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Abstract

LCN2 (Lipocalin 2) is a 25 KD secreted acute phase protein, reported to be a novel regulator of angiogenesis in
breast cancer. Up regulation of LCN2 had been observed in multiple cancers including breast cancer, pancreatic
cancer and ovarian cancer. However, the role of LCN2 promoter methylation in the formation of microvessels
is poorly understood. The aim of this study was to analyze the association of LCN 2 promoter methylation with
microvessel formation and tumor cell proliferation in breast cancer patients. The LCN2 promoter methylation
status was studied in 64 breast cancer tumors by methylation specific PCR (MSP). Evaluation of microvessel
density (MVD) and Ki67 cell proliferation index was achieved by immunohistochemical staining using CD34
and MIB-1 antibodies, respectively. LCN2 promoter unmethylation status was observed in 43 (67.2%) of breast
cancer patients whereas LCN2 methylation status was seen in 21 (32.8 %). Further, LCN2 promoter unmethylation

status was associated with aggressive tumor phenotype and elevated mean MVD in breast cancer patients.
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Introduction

Epigenetic alterations defined as heritable changes
in gene expression that occur without alterations in
underlying DNA sequences, play an essential role in
normal development and carcinogenesis. In addition to
the genetic alterations like chromosome rearrangements,
point mutations and deletions, epigenetic changes have a
crucial role in the initiation of malignant tumor and their
progression. These epigenetic changes are commonly
mediated by several mechanisms which include DNA
methylation, histone modifications and abnormal
expression of non-coding RNAs. Several studies had
suggested that promoter DNA methylation plays an
important role in disease development and regulation
of gene expression or transcriptional silencing of the
corresponding genes ( Hafez et al, 2015; Place et al.,
2013; Hanetal.,2013; Yuan et al., 2003). Moreover, DNA
hypomethylation is known to be associated with activation
of proto oncogenes whereas DNA hypermethylation
is frequently associated with inactivation of tumor
suppressor genes (De et al.,2004; Jovanovic et al., 2010).

LCN2 (Lipocalin2) or Neutrophil Gelatinase Associated
Lipocalin (NGAL) is a 25KD secreted protein, plays an
important role in innate immunity and in pathogenesis of
several diseases (Pitashny et al., 2007; Viau et al., 2010
). Elevated LCN2 expression had been reported in human
epithelial cancers including breast, ovarian, colorectal and
pancreatic cancers; however, the biological functions of
LCN2 in tumor cells is yet to be elucidated (Nielsen et
al., 1996; Bartsch et al., 1995; Lim et al., 2007; Stoesz et
al., 1998). LCN2 expression was associated with lymph
node positive status, poor histological grade and found
to be an independent prognostic marker for decreased
survival in breast cancer (Bauer et al., 2008). Moreover,
the involvement of LCN2 in epithelial to mesenchymal
transition and tumor progression was also reported in
advanced breast cancer (Yang et al., 2009).

Off late, LCN2 is being considered as novel regulator
of angiogenesis, since VEGF levels were found to be
elevated with increased LCN2 expression (Yang et
al., 2013). Earlier studies had demonstrated that over
expression of LCN2 was associated with increased
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microvessel density (MVD) in breast tumors confirming
the role of LCN2 in angiogenesis (Fernandez et al.,
2005). Down regulation of LCN2 gene expression was
correlated with aberrant promoter methylation in breast
cancer cell lines (Roll et al., 2008) which revealed the
possible relationship between epigenetic regulation and
LCN2 gene expression in breast cancer. However, there
are no reports on confirming role of LCN2 promoter DNA
methylation in development of tumor microvessels and
tumor cell proliferation. Hence, the present study has
been planned to analyze the promoter methylation status
of LCN2 gene and its influence on microvessel density
and tumor cell proliferation in breast cancer patients. This
is the first report from Indian population on the role of
LCN2 promoter methylation in the development of tumor
microvessel formation.

Materials and Methods

Patients and healthy subjects: A total of 64 primary
breast cancer patients (Ductal carcinoma) were recruited
in this study from MNIJ Institute of Oncology and Regional
Cancer Centre, Hyderabad, India. Tumor tissue samples
were collected in RNAlater solution (Life technologies)
from the patients who underwent surgery before chemo or
radio therapy. Clinical information such as tumor grade,
lymph node status, hormone receptor status (Estrogen
Receptor, Progesterone Receptor, and Human Epidermal
Growth Factor Receptor 2) and type of breast cancer
was noted from tumor registry. Information on age at
diagnosis, menopausal status was collected from patients
through personal interview. Informed consent was taken
from the all participants. This study was approved by
institutional ethical committee, MNJ Institute of Oncology
and Regional Cancer Centre, Hyderabad, India.

DNA isolation, Bisulfite treatment and Methylation
specific PCR (MSP): Genomic DNA was isolated from
tumor tissue samples by phenol chloroform method (Pikor
et al., 2011). Bisulfite treatment of DNA was performed
by using Epimark bisulfite conversion kit (New England
Biolabs) according to the manufacturer’s instructions.
Primer sequences and Methylation Specific PCR (MSP)
conditions were followed as previously described (Roll et
al.,2008).and provided in Table 3. 2 g of genomic DNA
was used for sodium bisulfite treatment, which converts
all unmethylated cytosines to uracils, whereas methylated
cytosines remained unchanged. Two sets of primers
specific to methylated and unmethylated target sequences
were used in two PCR reactions. PCR products (273
bp product of both methylated and unmethylated) were
separated on 3% agarose gel electrophoresis (Figure 1).

Immunohistochemistry: Formalin fixed paraffin tissue
blocks were prepared from each patient’s sample. 4ym
thick tissue sections were used for immunohistochemical
analysis of Microvessel density (MVD) and Ki67
proliferation index. For assessment of microvessel density
(MVD), tissue sections were stained with monoclonal
mouse anti human CD34 (Biogenex) in 1:2 dilution.
Briefly, after deparaffinization, tissue sections were
incubated with 3% hydrogen peroxide in methanol.
Then the tissue sections were incubated with anti human
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CD34 antibody at 4°C for overnight. Further the slides
were incubated for 30 min with biotinylated secondary
antibody followed by streptavidin peroxidase and DAB
(Diaminobenzidene) was used as chromogen (Tae et al.,
2000). The determination of ki67 proliferation index
was done by staining the tissue sections with MIB-1
(DAKO, Copenhagen, Denmark) antibody. The tissue
sections were treated with 10mM citrate buffer for 15
min in a microwave oven. The slides were stained in
auto immuno stainer TechMate 500 (DAKO) for an
incubation time of 25 min with MIB-1 (1:100 dilutions).
DAB (Diaminobenzidene) used as chromogen (Klintman
et al., 2010; Taweevisit et al., 2010).

Evaluation of MVD and Ki67 index: Stained slides
were examined using Olympus BX 61 light microscope.
Clusters of CD34 stained endothelial cells or single
endothelial cells were considered as a vessel. Vessel
lumens were not counted. At first, slides were examined
under low magnification (x40) to identify the area of
highest vascularity (hot spots). 4 hot spots from each
slide were identified and microvessels were counted in
each hot spot of the slide at 200x. The mean number of
microvessels from these hot spots was calculated (Figure
2: Slide A, and Slide B). Mann Whitney U test was used
to determine the p value. Ki67 proliferation index was
considered as positive, if more than 30% of nuclear
staining was observed in tumor cells (Taweevisit et al.,
2010). (Figure 3: Slide A, and Slide B)

Results

The demographic data of breast cancer patients was

Table 1. Demographic Data of Breast Cancer Patients

Variables n %
Age

<40 14 21.8

>40 50 78.1
Diet

Vegetarian 20 31.2

Non vegetarian 44 68.7
Lactation

Yes 51 79.6

No 13 20.3
Menopausal status

Pre 39 60.9

Post 25 39.1
Tumor grade

I1&10 8 12.5

III & IV 56 87.5
Estrogen Receptor Status

Positive(+) 16 25

Negative(-) 48 75
Progesterone receptor status

Positive (+) 13 20.3

Negative (-) 51 79.6
HER?2 status

Positive (+) 39 60.9

Negative (-) 25 39.1
Nodal status

Positive (+) 51 79.6

Negative(-) 13 20.3
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Table 2. Association between LCN2 Methylation Status and Clinicopathological Variables

Parameter Methylated n (%) Unmethylated n (%)
21(32.8) 43(67.2)
Microvessel density
10.98+2.20( Mean)
14.10+8.13( Mean)
P=0.16
Tumor grade
1& 11 n=8 5(62.5) 3(37.5)
&IV n=56 16(28.6)
40 (71.4)
Yates x?; p value Yatesx2=2.27 p=0.13
Nodal status
Positive n=51 15(29.4) 36(70.6)
Negative n=13 6(46.2)
7(53.8)
x*; p value x*=1.3; p value=0.25
ER Status
Positive n=16 8(50.0) 8(50.0)
Negative  n=48 13(27.1)
35(72.9)
x2; p value x?=2.85; p-value=0.09
PR Status
Positive n=13 4(30.8) 9(69.2)
Negative  n=51 17(334)
34(66.6)
Yates x*; p value x?=0.02;; p value=0.87
HER?2 Status
Positive n=39 14(30.8) 25(64.1)
Negative  n=25 7(28.0)
18(72.0)
x?; p value x*=0.43; p value=0.51
Triple negative (TNBC) 2(9.52) 9(20.93)
Menopausal status
Pre n=39 15(38.5) 24(61.5)
ost  n=25 6(24.0
P 240) 19(76.0)
x%; p value x*= 0.86; p value=0.35
Ki 67 index
Positive n=35 17(48.6) 18(51.4)
Negative  n=29 4(13.8)
25(86.2)
Yates x?; p value x*=7.19; p value=0.007

Table 3. Primer sequences of LCN2 for Methylation Specific PCR

LCN2 Methylated

Forward primer:
Reverse primer:
LCN2 Unmethylated

5’-CGA-GAG-TTA-TTG-CGT-TTA-GTC-GA
5’-CGA-ATA-AAT-CAC-GAA-ATC-AAAAAT-TCG-A (Tm= 60°C, 35 cycles, 273 bp product)

Forward primer:
Reverse primer:

5’-AGA-GTT-ATT-GTG-TTTAGT-TGA-GGA,
5’-CAA-ATA-AAT-CACAAA-ATC-AAA-AAT-TCA-A (Tm=55°C, 35 cycles, 273 bp product)

given in Table 1. 78.12% of breast cancer patients were
above the age of 40 years at the time of diagnosis and
60.9% of patients’ were pre menopausal. 87.5% of breast
cancer cases were in advanced stage and were found
to be node positive (79.6%). The association between
promoter methylation of LCN2 gene and the clinical

characteristics of breast cancer patients was summarized
in Table 2. LCN2 promoter unmethylation was observed
in 43(67.2%) cases, whereas promoter methylation was
found in 21 (32.8%) cases. Promoter unmethylation was
more often seen in patients with post-menopausal breast
cancer (76.0%), advanced stage tumors (71.4%), ER
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Figure 1. Gel Picture: LCN2 Promoter Methylation
and Unmethylation (273bp). P- patient, U~ Unmethylated,
M- Methylated, L- Ladder (100bp)

Slide-A: Tumor with LCN2 Unmethylation Slide-B: Tumor with LCN2 methylation status
status showing high MVD( brown spots) showing low MVD

Figure 2. Immunohistochemical Staining of CD34
for Assessment of Microvessel Density in Bensity in
Breast Tumors

Slide A: Tumor section with LCN2 Slide B:Tumor section with LCN2 methylation
unmethylation status showing high ki67 status showing low ki67 proliferation
proliferation

Figure 3. Immunohistochemical Determination of Ki67
Proliferation

(72.9%), PR (66.6%) and HER?2 (72.0%) negative breast
tumors. 20.93% of triple negative breast cancer patients
were observed with LCN2 unmethylated status. LCN2
promoter unmethylation was also observed in 86.2% of
ki67 negative breast cancer patients.

Further we analyzed the association between
LCN2 promoter methylation and tumor microvessel
density in breast cancer tumors. The mean MVD was
elevated in LCN2 unmethylated patients compared to
methylated breast cancer patients though the difference
was statistically insignificant. (Methylated; 10.98+2.20,
unmethylated; 14.10+8.13, p=0.16)

Discussion

Angiogenesis is crucial process through which the solid
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tumor cells obtain oxygen and nutrients for their growth
and dissemination. Hence, the blocking of angiogenesis
by targeting the essential pro angiogenic growth factor
(VEGF) was considered as an attractive strategy to
control tumor progression (Harper et al., 2006). However,
resistance to anti- VEGF therapy is often witnessed in
solid tumors which emphasizes the need for targeting
additional angiogenesis regulatory genes to overcome
the challenges in anti-angiogenic cancer therapy (Gerald
etal.,2012). The over expression of LCN2 gene, a novel
angiogenesis regulator in human breast cancer, (Yang et
al., 2013) had been associated with neovascularization,
tumor growth and tumor cell proliferation (Fernandez et
al.,2005). Although the expression patterns of LCN2 gene
had been extensively studied in several cancers, the role
of promoter methylation of LCN2 gene in the progression
of breast cancer remains obscure.

In our study, LCN2 promoter unmethylation was
found in 43 of 64 (67.2%) breast cancer patients. Mean
MYVD was increased in patients with unmethylated LCN2
compared to methylated LCN2 patients. This might be
due to the activation of LCN2 gene through promoter
DNA unmethylation which resulted in elevated expression
of LCN2 that might promote microvessel formation
leading to angiogenesis so that tumor cells can survive.
It was documented earlier by Roll et al., 2008 that LCN2
expression was dysregulated by aberrant promoter
methylation in breast cancer cell lines indicating the
possible role of epigenetic events in the expression of
LCN2 gene. Further, promoter unmethylation of LCN2
was significantly associated with aggressive tumor
phenotypes such as advanced stage tumors (71.4%), node
positive status (70.6%) and triple negative breast tumors
which indicated that LCN2 promoter unmethylation
may be associated with the aggressive tumor phenotypes
and tumor progression. Perhaps, our results offer the
convincing evidence for describing the relationship
between LCN2 unmethylation and tumor angiogenesis
in breast cancer. Previous studies had shown the possible
involvement of promoter methylation in down regulation/
loss of expression of corresponding gene in several cancers
( Place et al., 2013; Han et al., 2013; Yuan et al., 2003).
Further, LCN2 promoter unmethylation was observed in
86.2% of breast cancer patients who were negative for
ki67 marker suggesting that LCN2 unmethylation may
not have any exert influence on cell proliferation. Our
results are in accordance with the reports of Lee et al., 2006
which suggested that LCN2 expression had no influence
on cell proliferation. Thus, the effects of LCN2 on cell
proliferation may be cell type specific. Taken together
our data suggests that promoter methylation status of
LCN2 gene might have a protective role in breast cancer
patients. Moreover, LCN2 promoter methylation status
might be a marker for predicting tumor angiogenesis in
breast cancer patients.
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