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Introduction
Integrins are cellular adhesion molecules 
that serve as receptors for extracellular 
matrix components. They named integrin 
because of their ability to integrate signals 
from the extracellular environment to the 
inside of the cell.[1,2]

Integrins are key role players in nearly 
every step of cancer progression, including 
cancer initiation and proliferation, local 
invasion and intravasation into vasculature, 
survival of circulating tumor cells  (CTCs), 
priming of the metastatic niche, 
extravasation into the secondary site, and 
metastatic colonization of the new tissue.[2]

α6‑Integrin subunit  (also known as CD49f) 
has been known as a stemness marker that 
has been found on the plasma membrane 
of many stem cell populations.[3] Previous 
studies have shown its role in maintaining 
self‑renewal of pluripotent stem cells and 
breast and glioblastoma cancer stem cells.

Integrin α6 can form heterodimers with 
either integrin β1  (CD29) or integrin 
β4  (CD104), functions as a receptor for 
the various laminins.[4] The tumorigenic 
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Abstract
Background: The detection of circulating tumor cells  (CTCs) is prognostic during the disease in 
women with metastatic breast cancer. Integrins are key role players in nearly every step of cancer 
progression. In this study, we aimed to analyze integrin alpha6beta4 expression on CTCs isolated 
from blood samples of patients with advanced breast cancer. Materials and Methods: In this 
single‑center study, peripheral blood samples from 23 breast cancer patients were obtained and 
analyzed for the presence of CTCs by EasySep™ Direct Human CTC Enrichment Kit combined 
with subsequent immunocytochemical staining of anti‑cytokeratin and anti‑epithelial cell adhesion 
molecules, and β4 integrin on CTCs. Data were correlated with clinicopathological parameters. 
Results: CTCs were detected in 100% of the patients. The ratio of integrin β4+ CTC was 61% ± 8% 
of total CTCs. No significant correlation between histopathological parameters and CTC detection 
was found. Conclusion: Our results demonstrated the importance of α6 β4 integrin expression on 
CTCs in distant metastasis.
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role of integrin α6 β4 is mediated by the 
phosphorylation of the long cytoplasmic 
tail of integrin B4, which releases integrin 
α6 β4 from hemidesmosomes, leading to 
its interaction with growth factor receptors 
and the induction of growth signaling.[5] 
Integrin α6 β4 binding to laminin triggers 
phosphoinositide‑3‑kinase  (PI3K) and 
RhoA small GTPases activation. Moreover, 
integrin α6 β4 networks with the 
epidermal growth factor receptor family 
to activate signaling pathways involved in 
tumorigenesis and metastasis, including 
PI3K, AKT, and MAPK signaling. It 
has been shown that integrin α6 β4 is 
released from the hemidesmosomes in 
epithelial cells and associates with the actin 
cytoskeleton in tumor progression.[6]

An increased expression of the integrin 
alpha6beta4 is correlated with a poor 
prognosis in cancer patients. It has been 
shown that in several tumor types the 
a6b4integrin has a role in the expansion 
capacity of cancer stem cells and signals to 
sustain self‑renewal.[2]

CTCs are the main drivers of cancer 
recurrence and metastasis. The assessment 
of CTCs’ clinical role in early metastasis 
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prediction, diagnosis, and treatment needs more information 
about their biology, their roles in cancer dormancy, and 
immune evasion as well as in therapy resistance. There 
is not enough knowledge about the CTC functional and 
biochemical phenotypes in human patients. CTC detection, 
characterization, and enumeration is a potent tool for the 
management of each patient with cancer. The investigation 
of CTCs in cancer patients has recently received extensive 
attention because of its clinical implications, particularly 
for precision medicine.

In this study, we aimed to analyze integrin alpha6beta4 
expression on CTCs isolated from blood samples of 
patients with advanced breast cancer.

Materials and Methods
Sample collection and preparation

Twenty‑three metastatic breast cancer patients, before 
chemotherapy at the university hospital, were enrolled 
in this prospective study. Demographic and clinical data 
were gathered for each patient. Histopathological analysis 
was performed in accordance with the eighth edition of 
the cancer staging manual cancer by a senior specialist in 
pathology.[7]

Patient blood samples were collected from Omid 
Cancer referral Hospital and processed at the Applied 
Physiology Research Center. The study protocol was 
approved by the NIMAD Institutional ethics Board. All 
blood samples were collected after obtaining informed 
consent from patients. In order to isolate CTCs from 
whole blood, we utilized EasySep™ Direct Human CTC 
Enrichment Kit (Stemcell Technologies, USA) according 
to the manufacturer’s protocol. CD2, CD14, CD16, 
CD19, CD45, CD61, CD66b, and Glycophorin A surface 
markers expressed on hematopoietic cells and platelets are 
recognized by antibodies cocktail to eliminate the cells 
other than CTCs. In fact, undesired cells are marked with 
antibodies and RapidSpheres™ and therefore are removed 
by an EasySep™ magnet.

In short, EasySep™ antibodies cocktail was added directly 
to the whole blood  (50 μl/1  ml blood) and incubated 
for 5  min at room temperature. Next, RapidSpheres™ 
(50 μl/1  ml blood) was added to the sample. The sample 
was then topped up to double the volume with the suggested 
medium (phosphate‑buffer saline [PBS] containing 2% fetal 
bovine serum and 1 mM ethylenediaminetetraacetic acid) 
and gently mixed. The tube was placed into the magnet and 
incubated for 10  min at room temperature. After picking 
up the magnet, and pouring the enriched cell suspension 
into a new tube, RapidSpheres™  (50 μl per 1  ml blood) 
was applied to the sample and placed into the magnet, and 
incubated for 10  min at room temperature. Isolated CTCs 
must transfer into a new tube to continue downstream 
experiments.

Immunocytochemistry procedure

In order to confirm the purity of isolated cells, we used 
fluorescence‑conjugated antibodies targeting the proteins 
expressed on CTCs. Cell fixation, permeabilization, and 
blocking were done before immunostaining process.[8] 
Rinsing the cells in PBS is required between each steps. 
First of all, the isolated cells were fixed and permeablized 
using 4% paraformaldehyde and Tritonx  0.2%, 
respectively. Next, nonspecific binding sites were blocked 
using BSA 1% for 1 h at 37°C. Then, the cells were labeled 
with FITC‑epithelial cell adhesion molecules  (EpCAM) 
antibody (1:500 FITC anti‑human CD326 Antibody, 
BioLegend) and β4 integrin antibody  (0.5/100 microliter 
PBS, Anti‑Integrin β4 Antibody, clone ASC‑8, 
Sigma‑Aldrich) overnight at 4°C. Then the cells were 
incubated with PE‑IgG1 antibody  (PE anti‑mouse IgG1 
Antibody, BioLegend) as a secondary antibody for 40 min 
at 37°C. Furthermore, in order to label double‑stranded 
DNA and thus visualizing the nuclei, the cells were stained 
by Hoechst®33342 dye at 37°C for 20 min  (5 μg/ml). In 
addition, the cells were labeled with using pancytokeratin 
antibody (1:500 Alexa Fluor® 488 anti‑Cytokeratin, 
BioLegend), another CTC marker, following with 
β4‑integrin staining. Images were captured using an 
inverted fluorescent microscope (Leica Microscope, USA) 
at ×20 magnification.

Statistical analysis

For statistical analysis, PASW Statistics 18  (SPSS Inc., 
Chicago, IL, USA) was applied. Descriptive statistics 
were used to describe patient baseline characteristics. 
To evaluate a potential association between CTCs and 
clinicopathological parameters, the Chi‑square test was 
used.

Results
Hundred percent of the patients had CTCs in the 
bloodstream with at least 1 detectable CTC per 1  ml 
blood sample with strong EpCAM and cytokeratin 
immunocytofluorescence  [Figures  1 and 2]. The patient’s 
characteristics are summarized in Table 1.

The amount of detected CTCs in different patients varied 
from 1 to 12 CTCs per 1  ml of whole blood expressing 
with various expression of β4 on CTCs  [Table  1]. There 
was no significant correlation between histopathological 
parameters and variation of CTC positivity rate.

Discussion
Our current understanding of breast cancer biology has 
enabled biologically driven disease stratification and 
introduced personalized treatment selection that has also 
impacted survival and quality of life. MBC continues 
to be considered incurable, however and is treated 
with palliative intent in spite of increased availability 
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of FDA‑approved therapeutic drugs designed to treat 
specific disease subtypes. Our results add substantially to 
the prior body of literature because, to our knowledge, 
this is the first study on integrin α6 β4 expression 
on CTCs. Studies examining integrin β4 expression 
in patient‑derived tissue, in some cancer types, have 
obtained conflicting results.[9]

In breast cancer, integrin β4 overexpression is associated 
with aggressive behavior and poor prognosis. Given the 
challenges described with immunohistochemistry, gene 
expression profiling provides an excellent alternative 
that allows for quantitative assessment of integrin β4 
expression. One study used gene expression profiling and 
immunohistochemistry of tissue microarray sections to 
demonstrate that integrin β4 is overexpressed in basal‑like 
breast cancer.[10] This finding is particularly notable as 

basal‑like breast cancer is an aggressive subtype that is 
associated with a notoriously poor prognosis.[1] This integrin 
“β4 signature” was shown to be a prognostic indicator that 
could predict both decreased survival and decreased time to 
recurrence in four breast cancer cohorts.[10] In other studies, 
integrin β4 mRNA expression was found to positively 
correlate with nuclear grade and tumor size,[11] and 
elevated integrin α6 β4 protein expression has been found 
to associate with decreased survival.[12] Co‑expression 
of integrin α6 β4 and Net1, a RhoA guanine nucleotide 
exchange factor, has also been associated with decreased 
distant metastasis‑free survival.[13]

In addition to integrin β4 overexpression correlation with 
nuclear grade and tumor size in breast cancer, there is a 
correlation between integrin β4 and cervical cancer, head 
and neck cancer, and pancreatic cancer.[5] The association 
of ITGB4 with poor prognosis in many cancers is attributed 
to the ability of integrin α6 β4 to promote malignant 
behaviors, such as proliferative signaling, the evasion 
of apoptosis, tissue invasion, and metastasis, and the 
induction of angiogenesis. However, the relation of ITGB4 
expression with prognosis in some tumors and not in others 
remains unclear.[5] Rescently, Ruan et  al. have shown that 
Integrin β4 has a key role in the cancer cell stemness, 
and immunologic targeting of integrin β4 is a promising 
therapeutic strategy.[14]

Conclusion
Our study results showed that tumor integrin β4 participates 
in mediating early metastatic steps and may have a role in 
the bone tropism. A  focus for further work would be to 
investigate if integrin β4 positive breast cancer patients 
with metastases are likely to benefit from inhibition of this 
receptor.

Table 1: Characteristics of patients
n

Total number of assessable patients 23
Age at study entry, years 63.2±11.3
HER2/neu positive (%) 12
ER positive (%) 100
PR positive (%) 100
Grading (%)

2 56.6
3 43.4

Sites of metastases at study entry (%)
Visceral 13.1
Bone 86.9
CTC+ 100
Integrin β4+ CTCs+/total 61

HER2/neu: Human epidermal growth factor receptor 2, ER: Estrogen 
receptor, CTCs: Circulating tumor cells, PR: Progesterone receptor

Figure 1: The illustration of circulating tumor cells isolated from whole blood 
sample of a breast cancer patient. The light microscopy image of isolated 
circulating tumor cell is represented in panel (a). Captured cells were 
stained with Hoechst®33342 dye (b), with an anti-epithelial cell adhesion 
molecules FITC-conjugated antibody showing 1 cell with epithelial cell 
adhesion molecules + (c), and with an unconjugated β4 integrin antibody 
and PE anti-mouse IgG1 Antibody (d)

dc

ba

Figure 2: The illustration of circulating tumor cells isolated from whole blood 
sample of a breast cancer patient. Panel (a) represent light microscopy 
image of isolated circulating tumor cell. Captured cells were stained with 
Hoechst®33342 dye (b), with an anti-cytokeratin FITC-conjugated antibody 
(c), and with an unconjugated β4 integrin antibody and PE anti-mouse 
IgG1 Antibody (d)

dc

ba
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