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Abstract
Adhesion and invasion have been identified as the two key components of metastasis. The 37 kDa/67 kDa laminin receptor
(LRP/LR) is thought to enhance these two processes thus endorsing the progression of cancer. Here we report on LRP/LR
and the metastatic potential of MDA-MB 231 breast and WHCO1 oesophageal cancer cells. Western blot analysis revealed a
significant increase in total laminin receptor precursor (LRP) levels of breast and oesophageal cancer cells in comparison to
non-invasive MCF-7 breast cancer cells, whereas LRP/LR cell surface levels in both cell lines were not significantly different to
those of MCF-7 cells as analysed by flow cytometry. Incubation of breast and oesophageal cancer cells with the anti-LRP/LR
specific antibody, IgG1-iS18, resulted in significant reduction in the adhesive potential of WHCO1 and MDA-MB 231 cells by
92% and 16%, respectively. Moreover, invasion was significantly impeded by 98% and 25% for WHCO1 and MDA-MB 231
cells, respectively. Pearson’s correlation coefficients proved a positive correlation between total LRP/LR levels and invasive
potential as well as between the adhesive and invasive potential of breast and oesophageal cancer cells. Our findings
suggest that through interference of the LRP/LR-laminin-1 interaction, anti-LRP/LR specific antibody IgG1-iS18 may act as a
possible alternative therapeutic tool for metastatic breast and oesophageal cancer treatment.
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affinity laminin receptor has not yet been encrypted but it is
believed that the 37 kDa LRP isoform is the precursor of the 67kDa LR possibly through acylation or heterodimerisation [3]
rather than homodimerisation [4].
LRP/LR is found on the cell surface [5], the cytosol [6,7]and
nucleus [8,9] and in the two latter cases it is involved in
translational processes and maintenance of nuclear structures,
respectively [3]. On the cell surface the receptor not only serves as
a receptor for laminin but also acts as a co-receptor for elastin
[10], carbohydrates [10] and the cellular prion protein [5,11].
In its association with laminin-1, LRP/LR controls several
physiological processes such as cell growth, adhesion, movement,
differentiation and migration [12]. LRP/LR has also been
implicated in numerous pathological processes such as facilitating
the internalization of infectious prion proteins [13] and various

Introduction
Cancer has become a global burden due to its high incidence
and mortality rates, with metastasis held accountable for
approximately 90% of cancer deaths. According to the World
Health Organization (WHO), cancer is the second leading cause
of death amongst non-communicable diseases, claiming about 7.6
million lives in the year 2008. To date lung cancer is the most
diagnosed cancer worldwide, followed by breast cancer, which is
central to this study, in conjunction with oesophageal cancer noted
as the eighth most diagnosed cancer (GLOBOCAN).
The 37-kDa/67-kDa laminin receptor (LRP/LR), a major
receptor for extracellular matrix proteins, was first isolated from
human breast carcinoma cells, murine melanoma cells [1] and
normal muscle cells [2]. The relationship between the two
isoforms, 37 kDa laminin receptor precursor and 67 kDa high
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viruses such as Dengue [14], Sindbis [14]and Adeno-associated
viruses (AAVs) [15].
A direct association between the high levels of LRP/LR and the
aggressiveness of tumorigenic cells was first noted in numerous
cancer types, such as breast [16], cervical [17,18], colon [18,19],
gastric [20], hepatocellular [21], lung [18,22], ovarian [23], and
prostate cancer cells [24]. However, knockdown of LRP using
siRNAs resulted in decreased cell survival suggesting that LRP/
LR is enhancing cell viability by blocking apoptosis [25].
Furthermore, recent findings demonstrated that anti-LRP/LR
specific antibody W3 significantly impeded angiogenesis thus
suggesting the LRP/LR might also be involved in tumor
angiogenesis [26].
This correlation between high levels of LRP/LR and tumor
aggressiveness indicates that the LRP/LR-laminin-1 interaction is
pivotal for mediating the two key components of metastasis,
adhesion and invasion [18,27]. Cell adhesion allows the tumorigenic cell to adhere to the basement membrane that activates
proteolytic enzymes i.e. type IV collagenase that degrade
components of the extracellular matrix (ECM) such as laminins,
proteoglycans and collagens [28]. Degradation of these components in turn induces invasion of the basement membrane,
allowing the cancerous cell to migrate to a newly found
microenvironment and proliferate there to form a secondary
tumor [29].
The affiliation between LRP/LR levels and the aggressiveness
of tumors recommends LRP/LR as a promising target for cancer
treatment. This is supported by in vivo studies illustrating that high
levels of LRP/LR result in tumor growth and proliferation [29].
Furthermore, we demonstrated that application of anti-LRP/LR
specific antibodies scFv-iS18 and IgG1-iS18 on human fibrosarcoma (HT1080) cells results in decreased invasive potential of
HT1080 cells [30]. Thus the hampering effect on invasion by antiLRP/LR specific antibodies indicates interference of the LRP/
LR-laminin-1 interaction.
In addition, we recently showed that anti-LRP/LR specific
antibody IgG1-iS18 significantly reduced adhesion and invasion of
the four most important cancer types worldwide, namely, cervical,
lung, prostate, and colon cancer cells, suggesting that IgG1-iS18
might act as a powerful therapeutic tool for treatment of the above
mentioned cancer types.
In this study, we investigated whether IgG1-iS18 is also
capable of impeding adhesion and invasion of oesophageal and
breast cancer cells, reflecting major cancer types worldwide.
According to the most recent worldwide 2008 cancer statistics

breast cancer was ranked the second most common cancer after
lung cancer, with an estimated 1.38 million women diagnosed
with the disease (Cancer Research UK). Furthermore, oesophageal cancer is graded as the eighth most common cancer, with
an estimated 480 000 people diagnosed in 2008 (Cancer
Research UK). These high incidence rates illustrate the crucial
need for alternative therapeutic options for the treatment of
these cancer types, both of them having only limited therapeutic
options. Similar metastatic studies have been carried out in our
laboratory, namely on fibrosarcoma, cervical cancer, lung
cancer, prostate cancer and colon cancer cells, respectively,
proving that anti-LRP/LR specific antibody IgG1-iS18 significantly reduces adhesion and invasion, major components of
metastatic cancer [18,30]. However, to prove that IgG1-iS18 is
also effective on breast and oesophageal cancer cells, major
emerging cancer types worldwide, we conducted this study to
offer a possible alternative therapeutic antibody option for
patients suffer from these cancer types.

Materials and Methods
Cell Culture and Conditions
Human breast adenocarcinoma (MCF-7) cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) high glucose
(4.5 g/l) (Invitrogen Gibco). MDA-MB 231 breast cancer cells
were cultured in DMEM/Ham’s-F12 (1:1) and WHCO1 oesophageal cancer cells were cultured in DMEM/Ham’s-F12 (3:1). All
media was supplemented with 10% fetal calf serum (FCS) and 1%
penicillin/streptomycin at 37uC and 5% CO2.
The oesophageal WHCO1 carcinoma cell line is not commercially available. This epithelial cell line was propagated in vitro
from tumor biopsy material of a patient with this type of
oesophagus carcinoma [31]. Cell lines MCF-7 and MDA-MB231 are commercially available at the American Tissue Culture
Collection (ATTC), catalogue numbers ATCCH HTB22TM and
ATCC H HTB-26TM, respectively.

Reagents and Antibodies
MatrigelTM, employed for cell invasion assays is derived from
the Engelbreth-Holm-Swarm (EHS) mouse sarcoma and was
obtained from BD Biosciences.
Laminin-1, employed for adhesion assays was obtained from
Sigma-Aldrich.
Chloramphenicol acetyl transferase (CAT) antibody was
obtained from Sigma-Aldrich.

Figure 1. Detection of LRP/LR levels on the surface of oesophageal and breast cancer cells. FACSTM was performed using IgG1-iS18
antibody on (a) MCF-7, (b) MDA-MB 231 and (c) WHCO1 cells. The first curve represents the control labeled with goat anti-human IgG-coupled
secondary antibody whilst the second curve represents cells labeled with both anti-LRP IgG1-iS18 primary and goat anti-human IgG-coupled
secondary antibodies (30 mg/ml). Percentages were calculated using a linked marker from the point of overlap to the end of the second curve. Data
are representative of three experiments carried out in triplicate using different cell cultures.
doi:10.1371/journal.pone.0066297.g001
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Figure 2. Detection of total LRP levels in oesophageal and breast cancer cells. (a) Detection of relative expression of the total 37 kDa LRP
levels on protein lysates of various tumorigenic cell lines. Western blot analysis was performed using anti-LRP/LR specific primary antibody IgG1-iS18
and secondary FITC-coupled antibody on MCF-7, WHCO1 and MDA-MB 231 cells. b-actin was used as a loading control and 10 mg of protein lysates
was loaded. Data are representative of three experiments carried out in triplicate using different cell cultures. (b) Bar chart of total LRP/LR levels of
MCF-7, WHCO1 and MDA-MB 231 cell as analysed by Western blotting. Densitometry analysis was performed on the blots from Fig. 2a. WHCO1 and
MDA-MB 231 cells displayed significantly higher total LRP/LR levels relative to MCF-7 cells. Data are representative of three experiments carried out in
triplicate from different cell cultures.
doi:10.1371/journal.pone.0066297.g002

phosphate-buffered saline (PBS). One cell suspension was stained
for LRP/LR by re-suspension in 100 ml of 30 mg/ml of primary
antibody IgG1-iS18, whilst the second cell suspension posing as
the control re-suspended in fluorescence activated cell scanning
(FACS) buffer only. Following 1 hour (h) incubation in the dark,
cell pellets were washed three times and re-suspended in 100 ml of
30 mg/ml the goat anti-human IgG fluorescein isothiocyanate
(FITC)-coupled secondary antibody (Beckman Coulter). After 1 h
incubation, suspensions were centrifuged at 5000 rpm for 1
minute (min) and pellets washed three times with FACS buffer.
The resulting suspensions were then evaluated using the BD
Accuri C6 flow cytometer and software. Data shown is representative of three biological replicates.

IgG1-iS18 was recombinantly produced in a mammalian
expression system as described by Zuber et al., (2008) [30].

SDS PAGE and Western Blotting
Western blotting was employed in order to determine total
LRP/LR levels in the various cancer cell lines. 10 mg of total
protein was subjected to sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and the resulting protein pattern was
transferred onto a polyvinylidine fluoride (PVDF) membrane with
1X transfer buffer at 450 mV for 45 min. Post blocking with nonfat milk and PBS Tween, the membrane was probed with IgG1iS18 primary antibody (1:10000) for an hour then washed three
times with PBS Tween prior to incubation with goat-anti-humanperoxidase (1:5000) secondary antibody. In addition, 42-kDa bactin was used as a loading control by using the monoclonal antib-actin-peroxidase antibody (1:5000). The resulting fluorescence
of the horseradish peroxidase (HRP) was developed and fixed onto
an X-ray film. Data shown is representative of three biological
replicates.

Invasion Assay
The ability of the cell lines to invade the basement membrane
was examined in vitro, using the ECM-like MatrigelTM. The
MatrigelTM was diluted in serum free-cold cell culture media,
loaded on to inserts of 24-transwell plates (BD Falcon, 8 mm pore
size) and allowed to solidify at 37uC for approximately 5 hours.
Harvested cells were re-suspended in serum-free culture media at
density of 16106 cells/ml, loaded onto the MatrigelTM and
incubated for an 18 h period at 37uC prior to assessment.
Furthermore, to examine the influence of the anti-LRP/LR
antibody, cells were incubated with the antibodies, IgG1-iS18

Flow Cytometry - FACSTM Analysis
Cell surface expression of LRP/LR was determined using a flow
cytometer. Two cell suspensions were prepared by re-suspension
in FACS buffer composed of 0.01% sodium azide, 2% fetal calf
serum, 20 mM ethylenediaminetetraacetic acid (EDTA) and
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Figure 3. Oesophageal and breast cancer cells display significantly increased invasive potential compared to non-invasive MCF-7
cells. Cells were incubated in MatrigelTM coated inserts for an18 h period and stained with toulidine. The dye was extracted using SDS and measured
the absorbance of the resulting solution at 620 nm. Data are representative of three experiments carried out in triplicate.
doi:10.1371/journal.pone.0066297.g003

(0.2 mg/ml) and anti-CAT (0.2 mg/ml, negative control), with
500 ml of culture media added to the lower chamber. After 18 h
incubation, non-invasive cells were removed by a cotton swab and
invasive cells were washed with PBS, fixed with 4% paraformaldehyde (PFA) and stained with 0.5% toulidine blue. Absorbance
was then measured with an enzyme-linked immunosorbent assay
(ELISA) reader at 620 nm following extraction of the dye with 1%
SDS. Data shown is representative of three biological replicates.

fixed with 4% PFA for 10 min. Wells were then stained with 0.1%
crystal violet, followed by the addition of 1% SDS in order to
extract the dye and the absorbance of the resulting colorimetric
solution was measured at 570 nm. Data shown is representative of
three biological replicates.

Statistical Evaluation
Data was statistically analyzed using the two-tailed Student’s ttest with a confidence interval of 95%; with p-values less than 0.05
considered significant.
The Pearson’s (r) correlation coefficient was used to measure the
degree of association between LRP/LR levels and the adhesive/
invasive potential. A positive coefficient indicated direct proportionality between the two variables, thus a negative value suggested
inverse proportionality.

Adhesion Assay
Analysis of the adhesive potential of the various cancer cell lines
to the basement membrane was performed in vitro using 96-well
plates coated with laminin (10 mg/ml), and uncoated wells posing
as negative controls. Following coating of wells for 1 h, wells were
washed with 0.1% bovine albumin serum (BSA) in DMEM and
blocked with 100 ml of 0.5% BSA in DMEM for an hour. Cells
suspended in serum-free culture media were added to wells at a
density of 46105 cells/ml in order to examine the adhesive
potential. Furthermore, the effect of the anti-LRP/LR IgG1-iS18
(0.2 mg/ml) antibody on the adhesive potential was analysed (CAT
antibody acting as a negative control). Cell suspensions treated
with either antibody were incubated for one hour, washed and

Results
Breast and Oesophageal Cancer Cells Display High Levels
of LRP/LR on the Cell Surface
The interaction of LRP/LR and laminin-1 on the cell surface of
tumorigenic cells triggers the process of metastasis. Therefore, we

Table 1. Invasive potential of oesophageal and breast cancer cells.

Cell line

Invasive potential

% Increase of Invasive potential compared to MCF7-cells

MCF-7

Non-invasive

–

WCHO1

Invasive

60% (p = 0.016)*

MDA-MB 231

Invasive

71% (p = 0.0002)**

Invasive potentials were determined using the absorbance measured at 620 nm. A percentage was then determined by calculating the difference between the
respective cell line and the invasive potential of MCF-7 cell line. p-values were calculated using the two-tailed Students t-test with a 95%confidence interval.
doi:10.1371/journal.pone.0066297.t001

PLOS ONE | www.plosone.org

4

June 2013 | Volume 8 | Issue 6 | e66297

IgG1-iS18 Impedes Breast and Oesophageal Cancer

Figure 4. Effect of anti-LRP/LR specific antibody IgG1-iS18 on the adhesive potential of breast and oesophageal cancer cells. Cells
were incubated with IgG1-iS18 (0.2 mg/ml) and CAT acting as a negative control (0.2 mg/ml) for an hour on laminin-1 coated wells. Cells that had
adhered were stained with crystal violet and absorbance of extracted dye was measured at 570 nm. A significant decrease in adhesion potential was
noted for both WHCO1 and MDA-MB 231 cells upon application of IgG1-iS18 (light gray) compared to the no antibody control (black). Data are
representative of three experiments carried out in triplicate from different cell cultures.
doi:10.1371/journal.pone.0066297.g004

Densitometry analysis revealed that MDA-MB 231 and
WHCO1 tumorigenic cell lines have significantly higher total
LRP levels relative to non-invasive MCF-7 cell line (Figure 2b).
MDA-MB 231 and WHCO1 cells revealed a significant 67.3%
and 33.8% increase in total LRP levels, respectively, compared to
MCF-7 cells (Fig. 2b).

assessed the percentage of breast and oesophageal cancer cells
exhibiting LRP/LR on the cell surface.
Both tumorigenic cell lines revealed high levels of LRP/LR on
the cell surface as shown in Figure 1. 99.90% of MDA-MB 231
breast cancer cells (Fig. 1b) and 99.87% of WHCO1 oesophageal
cancer cells revealed LRP/LR on the cell surface (Fig. 1c). We
confirmed previous studies that non-invasive MCF-7 cells reveal
high levels of LRP/LR [18].

The Invasive Potential of Oesophageal and Breast Cancer
Cells is Significantly Higher than Non-invasive MCF-7
Cells

Breast and Oesophageal Cancer Cells Display High Total
LRP/LR Levels

Invasion is regarded as a pre-requisite for the progression of
cancer thus the ability of breast and oesophageal cancer cells was
analysed. The known non-invasive MCF-7 cell line revealed very
little invasive potential (Fig. 3). Whilst the WHCO1 and MDAMB 231 cells revealed a significant 60% and 71% increase in
invasive potential, respectively when compared to MCF-7 cells
(Table 1).

Since LRP/LR is also found intracellularly [9] we determined
total LRP/LR levels. All tumorigenic cell lines revealed expression
of the 37 kDa laminin receptor precursor (LRP) (Figure 2a). The
67 kDa high affinity laminin receptor (LR) could not be detected
with IgG1-iS18 as previously described [30].

IgG1-iS18 Significantly Impedes the Adhesion Potential
of Breast and Oesophageal Cancer Cells

Table 2. IgG1-iS18 reduces adhesion potential of breast and
oesophageal cancer cells.

Cell line

% Reduction in adhesion
potential

p-value

MCF-7

0

–

WHCO1

92

0.0002**

MDA-MB 231

16

0.0124*

Adhesion of a tumorigenic cell to the basement membrane via
the laminin-1-LRP/LR interaction is crucial for initiating invasion
as it facilitates other interactions that are pivotal for degradation of
the components of the basement membrane. Thus the adhesive
potential of breast and oesophageal cancer cells was analysed and
the effect of anti-LRP/LR specific antibody IgG1-iS18 on the
adhesive potential was assessed. Upon application of IgG1-iS18
antibody, a significant decrease in the adhesive potential was noted
in both neoplastic cell lines, but no effect was observed on the
minimal adhesion potential of non-invasive MCF-7 cells (Fig. 4).
The oesophageal WHCO1 cancer cells displayed the highest
adhesive potential, accompanied by the highest decrease of
adhesive potential of 92% whilst only a 16% decrease was

The % reduction in adhesion is the difference in adhesive potential between
cells without antibody compared to cells treated with IgG1-iS18 antibody. pvalues were calculated using the two –tailed Students t-test with a 95%
confidence interval.
doi:10.1371/journal.pone.0066297.t002
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Figure 5. Effect of anti-LRP/LR specific antibody IgG1-iS18 on the invasive potential of breast and oesophageal cancer cells. Cells
were incubated with IgG1-iS18 (0.2 mg/ml) or CAT (negative control) (0.2 mg/ml) on MatrigelTM coated inserts for an 18 h period. Toulidine blue was
used to stain the invaded cells and following extraction of the dye using SDS absorbance was measured at 620 nm. A significant decrease in invasion
potential was noted for both WHCO1 and MDA-MB 231 cells upon application of IgG1-iS18 antibody (light gray) compared to the no antibody control
(black). Data are representative of three experiments carried out in triplicate from different cell cultures.
doi:10.1371/journal.pone.0066297.g005

observed for the MDA-MB 231 breast cancer cells (Table 2).
Furthermore, the control antibody CAT had no effect on the
adhesive potential of all tumorigenic cell lines.

Discussion
Numerous studies have pointed out that the LRP/LR-laminin-1
interaction may be crucial for malignant transformation of
tumorigenic cells and angiogenesis induction [32]. Omar et al.
[18] have shown that the anti-LRP/LR specific antibody IgG1iS18 significantly hampers the two key steps of metastasis,
adhesion and invasion. Here the effect of this antibody on the
adhesive and invasive potential of MDA-MB 231 breast and
WHCO1 oesophageal cancer cell lines was investigated.
A remarkably high percentage of all tumorigenic cell lines
namely, MCF-7, WHCO1 and MDA-MB 231 (99.15%, 99.87%
and 99.99%, respectively) displayed LRP/LR on their cell surface.
As formerly stated, LRP/LR is pivotal for the cell adhesion,
invasion, migration and proliferation. Both MDA-MB 231 and
WHCO1 tumorigenic cells are known to be invasive [33,34], thus
the high proportion of cells displaying LRP/LR on the cell surface
may be owing to the high invasive potential of these cells.
Although approximately the same percentage of WHCO1 and
MDA-MB 231 cells show LRP/LR on the cell surface, WHCO1
cells show less invasive potential compared to MDA-MB 231 cells
(Fig. 3).
In addition to confirmation of the cell surface expression of this
receptor, Western blot analysis (Fig. 2) was also employed to
analyse the total LRP levels and indeed all three tumorigenic cell
lines expressed the laminin receptor. By means of densitometry
analysis, significantly increased total LRP levels on oesophageal
(WHCO1) and breast (MDA-MB 231) cancer cells compared to
non-invasive MCF-7 cells were observed (Fig. 2a).
Apart from conferring the main metastatic characteristics
(adhesion, invasion and migration), LRP/LR is also implicated
in protein synthesis and angiogenesis induction [32,35]. Thus the
high levels of total LRP noted in WHCO1 and MDA-MB 231 cell
lines may be owing to the metastatic origin of these cell lines.
These cell lines may require enhanced protein synthesis in order to

IgG1-iS18 Significantly Hampers Invasion of Breast and
Oesophageal Cancer Cells
In order to ascertain the effect of the anti-LRP/LR specific
antibody on the invasion of the tumorigenic cell lines, cells were
incubated with IgG-iS18. A significant decrease of the invasion
was observed for the WHCO1 and MDA-MB 231 cell lines
(Fig. 5). A more striking decrease was noted for the WHCO1
(human oesophagus carcinoma) cell line (Fig. 5 and Table 3),
concurrent with the highest decrease in adhesive potential
observed in this cell line (Fig. 4). However, only a 25% decrease
was observed for the MDA-MB 231 (breast cancer carcinoma) cell
line which is also noted as the most aggressive cell line with a 71%
increase in invasion potential (Table 1).

Table 3. IgG1-iS18 reduces invasive potential of breast and
oesophageal cancer cells.

Cell line

% Reduction in invasion
potential

p-value

MCF-7

0

–

WHCO1

98

0.0084**

MDA-MB 231

25

0.0083**

The % reduction in invasion in the difference in invasive potential between cells
without antibody compared to cells treated with IgG1-iS18 antibody. p-values
were calculated using the two-tailed Students t-test with a 95% confidence
interval.
doi:10.1371/journal.pone.0066297.t003
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Table 4. Pearson’s correlation co-efficient.

Cell line

Total LRP/LR levels to invasive potential

Adhesive potential to invasive potential

MDA-MB 231

0.95

0.97

WHCO1

0.98

0.96

doi:10.1371/journal.pone.0066297.t004

carry out the metastatic processes central to cancer progression
and especially induce the formation of new blood vessels
(angiogenesis) thus sustaining growth of the cancer due to
availability of ample nutrients [28]. Therefore the elevated levels
of LRP on these cell lines are not puzzling in cancer terms, and
may assist in pathways that are central in metastasis.
Furthermore, the breast cancer MDA-MB 231 cell line is a
triple negative form of breast cancer since these cells do not
express estrogen (ER), progesterone (PR) and Human Epidermal
Growth Factor Receptor 2 (HER2) [36,37]. Thus it has been
shown that progression of this cancer cell line is independent of the
presence of these hormones, therefore the high levels of LRP/LR
observed in the MDA-MB 231 cell line may be an alternative
mechanism for survival, growth and progression. The upregulation of receptors is characteristic of a majority of cancer types, and
triple negative cancers are also of no exception as studies have
shown an overexpression of the Epidermal Growth Factor
Receptor (EGFR) and numerous cytokeratins amongst these
cancer cells [38] thus this overexpression of LRP/LR is not
eccentric.
It is noteworthy to add that the correlation between the levels of
total LRP/LR and the invasive potential of both cell lines was
considerably high (Table 4), signifying a positive, directly
proportional relationship between the two parameters. Therefore,
suggesting that cancer aggressiveness is enhanced by high LRP/
LR levels, which is consistent with results obtained by Omar et al.
[18]. Please note that only the total LRP/LR levels were
compared to the invasive potential because no significant
difference in cell surface levels was observed between tumorigenic
and non-tumorigenic cells (Fig. 1).
The results obtained in this study demonstrate that anti-LRP/
LR specific antibody, IgG1-iS18, not only considerably decreased
the adhesion of metastatic oesophageal and breast cancer on
laminin-1 but also reduced the invasive capability of these cells on
the MatrigelTM. The extent of inhibition of these processes in vitro
varied for each cell line (Table 2 &3) with a striking decrease
observed for the oesophageal WHCO1 cell line and these
discrepancies may be attributed to varying total LRP/LR levels
(Fig. 3). This significant decrease in invasive potential upon IgG1iS18 application may be accredited to the inhibition of adhesion,
as this step is preceding invasion during metastasis induction.
We suggest from the high correlation coefficient between
invasive potential and adhesion potential on breast and oesophageal cancer cells of 0.97 and 0.96, respectively (Table 4), that
invasion is correlated with the laminin-1/LRP/LR interaction and
therefore we suggest that the significant reduction in the invasive
potential by IgG1-iS18 is due to a blockage of the LRP/LR
laminin-1 interaction. However, we cannot exclude that the

significant reduction in invasion of both cell lines by IgG1-iS18
might also be due to a reduced level of LRP/LR on the cell
surface.
This result is in accordance with reported results, affirming that
the LRP/LR-laminin-1 interaction not only facilitates adhesion
but promotes the secretion of basement degrading enzymes such
as type IV collagenase, thus promoting invasion and migration
through the newly formed channels [33].
In addition, the pathological potential of the LRP/LR-laminin
interaction has been targeted using other anti-LRP/LR tools such
as heparan mimetic HM2602, pentosan polysulfates and antibodies, single-chain variable fragment (scFv) and IgG1-iS18, resulting
in a significant obstruction of the adhesive and invasive potential of
HT1080 human fibrosarcoma cells [30]. Furthermore, another
study observed hindrance of both adhesive and invasive potential
of AMC-HN-8 laryngeal carcinoma cells upon application of a
specific anti-67LR monoclonal antibody, MluC5 [39]. Thus the
hampering effect on adhesion and invasion by these anti-LRP/LR
tools indicates interference with the laminin-1-LR/LRP interaction.
Taken together, these results strongly suggest that the LRP/LRlaminin-1 interaction in tumor cells enhances the proteolytic
cleavage of the basement membrane, thus facilitating invasion and
migration [40]. Additionally, the anti-LRP/LR specific antibody
IgG1-iS18 also significantly impacted on the behavior of WHCO1
and MDA-MB 231 cancer cells at the stages of adhesion and
invasion of the basement membrane and may potentially act as an
alternative therapeutic tool for the treatment of metastatic
oesophageal and breast cancer.
The results of this study will provide new insight in the scientific
community because one cannot speculate that the IgG1-iS18
antibody will have the same hindering influence on all cancer
types as each cancer behaves differently. Moreover, targeting
LRP/LR may prove difficult in terms of administration because as
previously mentioned, it is also imperative for numerous physiological processes thus its inhibition may cause further deleterious
effects that can compromise the health of the individual. Therefore
studies into potentially appropriate delivery systems could assist in
this quandary and subsequent to successful animal trials this
antibody could indeed be a potential therapeutic tool and
contribute in the quest to fight cancer.

Author Contributions
Conceived and designed the experiments: SFTW RV. Performed the
experiments: TK. Analyzed the data: TK. Contributed reagents/
materials/analysis tools: UR SK ML. Wrote the paper: TK. Revised
manuscript: SFTW RV.

References
1. Rao NC, Barsky SH, Terranova VP, Liotta LA (1983) Isolation of a tumor cell
laminin receptor. Biochem Biophys Res Commun 111: 804–808.
2. Lesot H, Kuhl U, Mark K (1983) Isolation of a laminin-binding protein from
muscle cell membranes. EMBO J 2: 861–865.

PLOS ONE | www.plosone.org

3. Vana K, Zuber C, Pflanz H, Kolodziejczak D, Zemora G, et al. (2009) LRP/LR
as an alternative promising target in therapy of prion diseases, Alzheimer’s
disease and cancer. Infect Disord Drug Targets 9: 69–80.

7

June 2013 | Volume 8 | Issue 6 | e66297

IgG1-iS18 Impedes Breast and Oesophageal Cancer

22. Fontanini G, Vignati S, Chine S, Lucchi M, Mussi A, et al. (1997) 67-Kilodalton
laminin receptor expression correlates with worse prognostic indicators in nonsmall cell lung carcinomas. Clin Cancer Res 3: 227–231.
23. van den Brule FA, Berchuck A, Bast RC, Liu FT, Gillet C, et al. (1994)
Differential expression of the 67-kD laminin receptor and 31-kD human
laminin-binding protein in human ovarian carcinomas. Eur J Cancer 30A:
1096–1099.
24. Waltregny D, de Leval L, Menard S, de Leval J, Castronovo V (1997)
Independent prognostic value of the 67-kd laminin receptor in human prostate
cancer. J Natl Cancer Inst 89: 1224–1227.
25. Moodley K, Weiss SF (2013) Downregulation of the non-integrin laminin
receptor reduces cellular viability by inducing apoptosis in lung and cervical
cancer cells. PLOS ONE 8: e57409.
26. Khusal R, Da Costa Dias B, Moodley K, Penny C, Reusch U, et al. (2013) In
Vitro Inhibition of Angiogenesis by Antibodies Directed against the 37 kDa/
67 kDa Laminin Receptor. PLOS ONE 8: e58888.
27. Nelson J, McFerran NV, Pivato G, Chambers E, Doherty C, et al. (2008) The
67 kDa laminin receptor: structure, function and role in disease. Biosci Rep 28:
33–48.
28. Hanahan D, Weinberg RA (2000) The hallmarks of cancer. Cell 100: 57–70.
29. Ardini E, Pesole G, Tagliabue E, Magnifico A, Castronovo V, et al. (1998) The
67-kDa laminin receptor originated from a ribosomal protein that acquired a
dual function during evolution. Mol Biol Evol 15: 1017–1025.
30. Zuber C, Knackmuss S, Zemora G, Reusch U, Vlasova E, et al. (2008) Invasion
of tumorigenic HT1080 cells is impeded by blocking or downregulating the 37kDa/67-kDa laminin receptor. J Mol Biol 378: 530–539.
31. Bey E, Alexander J, Whitcutt JM, Hunt JA, Gear JH (1976) Carcinoma of the
esophagus in Africans: establishment of a continuously growing cell line from a
tumor specimen. In Vitro 12: 107–114.
32. Ardini E, Sporchia B, Pollegioni L, Modugno M, Ghirelli C, et al. (2002)
Identification of a novel function for 67-kDa laminin receptor: increase in
laminin degradation rate and release of motility fragments. Cancer Res 62:
1321–1325.
33. Liotta LA, Stetler-Stevenson WG (1991) Tumor invasion and metastasis: an
imbalance of positive and negative regulation. Cancer Res 51: 5054s–5059s.
34. Sommers CL, Byers SW, Thompson EW, Torri JA, Gelmann EP (1994)
Differentiation state and invasiveness of human breast cancer cell lines. Breast
Cancer Res Treat 31: 325–335.
35. McKenna DJ, Simpson DA, Feeney S, Gardiner TA, Boyle C, et al. (2001)
Expression of the 67 kDa laminin receptor (67 LR) during retinal development:
correlations with angiogenesis. Exp Eye Res 73: 81–92.
36. Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, et al. (2000)
Molecular portraits of human breast tumours. Nature 406: 747–752.
37. van ’t Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, et al. (2002) Gene
expression profiling predicts clinical outcome of breast cancer. Nature 415: 530–
536.
38. Siziopikou KP, Cobleigh M (2007) The basal subtype of breast carcinomas may
represent the group of breast tumors that could benefit from EGFR-targeted
therapies. Breast 16: 104–107.
39. Zhou L, Xie M, Zhou JQ, Tao L (2006) 67-kDa laminin receptor in human
laryngeal squamous cell carcinoma. Laryngoscope 116: 28–32.
40. Turpeenniemi-Hujanen T, Thorgeirsson UP, Rao CN, Liotta LA (1986)
Laminin increases the release of type IV collagenase from malignant cells. J Biol
Chem 261: 1883–1889.

4. Hundt C, Peyrin JM, Haik S, Gauczynski S, Leucht C, et al. (2001)
Identification of interaction domains of the prion protein with its 37-kDa/67kDa laminin receptor. EMBO J 20: 5876–5886.
5. Gauczynski S, Peyrin JM, Haik S, Leucht C, Hundt C, et al. (2001) The 37kDa/67-kDa laminin receptor acts as the cell-surface receptor for the cellular
prion protein. EMBO J 20: 5863–5875.
6. Scheiman J, Jamieson KV, Ziello J, Tseng JC, Meruelo D (2010) Extraribosomal
functions associated with the C terminus of the 37/67 kDa laminin receptor are
required for maintaining cell viability. Cell Death Dis 1: e42.
7. Auth D, Brawerman G (1992) A 33-kDa polypeptide with homology to the
laminin receptor: component of translation machinery. Proc Natl Acad Sci U S A
89: 4368–4372.
8. Sato M, Kinoshita K, Kaneda Y, Saeki Y, Iwamatsu A, et al. (1996) Analysis of
nuclear localization of laminin binding protein precursor p40 (LBP/p40).
Biochem Biophys Res Commun 229: 896–901.
9. Nikles D, Vana K, Gauczynski S, Knetsch H, Ludewigs H, et al. (2008)
Subcellular localization of prion proteins and the 37 kDa/67 kDa laminin
receptor fused to fluorescent proteins. Biochim Biophys Acta 1782: 335–340.
10. Mecham RP, Hinek A, Griffin GL, Senior RM, Liotta LA (1989) The elastin
receptor shows structural and functional similarities to the 67-kDa tumor cell
laminin receptor. J Biol Chem 264: 16652–16657.
11. Rieger R, Edenhofer F, Lasmezas CI, Weiss S (1997) The human 37-kDa
laminin receptor precursor interacts with the prion protein in eukaryotic cells.
Nat Med 3: 1383–1388.
12. Mercurio AM (1995) Laminin receptors: achieving specificity through
cooperation. Trends Cell Biol 5: 419–423.
13. Gauczynski S, Nikles D, El-Gogo S, Papy-Garcia D, Rey C, et al. (2006) The 37kDa/67-kDa laminin receptor acts as a receptor for infectious prions and is
inhibited by polysulfated glycanes. J Infect Dis 194: 702–709.
14. Wang KS, Kuhn RJ, Strauss EG, Ou S, Strauss JH (1992) High-affinity laminin
receptor is a receptor for Sindbis virus in mammalian cells. J Virol 66: 4992–
5001.
15. Akache B, Grimm D, Pandey K, Yant SR, Xu H, et al. (2006) The 37/67kilodalton laminin receptor is a receptor for adeno-associated virus serotypes 8,
2, 3, and 9. J Virol 80: 9831–9836.
16. Nadji M, Nassiri M, Fresno M, Terzian E, Morales AR (1999) Laminin receptor
in lymph node negative breast carcinoma. Cancer 85: 432–436.
17. al-Saleh W, Delvenne P, van den Brule FA, Menard S, Boniver J, et al. (1997)
Expression of the 67 KD laminin receptor in human cervical preneoplastic and
neoplastic squamous epithelial lesions: an immunohistochemical study. J Pathol
181: 287–293.
18. Omar A, Reusch U, Knackmuss S, Little M, Weiss SF (2012) Anti-LRP/LRspecific antibody IgG1-iS18 significantly reduces adhesion and invasion of
metastatic lung, cervix, colon and prostate cancer cells. J Mol Biol 419: 102–109.
19. Sanjuan X, Fernandez PL, Miquel R, Munoz J, Castronovo V, et al. (1996)
Overexpression of the 67-kD laminin receptor correlates with tumour
progression in human colorectal carcinoma. J Pathol 179: 376–380.
20. de Manzoni G, Guglielmi A, Verlato G, Tomezzoli A, Pelosi G, et al. (1998)
Prognostic significance of 67-kDa laminin receptor expression in advanced
gastric cancer. Oncology 55: 456–460.
21. Ozaki I, Yamamoto K, Mizuta T, Kajihara S, Fukushima N, et al. (1998)
Differential expression of laminin receptors in human hepatocellular carcinoma.
Gut 43: 837–842.

PLOS ONE | www.plosone.org

8

June 2013 | Volume 8 | Issue 6 | e66297

