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The focal adhesion protein Integrin-Linked Kinase (ILK) as an important player in 
breast cancer pathogenesis
Katerina Tsirtsaki and Vasiliki Gkretsi

Department of Life Sciences, School of Sciences, European University Cyprus, Nicosia, Cyprus  

ABSTRACT
Cell-extracellular matrix interactions, or focal adhesions (FA), are crucial for tissue homeostasis but 
are also implicated in cancer. Integrin-Linked Kinase (ILK) is an abundantly expressed FA protein 
involved in multiple signaling pathways. Here, we reviewed the current literature on the role of 
ILK in breast cancer (BC). Articles included in vitro and in vivo experiments as well as studies in 
human BC samples. ILK attenuation via silencing or pharmaceutical inhibition, leads to apoptosis 
or inhibition of epithelial-to-mesenchymal transition, and cell invasion whereas ILK overexpression 
suppresses anoikis and promotes tumor growth and metastasis. Finally, ILK is upregulated in BC 
tumors and its expression is associated with grade, and metastasis. Therefore, ILK should be 
evaluated as a potential anti-cancer pharmaceutical target.
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Breast cancer (BC) is the most common cancer type 
among women worldwide being responsible for the 
majority of cancer-related mortality in women [1]. 
There are various types of BC depending on the type 
of cells the tumor originates from, the tumor size, the 
degree of cell differentiation [2,3], the malignancy 
grade, and the tendency of the cells to invade through 
surrounding tissue [4].

Cell-matrix adhesions and Integrin-Linked 
Kinase (ILK)

Cell-extracellular matrix (ECM) interactions, also known 
as focal adhesions (FA), are of fundamental importance 
in normal tissue homeostasis but they are also critically 
involved in cancer progression and metastasis [5]. 
Integrin-Linked Kinase (ILK) is an abundantly expressed 
FA protein implicated in many cellular processes and 
signal transduction pathways that control cell survival, 
differentiation, proliferation, and gene expression in 
mammalian cells, while it has also been associated with 
certain pathological conditions [6,7]. In fact, increased 
ILK expression has been correlated with cancer progres
sion in several cancer types, rendering ILK a potential 
anti-cancer therapeutic target [8].

ILK comprises three major domains: an Ν-terminal 
domain that contains four ankyrin repeats, a central pleck
strin homology (PH)-like domain, and a C-terminal kinase 

domain (KD). ILK is also known to serve as an adaptor 
protein at FA sites, where it interacts with multiple other 
proteins and regulates normal cellular functions [9]. The 
N-terminal domain has been shown to bind to the FA 
protein Particularly Interesting New Cysteine Histidine 
protein (PINCH-1). The same domain also binds to ILK- 
associated protein (ILKAP), a protein phosphatase 2 C 
(PP2C) that negatively regulates ILK signaling [10]. 
Adjacent to the ankyrin repeats, a sequence motif present 
in PH domains binds to the second messenger phosphati
dylinositol 3,4,5-trisphosphate (PIP3) and 
a phosphoinositide 3-kinase (ΡΙ3 K)-dependent kinase 
activation has been reported [11]. The C-terminal kinase 
domain also interacts with β1-integrin [12], as well as with 
the FA proteins paxillin [13] and parvins [9,12,14], which 
link ILK, and therefore integrins, to the actin cytoskeleton.

ILK-mediated signaling

ILK was originally considered to function as a serine/ 
threonine kinase at FAs. Being stimulated by integrins 
and soluble mediators, including growth factors and 
chemokines, it was shown to be regulated in a PI3K- 
dependent manner [15,16]. Moreover, the activity of 
ILK was demonstrated to be antagonized by phospha
tases such as ILKAP and phosphatase and tensin homo
log (PTEN) [17,18].
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Important downstream targets of ILK signaling (as 
shown in Figure 1) include pro-survival pathways such 
as PKB/Akt, glycogen synthase kinase 3 beta (GSK-3β), 
β-catenin, p44/p42 MAP kinases, the myosin light 
chain (MLC) [19], and the Hippo pathway [20]. The 
PKB/Akt pathway is a crucial regulator of cell survival 
and apoptosis. In fact, to become fully activated, PKB/ 
Akt requires phosphorylation at two sites, threonine 
308 and serine 473 which mainly depends on PI3K 
activity, the rictor-rapamycin complex 2 (mTOR) com
plex [21], and the ILK-Rictor complex [10]. 
Interestingly, yeast two-hybrid assay demonstrated 
a direct interaction between the ΝΗ2- and COOH- 
terminal domains of Rictor and the ILK KD [22]. 
Rictor appears to have similar functions to ILK being 
a regulator of cytoskeletal dynamics, and a component 
of the mammalian target of mTORC2, a complex impli
cated in Akt phosphorylation. GSK-3β is phosphory
lated and inactivated at serine 9 by ILK, regulating the 
cell cycle through proteolysis of cyclin D1 and activa
tion of the transcription factor Activator protein 1 
(AP1) [23]. Inactivation of GSK-3β, in turn, stabilizes 
β-catenin, whose accumulation is related to deregula
tion of proliferation, migration, and differentiation [24] 
while ILK can also directly phosphorylate MLC on 
Ser18/thr19 affecting cell contraction, motility, and 
migration [25].

However, the initial study of the sequence of the KD 
had raised suspicions that ILK might have been 
a pseudokinase [26]. Although the ILK KD contains 
a few domains commonly encountered in kinases 
such as the lysine residue in subdomain II that is 
necessary for phosphotransfer, the glutamic acid in 
subdomain III involved in ATP binding and the A/ 
SPE (Ala/Ser-Pro-Glu) motif in subdomain VIII 
required for substrate recognition, it also contains 
a domain that does not fit with what is known for 
kinases. More specifically, the ATP-binding P loop in 
subdomain I of the KD contains a non-flexible non- 
glycine-rich NENHSG (AsnGlu-Asn-His-Ser-Gly) 
motif [27] instead of a flexible one. Most importantly, 
the ILK KD does not contain the invariant catalytic 
base aspartate residue in the HRD (His-Arg-Asp) 
motif in subdomain VIb, which is responsible for 
accepting a proton from the hydroxyl group of the 
substrate during the phosphotransfer reaction. 
Moreover, in ILK, there is a substitution of the DFG 
(Asp-Phe-Gly) motif in subdomain VII activation loop 
for DVK (Asp-Val-Lys) which is also indicative of ILK 
being a pseudokinase, as several kinases lacking the 
GXGXXG motif or the DFG and APE motifs are 
thought to be atypical and are generally shown to be 
inactive [28].

ILK as an adaptor protein and the ILK-PINCH- 
PARVA (IPP) complex

Interestingly, many studies have also demonstrated that 
ILK plays a significant role at FAs by serving as an 
adaptor protein participating in multiple protein–pro
tein interactions. In fact, this very fact could also pro
vide an explanation as to how ILK transduces signals if 
it is not a true kinase but rather a pseudokinase. 
Specifically, ILK has been shown to form a stable tern
ary complex at FA sites by binding to PINCH-1 and 
alpha-parvin (PARVA) (Figure 1). This protein com
plex known as IPP (ILK-PINCH-parvin) localizes to 
FAs and is essential for several integrin-dependent 
functions [9]. The IPP complex interacts with the cyto
plasmic tail of β1 integrin, resulting in the engagement 
and organization of the cytoskeleton as well as activa
tion of signaling pathways. The significance of these 
proteins for FAs is evidenced by experiments involving 
depletion of ILK or PINCH-1 genes which clearly 
showed that maturation of FAs is blocked through 
down-regulation of the expression or reduction of the 
recruitment of tensin and destabilization of 
α5β1-integrin-cytoskeleton linkages [29]. Of course, 
the formation of the IPP complex is not the only 
protein–protein interaction at FAs. In fact, there are 
multiple such interactions at FAs which actually form 
what is known as the cell’s adhesome [30].

Thus, apart from its connection to PINCH-1 and 
PARVA, ILK is indirectly connected to multiple other 
proteins which in turn transduce signals to several other 
signaling pathways. For instance, binding of PINCH-1 to 
Nck-2 connects it with Insulin Receptor Substrate-1 
(IRS-1) which is in turn associated with ligand- 
activated growth factor receptors such as Platelet- 
Derived Growth Factor (PDGF) receptor β [6]. Also, 

Figure 1. Diagram depicting the main molecular interactions of 
ILK at FAs as well as the major signaling pathways involved.
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PINCH-1 interacts with Ras Suppressor-1 (RSU1) [31] 
being connected to Ras-mediated signaling.

Hence, ILK through its interactors has been postu
lated to contribute to the formation of supramolecular 
complexes containing both components of the FAs and 
components of signaling pathways [6].

The aim of this literature review is to apprehend the 
function of ILK in BC with a view to use it in identify
ing better therapeutic approaches to deal with the dis
ease and ultimately restrict BC formation and 
metastasis. A summary of the major findings of each 
study is shown in Table 1.

ILK in BC: Epithelial to Mesenchymal Transition 
(EMT) and Akt phosphorylation

Initially, overexpression experiments demonstrated that 
ILK suppresses anoikis in MDA-MB-231 and MDA- 
MB-435 BC cells which is reversible by transfection 
with a dominant-negative, kinase dead form of ILK 
[32]. However, it was also reported that ILK’s function 
is required in Transforming Growth Factor beta 
(TGFβ-1)-induced Epithelial–Mesenchymal Transition 
(EMT) in mammary epithelial cells [33,34], promoting 
a more metastatic phenotype (Figure 2). Moreover, the 
ILK/Rictor complex has been identified as a potential 
molecular target for preventing or even reversing this 
process [35]. Finally, ILK can also directly regulate 
EMT by promoting the expression of Snail [36] and 
via posttranslational modifications through GSK-3β.

The latter is of great significance, as the acquisition 
of invasive and migratory characteristics in cancer cells 
results primarily from adopting an EMT phenotype. 
Thus, the fact that overexpression of ILK induces 
EMT in mammary epithelial cells [37] and its inhibi
tion abolishes in vitro cell metastasis [34] corroborates 
the idea that ILK is a key intracellular mediator of 
TGFβ-1 induced EMT [33]. Also, a significant accelera
tion in mammary tumor incidence and growth was 
observed in the MMTV-Wnt/ILK mice compared to 
mice expressing Wnt alone, showing the cooperation 
between Wnt1 and ILK genes during mammary carci
nogenesis [38]. Furthermore, mammary epithelial dis
ruption of ILK in mice results in a profound block in 
mammary tumor induction [39]. Moreover, the inacti
vation of ILK suppresses Yes-associated protein (YAP) 
activation and tumor growth in vivo [20], indicating 
that ILK plays a critical role in the suppression of the 
Hippo pathway in BC cells.

In another study, ILK was also shown to promote 
EMT and cell invasion in BC cells [40]. Specifically, 
Yang et al. reported that Twist transcriptionally regu
lates integrin β1 expression and, in fact, overexpression 

of one of the two in MCF10A breast epithelial cells 
makes cells undergo an EMT with concomitant activa
tion of ILK, Extracellular Signal Regulated Kinase 
(ERK), PI3K/AKT, and WNT signaling while ILK silen
cing also suppresses EMT and cell invasion [40].

In an in vitro study by Qu et al. [16], it was shown 
that ILK overexpression promotes cell proliferation, 
while ILK knockdown leads to growth arrest in BC cell 
lines. In this study, they used two BC cell lines, MCF-7 
and MDA-MB-231 cells, and they first tested the endo
genous expression of ILK, showing that MDA-MB-231 
has much higher ILK expression than MCF-7 cells [16]. 
They then stably overexpressed ILK in MCF-7 cells by 
lentivirus transduction which resulted in a significant 
increase of cell viability through the induction of Akt 
phosphorylation. At the same time, they silenced ILK in 
MDA-MB-231 cells that had an initially high expression 
of endogenous ILK. ILK silencing conversely inhibited 
Akt phosphorylation [16]. Conclusively, it was shown 
that the regulatory effects of ILK on cell growth and 
proliferation are mainly mediated by PI3K/Akt signaling.

ILK in BC: its binding partners

In a screen for identifying new ILK binding partners, it 
was shown that Rictor is one such partner for ILK, and 
several studies investigated the relationship between 
ILK and Rictor in BC. Rictor, a component of the 
mTORC2 complex, which is implicated in Akt phos
phorylation, was initially found to be involved in cytos
keleton regulation. Being part of mTORC2, Rictor was 
shown to regulate the ability of ILK to promote Akt 
phosphorylation and cancer cell survival [22,41], as 
depletion of ILK and Rictor from BC cells blocked 
Akt Ser473 phosphorylation and induced apoptosis 
[22]. Notably, the interaction between ILK and Rictor 
was also reported by Serrano, et al. [35], where it was 
shown that TGF-β treatment promoted this interaction. 
In fact, ILK activity was shown to be essential for 
ΤGFβ-1-mediated EMT in mammary epithelial cells 
which also induced expression of the mTOR2 compo
nent Rictor and its phosphorylation on Thr1135 [35]. 
Interestingly, the ILK/Rictor complex formation was 
promoted more in cancer than in normal cells indicat
ing a true involvement in cancer development. 
Moreover, inhibition of ILK partially reversed the 
basal mesenchymal phenotype of ΜDΑ-ΜΒ-231 
cells and prevented EMT in MCF10A cells after 
TGFβ-1 treatment. These data demonstrate 
a requirement for ILK function in TGFβ-1-induced 
EMT in mammary epithelial cells and identified the 
ILK/Rictor complex as a potential molecular target 
for reversing EMT [35].

206 K. TSIRTSAKI AND V. GKRETSI



Table 1. Summary of studies investigating the role of ILK in BC using in vitro, and in vivo models as well as human patient samples.

Study
In 

vitro
In 

vivo
Human BC 

samples Experimental design Functional effect Signaling

[32] √ Overexpression of ILK in MDA-MB-231 
and MDA-MB-435 BC cells

Suppression of anoikis which is 
reversible by transfection of 
dominant negative kinase dead 
ILK

[47] √ Inhibition of ILK by QLT-0267 in MDA- 
MB-231 cells

BC cell apoptosis Reduced mTOR expression and PKB/Akt 
Ser473 phosphorylation

[44] √ ILK attenuation either via silencing or 
through pharmacological inhibition

ILK overexpression promotes cell 
migration

-Hyperphosphorylation of ERα

[48] √ ILK attenuation either via silencing or 
through pharmacological inhibition in 
MDA-MB-231 cells

-Inhibition of cell invasion -Blocking of Akt, ERK, c-Jun, and uPA.

[22] √ Depletion of ILK and Rictor in MDA-MB 
-231 cells

BC cell apoptosis -ILK binds to Rictor 
-Inhibition of Akt Ser473 phosphorylation

[51] √ -ILK overexpression 
-ILK inhibition by QLT-0267 
-ILK silencing 
in 6 BC cell lines (LCC6Her2, MCF7Her2, 
SKBR3, ΒΤ474, JIMT-1, KPL-4)

ILK regulates Akt Ser473 phosphorylation, 
YB-1 expression and promoter activity, and 
Twist expression.

[52] √ -Suppression of ILK by ILK inhibitor 
T315 or gene silencing in MDA-MB-468 
cells 
-Rictor silencing

- ILK or Rictor silencing inhibits 
phosphorylation of Ser473-Akt

[35] √ -ILK inhibition in BC cells MCF10A and 
MDA-MB-231 cells

- Suppression of ILK suppresses 
EMT

ILK suppresses Hippo pathway (MST1, 
LATS1) and promotes YAP/TAZ

[40] √ -Overexpression of Twist or integrin β1 
in MCF10A breast epithelial cells and 
TRAQ-labeling combined with 2D LC- 
MS/MS analysis. 
-Twist, ILK, or integrin β1 silencing in 
BT549 and Hs578T

-Twist or integrin β1 silencing 
reduces ILK and impairs EMT and 
cell invasion. 
-ILK silencing suppresses Twist 
mediated EMT and invasion

-integrin β1 or Twist overexpression 
regulates ILK

[16] √ -ILK overexpression in MCF-7 cells 
-ILK silencing in MDA-MB-231 cells

-ILK overexpression results in cell 
growth and proliferation.

-Through PI3K/Akt pathway

[57] √ Transgenic mice overexpressing ILK 
under the MMTV promoter

Tumorigenicity and tumor 
hyperplasia.

-Induction of PKB/Akt, GSK-3β and ERK 
phosphorylation.

[60] √ √ -Overexpression of ILK in MDA-MB-435 
cells (ILK deficient) and in vivo in 
athymic nude mice

-Reduction in proliferation, 
migration, and tumor formation 
and metastasis in nude mice. 
-ILK is downregulated in 
metastatic BC cells →ILK 
deficiency facilitates neoplastic 
growth and metastasis

-Through its ability to block cell cycle 
progression in G1 phase by blocking 
integrins

[49] √ √ - Use of ILK inhibitor QLT0267 alone or 
in combination with chemotherapy 
drugs. 
-In vitro in 7 BC cell lines ((LCC6, 
LCC6Her2, SKBR-3, KPL-4, BT-474, MBA- 
MB-468, and MCF-7) 
-In vivo using orthotopic xenografts 
from low Her2-expressing cells (LCC6)

-Docetaxel had synergistic action 
with QLT0267 resulting in 
increased cytotoxicity and 
improved therapy. 
Other chemotherapy drugs had 
antagonistic effects. 
- increased survival in the three 
models and reduction in the 
growth of cancer cells.

-Through PI3K/Akt pathway

[39] √ √ -Conditional ILK knock out mice from 
the mammary epithelium 
-Inhibition of ILK by an ILK inhibitor or 
siRNA-mediated silencing in ErbB2- 
expressing primary mammary gland 
cells

-Delay in tumor growth 
-Induction of apoptosis and 
reduced cell invasion

[38] √ -Transgenic mice expressing both Wnt 
and ILK in mammary epithelium (under 
the MMTV promoter)

-Tumor formation and growth is 
accelerated 
-Cooperation between ILK and 
Wnt in BC

Elevated expression of Wnt/ILK targets 
(beta-catenin and cyclin D1) as well as 
activation of FOXA1 transcription factor, 
a marker of differentiated mammary 
luminal cells.

[55] √ √ -Ectopic expression or shRNA silencing 
or pharmacological inhibition (via T315) 
of ILK in MDA-MB-231, SUM-159, MCF- 
7, MCF-7-IL6 cells 
-In vivo effect of T315-induced ILK 
inhibition on CSCs in SUM-159 
xenograft models

- ILK silencing inhibits CSC 
population in vivo

-ILK regulates IL-6-driven Notch1 activation 
and CSCs through gamma-secretase 
components.

(Continued )
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Mongroo, et al., (2004) analyzed breast tumors 
and BC cell lines for the expression of β-parvin 
(PARVB), another known binding partner of ILK 
[42]. They clearly demonstrated an inverse relationship 

between ILK and PARVB expression in BC cells and 
tissues and further suggested that PARVB inhibits ILK 
signaling. Specifically, gene expression analysis at the 
mRNA level demonstrated a significant downregulation 
of PARVB in four (4) out of nine (9) human breast 
tumors compared to their patient-matched normal 
mammary gland tissue, while a dramatic downregula
tion was also observed at the protein level in five (5) 
out of seven (7) advanced tumors [43]. Interestingly, 
ILK protein expression levels were elevated in these 
tumors. In the same study, PARVB was overexpressed 
in MCF-7 and MDA-MB-231 BC cells, which originally 
expressed low levels of PARVB, and its overexpression 
led to inhibition of ILK kinase activity, anchorage- 
independent cell growth, and in vitro cell invasion in 
MDA-MB-231 cells accompanied by inhibition of EGF- 
induced phosphorylation of two ILK targets, PΚΒ 
(Ser473) and Gsk3β (Ser9) [43].

Moreover, ILK has been shown to bind to estrogen 
receptor-alpha (ERα) both in in vitro and in vivo stu
dies [44] and, in fact, it seems that ILK signaling is 
a modulator of ER signaling in BC, with major con
sequences for BC patients, as ER status is an important 
feature that greatly determines the patients’ treatment 
and, sometimes, fate. Specifically, it was shown that ILK 

Table 1. (Continued). 

Study
In 

vitro
In 

vivo
Human BC 

samples Experimental design Functional effect Signaling

[43] √ √ -Overexpression of PARVB in cell lines 
MCF-7 and MDA-MB-231 
-Gene expression analysis in human 
samples

-Reduction of cell invasion and 
anchorage-independent cell 
growth 
-Downregulation of PARVB and 
upregulation of ILK in 
a significant percentage of BC 
tumors

-ParvB inhibits ILK and EGF-induced 
phosphorylation of ILK cellular targets.

[45] √ √ -Tissue biopsy array consisting of 10 BC 
biopsy samples

Co-localization of ILK and HIF in 
human BC samples

[54] √ √ - ILK depletion via shRNA-mediated 
silencing and ectopic expression in 
MDA-MB-231 cells 
-ILK depletion in ovo

- In BC samples, ECM stiffness, ILK, 
and CSC markers (CD44) are 
associated 
-Stiff and hypoxic 
microenvironments promote the 
development of breast CSC 
through modulation of ILK. 
- Depletion of ILK in ovo 
significantly abrogated the 
tumorigenic and metastatic 
potential of invasive BC cells.

-ILK signals through the PI3K/Akt to 
regulate the development of CSCs

[56] √ √ -In vitro (MCF-7, MDA-MB-231, MDA- 
MB-468, SUM-159) 
1) IL-6 treatment 
2) shRNA or pharmacological inhibition 
of ILK 
-In vivo

-ILK attenuation blocks estrogen- 
independent tumor growth

-IL-6 regulates ILK expression via E2F1 and 
NFkB to activate again IL-6.

[58] √ −64 BC samples for real-time PCR 
-163 BC samples for 
immunohistochemistry

High ILK expression was 
correlated with tumor size, grade, 
stage, ER status, metastasis, and 
reduced overall survival.

[59] √ −96 phyllodes BC -High ILK expression in the tumor 
and association with increasing 
tumor grade.

Analysis of EMT-related genes: 
-decreased E-cadherin and β-catenin 
-increased expression of N-cadherin, 
vimentin, Snail, ZEB1 ,and Twist

Figure 2. Diagram summarizing the role of ILK in relation to 
basic cancer properties in BC. The signaling molecules involved 
are also indicated.
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attenuation either via silencing or through pharmaco
logical inhibition leads to hyperphosphorylation of ERα 
while ILK overexpression promotes cell migration [44].

Another interesting interaction of ILK is the one 
with Hypoxia-inducible Factor (HIF) with which it co- 
localizes in human BC tissues [45] which explains why 
ILK expression and kinase activity are hypoxia- 
induced. Moreover, ILK in turn stimulates HIF-1α 
expression through cell type- and cell context- 
dependent pathways [46] accounting for the hypoxia 
effects observed on Akt, mTOR, and GSK3β phosphor
ylation, and ultimately leading to EMT.

ILK in BC: the use of pharmacological inhibitors

To explore ILK’s role in BC, a number of studies were 
performed using pharmacological inhibition of ILK 
(Table 1). Troussard, et al., (2006) [47] attempted to 
show that ILK is a critical regulator of BC cell survival 
through the PKB/Akt pathway by using QLT0267, 
which resulted in the inhibition of PKB/Akt Ser473 
phosphorylation, stimulation of apoptosis, and 
decreased mTOR expression in human BC cells. This 
inhibitor was very drastic in deactivating ILK, which 
led to MDA-MB-231 cancer cell apoptosis. Similarly, 
QLT0267 dramatically inhibited cell invasion and com
pletely abolished signaling via Akt, ERK, and c-Jun 
phosphorylation in MDA-MB-231 cells, resulting in 
uPA down-regulation [48].

Moreover, Kalra et al. [49], showed that when 
QLT0267 inhibitor was combined with other thera
peutic agents, such as docetaxel (Dt), the result was 
even more impressive. Also, QLT0267/Dt combina
tion was shown to increase cancer cell apoptosis 
[49]. Furthermore, in nude mice, QLTO267/Dt com
bination inhibited cancer cell migration ability [50]. 
In another study [51], Human Epidermal growth 
factor Receptor 2/neu (Her2/neu) signaling was 
evaluated in six Her2/neu(+) BC cell lines 
(LCC6Her2, MCF7Her2, SKBR3, ΒΤ474, JIMT-1, 
and KPL-4) that were treated with ILK inhibitor 
QLT0267 and resulted in a 32–87% suppression of 
total Her2/neu protein in these cells [51]. Thus, ILK 
silencing resulted in a transient decrease in Ρ- 
ΑΚΤser473, which was not related to 22/neu down
regulation. Attenuation of ILK expression was also 
associated with decreases in Y-box binding protein- 
1 (YB-1) expression, a known transcriptional regu
lator of Her2/neu expression [51] while ILK over
expression was associated with a fourfold increase in 
the YB-1 expression. Therefore, it was suggested 
that since ILK regulates the expression of Her2/neu 
and YB-1, the use of ILK inhibitors could be 

beneficial for the treatment of aggressive Her2/neu 
(+) BC tumors.

Using another ILK inhibitor, known as T315, in 
MDA-MB-468 BC cells which exhibit elevated 
expression of ILK, Lee, et al. [52] demonstrated 
that ILK inhibition resulted in reduced phosphory
lation of Ser473-Akt. ILK was also shown to form 
complex with Rictor that was easily disrupted by 
ILK inhibitor T315 and they finally showed that 
ILK inhibition either by T315 or through siRNA- 
mediated silencing suppressed EMT in these cells, 
suggesting a metastasis-promoting function of ILK 
in BC cells.

ILK in BC: cancer stem cells (CSC)

Interestingly, ILK has been shown to be involved in 
the development of BC stem-like cells (CSC), which 
are tumor-generating, having the capacity to produce 
tumors through stem cell self-renewal and differen
tiation (Table 1). Such cells exist in tumors as 
a separate low-density population and cause regres
sion and metastasis, provoking new tumors [53]. 
Especially BC tumors are considered to be stiff and 
hypoxic and have been shown to promote the devel
opment of BC CSC through modulation of ILK [54]. 
More specifically, ILK depletion through short hair
pin RNA (shRNA)-mediated silencing was shown to 
block the hypoxia-dependent acquisition of CSC 
marker expression and behavior, whereas ectopic 
expression of ILK stimulated CSC development. 
Notably, this association between ILK and CSC mar
kers was verified in human BC samples [54].

In a similar approach, Hsu, et al. [55] investi
gated the signaling of interleukin-6 (IL-6) and 
Notch, considering that they are important regula
tors of BC CSC. They investigated the role of ILK 
in regulating IL-6-driven Notch 1 activation and the 
ability to target breast CSCs through ILK inhibition. 
Luciferase assays were used to evaluate the regula
tion of IL-6-driven Notch1 activation by ILK in IL- 
6 (MDA-MB-231, SUM-159) and in MCF-7 and 
MCF-7IL−6 cells. Results showed that inhibition of 
ILK suppressed Notch1 activation while ILK silen
cing inhibited breast CSC-like properties in vitro 
and in vivo [55]. In subsequent studies, IL-6 was 
demonstrated to induce ILK expression via Ε2F1 
upregulation, which, in turn, activates NF-κΒ sig
naling [56] in triple negative BC cells (MDA-MB 
-231 and MDA-MB-468) which are associated with 
more aggressive phenotypes, increased metastatic 
potential, and drug resistance.
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ILK in BC: conditional ILK knock-out and 
transgenic mice

Pontier, et al., (2010) [39] performed an in vivo study 
using conditional ILK knock-out mice under an 
MMTV promoter, that lacked ILK expression specifi
cally from the mammary epithelium. Although mam
mary epithelial disruption of ILK had little impact on 
normal mammary gland development, loss of the ILK 
resulted in a significant inhibition of mammary tumor 
induction while inhibition of ILK function using an 
ILK inhibitor or siRNA-mediated silencing in ErbB2- 
expressing cell epithelium induced apoptosis and 
severely reduced cells’ in vitro invasive capacity [39]. 
Notably, the rare tumors that formed at some point 
were shown to have overcome this block in tumor 
induction by upregulation of ErB2 phosphorylation.

In the same year, Oloumi, et al., (2010) investigated 
the potential interaction between Wnt and ILK proteins 
during mammary tumor formation and progression 
[38]. To that regard, they established a transgenic 
mouse model that expressed both Wnt and ILK in 
mammary epithelial cells. A novel transgenic mouse 
model was generated by crossing two previously char
acterized mouse models, MMTV-Wnt1 and MMTV- 
ILK. They reported a significant acceleration in mam
mary tumor incidence and growth in the resulting 
MMTV-Wnt/ILK mice [38].

Finally, transgenic mice overexpressing ILK in the 
mammary epithelium, under the transcriptional control 
of MMTV were shown to develop a hyperplastic mam
mary phenotype, accompanied by phosphorylation of 
PKB/Akt, GSK-3β, and ERK [57].

ILK in BC: human samples

Remarkably, a study conducted in China using BC 
patient samples obtained from 2005 to 2007 sheds 
more light on the role of ILK in BC. ILK expression 
was examined at the mRNA level in 64 BC patient 
samples while immunohistochemical analysis was 
also performed in 163 BC patient samples [58]. All 
patients undergoing BC surgery had not received 
radiation therapy or chemotherapy prior to surgery. 
Results showed that the relative ILK mRNA expres
sion was significantly higher in BC tissues compared 
to normal adjacent tissues while it was also corre
lated with tumor size, grade, stage, ER status, and 
lymph node metastasis. Most importantly, all 
patients were monitored for 5 years after and the 
full clinical data were computer-registered. Analysis 
of the data using Kaplan-Meier analysis and Cox 
proportional hazard regression models revealed 

that there is a strong correlation between high ILK 
expression and reduced overall survival [58], further 
suggesting that ILK is an important molecular 
player of BC pathogenesis, progression, and 
prognosis.

Finally, in another study performed in 96 
phyllodes BC, ILK was found to be highly expressed 
in the tumor and associated with increasing tumor 
grade. Moreover, analysis of EMT-related genes indi
cated decreased immunoreactivity of E-cadherin and β- 
catenin and increased expression of N-cadherin, 
vimentin, Snail, ZEB1, and Twist [59].

Based on the above, most studies performed so 
far, both in vitro and in vivo, suggest that ILK 
promotes tumor growth, EMT, and metastatic beha
vior of cells. There is one study though, which 
comes in complete contrast to this idea. Chen 
et al. [60] presented evidence that the chromosomal 
locus on which ILK maps (11p15.5) falls within 
a region on the short arm of chromosome 11 
which is commonly lost and is considered as 
a potent event in the progression and metastasis 
of BC. Moreover, they showed that ILK was 
expressed in 20 normal breast tissue samples found 
adjacent to the tumor but it was significantly down
regulated in the corresponding BC samples. They 
also overexpressed ILK in MDA-MB-435 cells 
which are highly metastatic and have a low endo
genous ILK expression leading to growth- 
suppression activity both in vitro and in vivo [60]. 
The fact that these results are not in agreement with 
all previous studies can be explained by the small 
number of samples (20) and the use of a single cell 
line (MDA-MB-435) and further emphasizes the 
significance of tumor heterogeneity for cancer 
treatment.

Conclusion

In the current review, we analyzed all studies per
formed with regard to the role of ILK in BC which 
included in vitro, and in vivo studies as well as 
studies using human BC samples. Taking all the 
above into consideration, we could conclude all stu
dies except for one show that ILK promotes cell 
growth and metastasis in BC. As shown in Figure 
3, ILK attenuation either via silencing or via phar
maceutical inhibition leads to apoptosis and inhibits 
EMT, cell invasion, and CSC population, while the 
same pattern was observed in conditional knock-out 
animals. Consistent with these, ILK overexpression 
suppresses anoikis, promotes cell and tumor growth 
as well as metastasis in vitro, and favors 
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tumorigenicity in transgenic animals. Finally, ILK is 
found upregulated in BC tumor samples and its 
expression is associated with grade, stage, ER and 
PR status and metastasis. Thus, ILK could certainly 
serve as a potent pharmaceutical target for better 
and more effective treatment of BC patients.
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