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ABSTRACT 

Aim: To study Expression and Phosphorylation status of Focal Adhesion Kinase (FAK) in Human Breast Cancer tissue. 
To study the relation of FAK with standard clinicopathological parameters of Human Breast Cancer. Methods: Tissue 
collection, Protein extraction, RNA isolation, Western Blot, Immunohistochemistry, RT-PCR, ELISA, Statistical analy- 
sis. Results: All the four techniques showed upregulated expression, phosphorylation (Tyr-397) and processing of FAK 
in human breast cancer tissue compared to the adjacent non-tumor tissue of the same patient. Upregulation of FAK was 
found to be increased parallely with the advancement of cancer. Localisation of FAK was found to be membrano-cyto- 
plasmic. FAK is upregulated both in protein and mRNA level. Expression and phosphorylation of FAK is increased 
specifically in the tumor regions compared to the surrounding non-tumor region. Upregulation of FAK was frequently 
found in ER-positive and PR-positive but Her2/neu-negative breast cancer cases. Conclusion: FAK has crucial role in 
development and progression of human breast cancer. FAK may be considered as an indicator of human breast cancer 
progression. FAK processing may be considered as an indicator of invasive potential of breast cancer. FAK may be 
considered as a clinical indicator of human breast cancer development and progression. 
 
Keywords: FAK; Human Breast Cancer 

1. Introduction 

Focal adhesion kinase (FAK) is a 125 kD nonreceptor 
protein tyrosine kinase that localizes at the cellular adhe-
sion points. It is a crucial mediator of signaling events 
between cells and cell surrounding extracellular matrix 
(ECM). FAK is ubiquitously expressed throughout de-
velopment and well detectable in physiological adult 
tissues. FAK is mainly involved in integrin-signaling pa- 
thways, by binding with the β1 subunit of Integrin [1-4]. 
Interaction of FAK with a number of signaling molecules 
situates it at a junction of signal transduction network 
and regulates cell migration [5-9] and apoptosis [10-17], 
cell proliferation [18-22] etc. In response to clustering of 
integrins due to ligand interaction, FAK is get activated 
by an autophosphorylation at Tyrosine-397 [23]. 

FAK imparts its activity both as a Kinase enzyme and 
an adaptor molecule [24,25]. During tumor development 
and cancer progression, it is thought that FAK have a 
double purpose both in promoting tumor cell adhesion 
during cell migration and in maintaining cell survival to 
inhibit apoptosis as a tumor develops anchorage-inde- 

pendent growth properties. 
The connection of FAK with breast cancer was first 

proposed by analyses with tissue homogenates showing 
that both FAK protein and mRNA were appreciably 
upregulated in invasive and metastatic breast tumor sam-
ples in comparison to matched normal tissues [26]. Latter 
on several studies showed crucial role of FAK in breast 
cancer. Importance of FAK in breast cancer biology was 
confirmed in experiments by depletion of FAK with an-
tisense oligonucleotides causing an inhibition of cell mi-
gration, invasion and proliferation as well as induction of 
apoptosis [27-33]. Moreover, studies with xenograft mo- 
dels indicated role of FAK in subcutaneous tumor forma- 
tion, in promotion of mammary tumor growth, in early 
phase of metastasis, in facilitation of angiogenic signal in 
mammary tumors etc [30,34,35]. 

Studies by different groups with human tissue speci-
mens have demonstrated specific up-regulation of FAK 
expression in high-grade sarcomas [36] and tumors from 
breast, colon, thyroid, ovarian, cervix, head-neck and 
esophagus [37]. Studies by several groups confirmed a 
pivotal role of FAK in tumorigenesis and metastasis [38]. 
These observations indicate towards the relevance FAK *Corresponding author. 
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in human cancer. 
Though a number of studies have demonstrated over- 

expression of FAK in transformed cells, primary and 
invasive carcinomas breast tissues [39,40], the implica- 
tion of these studies is still controversial. On the other- 
hand some groups claim that FAK is not overexpressed 
in human breast cancer cells or reduced FAK expression 
in liver metastases of colorectal adenocarcinoma, com-
pared to the matched primary tumors [41]. Number of 
early analyses was dependent largely on tissue extraction 
methods to demonstrate FAK mRNA and protein over-
expression, which may give false result due to contami-
nants of surrounding normal cell in tumor extract. Thus, 
the significance of FAK expression in human tumors 
remains to be resolved. 

Relation of FAK with other clinicopathological par- 
ameter, including TNM stages or well accepted markers 
like Her2/neu, ER, PR, was also studied by some groups 
[42,43] Her2/neu (Her2) is a receptor tyrosine kinase 
belongs to EGF receptor (EGFR)/ErbB family. In phy- 
siological tissue, Her2 heterodimerizes with other ErbB 
family members after that protein binds corresponding 
ligand. Overexpression of Her2 results in constitutive, 
ligand-independent activation of tyrosine kinase signal-
ing which is found in a number of human breast cancers. 
In those cases it is associated with a more aggressive ca- 
ncer phenotype and poorer prognosis [44]. Estrogen Re- 
ceptor (ER) is the intracellular receptor of Estrogen. ER 
is overexpressed in 70% of breast cancer cases [45]. An- 
other marker protein progesterone Receptor (PR), recep-
tor of the hormone Progesterone, also reflects the status 
of breast cancer [46]. Though the connection of these pa- 
rameters with FAK expression was studied, but the over- 
all relations remain inconclusive and need more studies 
to get the precise role and correlation of FAK with breast 
cancer. 

Considering all these factors, we have studied both ex- 
pression and phosphorylation status of FAK in a popula- 
tion of breast cancer patients of different stages and have 
tried to strengthen the relation of FAK expression with 
human breast cancer. 

2. Materials and Methods 

2.1. Materials 

Protease Inhibitor Cocktail Tablets (complete, mini, EDTA- 
free) were purchased from Roche, Germany. Primary an- 
tibodies (anti-FAK, anti-p-FAK-Tyr-397 and anti-β-tubu- 
lin) antibodies were purchased from Santa Cruz, USA. 
Biotinylated second-antibodies, SuperSignal West Femto 
Maximum Sensitivity Substrate were purchased from 
Thermo Scientific, Rockford, USA. Avidin-biotinylated 
peroxidase complex reagent (vectastain Rabbit ABC kit) 
was purchased from vector laboratories, Burlingame, CA). 

DAB substrate and stable peroxidase substrate buffer 
were purchased from Pierce Biotechnology, USA. Prim-
ers were synthesized by Operon, Germany. Trizol Re-
agent was purchased from Invitrogen, Retro-script (RT- 
PCR Kit) was purchased from Ambion, USA. Immobi- 
lon-P Membrane, (PVDF), was purchased from Millipore, 
USA. 

2.2. Patient 

Our present study involves 37 breast cancer female pa- 
tients. They were referred to Chittaranjan National Can- 
cer Institute, India because of clinical breast lump, suspi- 
cious mammographic finding or a breast symptom (e.g. 
pain, nipple discharge) between 2008 and 2010. Women 
willing to participate in the project were interviewed and 
examined by a trained study nurse before any diagonostic 
procedures. The participation rate of patients with di- 
agonosed breast cancer was 98%. Thus the patient series 
represents unselected typical breast cancer cases of dif-
ferent stages from the institutional hospital catchment 
area. After surgical treatment, the patients were offered 
adjuvant chemotherapy and/or hormonal therapy or ra- 
diotherapy, depending on the mode of the surgery, the 
patients’ menopausal status, and the stage of the disease, 
according to the national guidelines. In brief postopera- 
tive radiotherapy was given to all patients treated with 
breast-conserving and to all patients with axillary node 
positive (pN+) status irrespective of the mode of surgery. 
All menopausal patients with pN+ status and some with 
axillary node negative(pN–) status presenting with other 
adverse prognostic factors such as estrogen receptor(ER)/ 
progesterone receptor (PR) negative or poorly differenti- 
ated tumor, were given adjuvant chemotherapy, intra- 
venous cyclophosphamide, mitoxantrone, methotrexate 
and 5-flurouracil) for six cycles. All post menopausal 
women with ER or PR positive tumors were adjuvently 
treated with either tamoxifen or toremifene for 3 years 
within a clinical study protocol. Thus, within a stage, the 
postoperative treatment was rather uniform, with only a 
few exceptions due to concurrent conditions. Stage was 
assessed by using the UICC classification. Patients with 
noninvasive carcinomas, a previous history of breast can- 
cer, metastatic disease (stage-IV), or insufficient tumor 
material was excluded from the present study. Thus 37 
patients with sufficient primary tumors and complete 
clinical histories were available for the present study. 
The mean age of the patients was 59.2 years (median 
56.8 years; range, 23.3 - 91.6 years). The mean follow up 
time was 55.0 months (median 57.5 months; range, 1.2 - 
115.1 months). The clinicopathological data of the pa-
tients are summarized in Table 1. 

2.3. Collection of Tissues Samples 

Tissue specimens from tumor and respective adjacent  
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Table 1. Clinico-pathological parameters of the study popu- 
lation. 

Parameter  Number (%)  

Total Number of subjects  37 

Age 
Below 45 years  
45 years and above  

 
19 (51.4%) 
18 (48.6%) 

Stage at diagnosis 
Early (IA, IIA & IIB) 
Advanced (IIIA, IIIB & IIIC) 

 
16 (43.2%) 
21 (56.8%) 

Estrogen receptor  
Positive 
Negative 

 
13 (35.1%) 
24 (64.9%) 

Progesterone receptor  
Positive 
Negative 

 
15 (40.5%) 
22 (59.5%) 

HER-2/neu  
Positive 
Negative 

 
15 (40.5%) 
22 (59.5%) 

FAK (by Western blot)* 
High 
Not High 

 
20 (54.0%) 
17 (46.0%) 

p-FAK (by Western blot)*  
High 
Not High 

 
24 (64.9%) 
13 (35.1%) 

FAK (by IHC)# 
High 
Not High 

 
19 (51.3%) 
18 (48.7%) 

p-FAK (by IHC)#   
High 
Not High  

 
20 (54.0%) 
17 (46.0%) 

*Western Blot: FAK high denotes difference in FAK expression between 
Tumor and Normal ≥ mean difference i.e. 50 (expression of FAK was 
measured densitometrically). FAK not high denotes difference in FAK 
expression between Tumor and Normal ≤ mean difference i.e. 50 (expres-
sion of FAK was measured densitometrically). #Immunohistochemistry: 
FAK high = 3 and 4 score. FAK not high = 0, 1, 2 score. 

 
non-tumor breast tissues of the same patient were col- 
lected from the operation theater during surgery. Tissues 
were stored at –80˚C and used for the further experi- 
ments. 

2.4. Protein Extraction from Tissue 

Tissues of tumor samples and respective adjacent non- 
tumor breast tissues were collected, extracted with cell 
extraction buffer (Tris: 37.7 mM, NaCl: 75 mM, Triton 
X-100: 0.5%, protease inhibitor cocktail and pH adjusted 
to 7.5) and the protein content of the extracts were esti-
mated by Lowry’s method. 

2.5. Western Blot 

Equal amount of protein (50 µg each) was taken and 
heated with 0.1 volumes -mercaptoethanol for 5 - 8 mi- 
nutes at 80˚C - 90˚C, then subjected to electrophoresis on 
SDS-PAGE. The proteins were electrophoretically trans-
ferred on PVDF membranes. The membranes were 
blocked with 1% BSA and subsequently washed ×3 with 
PBST. The membranes were reacted with anti-FAK 

(A-17) antibody, anti-FAK (Tyr-397)-R antibody and 
anti-β-tubulin (G-8) antibody at 1:2000 dilution with 1% 
BSA each and kept at 37˚C for 1 Hr 30 mins and subse- 
quently washed thrice with PBST. The blots were devel- 
oped using respective horse redish peroxidase (HRP) 
coupled second antibodies at 1:200,000 dilution and kept 
at 37˚C for 1 Hr 30 mins, the blots were then thoroughly 
washed 6 times with TBST. Bands were visualized using 
protocol given with SuperSignal substrate. 

2.6. RNA Isolation 

Both adjacent non-tumor and respective tumor tissues 
were collected, homogenized in 1ml of Trizol reagent per 
50 µg of tissue using a power homogenizer. Homoge-
nized samples were incubated for 5 minutes at room tem- 
perature (RT). Then 200 µl of chloroform was added to 
each sample, vigorously shaken for 15 seconds and in-
cubated at RT for 2 - 3 minutes. Centrifuged at 12.000× g 
for 15 minutes at 4˚C. Aqueous phase was isolated and 
mixed with 0.5 ml of isopropyl alcohol, incubated for 10 
minutes at RT, centrifuged at 12000× g for 10 minutes at 
4˚C. Supernatant removed and RNA pellet was washed 
with 75% ethanol and air dried and dissolved in pre-
heated RNAse free water. Concentration and purity of 
RNA was estimated by standard protocol. 

2.7. Semi-Quantitative RT-PCR 

The 2 steps RT-PCR (Retroscript, Ambion, USA) was 
done with equal amounts of total RNA, using specific 
primers for PCR (FAK and GAPDH). 20 µl of each PCR 
products were run on a 2% agarose gel and bands visual- 
ized under UV. Glyceraldehyde phosphate dehydrogenase 
(GAPDH) primers were used as control to normalize for 
mRNA equal loading. The primer sequences and PCR 
cycles/conditions for each primer are tabulated below. 

Primer sequences: 
hFAK: 

5’-CGCTGGCTGGAAAAAGAGGAA-3’(forward),  
5’-TCGGTGGGTGCTGGCTGGTAGG-3’(reverse). 

GAPDH: 
5’-CGGAGTCAACGGATTTGGTCGTAT-3’(forward), 
5’-AGCCTTCTCCAT GGTGGTGAAGAC-3’(reverse). 

PCR conditions:  
(94˚C—30 secs, 60˚C—30 secs, 72˚C—90 secs). 

2.8. Enzyme-Linked Immunosorbent Assay  
(ELISA) 

Equal amount of protein (5 µg each) was taken and 
coated in a 96 well flat bottom, sterile culture plate and 
subjected to ELISA with anti-FAK (A-17) antibody, anti- 
FAK (Tyr-397)-R antibody using HRP-coupled secon-
dary antibody and TMB/H2O2 as substrate for enzymatic 
reaction. 
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2.9. Quantification of the Results 

Bands Western blots and RT-PCR were quantified using 
Image J Launcher (version 1.4.3.67). 

2.10. Histology 

Both normal and tumor samples were fixed in 10% neu-
tral buffered formalin, processed routinely and embedded 
in paraffin. The histologic diagnosis was confirmed by 
reviewing one to four original sections of the primary 
tumor. All tumors were simultaneously reevaluated for 
histologic type and grade by one senior pathologist, who 
was unaware of the clinical data. The most representative 
blocks were selected for cutting into new 5 µm-thick sec- 
tions for immunohistochemical analyses. 

2.11. Immunohistochemistry 

The immunostaining of FAK, p-FAK were demonstrated 
using sequenza Immunostaining center (Shandon Scien-
tific Limited, Astmoor, UK). In brief, the sections were 
de-parafinized in xylene, re-hydrated with graded EtOH, 
and distilled water. For better antigen retrieval, the sam-
ples were boiled three times for 15 minutes in boiling 
water in citrate buffer (10 mM, pH 6). Endogenous per- 
oxidases were blocked by 0.3% hydrogen peroxidase 
treatment for 5 minutes. The samples were washed with 
PBS (pH 7.2) and incubated in 2% normal bovine serum 
for 35 minutes to prevent nonspecific antigen binding 
followed by incubation with The primary antibody for 
FAK (A-17) or p-FAK (Tyr-397)-R at a working dilution 
of 1:500 for overnight at 4˚C. Before applying the sec-
ondary antibody, the samples were washed twice with 
PBS. The slides were then incubated with the bioti-
nylated secondary antibody followed by a wash and 50 
minutes incubation in an avidin-biotinylated peroxidase 
complex reagent. Expressions were visualized with a 
5-minute diaminobenzidin tetrahydrochloride treatment. 
The slides were counterstained with Mayer’s hematoxy-
lin, dehydrated and mounted with DePex. A routinely 
processed breast cancer section without the primary an-
tibody served as negative control at each staining series. 

2.12. Scoring of Immunoreactivity 

Expression of FAK or p-FAK (Tyr-397) was recorded 
separately for tumor and normal cells. A pathologist 
scored each tissue section for FAK and p-FAK expres-
sion based on a scoring system which measured intensity 
(0—none; 1—borderline; 2—weak; 3—moderate; 4— 
strong), and cellular localization (nucleus, cytoplasm, 
membrane, or membrano cytoplasmic). To define the re- 
lation statistically, we classified FAK and p-FAK ex-
pression as high (3+ or 4+ intensity) and not high (0, 1+, 
and 2+ intensity). 

2.13. Statistical Methods 

Statistical analyses had been performed using EPI Info™ 
3.5.3 developed by the Centres for Disease Control and 
Prevention (CDC). Both univarite analysis and multi-
variate analysis were used to analyze the data. Under 
univarite analysis Chi-square test and odd ratios with 
95% confidence interval had been calculated and corre- 
sponding p-values were found. Under multivariate analy- 
sis multivariate analysis Logistic Regression method had 
been used to estimate the odds ratios with 95% confi-
dence interval. 

3. Results 

3.1. Immunoblot Analysis Showed Expression 
and Phosphorylation (Tyr 397) of FAK Is 
Increased in Tumor Samples Compared to 
the Non-Tumor Counterpart 

Western blot analysis revealed that the expressions of 
pp125 along with the cleaved products of FAK were in-
creased in tumor samples compared to the non-tumor 
counterpart. Phosphorylation of FAK at Tyr 397 was also 
found to be increased in the tumor samples. For com-
parison of relative amount of FAK or p-FAK, we con-
sidered only the band of 125 kD. The differences be-
tween Tumor and nontumor samples were found to be-
come notably greater with the advancement of clinical 
stages (Stage I to Stage III C) of cancer. In Stage I, FAK 
and p-FAK expression was respectively 1.13 and 1.17 
fold higher in tumor compared to the adjacent non-tumor 
samples. Whereas, In Stage IIIC specimens, FAK and 
p-FAK expression was found to be 2.70 and 1.76 folds 
upregulated in tumor samples compared to the adjacent 
non-tumor samples, respectively. For statistical analysis 
we considered the difference of FAK expression, be-
tween non-tumor and tumor samples, for each patient. 
This value indicated the overexpression of FAK. We 
considered the values above the mean difference as high 
expression of FAK. In our study 54.0% of total number 
of patients showed high expression of FAK and 64.9% 
cases showed high phosphorylation FAK. Statistical 
analysis revealed, risk of increased expression and phos-
phorylation of FAK was found more in ER and PR-posi-
tive cases but Her2/neu-negative cases. It indicates direct 
relation of FAK with ER, PR but inverse relationship 
with Her-2/neu. Interestingly upregulation of FAK was 
found in lower age-group (Below 45 years) patients (Fig-
ure 1, Tables 2(a) and (b)). 

3.2. Expression of FAK and P-FAK Was Also 
Found to Be Increased When Checked 
by ELISA 

ELISA also showed the same pattern of increase in FAK  
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Figure 1. FAK expression and phosphorylation (Tyr 397) is upregulated in human breast cancer: matched pairs of tumor and 
non-tumor specimens from the same patient were analysed for their FAK expression & phosphorylation by Western blot. N 
stands for Non-tumor, and T stands for tumour sample. Total number of samples was grouped depending on the clinical 
stages (Stage IIA, IIB, IIIA, IIIB, IIIC). β-Tubulin (55 kD) as loading control. 
 
Table 2. (a) Relation between FAK and clinicopathological parameters (data taken from western blot analysis); (b) Relation 
between p-FAK and clinicopathological parameters (data taken from western blot analysis) 

(a) 

Univariate Multivariate 
Parameters FAK High FAK Not High 

Odds ratio p-value Odds ratio p-value 
Age   
Below 45 years  
45 years and above  

 
13  
07  

 
06  
11  

 
3.40 (1.72, 17.05) 

 
0.07  

 
0.90 (0.06, 12.43)  

 
0.94  

Stage  
Early  
Advanced  

 
02  
18  

 
14  
03  

 
42.00 (4.78, 533.29) 

 
0.00001  

 
45.34(2.62, 78.51)  

 
0.0087  

Estrogen receptor  
Negative  
Positive  

 
10  
10  

 
14  
03  

 
4.67(1.83, 29.30)  

 
0.03  

 
1.04 (1.01, 15.45)  

 
0.097  

Progesterone receptor  
Negative  
Positive  

 
9  
11  

 
13  
4  

 
3.97 (1.78, 21.77)  

 
0.05  

 
10.93 (1.52,22.86)  

 
0.012  

HER-2/neu  
Negative  
Positive  

 
15  
5  

 
7  
10  

 
4.29 (1.86, 22.87)  

 
0.04  

 
3.45 (1.29, 39.84)  

 
0.032  
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(b) 

Univariate Multivariate 
Parameters FAK High FAK Not High 

Odds ratio p-value Odds ratio p-value 

Age 
Below 45 years  
45 years and above  

 
06   
07   

 
13   
11   

 
3.40 (1.72, 17.05)   

 
0.064   

 
0.48 (0.08, 2.80)   

 
0.41   

Stage  
Early  
Advanced  

 
04   
09   

 
12   
12   

 
2.25 (1.44, 12.11)   

 
0.025   

 
1.32 (1.17, 10.18)   

 
0.078   

Estrogen receptor  
Negative  
Positive  

 
06   
07   

 
18   
06   

 
3.50 (1.67, 19.29)   

 
0.07   

 
1.29 (1.14, 11.45)   

 
0.081   

Progesterone receptor  
Negative  
Positive  

 
05   
08   

 
17   
07   

 
3.89 (1.76, 21.28)   

 
0.06   

 
4.58 (1.49, 12.92)   

 
0.018   
 

HER-2/neu  
Negative  
Positive  

 
10   
03   

 
12   
12   

 
3.33 (1.60, 20.62)   

 
0.01   

 
4.55 (1.62, 13.16)   

 
0.013   

FAK high: difference in FAK expression between Tumor and Normal ≥ mean difference i.e. 50 (expression of FAK was measured densitometrically); FAK 
not high: difference in FAK expression between Tumor and Normal ≤ mean difference i.e. 50 (expression of FAK was measured densitometrically). 

 

expression and phosphorylation (Tyr 397) like Western 
blot analysis. In ELISA, we found average FAK expres-
sion increased 1.23 folds in tumor tissue of stage I, but 
4.22 folds increase in FAK expression in stage IIIC 
specimens compared to the corresponding adjacent non- 
tumor specimens. Whereas, in tumor samples p-FAK in- 
creased 1.145 folds in stage I samples and 4.15 folds in 
case of stage IIIC specimens corresponding adjacent non- 
tumor specimens (Figure 2). 

3.3. FAK mRNa Expression Was Increased in 
Tumor Samples 

RT-PCR revealed that FAK m-RNA expression is in-
creased in Tumors with respect to adjacent non-tumor 
specimens. With the progression of clinical stages, mRNA 
expression was found to be increased in Tumor samples 
compared to the non-tumor counterpart. The average 
FAK mRNA expression were increased 1.02 folds in 
stage I tumor specimens compared to the adjacent non- 
tumor samples. Whereas the increase was found 3.66 
folds in case of stage IIIC samples (Figure 3). 

3.4. Immunohistochemistry Showed 
Upregulation of FAK and P-FAK 
Specifically in Tumor Regions Compared to 
the Normal Tissue Regions 

Immunohistochemical analysis of FAK expression and 
phosphorylation (Tyr-397) in tumours vs correspo adja-
cent non-tumor breast tissue showed comparable results 
like the Western blot analysis. In tissue sections FAK 
and p-FAK (Tyr 397) was found to be increased specifi-
cally in transformed cell clusters compared to the sur-

rounding normal tissue regions. FAK and p-FAK was 
mainly found to be localized in the membrane and cyto-
plasm of the cells. Some of the adjacent non-tumor cells 
showed very weak expression of FAK and p-FAK which 
was found to be upregulated in the transformed cells. The 
expressions were gradually increased with the progres-
sion of cancer stages. Immunohistochemistry showed 
 

 

Figure 2. Upregulation of FAK expression and phosphory-
lation (Tyr 397) in breast cancer measured by ELISA: 
matched pairs of Tumor and non-tumor specimens from 
the same patient were analysed for their FAK expression 
and phosphorylation by ELISA. N stands for Non-tumor, 
and T stands for tumour sample. Total numbers of samples 
were grouped depending on the clinical stages. Stage I— 
sample 1, IIA—sample 2-4, IIB—sample 5-7, IIIA—sample 
8-12, IIIB—sample 13-19, IIIC—sample 20-22). 
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Figure 3. FAK is overexpressed in mRNA level in human breast cancer. RT-PCR analysis of FAK mRNA (475 bp) expression 
in matched pairs of non-Tumor and Tumor breast tissue using FAK-specific primer. GAPDH mRNA was studies as an in-
ternal control (454 bp). N stands for Non-tumor, and T stands for tumor sample. The samples were grouped according to the 
clinical staging. 
 
51.3% of our total study populations have FAK overex-
pression and 54.0% exhibited higher phosphorylation of 
FAK (Figure 4, Tables 3(a) and (b)). 

4. Discussion 

Focal adhesion kinase (FAK), the non-receptor protein 
tyrosine kinase is the upstream molecule of Integrin me-
diated signaling. FAK is involved in regulation of dif-
ferent cellular processes in physiological condition which 
are also found to be associated with the development of 
cancer, like cell adhesion [47,48], migration [5-9], inva-
sion [49,50], survival [10-17], proliferation [18-21], dif-
ferentiation [51]. Breast cancer is the second leading 
cause of death due to cancer among woman. In 1995 
Owen et al. for the first time showed higher level of FAK 

protein and mRNA in metastatic breast cancer tissue 
samples [26]. They suggested that FAK may be a marker 
of invasive potential of tumor. After that a number of 
studies have shown correlation of FAK with the devel-
opment and progression of different types of human 
cancers [52,53]. Several studies further confirmed ele-
vated expression of FAK in breast cancer [38,43,44,54]. 
Latter it was also proposed that FAK overexpression is 
not only restricted to the higher invasive types of cancer 
but also associated with the early events of tumorigenesis 
[55]. Studies indicated association of FAK expression 
with the indicators of poor prognosis and with progres-
sion of metastasis [38,40,43]. In contrast, some studies 
have shown inter-relationship between FAK expression 
and cancer progression, where progression of metastasis 
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was reported to be linked with weak FAK expression [56]. 
With these variations in background we have tried to 
study status of FAK expression and phosphorylation in a 
population of patients with different stages of breast 
cancer, and tried to increase the knowledge of relation 
between FAK with breast cancer.  

Early reports showed Integrin clustering, after specific 
ligand binding, results in autophosphorylation of FAK at 
Tyrosine-397 both in attachment dependent and inde-
pendent cells (57). Since this is the first event of FAK 
stimulation, this phosphorylation (Tyr397) is considered 
as the indicator of FAK activation. In that way tumor 
samples in our study indicated elevated FAK activity 
with the development and progression of breast cancer. 
Madan et al. correlated increased FAK phosphorylation 
(Tyr-397) with the stage of malignant transformation, not 
with the development of tumor metastasis. On the other 
hand studies have indicated this phosphorylation as cru-
cial regulator of cell migration [57,58]. In another study, 
our group has found Tyr-397 phosphorylation of FAK is 
increased when invasive breast cancer cell line MDA- 
MB-231 and MCF-7 were treated with Fibronectin (FN). 
In the same condition cell migration was also found to be 
accelerated. FN is over-expressed in tumor tissue, which 
may be the cause of increased FAK activity. 

Cleavage of FAK to lower molecular weight residues 
have shown to be connected to cell migration. Brattain et 
al. explains that during cell migration, attachment of the 
leading edge of the cell is coupled with the building of 
focal adhesion complexes, whereas detachment at the 
rear-end of the cell results in the dismantling of focal 
adhesion complexes and the cleavage of FAK. In our 
previous study on FN treated model of MDA-MB-231 
and MCF-7, we found increased FAK processing simul-
taneously with higher cell migration and invasion. Clea- 
vage of FAK is proposed to be linked with the disman-
tling of focal adhesions [59]. Conclusively, Brattain et al. 
proposed that cleavage of FAK is essential for patho-
logical cell motility, like cancer metastasis. This obser-
vation can explain our result of increased FAK cleavage 
products in Tumor samples compared to the adjacent 
non-tumor samples. The processing was found to be in-
creased parrallely with the cancer stage progression, 
which may be as a result of increased migration & inva-
sion of the transformed cells to surrounding tissue, nodes 
or distant organs. FAK is essential for several activities 
both in physiological and pathological conditions. So, a 
basal level of FAK is produced in normal tissue. Increase 
in FAK expression and phosphorylation (Tyr 397) in 
tumor specimens indicates the relevance of FAK in tu-
mor development and differentiation. Our previous study 
also showed over expression and phosphorylation of 
FAK in FN treated breast cancer cell line. Whereas, de- 
pletion of FAK, under the same condition, was found to  

decrease cell migration along with the decrease in tow 
important regulators of cell migration and invasion, 
MMP-9 and MMP-2. Again, FAK was established as an- 
tiapoptotic and an important survival signal by several 
groups [10-17]. Depletion of FAK results in cell death 
[60]. The process of apoptosis is ceased in tumor cells. 
So, the elevated expressions of FAK in our observation 
are also corroborating with nature of FAK and accept the 
previous reports on overexpression of FAK in breast 
cancer [40,42,43,54]. 
 

 

Figure 4. Immunohistochemistry with anti-FAK and anti-p- 
FAK antibody in breast cancer tissue sections: Immunohis-
tochemical analysis of FAK and p-FAK in breast tissue of 
the same patient of different clinical stages (Stage IIA, IIB, 
IIIA, IIIB, IIIC). Expression and phosphorylation of FAK 
detected by brown stain of DAB. Second Antibody control 
(2nd Ab Ctrl) (without FAK &/or p-FAK primary antibody) 
was done to exclude the possibility of non-specific attach-
ment of second antibody. 
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Table 3. (a) Relation between FAK and clinicopathological parameters (data taken from IHC analysis); (b) Relation between 
p-FAK and clinicopathological parameters (data taken from IHC analysis). 

(a) 

Univariate Multivariate 
Parameters FAK High FAK Not High 

Odds ratio p-value Odds ratio p-value 

Age 
Below 45 years  
45 years and above  

 
13  
05  

 
06  
13  

 
5.63 (1.11, 31.02)  

 
0.013  

 
10.16 (1.55, 
66.39)  

 
0.015  

Stage  
Early  
Advanced  

 
0  
18  

 
16  
03  

 
--  

 
--  

 
--  

 
--  

Estrogen receptor  
Negative  
Positive  

 
09  
09  

 
15  
04  

 
3.75 (1.72, 20.86)  

 
0.06  

 
2.89 (1.34, 24.55)  

 
0.032  

Progesterone receptor  
Negative  
Positive  

 
08  
10  

 
14  
05  

 
3.50 (1.72, 18.10)  

 
0.07  

 
5.41 (1.62,46.84)  

 
0.012  

HER-2/neu  
Negative  
Positive  

 
14  
04  

 
08  
11  

 
4.81 (1.93, 26.94)  

 
0.02  

 
11.25 (1.47,85.94)  

 
0.019  

(b) 

Univariate Multivariate 
Parameters FAK High FAK Not High 

Odds ratio p-value Odds ratio p-value 

Age 
Below 45 years  
45 years and above  

 
11  
06  

 
08  
12  

 
2.75 (1.59, 13.39)  

 
0.013  

 
3.19 (1.58, 17.49)  

 
0.018  

Stage  
Early  
Advanced  

 
01  
16  

 
15  
05  

 
4.80 (1.28, 27.04)  

 
0.00002  

 
2.11 (1.07, 9.34)  

 
0.0041  

Estrogen receptor  
Negative  
Positive  

 
09  
08  

 
15  
05  

 
2.67 (1.54, 13.81)  

 
0.016  

 
0.73 (0.06, 7.88)  

 
0.079  

Progesterone receptor  
Negative  
Positive  

 
07  
10  

 
15  
05  

 
4.29 (1.86, 22.87)  

 
0.03  

 
6.57 (1.14, 24.47)  

 
0.039  

HER-2/neu  
Negative  
Positive  

 
03  
14  

 
12  
08  

 
7.00 (1.23, 45.10)  

 
0.008  

 
12.31 (1.98, 
85.94)  

 
0.011  

FAK high = 3 and 4 score; FAK not high = 0, 1, 2 score. 

 
Expression of FAK may be regulated either in transla-

tional or in transcriptional stage. Our observation indi-
cates that over production of FAK mRNA in tumor sam-
ples may be due to, either the elevation of fak gene copy 
number or increased promoter activity of fak gene. Early 
observations have shown that copy number of FAK gene 
is increased in tumor cells [37]. Elizabeth et al. (2008) 
has shown FAK mRNA expression in advanced stage of 
neuroblastoma. Again Lark et al. (2003) has also shown 
elevated FAK mRNA in colorectal cancer. A different 
observation by DO Watermann et al. proposed that the 
FAK induction is independent of primary transcriptional 
effects, since they did not found significant elevation of 
FAK transcript. We propose that FAK mRNA production 
is increased in tumor sample which is reflected in over-
expression of FAK protein pp125. 

Cance et al. proposed that over expression of FAK is 

an early event in breast tumorigenesis. Oktay et al. fur-
ther confirmed that FAK overexpression appears to be a 
marker for malignant transformation of the epithelial 
cells but not invasive phenotype. On contrary some other 
groups have evidenced that FAK is over expressed in 
invasive tumors and may be a marker for invasive poten-
tial of a tumor [26,38]. 

In our study the experiments were carried with ho-
mogenates of tumor tissue. But tumor homogenate may 
be contaminated with non-tumor cells, and that does not 
show the elevation FAK expression and phosphorylation 
specifically in transformed cell. Considering this, our 
immunohistochemistry results demonstrated specific FAK 
overexpression and over phosphorylation (Tyr 397) in 
tumor cells in comparison with the surrounding adjacent 
non-tumor cells. These results go with previous reports 
on specific upregulation of FAK in tumor cells by several 
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other groups [54] and also support our observations by 
other techniques. In our study gradual increase of spe-
cific upregulation in FAK expression and phosph oryla-
tion (Tyr 397) with the progression of tumor stage indi-
cates towards the relevance of FAK in tumor invasive-
ness during advanced stages of cancer. 

We compared levels of FAK with other clinicopa-
thological features. HER-2/neu is the established marker 
in clinical parameters of breast cancer, which are over-
expressed and usually associated with a worse prognosis. 
In our current study, a number of breast cancers sam-
plesshowed HER-2/neu overexpression. The association 
of high FAK expression with HER-2/neu negative cases. 
Vadlamudi et al. proposed that HER-2/neu and heregulin 
are involved in FAK signaling and specifically upregu-
late FAK tyrosine phosphorylation. FAK was found to be 
involved in cell transformation and invasion mediated by 
ErbB-2/3 signaling [61]. Again, inhibition of Src-FAK 
signaling in ErbB2-positive breast cancer cells modu-
lated focal adhesion turnover, leading to inhibition of cell 
invasion [62]. In our study we have found risk of upregu-
lation of FAK expression and phosphorylation to be as-
sociated with HER2/neu negative cases. Some of the 
earlier observations have shown association of FAK 
overexpression with Her2/neu positive cases [42]. This 
contrast may indicate towards the difference in study 
population. The strong correlation of FAK expression, 
phosphorylation and tumor grading we found is in ac-
cordance to Schwartz and Schmitz et al.  

Reports show that ER can bind to FAK and modulat-
ing FAK autophosphorylation. This observation supports 
the cross-talk between the ECM and the ER. This obser-
vantion also indicates towards the parallel upregulation 
of pression and phoshorylation were associated with ER 
FAK and ER [63]. In our study occurance of high levels 
of FAK expression was found more in ER positive and 
PR positive cases. Studies have also shown that proges-
terone induces phosphorylation of focal adhesion kinase 
[64]. These studies may explain the risks of FAK over-
expression in ER, PR positive cases of our study. How-
ever, our observations suggest that study of FAK expres-
sion and phosphorylation in breast cancer may be con-
sidered as an indicator of development and progression 
of the cancer stages, and may be related with the status of 
different clinical parameters. Specific up- regulation of 
FAK expression and phosphorylation in human breast 
cancer suggests its important functional role in breast 
cancer and it may be a potential marker for breast tumor 
progression as well as target for therapeutic interven-
tions. 

5. Conclusion 

FAK is involved in development and progression of 
breast cancer. Expression and phosphorylation of FAK is 

increased in tumor tissue compared to the adjacent non-  
tumor tissue. Upregulaton of FAK is increased parrallely 
with progression of cancer stages, so FAK may be con-
sidered as an indicator of human breast cancer progres-
sion. Processing of FAK to lower molecular weight 
products is found to be increased in tumor tissue com-
pared to the non-tumor tissue. It is also found to be in-
creased with progression of cancer. So, FAK processing 
may be considered as an indicator of invasive potential of 
breast cancer. In breast cancer, FAK is upregulated both 
in protein and mRNA level. Expression and phosphory-
lation of FAK is increased specifically in the tumor re-
gions compared to the surrounding non-tumor region. 
Localisation of FAK is membrano-cytoplasmic. Risk of 
FAK overexpression is more for both ER and PR positive 
cases compared to respective negative cases. But risk of 
FAK overexpression is more for Her2/neu negative cases 
compared to the positive cases. 
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