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Background: KIBRA—initially identified as a neuronal associated protein is now shown to be functionally associated with other
tissue types as well. KIBRA interacts with dyenin light chain 1 and this interaction is essential for oestrogen receptor transactivation
in breast cancer cells. KIBRA as a substrate of Cdk1, Aurora kinase and ERK plays an important role in regulating cell cycle, cell
proliferation and migration. Despite these evidences, the exact role of KIBRA in cancer progression is not known.

Methods: We studied the expression of KIBRA in breast tissues and breast cancer cell lines by western blotting,
immunohistochemisry (IHC) and RT-PCR. Stable over expression and knockdown clones were generated to study the transforming
properties of KIBRA by conventional assays. Xenograft studies were performed in nude mice to study the in vivo tumourigenic
efficacy of KIBRA. qPCR array was performed to understand the molecular mechanism behind oncogenic activity of KIBRA.

Results: Our results showed that KIBRA is upregulated in breast cancer cells and in malignant human breast tumours by both
western blotting and IHC. Interestingly, we found that KIBRA expression level goes up with increase in breast cancer progression
in well-established MCF10A model system. Further, results from stable overexpression clones of KIBRA in fibroblasts (Rat-1) and
epithelial breast cancer cells (ZR75) and lentiviral short hairpin RNA-mediated knockdown (KD) clones of KIBRA in ZR75 showed
increase in transforming properties with KIBRA overexpression and vice-versa. Results also showed that fibroblasts stably
overexpressing KIBRA showed increased tumourigenic potential in nude mice. By adopting a quantitative PCR array-based
approach, we identified RASSF1A, a tumour suppressor, as a transcriptional target of KIBRA.

Conclusions: This is the first study to demonstrate the in vivo tumourigenic property of KIBRA in a nude mouse model and also
unravel the underlying molecular mechanism of KIBRA-mediated transformation via repression of RASSF1A.

Breast cancer is the most common cancer in women and is still a
leading cause of cancer death worldwide. KIBRA (also called
WWC1) is a multi-domain phospho-protein that is known to
regulate cell polarity, cell migration and cell cycle through its
interaction with different signalling molecules (Kremerskothen
et al, 2003; Schneider et al, 2010; Yoshihama et al, 2012a). Further,

KIBRA as a component of the Hippo signal pathway controls
organ growth and cell proliferation (Yu et al, 2010). Recent data
demonstrated that KIBRA is a target of kinases and that KIBRA
phosphorylation is crucial for its cellular function (Büther et al,
2004; Xiao et al, 2011). KIBRA is reported to be frequently
methylated in B-cell acute lymphocytic leukaemia (Hill et al, 2011).
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It has been shown that high KIBRA expression correlates with
lymphatic invasion and poor prognosis in low atypical protein
kinase C-expressing gastric cancers (Yoshihama et al, 2012b).
KIBRA was reported to be upregulated in prostate tumours and
also promote cell proliferation and migration in prostate cancer
cells (Stauffer et al, 2016).

First evidence about the function of KIBRA in breast cancer
development arose from earlier findings that the protein regulates
the oestrogen receptor activity and binds to the dynein light chain
1 (DLC1) molecule (Rayala et al, 2006). Later, it was shown that
KIBRA interacts with discoidin domain receptor 1 and modulates
collagen-induced MAPK signalling in normal breast cells (Hilton
et al, 2008). KIBRA expression is strongly upregulated during
pregnancy, falls during lactation and is again high during
involution of the gland at weaning, all of this could influence
mammary gland development. These findings in combination
with recently published observations that KIBRA as a substrate of
Cdk1, Aurora kinase and ERK plays a critical role in cell cycle
regulation, cell proliferation and migration (Xiao et al, 2011; Ming
et al, 2012; Yang et al, 2014). It was recently reported that KIBRA
modulates DNA damage response in breast cancer cells in a
phosphorylation dependent manner (Mavuluri et al, 2016). All
these studies point toward a crucial role for KIBRA in breast cancer
development. However, despite the remarkable growth of informa-
tion about the role of KIBRA in human breast cancer cells, it
remains unknown whether KIBRA has any tumourigenic potential
and the molecular mechanism by which KIBRA promotes
oncogenic signalling in cancer cells. This prompted us to explore
the oncogenic role of KIBRA in breast cancer. Here, we
demonstrate that KIBRA expression is upregulated in breast
cancer cell lines and breast tumours and is altered during breast
tumour progression. Our in vitro and in vivo data from cell line
and animal model systems respectively suggest that KIBRA plays a
critical role in driving and enhancing the tumourigenic properties
of breast cancer cells.

MATERIALS AND METHODS

Cell lines and tissues. The human breast cancer cell lines T47D,
MDA MB 453, MDA MB 468, HBL 100, MCF7 and ZR75 were
purchased from National Centre for Cell Science, India. MCF10A
and MCF10AT were purchased from Karmanos Cancer Centre,
USA. MCF10DCIS was purchased from Asterand Bioscience, USA.
Rat-1 fibroblast cell line was a gift from Dr Robert A. Weinberg
(Whitehead Institute for Biomedical Research, USA). MDA MB
231, SKBR3 and Hs587t were gift from Dr Asha Nair from Rajiv
Gandhi Centre for Biotechnology, India. BT474 was a gift from
Cancer Institute, Adayar, India. Matched breast tumour and
adjacent normal tissues were obtained from Sri Ramachandra
Medical College, India after getting ethical clearance. The disease
status was confirmed by the pathologist.

Transfection and stable cell line. Transfection was done using
FuGENE HD (Promega, Madison, WI, USA) transfection reagent
according to manufacturer’s instructions. For generating stable cell
lines ZR75 and Rat-1 cells were selected with blasticidin (MP
Biomedicals, Santa Ana, CA, USA) after transfection at 10 mg ml� 1

and puromycin (MP Biomedicals) at 2 mg ml� 1. Plasmids pcDNA-
6B and Flag-tagged-KIBRA were gift from Dr J. Kremerskothen,
University of Muenster, Germany. pLKO.1 puro (Addgene plasmid
# 8453), pCMV-dR8.2 dvpr (Addgene plasmid # 8455), pCMV-
VSV-G (Addgene plasmid # 8454) were gift from Bob Weinberg
(Stewart et al, 2003). pLKO.1puro-shKIBRA-A (Addgene plasmid
# 40888) and pLKO.1puro-shKIBRA-B (Addgene plasmid #
40889) were gift from Paul Reynolds (Moleirinho et al, 2013).
RASSF1A was cloned into pBabepuro from pClneoFH human

RASSF1A, a gift from YukataHata (Addgene #37016) (Ikeda et al,
2009). BrdU cell proliferation assay kit was purchased from BD
Biosciences (San Jose, CA, USA).

Immunohistochemistry. For immunohistochemistry (IHC), tis-
sue microarrays (TMA) were purchased from US-Biomax (Rock-
ville, MD, USA). Each core was 5 mm in thickness. IHC was done
using rabbit anti-KIBRA antibody purchased from Santa Cruz
Biotechnology (Dallas, TX, USA). The methodology is described in
Rajhans et al (2007). In short, TMAs were deparafinised in xylene
and ethanol followed by rehydration in water. The TMAs were
boiled in 10 mM citrate buffer for 10 min followed by blocking with
BSA (3%) for 1 h. the TMAs were then incubated with anti-KIBRA
antibody overnight. The TMAs were stained using Biogenex IHC
detection system according to manufacturer’s protocol. Stained
arrays were scored by pathologist as Q score, where Q¼ P (% cells
stained)* I (score based on intensity of staining). P was described
as: 1¼o 0–25%; 2¼ 26–50%; 3¼ 51–75%; 4475%. I was
described as: 1þ (low intensity), 2þ (moderate intensity) and
3þ (high intensity). As control, BSA was used as negative control
instead of primary antibody.

Cells and tissue extract, western blotting and real-time PCR.
Protein lysates were prepared in Radioimmunoassay precipitation
buffer (RIPA) with protease inhibitor cocktail (Roche life science).
RNA was isolated using TRIzol reagent (Life Technologies,
Invitrogen, Carlsbad, CA, USA) according to manufacturer’s
instructions. Real time PCR analysis was done for KIBRA using
TaqMan probes according to manufacturer’s instructions. Actin was
used as reference gene. Expression levels of KIBRA were normalised
to MCF10A as reference.

Cell growth assay, wound healing assay, soft agar, clonogenic
assay and confocal imaging. Cell growth assay was done as
described earlier (Rayala et al, 2006). For wound healing assay, cells
were grown to confluence. Scratch was made using a 20ml tip. Cells
were washed with PBS and images were captured using Carls Zeiss
microscope. Soft agar assay was done, as described earlier
(Jagadeeshan et al, 2014). To perform phalloidin staining, cells were
cultured on coverslips. To perform staining, cells were fixed with 1%
paraformaldehyde followed by treatment with 0.1% triton X-100.
After treatment cells were incubated with Alexafluor 488 conjugated
phalloidin (Life Technologies, Invitrogen). For cell cycle analysis,
cells were fixed with ethanol and stained with propidium
iodide before analysis. For BrdU cell proliferation assay protocol
was followed as instructed by the manufacturer. For clonogenic
assay, 500 cells were seeded and stained after 2–3 weeks with
crystal violet.

Immunoprecipitation assay. For immunoprecipitaion assay, 1 mg
of total protein was incubated with anti-Flag M2 affinity gel
(Sigma-Aldrich, St Louis, MO, USA) overnight at 4 1C. The
precipitates were washed and probed for KIBRA. Rabbit anti
KIBRA antibody was purchased from Cell Signalling Technology
(Danvers, MA, USA).

Animal studies. A total of 20 female nude mice (nu/nu) were
purchased from Reliance Life Sciences, India after ethical clearance.
Mice were divided into two groups. 5� 106 Rat-1 cells expressing
either vector or KIBRA were injected in both the mammary
fat pads. Tumour volume was measured using the formula
(p/6)� (l� b2), where l¼ length of tumour and b¼ breadth of
tumour.

Statistical analysis. Data are represented as mean±s.e.m. Prism6
(GraphPad, USA) was used for statistical analysis.
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RESULTS

Clinical significance of kibra

KIBRA expression is upregulated in breast cancer cells and
tumours. KIBRA was initially identified as a dendrin-interacting
protein expressed predominantly in kidney and brain. Several
emerging studies have shown that KIBRA is an important protein
in cell and is expressed in various tissue types. To examine this, we
initially checked the Gene enrichment profile of KIBRA in primary
tissue data set from publicly available database and found that
KIBRA is widely expressed in various tissues (Benita et al, 2010).
Interestingly, breast tissue ranked second in gene enrichment
profiling for KIBRA in various tissues. This indicates KIBRA plays
an important role in breast tissue growth and development
(Supplementary Figure S1). Further, we analysed the expression of
KIBRA levels in a panel of 10 breast cancer cell lines and in the
normal cell line MCF10A by western blot and qPCR. Results
showed elevated expression of KIBRA in most of the malignant cell
lines compared with the non-tumourigenic control (Figure 1A
and B). Further, to examine whether the deregulation of KIBRA
expression occurs during breast cancer progression, we used lysates
from well characterised MCF10A model system cells to analyse
KIBRA expression by western blot. The MCF10A model system
contains a continuum of cell lines that enable the analysis of gene
expression during the progression of breast cancer (Soule et al,
1990; Dawson et al, 1996; So et al, 2012). Western blot results
revealed steady increase in the expression of KIBRA corroborating
with the reported tumourigenic and metastatic potential of
MCF10A series (Figure 1C). Further, in order to study the role

of KIBRA in breast cancer, we analysed the expression of KIBRA
protein in 17 paired samples of human breast tumours and
adjacent normal breast tissue by Western blotting, and found that
KIBRA levels are significantly high in 11 out of 17 tumours as
compared with that in normal tissue (Figure 1D). It was interesting
to note that KIBRA levels were relatively not detectable in adjacent
normal tissues. These results suggest that KIBRA expression is
upregulated in breast cancer cell lines and tumours.

KIBRA expression is deregulated in breast cancer tissues. On the
basis of the result that KIBRA expression levels correlated with
increase in breast cancer progression in MCF10A system, we next
analysed the expression of KIBRA by IHC on human breast tissue
array containing 272 cores. Of this, 173 were malignant, 41 benign
and 58 normal cases. Mean Q-score was used for data analysis with
scores 0 for no/low staining, 1–4 for medium staining and 4¼ 6
for intense staining. KIBRA expression was found to be nuclear in
majority of cases. Few samples have both the cytoplasmic, as well
as nuclear positivity. The expression is predominantly high in
malignant breast cancer cases (Figure 2A). On the basis of mean
Q-score, malignant cases scored an average of 4.53, benign scored
an average of 2.41 and normal scored an average of 1.52. The box
plot (Figure 2B) denotes the quartile Q scores in the given three
categories and the findings are clearly indicative of the fact that the
Q scores are more in the malignant tumour samples (at least by a
quarter of the samples), as compared to either normal or benign
tumour tissue samples. In depth analysis revealed that a significant
increase in KIBRA expression was observed in malignant type
compared to normal (P value¼ 0.0005) and benign compared to
normal (P value¼ 0.03) tissue (Table 1). In total, 86.1% cores of
malignant tumour cases stained positively for KIBRA expression
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Figure 1. KIBRA expression in breast cancer cell lines and tissues. (A) KIBRA expression levels were examined in breast cancer cell lines by
western blotting. MCF10A was used as normal cell line for control. (B) Relative mRNA levels of KIBRA in breast cancer cell lines by real time PCR
(RE: relative expression). Data are presented as mean±s.e.m. Real time PCR data were normalised to MCF10A. (C) KIBRA expression was
examined in MCF10AT and MCF10DCIS in order of their tumorogenicity by western blotting. (D) KIBRA expression in matched breast tumour and
adjacent normal tissues.
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compared to 63.4% in benign and 43.1% in normal cases. Further
analysis showed that 41% malignant cases showed an intense
staining compared to 19.5 and 5.2% in benign and normal cases
with a Q-score of¼46 (Table 2). While 56.9% normal cases show
no/low staining, it is 36.6 and 13.9% in benign and malignant
cases, respectively (Table 2). Our IHC data suggest a significant
increase in KIBRA expression levels in malignant breast cancer.
Altogether, these results suggest that KIBRA expression is altered
during breast tumour progression and upregulated in malignant
breast tumours.

Transforming and tumourigenic properties of kibra

KIBRA enhances the transforming properties of breast cancer
cells. Results from the above experiments led us to investigate the
oncogenic potential of KIBRA. To explore this, we generated stable
clones of KIBRA overexpression in ZR75 breast cancer cell line.
Stable over expression of KIBRA was confirmed by immunopre-
cipitation of Flag-tagged KIBRA (Figure 3A). Since KIBRA
through its interaction with various signalling proteins is involved

with adhesion regulation, motile and invasive phenotype,
(Traer et al, 2007; Rosse et al, 2009; Yoshihama et al, 2011,
2012a), we next analysed whether KIBRA overexpression induced
any changes in cell morphologic alterations indicative of a more
motile phenotype. Confocal microscopic analysis revealed that
modulating KIBRA levels induced long cytoplasmic extensions,
increase in actin stress fibres, filopodia formation, and abnormal
outgrowths in KIBRA overexpressing ZR75 cells, as compared with
the vector control cells (Figure 3B). Further to provide functional
proof-of-principle evidence for the observed changes in actin
cytoskeleton due to KIBRA overexpression, we used an esta-
blished wound-healing assay to assess the migration of ZR75
clones. Consistent with the confocal results, in vitro wound
healing assay and boyden chamber migration assay results showed
that KIBRA overexpression leads to improved wound healing
and migration rates as compared with the control vector ZR75
cell line (Figure 3C and D). Further, to strengthen the role of
KIBRA in enhancing the transforming properties of breast cancer
cells, we performed conventional cellular transforming assays
with the KIBRA overexpressing ZR75 cells and found that
KIBRA overexpression significantly enhanced the cell proliferation
capability, increased the ability to form more colonies in anchorage
independent soft agar and clonogenic assays (Figure 4A–C). Since
KIBRA was shown to regulate mitosis (Xiao et al, 2011; Ming et al,
2012), we tested if KIBRA overexpression affects the cell cycle
profile. Results showed a significant increase in the S phase
population (Figure 4D). This increase in S phase population was
further confirmed by BrdU cell proliferation assay which showed
an increase in proliferation of KIBRA overexpressing clones upon
incubation with BrdU (Figure 4E).

Collectively, all these results suggest that KIBRA plays a critical
role in enhancing tumourigenic properties of breast cancer cells.

KIBRA induces transforming property to Rat-1 fibroblast cell
line. To further confirm the tumourigenic ability of KIBRA, we
used Rat-1 fibroblasts. Rat-1 cell line is a well-established model
system to study various oncogenic properties (Reynolds et al, 1987;
LaMontagne et al, 1998; Young et al, 1998). We established stable
clones of KIBRA overexpression in Rat-1 fibroblast cell line. Stable
overexpression of KIBRA was confirmed by immunoprecipitation
of Flag-tagged KIBRA (Figure 5A). Consistent with our results with
ZR75 clones, KIBRA overexpressing Rat-1 clones also showed
significant increase in cell proliferation (Figure 5B), enhanced
wound healing (Figure 5C) and increased ability to form more
colonies in clonogenic cell survival assay as compared to control
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Table 1. Q-scores for KIBRA expression in different breast
tissues

S. No. Tissue
Sample

size
Mean Q score

with S.D. P value
1 Normal breast 58 1 (1.52)

2 Benign breast
disease

41 2.41 (3.13) 0.03

3 Malignant breast
tumour

173 4.53 (3.56) 0.0005

Table 2. Q score distribution for KIBRA expression in
different breast tissues

Q score (%)

S. No. Tissue 0 1–4 4¼6
Sample

size

1 Normal breast 33 (56.9) 22 (37.9) 3 (5.2) 58

2 Benign breast
disease

15 (36.6) 18 (43.9) 8 (19.5) 41

3 Malignant breast
tumor

24 (13.9) 78 (45.1) 71 (41) 173
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vector Rat-1 clone (Figure 5D). These results suggest that KIBRA
induces tumourigenic potential to fibroblast cells.

Tumourigenic potential of KIBRA in nude mouse model. Further
to investigate the KIBRA’s ability to induce tumourigenic potential
in vivo, we used a nude mouse xenograft model. Rat-1 cells stably
expressing vector (n¼ 8) or KIBRA (n¼ 8) were injected s.c. into
mice and tumourigenic potential was monitored. Tumours were
visible after two weeks in mice injected with KIBRA overexpressing
cells. All 8/8 mice with KIBRA overexpression developed tumours.
Relatively small tumour was visible in two mice injected with
vector control cells (Figure 5E). Tumour measurements showed
that there is a significant increase in tumour growth in KIBRA
overexpression group as compared to vector control group
(Supplementary Table 1). Collectively, these in vivo results were
consistent with our in vitro results—indicating the importance of
KIBRA in driving the tumourigenic property.

KIBRA knockdown inhibits the cell survival and proliferation of
breast cancer cells. Our above results demonstrated that KIBRA
overexpression enhances cell proliferation, migration, cell survival
and anchorage independence of breast cancer ZR75 and Rat-1
fibroblast cells. Next, we asked, if KIBRA knockdown has any effect
on the tumourigenic potential of breast cancer cells. For this, we
developed stable lentiviral short hairpin RNA-mediated knock-
down (shKIBRA) clones of KIBRA in ZR75 cells (Figure 6A and
Supplementary Figure S3) and studied the changes in transforming
properties of these cells. In the colony formation assay, we
observed significantly fewer number of colonies formed in KIBRA
downregulated clones as compared with the control clone

(Figure 6B). We also observed a decrease in proliferation of
KIBRA shRNA clone upon incubation with BrdU (Figure 6C).

Molecular mechanism of kibra induced tumourigenesis

RASSF1A – A novel molecular target of KIBRA. The evidence
from the above results suggested that KIBRA promotes oncogenic
properties in cells. To identify the downstream molecular targets that
might be regulated through KIBRA signalling and also associated
with the tumourigenesis, we performed qPCR expression profiling of
84 genes associated with tumourigenesis utilising KIBRA over-
expressing ZR75 clones (Figure 6D). A complete list of genes
analysed through the gene array and the genes that are modulated by
KIBRA is given as Supplementary Table 2. The shortlisted genes that
are modulated by KIBRA are given as Supplementary Table 3. As
determined by this method, we identified RASSF1A as one of the
potential target that was drastically downregulated in the KIBRA
overexpressing clone as compared with vector control. We further
validated RASSF1A in overexpression model of ZR75 using
individual qPCR assays and immunoblotting for RASSF1A. Results
showed that RASSF1A mRNA and protein levels were significantly
decreased in KIBRA overexpressing ZR75 cell line as compared with
the empty vector transfect (Figure 6E). Similarly, there is a significant
increase in the RASSF1A protein levels in the stable shRNA clone of
KIBRA in ZR75 cells (Figure 6F). Further, to strengthen the
mechanistic studies implicating the role of RASSF1A in KIBRA
functions, we overexpressed RASSF1A in ZR75 cells overexpressing
either vector control or KIBRA and performed clonogenic survival
assay. Results showed that there is a significant reduction in
tumourigenic property of KIBRA upon overexpressing RASSF1A
(Figure 6G and Supplementary Figure S4).
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DISCUSSION

With the advent of herceptin and other targeted therapeutics for
cancer, research into the discovery of novel biomarkers for
advanced breast cancer is in full swing. Although the progression
from early to metastatic stage breast cancer is a critical determinant
of survival, little is known about the molecules that contribute to
the progression and metastasis of breast tumours. In this study, we
identified that KIBRA plays a role in breast cancer progression and
its expression is deregulated in breast tumours. Using a panel of
breast cancer cells, fibroblasts, human breast tissue samples, and
mouse xenograft models, we have provided evidence that
modulating KIBRA expression contributes to and enhances
oncogenic property to breast cancer cells. In addition, progressively
increased expression of KIBRA in MCF10A model system with
distinct invasive and metastatic potential revealed the functional
importance of KIBRA during breast cancer progression. In support
of this, we determined the KIBRA expression in human breast
tumour samples, benign breast diseases and normal breast
epithelium and found that KIBRA expression and localisation are
deregulated in breast tumours. The expression of KIBRA was
predominantly high in malignant breast tumour tissue samples,
and was nuclear in majority of samples; only a few samples showed
both nuclear and cytoplasmic localisation. In support of our
results, it was interesting to note that preliminary data (10 cores of
breast carcinoma) from IHC staining from Protein Atlas database
also revealed an enhanced expression (9 out of 10 showed medium

to high) of KIBRA in breast cancer tissues and especially ductal
breast carcinoma showed high levels of KIBRA (Supplementary
Figure S2; Uhlén et al, 2005; Berglund et al, 2008; Uhlén et al,
2015). It was shown that in low atypical protein kinase C
expressing gastric cancers higher KIBRA expression level correlates
with increased lymphatic invasion and poor prognosis (Yoshihama
et al, 2012b). KIBRA expression was also reported to be high in
prostate tumours (Stauffer et al, 2016). Previous reports have
shown that nuclear localisation of KIBRA has functional
significance in deregulating cell division and cell cycle (Ming
et al, 2012; Zhang et al, 2012). It is known that cancer cells show
excessive proliferation rates as a manifestation of defective cell
cycle and cell division. Collectively, this could mean that there
exists a strong correlation between higher KIBRA expressions with
nuclear localisation and aggressiveness of breast cancer.

We observed that KIBRA modulated dynamic changes in
cytoplasm were translated into filamentous actin cytoskeletal
rearrangements, adoption of motile cell phenotypes, and increased
ability to migrate. This is supported by the report that KIBRA has
been shown to be present at leading edge and acts as a scaffold
protein for the efficient migration of cells (Rosse et al, 2009).

Further, we observed an increase in proliferation, anchorage
independence and cell survival on KIBRA overexpression in cells.
This trend is reversed on knockdown of KIBRA. These findings
suggest that KIBRA plays an essential role in attributing to the
transforming and tumourigenic potential of breast cancer cells.
This is in agreement with an earlier study where KIBRA
knockdown has been demonstrated to reduce the proliferation in
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MCF7 and MDA MB 231 breast cancer cell lines (Rayala et al,
2006; Yang et al, 2014). This is further supported by the evidence
that KIBRA overexpression enhances proliferation and migration
in prostate cancer cells (Stauffer et al, 2016). This was supported by
the finding that KIBRA expression is decreased in a mouse model
of failed mammary gland proliferation indicating importance of
KIBRA in cell proliferation and mammary gland development
(Hilton et al, 2008). It is well established that ERK activation
promotes the cell proliferation. It was shown that overexpression of
KIBRA increases ERK activation in a collagen dependent manner.
KIBRA was reported to be a substrate for ERK-RSK cascade and
thus activated KIBRA modulates cell proliferation, migration and
invasion (Yang et al, 2014).

KIBRA has been reported to be necessary for chromosomal
alignment and centrosome formation during mitosis and its
knockdown lead to chromosomal misalignment and spindle defects
(Xiao et al, 2011; Ming et al, 2012; Zhang et al, 2012). KIBRA is also
reported to be a phospho-protein and its phosphorylation by CDK1
has been shown to regulate the cell cycle (Ming et al, 2012). Our
results also indicate that KIBRA can induce cell proliferation by
enhancing the S phase. This was also supported by an earlier report
where KIBRA has been shown to induce Cyclin D1 and Bcl2 levels in
an oestrogen dependent manner (Rayala et al, 2006). Further, tumour
xenograft studies from our KIBRA overexpressing Rat-1 fibroblasts
provided evidence for the transforming role of KIBRA. This is the
first study to demonstrate the in vivo tumourigenic property of
KIBRA in a nude mouse model.

It was shown that KIBRA is a positive regulator of Hippo
pathway activity in mammalian cells suggesting that KIBRA

functions as a tumour suppressive protein as it does in Drosophila
(Yu et al, 2010; Genevet et al, 2010). Consistent with these
observations, a recent study showed that KIBRA knockdown
enhanced migration and invasion of immortalised breast epithelial
cells (Moleirinho et al, 2013). The gene expression data analysis
also showed that KIBRA expression is decreased in Claudin-low
primary breast cancers. However, our current study shows that
KIBRA overexpression significantly increases cell proliferation,
migration and anchorage independent growth of ZR75 cells
(Figures 3 and 4) and KIBRA is highly expressed in malignant
breast tumours (Figures 1 and 2). This contrasts to the study in
immortalised non-cancerous cells (Moleirinho et al, 2013) and our
IHC data for KIBRA does not exclusively take any particular
subtype into consideration. Interestingly, several studies have also
demonstrated that KIBRA positively regulates cell migration and
proliferation (Rosse et al, 2009; Yang et al, 2014; Stauffer et al,
2016). Thus, the tumour suppressive function of KIBRA could be
tissue/cell type specific and KIBRA could function as a positive
regulator of cell proliferation, cell motility and invasion depending
on the context. Detailed parallel studies with different tissue/cell
types are required to get a clear picture on resolving this dual
functionality. Our study is consistent with these later studies,
supporting a positive role of KIBRA in proliferation and migration
in breast cancer cells.

Our efforts to unravel the underlying molecular mechanism of
KIBRA-mediated transformation by using qPCR array identified 5
genes (BAD, CDH1, ESR2, RASSF1A and TP53) which were
downregulated by KIBRA overexpression. Only RASSF1A was
found to be consistently and significantly downregulated. This
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suggests that KIBRA acts by regulating RASSF1A expression.
RASSF1A is a well-known tumour suppressor gene in several
cancers. It is known to be inactivated by hypermethylation of its
promoter in majority of cancers. It has been shown that RASSF1A
promoter is hypermethylated in invasive breast cancer and DCIS
(Agathanggelou et al, 2001; Honorio et al, 2003; Donninger et al,
2007). RASSF1A is shown to reduce the clonogenic survival of
cancer cells (Whang et al, 2005, 2009; Thaler et al, 2012). Our
results indicated that KIBRA inhibits RASSF1A expression and
thereby promotes tumourigenesis. Given the fact that KIBRA is
localised to the nucleus (this study) (Rayala et al, 2006; Mavuluri
et al, 2016) and interacts with histones, (Rayala et al, 2006), it is
quite possible that KIBRA somehow might be acting as transcrip-
tional repressor for RASSF1A via modulating its promoter
methylation. This ultimately leads to inactivation of tumour
suppressor RASSF1A and this could be the possible mechanism by
which KIBRA contributes to tumourigenesis (Figure 6H).
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Kremerskothen J, Plaas C, Büther K, Finger I, Veltel S, Matanis T, Liedtke T,
Barnekow A (2003) Characterization of KIBRA, a novel WW domain-
containing protein. Biochem Biophys Res Commun 300(4): 862–867.

LaMontagne KR, Hannon G, Tonks NK (1998) Protein tyrosine phosphatase
PTP1B suppresses p210 bcr-abl-induced transformation of rat-1
fibroblasts and promotes differentiation of K562 cells. Proc Natl Acad Sci
95(24): 14094–14099.

Mavuluri J, Beesetti S, Surabhi R, Kremerskothen J, Venkatraman G,
Rayala SK (2016) Phosphorylation-dependent regulation of the DNA
damage response of adaptor protein KIBRA in cancer cells. Mol Cell Biol
36: 1354–1365.

Ming JI, Yang S, Chen Y, Xiao L, Zhang L, Dong J (2012) Phospho-regulation
of KIBRA by CDK1 and CDC14 phosphatase controls cell-cycle
progression. Biochem J 447(1): 93–102.

Moleirinho S, Chang N, Sims AH, Tilston-Lünel AM, Angus L, Steele A,
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