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Cortactin is a p80/p85 multi-domain protein that was first 
identified as a major substrate of the Src oncogene.1 Later it was 
confirmed to be phosphorylated on tyrosine in response to sti-
muli such as fibroblast growth factors, epidermal growth factors 
and integrins that induce remodeling of the cortical actin cyto-
skeleton.2 Cortactin consists of an N-terminal acidic domain 
that binds to and activates the actin-related protein-2/3 (Arp2/3) 
complex, and the six-and-a half tandem repeats (cortactin re-
peats) at its N-terminus, followed by an α-helix, a proline-rich 
region and an Src Homology-3 domain at its C-terminus.3 Cor-
tactin functions in an actin assembly via interaction with the 
Arp2/3 complex, which is dependent on Src-mediated phos-

phorylation of cortactin. While Src connects cortactin to growth 
factor receptors and mitogen-activated protein kinase signaling, 
Rho family GTPases, such as Rac and Cdc42, as well as focal 
adhesion kinase (FAK)/Arp3 interaction render cortactin func-
tion possible in stress fiber assembly and the formation of la-
mellipodia and filopodia.4,5 Remodeling of the actin cytoskele-
ton has effects on cell migration, motility, and adhesion, as well 
as on tumor invasion and metastasis.6 Recent reports have re-
vealed that cortactin is overexpressed in many types of human 
cancers, including head and neck, colorectal, gastric, hepatocel-
lular, breast and ovarian cancers.7-12 Interestingly, human cor-
tactin was identified as one of the overexpressed genes within 
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the amplified chromosome 11q13 region13 and is also frequent-
ly amplified in human malignancies such as breast carcinoma, 
head and neck carcinoma, and gastric adenocarcinoma.8,9,14 In 
some studies, the amplification of 11q13 and overexpression of 
cortactin correlate with poor prognosis for patients with lymph 
node metastasis.9,14 However, overexpression has also been re-
ported in tumors without that amplification.12

FAK is a 125 kDa protein tyrosine kinase which is a critical 
mediator of signaling events between cells and their extracellu-
lar matrix, and plays a central role in cell migration.15 FAK is 
typically located at structures known as focal adhesions that are 
multi-protein structures linking the extracellular matrix to the 
cytoplasmic cytoskeleton.16 Additional components of focal ad-
hesions include actin, filamin, cinculin, talin, paxillin, and ten-
sin.17 In tumor cells, FAK is thought to have a dual function of 
promoting tumor cell adhesion and inhibiting apoptosis.15 In-
creased expression of FAK has been detected in tumors of the 
breast, prostate, colon, and brain.16,18

Colorectal carcinoma is one of the most common carcinomas 
in the world. Despite the recent development of diagnostic and 
therapeutic procedures, the death rate has not changed during 
the past fifty years.19 Recent studies indicate that enhancement 
of cell motility and loss of cell-cell adhesion is essential to tu-
mor progression. Cortactin and FAK are two important compo-
nents among these actin cross-linking proteins. It has been re-
ported that FAK-Src complex modulates the tyrosine phosphor-
ylation of cortactin which promotes cell motility.20 In addition, 
it has been reported that both cortactin and FAK are involved 
in the malignant transformation of laryngeal premalignancies.11 
However, the relationship between the expressions of cortactin 
and/or FAK and clinicopathological parameters of colorectal 
adenocarcinoma (CRC) remains unknown. In this study, we per-
formed immunohistochemical staining to examine the expres-
sion of cortactin and FAK in CRCs, and to correlate this with 
the clinicopathologic factors and prognosis of CRCs.

MATERIALS AND METHODS

Case selection and specimens

In this study, we only included CRC and excluded other his-
tologic variants. A total of 220 CRC samples were obtained 
from patients who had undergone surgery between 2003 and 
2004 at Chonbuk National University Hospital. Patients who 
received preoperative chemotherapy or radiotherapy were ex-
cluded from this study. We obtained clinical data from the pa-
tients’ records, and survival data were collected in August 2011. 

This study received a local ethics committee approval from the 
Institutional Review Board of Chonbuk National University 
Hospital. Of the 220 patients, 136 patients were male and 84 
patients were female. The mean age of the patients at the time 
of surgery was 62.2 years (range, 28 to 84 years). Hematoxylin 
and eosin (H&E) stained slides were reviewed and were graded 
according to the World Health Organization classification.21 
Pathologic staging was reviewed based on the tumor, node, me-
tastasis staging system described by the American Joint Com-
mittee on Cancer.22 The patients were grouped according to 
their age, gender, location, tumor size, differentiation, lympho-
vascular invasion, pathologic stage (I and II vs III and IV), and 
preoperative serum carcinoembryonic antigen (CEA) level. For-
malin-fixed paraffin-embedded tissue blocks of 220 cases were 
obtained, and three cores were taken from every case. Each case 
was represented by one normal core and two tumor cores with a 
cross-sectioned diameter of 2 mm. The tissue microarray slides 
from original paraffin-embedded specimens were stained uni-
formly with H&E. Each pathological diagnosis was reviewed by 
two experienced pathologists (H.S.Park and Y.N.Kim) who 
were blind to each other’s evaluation. Paraffin-embedded tissue 
samples for immunohistochemistry were provided by the Chon-
buk National University Hospital, a member of the National 
Biobank of Korea, which is supported by the Ministry of Health, 
Welfare and Family Affairs.

Immunohistochemistry and interpretation

Tissue microarray sections were cut into 4-μm thick tissue 
sections, and endogenous activity was quenched by incubation 
with 3% hydrogen peroxidase for 30 minutes after deparaffiniza-
tion and hydration. Tissue sections were treated with a micro-
wave antigen retrieval procedure in 0.01 M sodium citrate buf-
fer (pH 6.0) for cortactin and with a high pressure cooker anti-
gen retrieval procedure in 0.01 M sodium citrate buffer (pH 
9.0) for FAK. After blocking endogenous peroxidase, sections 
were incubated with Protein Block Serum-Free (Dako, Carpin-
teria, CA, USA) at room temperature for 10 minutes to block 
non-specific staining. The sections were then incubated at 4˚C 
overnight with monoclonal anti-cortactin (1 :100, clone 30, 
BD Bioscience, San Jose, CA, USA) and polyclonal anti-FAK 
(1 :50, Cell Signaling Technology, Danvers, MA, USA). After 
incubation with the appropriate biotin-conjugated secondary 
antibody and subsequently with a streptavidin solution, color 
development was done using 3-amino-9-ethylcarbazole as a 
chromogen and the tissues were counterstained with hematoxy-
lin. An immunohistochemical analysis was done by four authors 
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(Y.N.Kim, J.E.Choi, K.Y.Jang, and H.S.Park) without knowl-
edge of the clinicopathologic information. Each case was evalu-
ated by multiplying score of staining intensity and stained area 
of cortactin and FAK. Staining intensity was determined as ne-
gative, 0; weak, 1; moderate, 2; and strong, 3. Stained area was 
divided into four groups: negative, 0; ≤25% of cells, 1; >25% 
and ≤50% of cells, 2; >50% of cells, 3. In addition, immuno-
reactivity was divided into two groups on the basis of the mul-
tiplying score; 0-2 was defined as negative, ≥3 was defined as 
positive immunoreactivity.7 Of the 220 cases, 2 cases for cortac-
tin and 3 cases for FAK were missed during immunostaining. 
Eventually, 218 cases for cortactin and 217 cases for FAK were 
evaluated for immunohistochemical analysis. 

Statistical analysis

The points of interest were the relapse-free survival and the 
overall survival of patients. The point that required follow-up 
was the last date of contact or the patient’s date of death until 
August 2011. Overall survival was calculated as the time from 
diagnosis to the date of death or last contact. Patients who were 
alive at last contact were treated as censored for overall survival 

analysis. Relapse-free survival was calculated from the time of 
diagnosis to the date of recurrence, distant metastasis, death, or 
last contact. Patients who were alive at the last contact and who 
had not experienced recurrence were treated as censored for re-
lapse-free survival analysis. The associations between the expres-
sion of cortactin or FAK and other clinicopathologic factors 
were analyzed using Pearson’s chi-square test. A univariate and 
multivariate Cox proportional hazard regression analysis was 
done to estimate the impact of clinicopathologic factors and the 
expression of each marker on a relapse-free survival and overall 
survival. Kaplan-Meier survival curves were constructed to fur-
ther illustrate the impact of overall survival when indicated. 
SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used for sta-
tistical analysis, and a p-value of <0.05 was considered statisti-
cally significant.

RESULTS

Expression of cortactin and FAK and their association with 
clinicopathologic variables in CRCs

The immunohistochemical staining of cortactin and FAK in 

Cortactin

A B C D E

FAK

F G H I J

 N T T N T T

TMA Normal colorectal mucosa CRC

Negative Positive Negative Positive

Fig. 1. Immunohistochemical staining of cortactin (A-E) and focal adhesion kinase (FAK) (F-J) in microarray tissues of normal colorectal mu-
cosa and colorectal adenocarcinoma (CRC). Tissue microarray (TMA) slide (A, F) is represented by one core of normal colorectal mucosa (N) 
and two cores of CRC (T). Most normal colorectal mucosas are negative for cortactin (A, B) and FAK (F, G). Some normal colorectal muco-
sas are positive for cortactin (C) and FAK (H), however, the intensity of cytoplasmic expression is weak to moderate. Some CRCs are nega-
tive for cortactin (A, D) and FAK (F, I), whereas most are positive for cortactin (E) and FAK (J) with more intense staining than those of normal 
colorectal mucosas. Note the expression of FAK on peritumoral blood vessels (J, arrows).
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microarray tissue of normal colorectal mucosa and CRC are 
shown in Fig. 1. Expression of cortactin and FAK was found in 
epithelial cells, endothelial cells and smooth muscle cells, but 
not in other stromal cells. The intensity of cytoplasmic expres-
sion of cortactin and FAK were only weak to moderate in nor-
mal colorectal mucosal epithelium, and were moderate to strong 

in CRCs. In CRCs, there was no difference in staining intensity 
of cortactin and FAK whether or not the tumor cells were lo-
cated in the center of tumor nests. As shown in Table 1, cortac-
tin expression was seen in 84% (184 of 218 cases) of CRCs and 
9% (20 of 218 cases) of normal colorectal mucosa, respectively, 
while FAK expression was seen in 61% (133 of 217 cases) of 

Table 1. Expressions of cortactin and focal adhesion kinase (FAK) in normal colorectal epithelium and colorectal adenocarcinoma

Cortactin FAK

Negative (%) Positive (%) p-value Negative (%) Positive (%) p-value

Normal colorectal epithelium 198 (91) 20 (9) 0.044 193 (89) 24 (11) <0.001
Colorectal adenocarcinoma 34 (16) 184 (84) 84 (39) 133 (61)

Values are presented as number (%).

Table 2. Correlation of cortactin and FAK expression and clinicopathologic variables

Cortactin FAK

No. of patients Negative (%) Postive (%) p-value No. of patients Negative (%) Postive (%) p-value

Age (yr)
 <60 79 12 (15) 67 (85) 0.901 78 33 (42) 45 (58) 0.415
 ≥60 139 22 (16) 117 (84) 139 51 (37) 88 (63)

Gender
 Female 83 9 (11) 74 (89) 0.129 84 31 (37) 53 (63) 0.664
 Male 135 25 (19) 110 (81) 133 53 (40) 80 (60)

Location
 Right colon 50 10 (20) 40 (80) 0.446 50 22 (44) 28 (56) 0.661
 Left colon 64 11 (17) 53 (83) 64 23 (36) 41 (64)
 Rectum 104 13 (12) 91 (88) 103 39 (38) 64 (62)

Tumor size (cm)
 <4.3 83 15 (18) 68 (82) 0.430 82 31 (38) 51 (62) 0.831
 ≥4.3 135 19 (14) 116 (84) 135 53 (39) 82 (61)

Differentiation
 Well 6 3 (50) 3 (50) 0.011 6 3 (50) 3 (50) 0.838
 Moderately 193 31 (16) 162 (84) 192 74 (39) 118 (61)
 Poorly 19 0 (0) 19 (100) 19 7 (37) 12 (63)

Lymphovascular invasion
 None 170 28 (16) 142 (84) 0.503 169 65 (39) 104 (61) 0.888
 Present 48 6 (12) 42 (88) 48 19 (40) 29 (60)

Lymph node metastasis
 None 128 20 (17) 108 (83) 0.989 128 42 (33) 86 (67) 0.032
 Present 90 14 (16) 76 (84) 91 42 (46) 47 (54)

Distant metastasis
 None 198 32 (16) 166 (84) 0.469 196 75 (38) 121 (62) 0.681
 Present 20 2 (10) 18 (90) 21 9 (43) 12 (57)

Pathologic stage
 I/II 121 19 (16) 102 (84) 0.962 120 40 (33) 80 (67) 0.071
 III/IV 97 15 (15) 82 (85) 97 44 (45) 53 (55)

Preoperative CEA (ng/mL)
 <5 142 26 (18) 116 (82) 0.080 141 51 (36) 90 (64) 0.234
 ≥5 67 6 (9) 61 (91) 67 30 (45) 37 (55)

FAK expression
 Negative 84 24 (29) 60 (71) <0.001
 Positive 132 9 (7) 123 (93)

Values are presented as number (%).
FAK, focal adhesion kinase; CEA, carcinoembryonic antigen. 
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CRCs and 11% (24 of 217 cases) of normal colorectal mucosa, 
respectively. The positive expression rate of cortactin and FAK 
was significantly higher in CRCs than in normal colorectal mu-
cosa. 

The clinicopathologic features are summarized in Table 2. 
Among the 218 cases of CRCs, cortactin expression was corre-
lated with poor differentiation (p=0.011) and positive expres-
sion of FAK (p<0.001). Other clinicopathologic variables in-
cluding age, gender, location, tumor size, lymphovascular inva-
sion, pathologic stage and preoperative CEA had no association 
with cortactin expression. However, among the 217 cases of 
CRCs, FAK expression was correlated with lymph node metas-
tasis (p=0.032) but not with other clinicopathological variables 
such as age, gender, location, tumor size, differentiation, lym-
phovascular invasion, pathologic stage and preoperative CEA.

Correlation of the expression of cortactin and FAK with 
overall survival and relapse-free survival in CRCs

The univariate Cox proportional hazard analysis of the ex-
pression of cortactin and FAK and their association with overall 
survival and relapse-free survival are shown in Table 3. Patient’s 
age over 60 years (p=0.011), tumor size larger than 4.3 cm (p= 
0.011), poor differentiation (p<0.001), advanced pathologic 
stage (p<0.001), preoperative CEA level over 5.0 ng/mL (p= 
0.002) and cortactin expression (p=0.021) predicted shorter 
overall survival. Tumors located in the left colon (p=0.033) 
predicted longer overall survival than those in the right colon. 
On the other hand, a tumor size larger than 4.3 cm (p=0.008), 
a tumor with poor differentiation (p=0.006), an advanced pa-
thologic stage (p<0.001), a preoperative CEA level over 5.0 
ng/mL (p=0.001) and a cortactin expression (p=0.005) pre-
dicted shorter relapse-free survival. However, FAK expression 

Table 3. Univariate cox regression analysis of overall and relapse-free survival according to the clinicopathologic parameters and the expres-
sion of cortactin or FAK

No. of patients
Overall survival Relapse-free survival

HR (95% CI) p-value HR (95% CI) p-value

Age (yr)
  <60 79 1 1
  ≥60 141 2.012 (1.173-3.450) 0.011 1.428 (0.903-2.259) 0.127
Gender
  Female 84 1 1
  Male 136 0.861 (0.527-1.407) 0.550 0.927 (0.597-1.437) 0.733
Location
  Right colon 52 1 1
  Left colon 64 0.445 (0.212-0.936) 0.033 0.669 (0.318-1.406) 0.228
  Rectum 104 1.003 (0.580-1.737) 0.990 1.073 (0.582-1.975) 0.822
Tumor size (cm)
  <4.3 83 1 1
  ≥4.3 137 2.006 (1.172-3.434) 0.011 1.903 (1.186-3.054) 0.008
Differentiation
  Well/Moderately 201 1 1
  Poorly 19 3.324 (1.741-6.347) <0.001 2.695 (1.321-5.497) 0.006
Lymphovascular invasion
  None 172 1 1
  Present 48 1.624 (0.965-2.732) 0.068 1.531 (0.949-2.471) 0.081
Pathologic stage
  I/II 122 1 1
  III/IV 98 2.836 (1.719-4.680) <0.001 2.474 (1.590-3.849) <0.001
Preoperative CEA (ng/mL)
  <5 143 1 1
  ≥5 68 2.175 (1.331-3.553) 0.002 2.153 (1.386-3.344) 0.001
Cortactin expression
  Negative 36 1 1
  Positive 184 2.934 (1.178-7.306) 0.021 3.291 (1.431-7.567) 0.005
FAK expression
  Negative 87 1 1
  Positive 133 1.382 (0.813-2.349) 0.232 1.135 (0.692-1.860) 0.616

FAK, focal adhesion kinase; HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen.
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in CRCs predicted neither shorter overall nor shorter relapse-
free survival. Kaplan-Meier survival curves for overall survival 
in relation to the patient’s age, pathologic stage, preoperative 
CEA level, and cortactin expression in CRCs are presented in 
Fig. 2A-D. In addition, Kaplan-Meier survival curves for re-
lapse-free survival in relation to tumor size, pathologic stage, 
preoperative CEA level and cortactin expression in CRCs are 
also presented in Fig. 2E-H. 

Expression of cortactin as an independent prognostic factor 
for worse survival outcome in CRCs

A multivariate analysis was done in 209 patients with com-

plete information for clinicopathologic factors including age, 
tumor size, pathologic stage, preoperative CEA and cortactin 
expression. From the multivariate analysis, pathologic stage, 
preoperative CEA and cortactin expression were independent 
prognostic factors that were significantly associated with both 
overall and relapse-free survival (Table 4). An advanced stage 
(III/IV) was an independent prognostic factor which was signif-
icantly associated with poor overall (adjusted hazard ratio [HR], 
3.700; 95% confidence interval [CI], 2.170 to 6.309; p<0.001) 
and relapse-free survival (adjusted HR, 2.786; 95% CI, 1.755 
to 4.424; p<0.001). A preoperative CEA over 5 ng/mL was an 
independent prognostic factor significantly associated with poor 

Fig. 2. Kaplan-Meier survival curves for overall survival in colorectal adenocarcinomas (CRCs) (A-D). Patients’ age over 60 yr (A), advanced 
pathologic stage (B), preoperative carcinoembryonic antigen (CEA) level over 5.0 ng/mL (C) and cortactin expression (D) predict poor overall 
survival. Kaplan-Meier survival curves for relapse-free survival in CRCs (E-H). Tumor size larger than 4.3 cm (E), advanced pathologic stage 
(F), preoperative CEA level over 5.0 ng/mL (G) and cortactin expression (H) predict poor relapse-free survival. 
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overall (adjusted HR, 1.899; 95% CI, 1.121 to 3.216; p=0.017) 
and relapse-free survival (adjusted HR, 1.833; 95% CI, 1.145 
to 2.933; p=0.012). Cortactin expression was an independent 
prognostic factor significantly associated with poor overall (ad-
justed HR, 3.075; 95% CI, 1.111 to 8.514; p=0.031) and re-
lapse-free survival (adjusted HR, 3.565; 95% CI, 1.433 to 8.868; 
p=0.006). In addition, an age of over 60 years was also an inde-
pendent prognostic factors significantly associated with poor 
overall (adjusted HR, 2.537; 95% CI, 1.440 to 4.469; p=0.001), 
but not relapse-free survival. 

DISCUSSION

In the present study, we examined the immunohistochemical 
expressions of cortactin and FAK in human CRCs and their 
prognostic significance. We have demonstrated that the posi-
tive expression rates of cortactin and FAK were significantly 
higher in CRCs than in normal colorectal mucosa. Cortactin 
expression correlated with poor differentiation and positive ex-
pression of FAK. It also served an independent prognostic factor 
and predicted shorter overall and relapse-free survival. Addi-
tionally, cortactin expression showed slight correlation with a 
high preoperative CEA level of more than 5 ng/mL. In contrast, 
FAK expression did not predict overall and relapse-free survival. 
However, it correlated with lymph node metastasis and albeit 
slightly, with an advanced pathologic stage.

That the expression of cortactin was higher and more intense 
in CRCs than in normal colorectal epithelia, this finding is con-
sistent with other study results. For instance, Lee et al.10 found 
higher expression of cortactin in the CRC and tubular adenoma 
than in the normal colorectal epithelia. Thus, cortactin expres-
sion may be a critical event in the development of CRCs. On 

the other hand, Cai et al.7 reported that cortactin expression is a 
significant prognostic factor for overall survival in rectal cancer 
patients. They also mentioned that the expression of cortactin 
was associated with tumor invasion, histologic grade and pre-
operative CEA level in stage II & III CRC patients.7 Addition-
ally, Hirakawa et al.23 demonstrated that overexpression of cor-
tactin and its localization at the cell periphery were critical fac-
tors for the progression of cancer. They also suggested that the 
association of ZO-1 and cortactin plays an important role in 
regulating cell adhesion and spreading.23 In contrast, other in-
vestigators argued that cortactin expression was not a predictor 
for overall survival, although it was associated with more ad-
vanced cancer stages.10 Moreover, Zhang et al.24 reported that 
cortactin expression was negatively correlated with tumor-node-
metastasis staging and lymphatic invasion status in CRC. 

FAK expression was found to be higher in invasive tumors and 
metastatic tumors of the colon rather than in adenomatous tis-
sues.25 This suggests that FAK expression may result in chan ges 
in the signaling pathways involved in tumor cell invasion. Cance 
et al.16 also showed up-regulation of FAK in tumor and relative 
lack of expression in normal colon tissue. Furthermore, Murata et 
al.26 suggested that high expression of FAK predicts the recur-
rence of colorectal cancer. Contrastingly, studies found that FAK 
expression is not a prognostic predictor in certain carcinomas 
such as colonic adenocarcinoma, small cell lung cancer, pancreat-
ic cancer and squamous cell carcinoma of head and neck.27-30 
Theocharis et al.27 reported that FAK expression had no associa-
tion with any clinicopathologic parameters including age, gen-
der, location of tumor, stage and grade in the colonic adenocarci-
noma. The discordant findings on the prognostic role of FAK ex-
pression may be attributed to differences in tissue types or tumor 
progression stages. Furthermore, it may also be caused by differ-

Table 4. Multivariate cox regression analysis of overall and relapse-free survival according to the clinicopathologic parameters and cortactin 
expression

Characteristics
Overall survival Relapse-free survival

HR (95% CI) p-value HR (95% CI) p-value

Age (yr) <60 1
≥60 2.537 (1.440-4.469) 0.001

Tumor size (cm) <4.3 1 1
≥4.3 1.641 (0.909-2.959) 0.100 1.588 (0.951-2.652) 0.077

Pathologic stage I/II 1 1
III/IV 3.700 (2.170-6.309) <0.001 2.786 (1.755-4.424) <0.001

Preoperative CEA (ng/mL) <5 1 1
≥5 1.899 (1.121-3.216) 0.017 1.833 (1.145-2.933) 0.012

Cortactin Negative 1 1
Positive 3.075 (1.111-8.514) 0.031 3.565 (1.433-8.868) 0.006

HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen.
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ences in methodologies (e.g., different antibodies used to evalu-
ate FAK expression) and to the fact that FAK expression does not 
reflect its enzymatic activity. We demonstrated that FAK expres-
sion was higher and more intense in CRCs than in normal color-
ectal epithelia indicating its potential role in the development 
of CRCs. In addition, FAK expression was significantly corre-
lated with cortactin expression and showed a tendency to be as-
sociated with the pathologic stage. Together, FAK expression 
may also mediate the progression of CRCs. 

Recent studies revealed that cortactin acts as a bridging mol-
ecule between actin filaments and focal adhesions and is recruit-
ed by FAK into focal adhesions where it is phosphorylated by 
the FAK-Src complex.15,20 Although cortactin and FAK have 
been reported to be important factors in tumor migration, inva-
sion, and metastasis, the relationship between expression of these 
proteins and tumor progression has not been clearly established. 
In this study, we observed lower expression of cortactin and FAK 
in normal colorectal epithelia than in CRCs. This indicates on-
going migratory events of normal colorectal epithelial cells, and 
moreover, the possibility that normal colorectal epithelia adja-
cent to the invasive cancers contain genetic abnormalities that 
could have an influence on the expression of cortactin and FAK. 
Further studies are needed to clarify this observation.

In conclusion, our results demonstrated that the cortactin ex-
pression was associated with differentiation, and was an inde-
pendent factor for prognosis in CRC. Although multiple factors 
contribute to tumor progression, our findings suggest that cor-
tactin expression is associated with FAK expression and may 
play an important role in tumor progression. Moreover, expres-
sion of cortactin is a satisfactory biomarker to predict tumor 
progression and survival in CRC patients.
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