and MMP-9 expression dem-
onstrated relationships between lymphangiogenesis and tumor invasiveness with tumor
clinicopathological parameters. We found that BCYW were able to develop LNM and had an
unfavorable prognosis. Furthermore, this study indicates that MMP-9 is an important factors
facilitating the spread of tumor cells through the lymphatic system. Moreover, our present
study demonstrates that tumor invasiveness, not lymphangiogenesis, plays an import role in
LNM among BCYW. LNM in BCYW may be caused mainly by increased tumor invasiveness
rather than lymphangiogenesis. Further studies are required to fully elucidate the detailed
mechanisms of LNM in young breast cancer. Moreover, our findings suggest that the targeted
inhibition of MMP-9 may be an effective adjuvant therapy for BCYW. Furthermore, our
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findings could provide guidance for the clinical treatment of cancer, and the targeted inhibition
of tumor lymphangiogenesis may not be an effective therapeutic method for young breast can-
cer patients.
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vival in BCYW and BCMEW (Table C).

(DOCX)

Acknowledgments

We thank Mu Qinghai, Zhu Yuhong (Department of Pathology, Binzhou Medical University,
Binzhou, China) for their excellent technical support.

Author Contributions

Conceived and designed the experiments: ZZ YH XW. Performed the experiments: ZZ YH SC
QN GC. Analyzed the data: ZZ QN. Contributed reagents/materials/analysis tools: YH SC.
Wrote the paper: ZZ XW.

References

1. Karaman S, Detmar M. Mechanisms of lymphatic metastasis. The Journal of clinical investigation.
2014; 124(3):922-928. doi: 10.1172/JCI71606 PMID: 24590277

2. Jackson DG, Prevo R, Clasper S, Baneriji S. LYVE-1, the lymphatic system and tumor lymphangiogen-
esis. Trends in immunology. 2001; 22(6):317-321. PMID: 11377291

3. ZhuoW,JiaL, Song N, Lu XA, Ding Y, Wang X, et al. The CXCL12-CXCR4 chemokine pathway: a
novel axis regulates lymphangiogenesis. Clinical cancer research: an official journal of the American
Association for Cancer Research. 2012; 18(19):5387-5398.

4. Brinton LA, Sherman ME, Carreon JD, Anderson WF. Recent trends in breast cancer among younger
women in the United States. Journal of the National Cancer Institute. 2008; 100(22):1643—-1648. doi:
10.1093/jnci/djn344 PMID: 19001605

5. Gnerlich JL, Deshpande AD, Jeffe DB, Sweet A, White N, Margenthaler JA. Elevated breast cancer
mortality in women younger than age 40 years compared with older women is attributed to poorer sur-
vival in early-stage disease. Journal of the American College of Surgeons. 2009; 208(3):341-347. doi:
10.1016/j.jamcollsurg.2008.12.001 PMID: 19317994

6. Fredholm H, Eaker S, Frisell J, Holmberg L, Fredriksson |, Lindman H. Breast cancer in young women:
poor survival despite intensive treatment. PloS one. 2009; 4(11):€7695. doi: 10.1371/journal.pone.
0007695 PMID: 19907646

7. AebiS, Gelber S, Castiglione-Gertsch M, Gelber RD, Collins J, Thurlimann B, et al. Is chemotherapy
alone adequate for young women with oestrogen-receptor-positive breast cancer? Lancet (London,
England). 2000; 355(9218):1869—1874.

8. LiviL, Meattinil, Saieva C, Borghesi S, Scotti V, Petrucci A, et al. The impact of young age on breast
cancer outcome. European journal of surgical oncology: the journal of the European Society of Surgical
Oncology and the British Association of Surgical Oncology. 2010; 36(7):639-645.

9. Gou HF, Chen XC, Zhu J, Jiang M, Yang Y, Cao D, et al. Expressions of COX-2 and VEGF-C in gastric
cancer: correlations with lymphangiogenesis and prognostic implications. Journal of experimental &
clinical cancer research: CR. 2011; 30:14.

PLOS ONE | DOI:10.1371/journal.pone.0144376 December 11,2015 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144376.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144376.s002
http://dx.doi.org/10.1172/JCI71606
http://www.ncbi.nlm.nih.gov/pubmed/24590277
http://www.ncbi.nlm.nih.gov/pubmed/11377291
http://dx.doi.org/10.1093/jnci/djn344
http://www.ncbi.nlm.nih.gov/pubmed/19001605
http://dx.doi.org/10.1016/j.jamcollsurg.2008.12.001
http://www.ncbi.nlm.nih.gov/pubmed/19317994
http://dx.doi.org/10.1371/journal.pone.0007695
http://dx.doi.org/10.1371/journal.pone.0007695
http://www.ncbi.nlm.nih.gov/pubmed/19907646

@' PLOS ‘ ONE

Role of Lymphangiogenesis and MMP-9 in Young Breast Cancer

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Skobe M, Hawighorst T, Jackson DG, Prevo R, Janes L, Velasco P, et al. Induction of tumor lymphan-
giogenesis by VEGF-C promotes breast cancer metastasis. Nature medicine. 2001; 7(2):192—-198.
PMID: 11175850

Su JL, Chen PS, Chien MH, Chen PB, Chen YH, Lai CC, et al. Further evidence for expression and
function of the VEGF-C/VEGFR-3 axis in cancer cells. Cancer cell. 2008; 13(6):557—-560. doi: 10.1016/
j.ccr.2008.04.021 PMID: 18538739

Wu QW, Yang QM, Huang YF, She HQ, Liang J, Yang QL, et al. Expression and clinical significance of
matrix metalloproteinase-9 in lymphatic invasiveness and metastasis of breast cancer. PloS one. 2014;
9(5):€97804. doi: 10.1371/journal.pone.0097804 PMID: 24845596

McGowan PM, Duffy MJ. Matrix metalloproteinase expression and outcome in patients with breast can-
cer: analysis of a published database. Annals of oncology: official journal of the European Society for
Medical Oncology / ESMO. 2008; 19(9):1566—1572.

Yousef EM, Tahir MR, St-Pierre Y, Gaboury LA. MMP-9 expression varies according to molecular sub-
types of breast cancer. BMC cancer. 2014; 14:609. doi: 10.1186/1471-2407-14-609 PMID: 25151367

Han W, Kang SY. Relationship between age at diagnosis and outcome of premenopausal breast can-
cer: age less than 35 years is a reasonable cut-off for defining young age-onset breast cancer. Breast
cancer research and treatment. 2010; 119(1):193—200. doi: 10.1007/s10549-009-0388-z PMID:
19350387

Hao L, Zhang C, Qiu Y, Wang L, Luo Y, Jin M, et al. Recombination of CXCR4, VEGF, and MMP-9 pre-
dicting lymph node metastasis in human breast cancer. Cancer letters. 2007; 253(1):34—42. PMID:
17306924

Anders CK, Hsu DS, Broadwater G, Acharya CR, Foekens JA, Zhang Y, et al. Young age at diagnosis
correlates with worse prognosis and defines a subset of breast cancers with shared patterns of gene
expression. Journal of clinical oncology: official journal of the American Society of Clinical Oncology.
2008; 26(20):3324-3330.

Miles RC, Gullerud RE, Lohse CM, Jakub JW, Degnim AC, Boughey JC. Local recurrence after breast-
conserving surgery: multivariable analysis of risk factors and the impact of young age. Annals of surgi-
cal oncology. 2012; 19(4):1153—-1159. doi: 10.1245/510434-011-2084-6 PMID: 21989658

Wei JT, Huang WH, Du CW, Qiu SQ, Wei XL, Liu J, et al. Clinicopathological features and prognostic
factors of young breast cancers in Eastern Guangdong of China. Scientific reports. 2014; 4:5360. doi:
10.1038/srep05360 PMID: 24942640

Colleoni M, Rotmensz N, Robertson C, Orlando L, Viale G, Renne G, et al. Very young women (<35
years) with operable breast cancer: features of disease at presentation. Annals of oncology: official
journal of the European Society for Medical Oncology / ESMO. 2002; 13(2):273-279.

Hutter RV. The role of the pathologist in breast cancer management. Cancer. 1990; 66(6 Suppl):1363—
1372. PMID: 2205366

Kroman N, Jensen MB, Wohlfahrt J, Mouridsen HT, Andersen PK, Melbye M. Factors influencing the
effect of age on prognosis in breast cancer: population based study. BMJ (Clinical research ed). 2000;
320(7233):474-478.

Nakamura Y, Yasuoka H, Tsujimoto M, Imabun S, Nakahara M, Nakao K, et al. Lymph vessel density
correlates with nodal status, VEGF-C expression, and prognosis in breast cancer. Breast cancer
research and treatment. 2005; 91(2):125-132. PMID: 15868440

Hendrix MJ, Seftor EA, Hess AR, Seftor RE. Vasculogenic mimicry and tumour-cell plasticity: lessons
from melanoma. Nature reviews Cancer. 2003; 3(6):411-421. PMID: 12778131

Hillen F, Griffioen AW. Tumour vascularization: sprouting angiogenesis and beyond. Cancer metasta-
sis reviews. 2007; 26(3—4):489-502. PMID: 17717633

Williams CS, Leek RD, Robson AM, Baneriji S, Prevo R, Harris AL, et al. Absence of lymphangiogen-
esis and intratumoural lymph vessels in human metastatic breast cancer. The Journal of pathology.
20083; 200(2):195-206. PMID: 12754740

van der Schaft DW, Pauwels P, Hulsmans S, Zimmermann M, van de Poll-Franse LV, Griffioen AW.
Absence of lymphangiogenesis in ductal breast cancer at the primary tumor site. Cancer letters. 2007;
254(1):128-136. PMID: 17442484

Karpanen T, Alitalo K. Lymphatic vessels as targets of tumor therapy? The Journal of experimental
medicine. 2001; 194(6):F37—42. PMID: 11561002

Stacker SA, Achen MG, Jussila L, Baldwin ME, Alitalo K. Lymphangiogenesis and cancer metastasis.
Nature reviews Cancer. 2002; 2(8):573-583. PMID: 12154350

GuY, Qi X, Guo S. Lymphangiogenesis induced by VEGF-C and VEGF-D promotes metastasis and a
poor outcome in breast carcinoma: a retrospective study of 61 cases. Clinical & experimental metasta-
sis. 2008; 25(7):717-725.

PLOS ONE | DOI:10.1371/journal.pone.0144376 December 11,2015 14/15


http://www.ncbi.nlm.nih.gov/pubmed/11175850
http://dx.doi.org/10.1016/j.ccr.2008.04.021
http://dx.doi.org/10.1016/j.ccr.2008.04.021
http://www.ncbi.nlm.nih.gov/pubmed/18538739
http://dx.doi.org/10.1371/journal.pone.0097804
http://www.ncbi.nlm.nih.gov/pubmed/24845596
http://dx.doi.org/10.1186/1471-2407-14-609
http://www.ncbi.nlm.nih.gov/pubmed/25151367
http://dx.doi.org/10.1007/s10549-009-0388-z
http://www.ncbi.nlm.nih.gov/pubmed/19350387
http://www.ncbi.nlm.nih.gov/pubmed/17306924
http://dx.doi.org/10.1245/s10434-011-2084-6
http://www.ncbi.nlm.nih.gov/pubmed/21989658
http://dx.doi.org/10.1038/srep05360
http://www.ncbi.nlm.nih.gov/pubmed/24942640
http://www.ncbi.nlm.nih.gov/pubmed/2205366
http://www.ncbi.nlm.nih.gov/pubmed/15868440
http://www.ncbi.nlm.nih.gov/pubmed/12778131
http://www.ncbi.nlm.nih.gov/pubmed/17717633
http://www.ncbi.nlm.nih.gov/pubmed/12754740
http://www.ncbi.nlm.nih.gov/pubmed/17442484
http://www.ncbi.nlm.nih.gov/pubmed/11561002
http://www.ncbi.nlm.nih.gov/pubmed/12154350

@' PLOS ‘ ONE

Role of Lymphangiogenesis and MMP-9 in Young Breast Cancer

31.

32.

33.

34.

35.

36.

37.

Wu QW, She HQ, Liang J, Huang YF, Yang QM, Yang QL, et al. Expression and clinical significance of
extracellular matrix protein 1 and vascular endothelial growth factor-C in lymphatic metastasis of
human breast cancer. BMC cancer. 2012; 12:47. doi: 10.1186/1471-2407-12-47 PMID: 22284579

Zhang XH, Huang DP, Guo GL, Chen GR, Zhang HX, Wan L, et al. Coexpression of VEGF-C and
COX-2 and its association with lymphangiogenesis in human breast cancer. BMC cancer. 2008; 8:4.
doi: 10.1186/1471-2407-8-4 PMID: 18190720

Timoshenko AV, Rastogi S, Lala PK. Migration-promoting role of VEGF-C and VEGF-C binding recep-
tors in human breast cancer cells. British journal of cancer. 2007; 97(8):1090-1098. PMID: 17912247

Liotta LA, Tryggvason K, Garbisa S, Hart |, Foltz CM, Shafie S. Metastatic potential correlates with
enzymatic degradation of basement membrane collagen. Nature. 1980; 284(5751):67—68. PMID:
6243750

Wu ZS, Wu Q, Yang JH, Wang HQ, Ding XD, Yang F, et al. Prognostic significance of MMP-9 and
TIMP-1 serum and tissue expression in breast cancer. International journal of cancer Journal interna-
tional du cancer. 2008; 122(9):2050-2056. doi: 10.1002/ijc.23337 PMID: 18172859

Metzger-Filho O, Sun Z, Viale G, Price KN, Crivellari D, Snyder RD, et al. Patterns of Recurrence and
outcome according to breast cancer subtypes in lymph node-negative disease: results from interna-
tional breast cancer study group trials VIIl and IX. Journal of clinical oncology: official journal of the
American Society of Clinical Oncology. 2013; 31(25):3083-3090.

Lowery AJ, Kell MR, Glynn RW, Kerin MJ, Sweeney KJ. Locoregional recurrence after breast cancer
surgery: a systematic review by receptor phenotype. Breast cancer research and treatment. 2012; 133
(3):831-841. doi: 10.1007/s10549-011-1891-6 PMID: 22147079

PLOS ONE | DOI:10.1371/journal.pone.0144376 December 11,2015 15/15


http://dx.doi.org/10.1186/1471-2407-12-47
http://www.ncbi.nlm.nih.gov/pubmed/22284579
http://dx.doi.org/10.1186/1471-2407-8-4
http://www.ncbi.nlm.nih.gov/pubmed/18190720
http://www.ncbi.nlm.nih.gov/pubmed/17912247
http://www.ncbi.nlm.nih.gov/pubmed/6243750
http://dx.doi.org/10.1002/ijc.23337
http://www.ncbi.nlm.nih.gov/pubmed/18172859
http://dx.doi.org/10.1007/s10549-011-1891-6
http://www.ncbi.nlm.nih.gov/pubmed/22147079

