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Abstract
LRIG1 (leucine-rich repeat and immunoglobulin-like domain containing), belongs to LRIG family of
transmembrane proteins containing leucine rich repeats. LRIGs are considered as tumor suppressor as
they negatively regulate receptor tyrosine kinases. The role of LRIG1 as an EGFR regulator makes it an
important marker to be studied in various epithelial-derived cancers. LRIG1 expression was low in Erbb2+

cell lines and more cell motility were observed. AKT/GSK3-β/β-catenin pathway was activated when
LRIG1 was downregulated and consequently, Erbb2 was upregulated. So far, no study has reported the
expression of LRIG1 in benign forms of tumor such as �broadenoma. Current study aims to analyze
LRIG1 expression in �broadenoma and Invasive ductal carcinoma (IDC) tissues. In this study, we
compared the LRIG1 expression with different clinicopathological parameters of patients having IDC or
�broadenoma. Our results indicated that LRIG1 expression can be signi�cantly correlated with age,
Nottingham index and Her2/ neu status of cancer. The expression of LRIG1 in IDC and �broadenoma
were found to be signi�cantly different. The �broadenoma tissue sections were found to express LRIG1
more intensely as compared to the IDC sections which are in line with the studies reporting reduced copy
number of the gene either due to gene deletion or transcriptional inhibition. This further lends supports to
the previous studies showing that the down regulation of LRIG1 may lead to a more aggressive and
malignant tumor thus acting as a tumor suppressor.

Introduction
Breast cancer is most common cancer of women both in developing and in developed countries.  It is
estimated that every one in nine women will develop breast cancer at some stage of their life and
accounts for 34.6% of cancer in female in Pakistan (1).  Different environmental and hereditary risks play
role in progression of breast cancer. Fibroadenoma is one of the risk factors that arise from stroma or
epithelium of the terminal duct lobular unit and develop into ductal hyperplasia, ductal carcinoma in situ
or invasive carcinoma. A woman having �broadenoma is two times more likely to develop breast cancer
in her lifetime than a woman without �broadenoma (2). Invasive ductal carcinoma (IDC) is most common
invasive cancer, according to international statistics, that accounts for 75% of all breast cancer cases (3).

St Gallen guidelines has set different prognostic and predictive factors such as age, tumor grade,
Nottingham grading system, hormone receptors and Her2/ neu receptor status to estimate patient
survival and degree of aggressiveness of tumor and treatment (4). Various proteins are elevated at
abnormal levels or are deregulated in cancers. One such protein is LRIG1. LRIG1 belong to Leucine rich
repeats and Immunoglobulin like domains (LRIG) family. It has structural similarities with Drosophilia
Kekkon 1 gene; epidermal growth factor inhibitor indicates its important role in signal transduction
events. It is expressed in cytoplasmic, nuclear and perinuclear compartments of cells belonging to
epithelial, muscle and central nervous system (5-6). LRIG1 regulates cell to cell contact via forming
ternary complex between LRIG1, E-cadherin and EGFR (7). LRIG1 ectodomain can be solubilized and is
reported to function as non-cell autonomous regulator of EGFR signaling (8). LRIG1 negatively regulates
the tyrosine kinases ErbB receptors and MET receptors. ErbB signaling contributes to development of



Page 3/17

many epithelial cancers so LRIG1 was �rst considered as tumor suppressor gene. The LRIG1 locus
3p14.3 is frequently deleted in cancers suggest its role as tumor suppressor (9).  It is down regulated in
renal cell carcinoma squamous cell carcinoma and glioblastoma due to inhibitory effect on EGFR (10-
12). However, this scenario is not always true as LRIG1 expression is up regulated in certain tumors such
astrocytoma and in prostate cancer (13). So LRIG1 can be tumor suppressor or tumor promoter
depending upon the cellular context (14). Ectopic expression of LRIG1 negatively regulates the oncogenic
EGFR mutant EGFRvIII, which is the most common mutant, through inhibiting the activation of PI3K/Akt
of EGFR and EGFRvIII signal transduction pathways (15). In breast cancer, the role of LRIG1 is ambiguous
where some types of tumor show high expression and some show low expression (16). Different cellular
localization, feedback mechanisms, bystander effects and intensity of protein expression may play an
important role in de�ning LRIG1 as tumor suppressor or tumor promoter.

The purpose of the study was to establish a role of LRIG1 in breast cancer malignancy with respect to
various clinicopathological features of the breast tumor to clarify the role of LRIG1 in breast cancer. In
current study we evaluated LRIG1 expression with different clinicopathological factors of breast cancer.
And compared LRIG1 expression in different breast cancer cell lines and found low LRIG1 expression in
Erbb2 positive cell lines. Next, we identify the migration pattern of different breast cancer cell lines in
absence of LRIG1 and found that breast cancer cells migrate fast when Erbb2 is present and LRIG1 is
downregulated. LRIG1 and Erbb2 colocalize together and LRIG1 decreases Erbb2 stability.  Also,
AKT/GSK3-β/β-catenin pathway is activated when LRIG1 is downregulated and consequently, Erbb2 is
upregulated. Furthermore, we compared the LRIG1 expression in �broadenoma and IDC patients breast
tissue samples through immunohistochemistry. The level of expression is signi�cantly different in benign
and malignant tumors. Our study indicated that LRIG1 can be correlated with the different
clinicopathological features such as age, Nottingham index and Her2/ neu status of breast carcinoma.

Material And Methods
Cell lines and culture

HEK293T, BT20, MCF 7, MDA-MB-231 and MDA-MB-361 cells were maintained in Dulbecco’s modi�ed
Eagle’s medium, as described previously (17-19), AU565 cells were maintained in Roswell Park Memorial
Institute 1640 medium supplemented with 1% penicillin-streptomycin, and 10% fetal bovine serum (FBS,
Gibco BRL) in a humidi�ed atmosphere (37°C/5% CO2). HEK293T cells were passaged every second day,
and other cells were passaged every third day, as described previously (17-19).

Determination of migration using wound healing assays

In the wound healing migration assays, AU565 or MCF 7 cells were seeded in 6-well plates at density a of
1x106 cells/well, incubated for 24 h and at 37 °C and scratched using a yellow pipette tip when the cells
covered the well. as described previously (17-19). The cells were washed with PBS twice to clear the
�oating cells and treated with control siRNAs or LRIG1 siRNAs. Images were captured at 0, 24 and 72 h
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using a �uorescence microscope at 40x magni�cation. Subsequent recolonization of the stripped surface
was quantitated by measuring the distance between wounded edges.

SDS-PAGE and immunoblotting

Equal quantities (measured in a Bradford Assay) of cell lysate (0.2% NP-40 (IGEPAL, Sigma-Aldrich)-TNE
(10 mM Tris-HCl [pH 8.0], 50 mM NaCl, 1 mM EDTA) were subjected to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) on 10% gels. as described previously (17-19). Resolved
proteins were then transferred to PVDF membranes and incubated with the appropriate primary
antibodies (rabbit polyclonal anti-LRIG1 [1:1,000] (Abcam #ab36707), mouse monoclonal anti-Erbb2
[1:1,000] (Cell Signaling Technology #2242), rabbit polyclonal anti-AKT [1:1,000] (Cell Signaling
Technology #9272S), rabbit anti-phospho-AKT (T308) [1:1,000] (Cell Signaling Technology #9275S),
rabbit anti-phospho-AKT (S473) [1:1,000] (Cell Signaling Technology #9271S) mouse monoclonal anti-
GSK-3β [1:1,000] (Santa Cruz #11B9), rabbit monoclonal anti-β-catenin [1:1,000] (Cell Signaling
Technology #D10A8), or mouse anti-GAPDH (1:5,000; Santa Cruz; sc-32233), followed by anti-rabbit
secondary antibodies coupled to horseradish peroxidase (1:5,000 dilution) (Thermo Fisher Scienti�c) or
anti-mouse secondary antibodies coupled to horseradish peroxidase (1:5,000 dilution) (Thermo Fisher
Scienti�c). The blots were then visualized by ECL. The relative band intensities were measured using
ImageJ. 1.46r.

Erbb2 stability analysis

AU565 cells were treated with 50 μg/ml cycloheximide (Sigma; C1988-1G) 24 h after siRNAs treatment
and then harvested at 0, 0.5, 1, or 3 h posttreatment.

Immuno�uorescence analysis and confocal microscopy

AU565 (2×104) cells grown on coverslips in 24-well plates cells were �xed for 20 min with 4%
paraformaldehyde, followed by washing three times in 1×PBS. Then, cells were permeabilized with 0.2%
Triton×100 (0.1% saponin [Sigma-Aldrich #S7900-25G]/1% bovine serum albumin [Bovogen Biologicals
#BSAS0.1]/0.1% sodium azide [Sigma-Aldrich #S2002-100G] in 1×PBS) for 20 min, followed by washing
three times in 1×PBS, as described previously (17-19). Next, cells were incubated overnight at 4°C with
anti-LRIG1 (1:300) and anti-Erbb2 (1:300) in permeabilization buffer. Immuno�uorescence detection was
performed using �uorescein isothiocyanate (FITC)-conjugated goat anti-mouse IgG + IgM (1:350;
Jackson ImmunoResearch #115-095-044) and rhodamine (TRITC)-conjugated goat anti-rabbit IgG (1:350;
Jackson ImmunoResearch #115-025-003) in permeabilization buffer at room temperature for 1 h. Cells
were mounted with Fluoroshield mounting medium containing DAPI (Abcam #ab104139). Digital images
of stained cells were captured under a confocal microscope (LSM710; Zeiss, Germany), as described
previously (17-19).

Co-immunoprecipitation
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To examine the physical interaction of LRIG1 and Erbb2 in MCF7 and AU565 cells, 1×106 cells on 10 cm
plates were seeded, as described previously (17-19) For immunoprecipitation, rabbit polyclonal anti-LRIG1
antibody was added to the lysates, as described previously (17-19), followed by immunoblotting with
mouse monoclonal anti-Erbb2.

Patients and tissues

Fibroadenoma and Invasive ductal tissues were obtained from 70 different patients (male and female)
from Armed Force Institute of Pathology, (AFIP) Rawalpindi, Pakistan. Information on patient
demographics (gender, age), tumor features (size of tumor, histological grade, lymph node metastasis,
Nottingham index), hormones receptor status (Estrogen and Progesteron) and Her2/ neu status were
obtained from hospital records. Study was approved by AFIP and Atta-ur-Rahman School of Applied
Biosciences Ethics and Investigation Committee. Biopsies were taken after patient’s informed consent.
These biopsies were formalin �xed; para�n embedded for immunohistochemistry.

Immunohistochemistry

In order to determine the expression level of LRIG1 in para�n embedded and formalin �xed tissue
biopsies, immunohistochemistry was done by the protocol mentioned on catalogue of anti-LRIG1
antibody ab36707. The 5µm thick tissue sections were incubated with rabbit polyclonal anti-
human/mouse LRIG1 antibody (ab36707; Abcam, UK) at 4°C overnight without performing antigen
retrieval step. The HRP labeled goat anti rabbit secondary antibody (ab6721; Abcam, UK) was applied
and incubated for 1 hour at room temperature. DAB staining kit (Abcam Cat: ab64238, UK) was used for
detecting the expression of LRIG1. Tissue sections were counterstained with hematoxylin, dehydrated
and mounted via mounting media. Negative control was PBS without the primary antibody and positive
control was normal breast tissue.

Evaluation of Immunohistochemical Staining

Each slide was evaluated by two histo-pathologists who were unaware of clinical outcome and results of
the study. Positive staining was de�ned as brown color staining on the glandular epithelium of normal
breast tissue and was measured by counting the positive cells at 400X in three representative high-power
�elds for each section by using Labomed TCM400 inverted microscope (Labi America Inc., USA) and
stained sections were photographed using ProgRes Capture Pro 2.6 (JENOPTIK Laser, Optik, Systeme
GmbH, Germany). Immunoreactivity was scored as a). Zero or (-ve) for sections that have less than 10%
positive cells. b). One or (+ve) for sections having more than 10% positive cells. Intensity was scored as
a). Zero or (-ve) for no staining, b). One or (+ve) for low staining, c). Two or (++) for moderate staining, c).
Three or (+++) for high or normal staining (20).

Statistical Analysis
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The history of patient such as age, Nottingham grading index, histological �ndings and Her2/neu status
were included in study. Spearman’s Rank Order Correlation was used to determine the relationship
between expression of LRIG1 and history of patients. One Sample T-test was run in order to evaluate the
correlation between the risk factor �broadenoma and disease IDC. Data are expressed as the mean ±
standard deviation. Mean values were compared using Student’s t-test. P- values less than 0.05 were
taken as statistically signi�cant in correlation. Statistical analysis was performed using Statistical
Package for the Social Sciences, version 16.0 (SPSS Inc, Chicago, IL, USA).

Ethical Declaration: 

The experiments performed in current study were in accordance with the relevant guidelines and
regulation and approved by institutional review board and ethical review committee of National University
of Sciences and Technology.

Results
LRIG1 expression in breast cancer cell lines

We �rst determined the expression of LRIG1 using a panel of breast cancer cell lines (BT20, AU565, MDA-
MB-361, MCF 7, and MDA-MB-231) and compared it with HEK293T cells (Fig. 1A). Our data shows that
LRIG1 levels were declined in breast cancer cell lines. Interestingly, LRIG1 level was more signi�cantly
reduced in AU565 and MDA-MB-361 cells. It is essential to note that these are cell lines with Erbb2
positive status and there LRIG1 expression is less than Erbb2 negative cell lines MCF7, MDA-MB-231and
BT20 (21).

Effects of LRIG1 silencing on breast cancer cell proliferation

An earlier study suggested that there was role of LRIG1 in opposing the breast cancer cell motility and
invasion, cellular processes that are fundamental to metastasis (22). In order to evaluate the association
between LRIG1 expression and microscopic vascular invasion with relation to Erbb2 in breast cancer cell
lines, we carried out siRNA mediated LRIG1 knockdown to elucidate the cellular functions of LRIG1.
Independent siRNAs of LRIG1showed e�cient LRIG1 knockdown in Erbb-positive AU565 cells (Fig. 1B)
and in Erbb-negative cells MCF7 (Fig. 1D) compared with scrambled shRNA (shCont)-transfected cells
(Fig. 1B and 1D). The migration of the cells was detected by wound healing assay (Fig. 1C and 1E).  In
AU565 cells, when LRIG1 is knock downed, the wound is healed 72 hours post-wound as compared to
control-siRNAs (Fig. 1C, third panel, lane 2 vs. 3).  Surprisingly, in MCF7 cells, when LRIG1 is knock
downed, the wound is not healed 72 hours post-wound as compared to control-siRNAs clearly
demonstrates that knockdown of LRIG1 clearly diminished wound healing capacity (Fig. 1D, third panel,
lane 2 vs. 3). This data clearly points out that Erbb2 and LRIG1 are showing role in cell motility of breast
cancer cell lines.

LRIG1 decreases Erbb2 stability
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Since Erbb2 and LRIG1 are together showing role in cell motility of cancer cell lines (Fig. 1), to examine
the effect of LRIG1 on stability of Erbb2, cycloheximide (50 µg/ml) was treated for 0, 6, 12 and 24 h to
AU565 cells 24h after treatment of cells with respective si-RNAs (Fig. 2A). LRIG1 KD via siRNAs treatment
signi�cantly improved Erbb2 stability. Relative Erbb2 levels are shown as graphs at righthand sides (Fig.
2B). The Erbb2 half-life was increased from 3 minutes to 9 minutes by LRIG1 KD. Overall, our results
demonstrate that LRIG1 decreases Erbb2 protein stability.

LRIG1 and Erbb2 are co-localized in the cell

It has been reported that endogenous LRIG1 expression is lost when Erbb2 is activated in breast cancer
cell lines demonstrating that Erbb2 oncogenic signaling positively contributes to suppression of LRIG1
(23).  In order to determine that either LRIG1 or Erbb2 co-localize in the cell, immunoprecipitation was
performed (Fig. 3A).  In these experiments, lysates from MCF7 cells and AU565 cells were
immunoprecipitated with anti-LRIG1 antibody and then immunoblotted with anti-Erbb2 antibody. The
results show that LRIG1 interacts with Erbb2 in AU565 cells (Erbb2 positive cell line) (Fig. 3A, lane 3 vs.
4). Next in order to further validate this data, confocal microscopy analysis was performed in AU565 cells
(Fig. 3B). This data clearly shows that LRIG1 associates with Erbb2 mainly in cytoplasmic compartment
of cell.

Decreased expression of LRIG1 in Erbb2 positive cells activate AKT/GSK-3β/β-catenin pathway

The PI3K/AKT pathway is the thought to be the prime focus of several targeted therapeutic agents for a
variety of malignancies. In Erbb2-ampli�ed breast cancer, the overactive activation of this signaling
pathway is linked with resistance to Erbb2-targeted therapy (24). In order to determine that how LRIG1 is
playing role in this pathway, LRIG1 was knocked down by using LRIG1 si-RNAs (Fig. 3C).  As shown, the
knock down of LRIG1 is successfully done (Fig. 3C, lane 1 and 2 vs. 3).  Next when LRIG1 is knock
downed, Erbb2 protein expression is increased, AKT is activated (i.e., phosphorylation of T308 and S473),
GSK-3β activity was inhibited and subsequently, β-catenin levels were increased (Fig. 3C, lane 1 and 2 vs.
3). We further examined whether inhibiting PI3K/AKT pathway downregulates LRIG1 expression. To
examine the effect of PI3K/AKT signaling cascade inhibition on LRIG1 expression, we exposed AU565
cells (Fig. 3D) to the potent PI3K inhibitor LY294002 (10 μM) (25) from the time of seeding of cells until
72 h. The results of an MTT assay revealed that LY294002 was not cytotoxic (data not shown). Upon
treatment of AU565 cells with LY294002, LRIG1 expression was enhanced signi�cantly, Erbb2 protein
expression was dramatically decreased, AKT is deactivated (i.e. phosphorylation of T308 and S473),
GSK-3β activity was enhanced and subsequently, β-catenin levels were less stabilized (Fig. 3D, lane 1 vs.
2). Altogether, this data clari�es that LRIG1 associates with Erbb2 and mediated the PI3K/AKT pathway.

Lower expression level of LRIG1 in invasive ductal carcinoma (IDC) as compared to �broadenoma

Our results show that LRIG1 is associated with Erbb2 (Fig. 3A and B) and suppress the receptor levels
(Fig. 3C).  PI3K/AKT pathway is activated and malignancy can be seen in breast tissue.   In order to
compare the LRIG1 expression in the benign and malignant form of breast tumor, we performed the
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immunohistochemical analysis on IDC tissues (35) and �broadenoma samples obtained from patients
(35) (Fig. 4A). Normal breast tissue was used as control (Fig. 4A, top panel).  In case of �broadenoma,
LRIG1 was highly expressed (Fig. 4A, second panel). In IDC, the ductal cells show the aggressive growth
and invade in stroma and are no longer remaining con�ned in basal layer. LRIG1 expression was less
than normal breast tissue in grade II tumor (Fig. 4A, third panel) and in grade III tumor (Fig. 4A, bottom
panel). Figure 4B shows the quantitative analysis of immunohistochemical analysis performed in �gure
4A. So, this data from the patient tissues clearly demonstrates that LRIG1 expression is downregulated if
the breast cancer goes toward malignant stages.

The association of LRIG1 expression with clinicopathological factors of IDC and �broadenoma

The expression of LRIG1 in IDC was correlated with different clinicopathological factors of IDC such as
Nottingham index (tumor grade), her2/ neu expression and age of patients and for �broadenoma, age
factor was included (Fig. 5). Nottingham grading system is a grading system that measure the
histological grade of tumor based on nuclear polymorphism, mitotic index and tubular formation (26). 
LRIG1 expression was downregulated in grade II tumors (63%) and it was even further decreased (17%) in
grade III tumor samples (Fig. 5A). Erbb2 or Her2/neu is a proto-oncogene. Its ampli�cation is associated
with rapid progression of breast carcinoma, increased metastatic potential and increased resistance to
conventional therapies (27). Our results indicated that expression of Her2/neu is associated with LRIG1
expression (Fig. 5B).  Our results indicated a strong correlation of LRIG1 expression with that of age of
patients (Fig. 5C). LRIG1 was expressed in patients from age 30 to 39 years and less expression was
observed in patients of older age (Fig. 5C).

Our results indicated a strong correlation of LRIG1 expression with that of age of patients of
�broadenoma (Fig. 5D). The patient’s age ranges from 15 to 24 had high intensity of LRIG1 staining
whereas less LRIG1 expression was scored in older individuals (Fig. 5D). Our data speci�ed that LRIG1
can be correlated with the different clinicopathological features such as age, tumor grade, Nottingham
index and Her2/ neu status of breast carcinoma.

Discussion
Nature has distinctive therapeutic options against chronic in�ammation, cancer and several other
diseases. And there is a strong need to determine such therapeutic potentials. Designing potential
therapeutic options after identi�cation of biomarkers could be important for understanding of disease
progression (28-35).

In this study, out data shows that LRIG1 is a growth suppressor in breast cancer. We show that LRIG1
expression is decreased in human breast cancer cell lines and that the majority of Erbb2+ cells under-
express LRIG1 (Fig. 1A). Depletion of endogenous LRIG1 in Erbb2 overexpressing breast cancer cells
(AU565) further supplements Erbb2 expression and helps in proliferation of tumor cells (Fig. 1C).
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Breast tissues included the tissues of IDC were stained via LRIG1 antibody by Ljuslinder et al in 2009 but
their results indicated that LRIG1 staining gave the results that were di�cult to interpret because all the
tumor cells stained at same intensity without variability (36). The study conducted by us was the �rst
study in which LRIG1 expression in IDC was correlated with the clinicopathological factors of cancer (Fig.
5).

Tumor grading systems or Nottingham grading system combines three morphological features including
nuclear grade which indicates change in nuclear size and uniformity, tubule formation which is
percentage of cancer composed of tubular structures and mitotic index. Each of these elements is given
score on scale of 1-3 and score of these components are added to de�ne grades I to III. Score 3 to 4
de�nes Grade I and they are well differentiated more like normal cells, score 6 to 7 de�ned moderately
differentiated tumors having bad outcome of Grade II, score 8 and 9 de�ne poorly differentiated tumors
of grade III. Grade III patients show poor prognosis than grade I (26,37). In our study, we scored LRIG1
expression in grade I, II and III patients. High LRIG1 expression was scored in Grade I patients as
compared to Grade III patients (Fig. 5A). Hence LRIG1 can act as tumor suppressor during early phases of
breast cancer.

Her2/neu is found as ampli�ed gene in breast cancer and a product of neu oncogene in rat
neuroblastoma (38). Gene is ampli�ed or transcriptional deregulation is seen in 20-30% of breast cancer
(39). In breast cancer metastasis, Her2/ neu is over expressed and over expression is also seen in primary
tumors (40). This over expression is related to resistance in conventional therapies, tumor behavior,
histological grade, tumor cell proliferation index, poor prognosis and enhanced invasiveness (41).
Previous studies also established the correlation between LRIG1 expression and her2/neu expression.
There are some endogenous mechanisms that limit Her2/neu expression. One of such endogenous post
transcriptional regulator is LRIG1. In transgenic mouse model of Her2/neu positive breast cancer,
depletion of LRIG1 in Her2/neu positive over expression cancer cells causes the over expression of
Her2/neu and proliferation of tumor cells but ectopic expression of LRIG1 results in down regulation of
Her2/neu and attenuating the tumor cell proliferation.  Activation of Her2/neu causes the down regulation
of LRIG1 in feed forward regulatory loop in breast tumor cells and this contributes to Her2/neu over
expression, tumor progression and metastasis (23). Current study also indicated that when Her2/neu was
expressed, its post transcriptional regulator LRIG1 was also expressed and when no Her2/neu was
expressed, LRIG1 expression was very low (Fig. 5B).

PI3K/Akt pathway is downstream signal of EGFR and it plays a central role in the pathogenesis of a
variety of tumors (42). Previous studies have also reported that activation of PI3K/Akt signaling pathway
through interaction with EGFR leads to metastasis of osteosarcoma (43). Gastric cancer is also
proliferated via EGFR-mediated activation of PI3K/Akt pathway (44). Our results were also consistent
with previous �ndings. We also authenticated that LRIG1 suppressed PI3K/Akt signal pathway and
attenuated phosphorylation of Akt (Fig. 3).
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LRIG1 is an epidermal growth factor inhibitor which indicates its important role in signal transduction
events. LRIG1 gene and protein in different tissues was identi�ed and characterized by Nilsson et al (6).
In breast tissue, expression of LRIG1 is in glandular epithelium (5-6). The sub cellular localization of
LRIG1 proteins is important in de�ning its role in clinical implications. The nuclear localization holds the
signi�cance with the patient survival and good clinical outcome in case of astrocytoma and cytoplasmic
localization is considered as just mislocalization of protein (14). In our results, positive controls of normal
breast tissue showed the strong LRIG1 expression in nucleus and in cytoplasm. In our study, the IDC
tissues expressed LRIG1 in cytoplasm and no nuclear expression was scored. Fibroadenoma, one of risk
factor of breast cancer, also shows LRIG1 expression mainly in cytoplasm (Fig. 4).

When we compared expression of LRIG1 in malignant tumor with respect to the risk factor and benign
form of tumor within the limitations of small sample size (Fig. 4), the low percentage of expression of
LRIG1 in �broadenoma and high percentage of expression in IDC shows that LRIG1 has role in
tumorigenesis. LRIG1 expression between malignant and benign tumor is compared by Tanemura et al
and their results indicate that LRIG1 level is up regulated in benign forms of squamous cell carcinoma
(SCC) and down regulated in malignant forms of SCC (11). Up regulation of LRIG1 suppress advances in
transformation. Hence �broadenoma patients show high levels of LRIG1 and these tumors remain
benign. Similarly, tumors of IDC expressing LRIG1 rarely metastasize to axillary lymph nodes (data not
shown). Gur and his colleagues show that LRIG1 works in negative feedback loop with EGFR (45). Hence
in the cells where EGFR is abnormally induced and causing proliferation of tumor, LRIG1 may upregulate
to limit the proliferation and maintain quiescent integrity of epithelium. High number of receptors
expressing LRIG1 in low percentage of �broadenoma patients shows that LRIG1 act as tumor suppressor
and is over expressed in response to EGFR over expression in negative feed-back loop. This means
expression is strong and more receptors are positive for the LRIG1. The difference in intensity of staining
in squamous cell carcinoma is associated with histological differentiation (11). The molecular
mechanisms underlying the expression pattern in malignant and benign tumor have yet to be elucidated.
The �broadenoma tissue sections were found to express LRIG1 more intensely as compared to the IDC
sections which are in line with the studies reporting reduced copy number of the gene either due to gene
deletion or transcriptional inhibition. Comparatively low or no expression in the metastatic ductal
carcinoma sections further lends supports to the previous studies showing that the down regulation of
LRIG1 may lead to a more aggressive and malignant tumor thus acting as a tumor suppressor.
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Figures

Figure 1

The Erbb2+ breast cancer cells show more proliferation and migration when LRIG1 is knock downed as
compared to Erbb2- breast cancer cells. A. Expression of LRIG1 in different breast cancer cell lines.
HEK293T cells and BT20 (Erbb1+) (lanes 1 and 2) are used as controls. AU565 and MDA-MB-361 cells
(lanes 3 and 4) are Erbb2+ and MCF7 and MDA-MB-231 (lanes 5 and 6) are Erbb2- cells. Cells were
freshly cultured in 6 cm dish and lysates were prepared 72 h post seeding. Prepared lysates were
subjected to SDS-PAGE and immunoblotting was performed using anti-LRIG1 antibody (1:1000) to detect
endogenous LRIG1 protein levels. GAPDH was used as a loading control. B. Knockdown of LRIG1 in
AU565 cells. AU565 cells were seeded onto 6 cm dish and siRNAs (40 nM) treatment (control siRNAs lane
2 and LRIG1 siRNAs lane 3) were given to cells one day after seeding. Cell lysates were prepared 48 h
post treatment and subjected to SDS-PAGE as described in legend of �gure 1A. C. Enhanced ability of
wound repair in Erbb2+ cells when LRIG1 is knock downed. AU565 cells were seeded onto 12 cm dish and
wound was given 24 h post seeding when cells reached 95% to 100% con�uency. The cells were treated
with control siRNAs or LRIG1 siRNAs. Images were captured at 0 h (panel 1), 24 h (panel 2) and 72 h
(panel 3) using a �uorescence microscope at 40x magni�cation. Subsequent recolonization of the
stripped surface was quantitated by measuring the distance between wounded edges. D. Knockdown of
LRIG1 in MCF7 cells. MC7 cells were seeded onto 6 cm dish and siRNAs treatment was given same as
described in legend of �gure 1B. E. Signi�cant impairment of wound healing ability in in Erbb2- cells
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when LRIG1 is knock downed. MCF7 cells were seeded onto 12 cm dish and wound was given same as
described in legend of �gure 1C. A representative result from three independent experiments is shown.

Figure 2

LRIG1 decreases Erbb2 stability. A. Erbb2 stability is decreased in LRIG1-KD cells. Control siRNAs treated
(lanes 1, 2, and 5 to 8) and LRIG1 siRNAs treated (lanes 3, 4, and 9 to 12) AU565 cells were treated with
nothing (lanes 1 to 4) or 50 μg/ml cycloheximide (lanes 5 to 12). Cells were harvested at the indicated
times and analyzed by SDS-PAGE and immunoblotting with anti-Erbb2, anti-LRIG1, and anti-GAPDH
antibodies. B. Half-life of Erbb2 effected by LRIG1. Representative results from three independent
experiments are shown. Data are presented as mean Erbb2 level ± SD.

Figure 3

AKT/GSK-3β/β-catenin signaling pathway is activated in LRIG-KD cells. A. LRIG2 and Erbb2 are binding
partners. MCF7 (Erbb2-) cells and AU565 cells (Erbb2+) cells were seeded onto 6 cm dish. (Input) At 72 h
post seeding, whole-cell lysates were prepared and subjected to SDS-PAGE and immunoblotting (lanes 1
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and 2). (IP) Lysates were immunoprecipitated with anti-LRIG1 antibody and immunoblotted with anti-
Erbb2 antibody (lanes 3 and 4). B. Colocalizations of LRIG1 and Erbb2 in AU565 cells. Confocal images
of of LRIG1using TRITC (a) and Erbb2 using FITC (b) are shown. Merged images are indicated (c). Digital
images of stained cells were captured through confocal microscopy (A1R-A1; Nikon, Japan).
Representative data is from three independent experiments. C. AKT/GSK-3β/β-catenin signaling pathway
is activated when LRIG1 is knockdown in AU565 cells. AU565 cells were mock-treated (lane 1), control
siRNAs treated (lane 2) or LRIG1 siRNAs treated (lane 3). Lysates were prepared at 48 h post-treatment.
SDS-PAGE and immunoblotting of proteins was performed as described in legend of �gure 1A. Levels of
total LRIG1, Erbb2, active AKT (pT308 and pS473) relative to those of total AKT, total β-catenin, and total
GSK-3β were measured using ImageJ. 1.46r. Data presented as mean value from four independent
experiments. Statistical signi�cance was assessed using Student’s t-test. *p < 0.05, **p < 0.005, and ***p
< 0.0005, comparative to control. D. AKT/GSK-3β/β-catenin signaling pathway is inhibited by PI3K
inhibitor LY294002. AU565 cells were mock-treated (lane 1) or LY294002 treated (lane 2). Lysates were
prepared at 72 h post-treatment. SDS-PAGE and immunoblotting of proteins was performed as described
in legend of �gure 1A. Levels of proteins were measured as described in legend of �gure 3C. Data
presented as mean value from three independent experiments.

Figure 4
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LRIG1 expression is attenuated in IDC tissue as compared to �broadenoma tissue. A.
Immunohistochemical staining of IDC and �broadenoma tissue sections with LRIG1. a. Normal Breast
Tissue. b. Fibroadenoma Breast Tissue. c. Invasive Ductal Carcinoma Breast Tissue (Grade I). d. Invasive
Ductal Carcinoma Breast Tissue (Grade II). The brown color is showing the expression of LRIG1 (original
magni�cation 100X and 400X). B. Relative LRIG1 expression level in normal breast tissue and tumor
tissue. Relative LRIG1 expression was measured in normal, �broadenoma and IDC tissue. Statistical
signi�cance was assessed using Student’s t-test. *p < 0.05, **p < 0.005, and ***p < 0.0005, comparative to
control.

Figure 5

The association of LRIG1 expression with clinicopathological factors of IDC and �broadenoma. A.
Relative level of LRIG1 expression in grade I, II and III of IDC biopsies. B. Relative level of LRIG1
expression in her2/neu+ and her2/neu- samples. C. Relative level of LRIG1 expression in different age
groups of IDC patients. D. Relative level of LRIG1 expression in different age groups of �broadenoma
patients. Spearman’s Rank Order Correlation was used to determine the relationship between expression
of LRIG1 and clinicopathological factors.


