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Abstract

AIM: To observe the expression and significance of filamin A (FLNa) in the tissue of colorectal adenocarcinoma.
METHODS: The Expression of FLNa in 46 cases of colorectal cancer tissues and normal tissues were detected by immunohistochemistry, reverse transcription polymerase chain reaction (RT-PCR) and Western blotting and were analyzed its relationship with clinical parameters and prognosis.

RESULTS: The positive expression rate of FLNa in cancer tissues were lower than in normal mucosa, with statistically significant difference. The expression of FLNa had correlation with liver metastasis, lymph node metastasis and rectal invasion depth, regardless of sex, age, tumor location, tumor size, gross shape and histological type in colorectal carcinoma. Multivariate analysis showed that FLNa was the independent risk factor for postoperative survival of patients with colorectal adenocarcinoma. Moreover, survival analysis showed that the expression level of FLNa was closely related with survival of patients with colorectal adenocarcinoma. The results of RT-PCR and Western blot were consistent with that of immunohistochemistry.

CONCLUSION: FLNa showed low expression in colorectal adenocarcinoma, with high correlation with the incidence and development of colorectal cancer, and was considered as one of the indicators of colorectal prognosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The expression of filamin A (FLNa) had correlation with liver metastasis, lymph node metastasis and rectal invasion depth, regardless of sex, age, tumor location, tumor size, gross shape and histological type in colorectal carcinoma. FLNa was the independent risk factor for postoperative survival of patients with colorectal adenocarcinoma. FLNa showed low expression in colorectal adenocarcinoma, with high correlation with the incidence and development of colorectal cancer, and was considered as one of the indicators of colorectal prognosis.

Tian ZQ, Shi JW, Wang XR, Li Z, Wang GY. New cancer suppressor gene for colorectal adenocarcinoma: filamin A. World J Gastroenterol 2014; In press
INTRODUCTION

Colorectal cancer is a common malignancy. Tumor invasion and metastasis is the leading cause of death in patients with colorectal cancer[1]. Filamin A (FLNa) is a non-muscle actin-binding protein involved in regulating cell proliferation and migration, and has an important role in tumor formation and development involved in integrating cell movement and signal transduction[2,3]. Study showed that FLNa had a low expression in colorectal cancer tissues，with high correlation with the incidence and development of colorectal cancer[4-6],was considered as one of classification indicators of subtype of colorectal cancer[7,8]. In this study, the expression of FLNa gene in colorectal adenocarcinoma tissues and normal colorectal mucosa tissues would be detected by immunohistochemistry, reverse transcription polymerase chain reaction (RT-PCR) and Western blotting to analyze its correlation with clinicopathological parameters and explore its value in prognosisi judging of patients with colorectal cancer.
MATERIALS AND METHODS

Study population 

From January 2005 to December 2006, 46 cases of colorectal adenocarcinoma tissues and normal colorectal mucosa tissues resected by surgery were randomly selected from those treated in Department of the Second Genaral Surgery of the Fourth Hospital of Hebei Medical University. These tumor tissues were taken from the center of tumor, while the normal tissues were taken froma at least 10 cm away from the edge of the tumor. All patients enrolled in this study were diagnosed by histopathological examination, with no other parts of the primary tumor and no history of preoperative radiotherapy, chemotherapy and immunotherapy, and had complete clinical and follow-up data. Follow-up deadline is July 2011.

Materials

Immunohistochemistry kit was purchased from Beijing Zhongshan Golden Bridge Biotechnology Co. Ltd. DAB chromogenic reagent was purchased from TIANGEN Company. Total RNA extraction reagent and radioimmunoprecipitation (radio immunoprecipitation assay, RIPA) lysis buffer were purchased from Solarbio Company. Primers were synthesized by Shanghai Biological Engineering Company.  Reverse transcription kit was purchased from Fermentas Company. PCR kit was purchased from Promga Company. Rabbit anti-human FLNa monoclonal antibody was purchased from Epitomics Company. Rabbit polyclonal anti-human GAPDH antibody was purchased from Santa Crue Company. SDS-PAGE standard indicator was purchased from Fermentas Company.

Immunohistochemical staining
Immunohistochemical staining were Implemented by streptomycin affinity biotin- peroxidase immunohistochemistry (SP method). The Paraffin-embedded tissues were cut into tissue sections of 4 μm thick, and put into container containing citrate buffer after dewaxing hydration, then set into the microwave oven (95 ℃, 15 min) to repair antigen,and incubated at room temperature for 20 min by 3% hydrogen peroxide.After washing with PBS, the specimens were covered by normal goat serum in the kit, dropped rabbit anti-human FLNa monoclonal antibody (1:150 dilution) ,then put into  refrigerator at 4 ℃ overnight. After washing with PBS, the biotinylated secondary antibody in the relevant kit was dropped into the specimens for 30 min at room temperature. After washing with PBS, the specimens were covered with the enzyme-labeled streptavidin horseradish peroxidase in the kit for 30 min at room temperature,after washing with PBS, colored by DAB, tapped with water, hematoxylin stained, gradient dehydrated, transparented with xylene and mounted with neutral gum. Colored human uterine tissue was considered as positive control of FLNa, and PBS instead of primary antibody staining as negative control of FLNa. The results criteria: To observe under an optical microscope, and count by selecting five horizons at high magnificatio, counting 200 cells per high field, calculate the average positive rate of cells. Staining intensity were divided into three levels: light yellow, yellow and brown. Particle state is divided into three cases: no obvious particles, sparse particles and particles diffuse. The immunostaining results were divided into three classes by comprehensive analysis of positive rate and staining intensity of each slice: the number of positive cells < 25%, lighter yellow staining and no obvious particles were defined as negative (-); positive cells ≥ 25%- < 50%, yellow staining, sparse particles were defined as weak positive (+); positive cells ≥ 50%, brown staining, diffuse particles were defined as strongly positive (++). The piece was read by two experienced clinical pathologist to determine the judgment results.

RT-PCR

The total RNA was extracted by total RNA extraction kit to detect its concentration. The primer was set according to the full-length cDNA of the human FLNa and GAPDH in GenBank. The upstream primer of FLNa was 5'-AGC CTCCACGAGACATCATC-3', and the downstream primer was 5'-CCAGTGTGTACTC CCCCTTG-3'; The upstream primer of internal reference GADPH was 5'-GAAGGTG AAGGTCGGAGTC-3', and the downstream primer was 5'-GAAG ATGGTGATGGGATTTC-3'. One microgram of the total RNA was added 1 μL of random primers, 4 μL of 5 × RT-PCR Buffer, 1 μL of RNA inhibitors, 2 μL of dNTP, 1 μL of reverse transcriptase, adding diethylpyrocarbonate (DEPC) treated water to a total volume of 20 μL. Reverse transcription steps: 30 ℃ 10 min, 45 ℃ 5 min, 95 ℃ 5 min after completion of the reaction. PCR System: 2 μL of cDNA, 1 μL of upstream and downstream primer of each, 2.5 μL of 10 × PCR Buffer, 0.2 μL of Taq DNA polymerase, 0.5 μL of dNTP, plus DEPC treated water to a total volume of 25 μL. PCR steps: denaturating for 5 min at 95 ℃, 94 ℃ 30 s, 64 ℃ 30 s, 72 ℃ 30 s for total 35 cycles, a final extension at 72 ℃ for 7 min. The PCR product was loaded on a 2% agarose gel to separated by electrophoresis. Product of FLNa and GAPDH PCR were 310 bp and 220 bp. PCR results were observed in ultraviolet light.

Western blot

Tissues were homogenized by using RIPA lysis buffer. Then the total protein was extracted and quantitied. 50 μg of protein samples, adding 5 × sample loading buffer (volume ratio 4:1), boiled for 5min,then loaded the sample. After separating by SDS-PAGE, the proteins were transferred to polyvinylidene fluoride (PVDF) membrane. The membrane was placed in TBST containing 5% skim milk, and closed at room temperature for 1 h, added specific antibody (FLNa, 1:2000; GAPDH, 1:200), then incubated at -4 ℃ overnight. The next day, the membrane was washed with TBST solution for three times, 10 min each time, then added the appropriate secondary antibody (1:2000), incubated at 37 ℃ for 1 h. The protein bands were detected by chemiluminescence.

Statistical analysis

Data were statistically analyzed by statistical software of SPSS13.0. T test, χ2 test or Fisher's exact test were used to detect correlation, and Cox regression model was used to detect multivariate analysis. Meanwile, the Kaplan-Meier method was used to detect survival analysis of FLNa negative and positive expression group. The test level was α = 0.05. P < 0.05 was considered statistically significant.

RESULTS

Expression of FLNa detected in colorectal cancer by Immunohistochemistry
The positive expression of FLNa was located in cytoplasm (Figure 1). The positive expression rate of FLNa in 46 cases of tissue specimens with colorectal adenocarcinoma was 47.83% (22/46), with weakly positive expression rate of 26.09% (12/46) and strong positive expression rate of 21.74% (10/46); while the positive expression rate in normal colorectal tissue samples was 91.30% (42/46), with weakly positive expression rate of 10.87% (5/46) and strong positive expression rate of 80.43% (37/46). Compared with that of cancer tissue samples, the difference was statistically significant (χ2 = 32.679, P = 0.000, Table 1).

Expression of protein FLNa and its relationship with clinicopathological features of patients
The statistical analysis for immunohistochemistry detection showed, the expression of FLNa had correlation with liver metastasis, lymph node metastasis and rectal invasion depth (P < 0.05), regardless of gender, age, location and histological type of patients (P > 0.05, Table 2).

Expression of FLNa protein in cancer tissues and its relation with survival prognosis 

Factors of age, sex, tumor location, tumor invasion depth, lymph node metastasis and FLNa expression were introduced into Cox regression model for multivariate analysis. Results showed that lymph node metastasis, tumor invasion depth and FLNa expression is independent factors of prognosis in colorectal cancer patients. The death risk of FLNa protein negative expression group was 3.856 times of that of FLNa protein positive expression group, 95% CI was 7.326 - 19.421(Table 3). FLNa positive expression group had median survival time of 63 mo, while FLNa expression negative group had median survival time of 26 mo, Log-rank test of survival rate in two groups had prompted that differences were statistically significant (P = 0.000, Figure 2).

Expression of FLNa in colorectal cancer detected by RT-PCR 

GAPDH was considered as the internal reference, and FLNa / GAPDH was considered as quantificaton in RT-PCR detection. The results showed that the expression levels of FLNa mRNA in tumor tissues were lower than that in normal tissues [(0.24 ± 0.03) vs (0.95 ± 0.04), P = 0.017], with statistically significant difference between two groups (Figure 3).
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Expression of FLNa in colorectal cancer detected by Western blot  

GAPDH was considered as the internal reference,and FLNa/GAPDH was considered as quantificaton in RT-PCR detection. The results showed that the expression levels of FLNa mRNA in tumor tissues were lower than that in normal tissues [(0.15 ± 0.02) vs (0.76 ± 0.04), P = 0.013], with statistically significant difference between two groups (Figure 4).

DISCUSSION

FLNa is an important member of the filament protein family, which is highly conserved gene structure, a wide range of expression，has an important role for mammalian growth and development. Molecular weight of FLNa protein dimer subunit was 280 KDa, a length of about 80 nm, including actin binding domain of the amino end and a rod-like domain consists of 24 tandem repeats，is formed with an interval of two separate hinge structures containing about 30 amino acid residues. Two polypeptide chains are connected with the carboxy terminal end of the 24th repeated sequence and form “V” type homodimer related to functions[9]. FLNa locates mainly in the cytoplasm, the multiple layer structure of the β-sheet in the domain of rod-like molecules provides interface for protein- protein interaction, capable of interacting with a variety of proteins with important functions, and most of the signal protein is a cell membrane molecule receptor, is an important signal transduction scaffold proteins involved in cell proliferation, adhesion, migration[10,11] and the initiation and progression of tumor[12], regulating the organ development[13].
Currently research about correlation between FLNa and the occurrence and development of cancer are less. Shi et al[14,15] put plasmid vectors containing FLNa cDNA into liposome to transfect human colon cancer cells of SW480, over- expressing of the FLNa gene, confirmed that FLNa can inhibit in vitro and in vivo invasiveness of SW480 cells. In thist study, we used immunohistochemistry to detect expression of FLNa in colorectal adenocarcinoma tissues and normal colorectal mucosa tissues, and found that the positive expression rate of FLNa protein in cancer tissues was lower than that in normal mucosa, with statistically significant difference. Expression of FLNa had correlation with tumor metastasis, lymph node metastasis and depth of rectal invasion, regardless of sex, age, tumor location, size, shape and eye view of histological type. Multivariate analysis found that FLNa are independent risk factors for postoperative survival of colorectal cancer patients. Meanwhile, survival analysis showed that survival time of patients with low expression of the protein FLNa was significantly shorter than that of high expression in FLNa. RT-PCR and Western blot test results showed in further that expression levels of FLNa mRNA and protein in the normal colorectal tissues were higher than that in colorectal cancer. 
Currently, the mechanism that FLNa suppressed cancer is not yet fully clear. Mijung et al[16] found that down-regulation of FLNa interacting protein 1-like has association with promoter methylation and an invasive phenotype in  colon cancers. Vial et al[17] showed that epidermal growth factor regulates α5β1 integrin activation state through the p90RSK-dependent phosphorylation of FLNa. Zhu et al[18] found that FLNa regulates Ras/ERK by Ras-GRF1 pathway, reduces the levels of intracellular matrix metalloproteinase-9 (MMP-9), inhibits the degradation of the extracellular matrix (ECM), and deterred the migration of tumor cells. Fiori et al[19] found that, compared to the M2A7 cells (expressing FLNa), the epidermal growth factor receptor tyrosine ubiquitination level in M2 cells (deletion FLNa) stimulated by epidermal growth factor (EGF) was low. Further study found that lack of FLNa had an influence on interactions between epidermal growth factor receptor and ubiquitin ligase c-Cb1 chain, and degradation of growth factor receptor induced by anti-epidermal growth factor epidermal was significantly boycotted in cells, while degradation of growth factor receptor is very active in cells expressing FLNa epidermal, therefore FLNa inhibits proliferation of tumor cells through reducing the activity of the epidermal growth factor receptor. Sasaki et al[20] found that interaction between FLNa and Smads protein family regulates transforming signal of growth factor-β (TGF-β) and inhibits the migration of tumor cells, but the TGF-βsignal is absent in tumor cells not expressing FLNa. Besides, research about by yeast two-hybrid experiments and signal transduction pathways of tumor cells confirmed that FLNa can specifically combinated with G protein-coupled receptors (dopamine receptors and calcium receptor), a small GTP-binding protein (Rho, Rac and CDC42) and its effector molecules (SEK1), involved in regulating tumor incidence and development[21].

In summary, FLNa has close relation with incidence and development of colorectal adenocarcinoma, and can be used as an important indicator of prognosis and treatment[22], especially the chemotherapy[23], multiple indicators could provide accurate predictive information, resulting in personalized therapy[24]. FLNa was found in the feces[25], an elevated level of mRNA indicates colorectal cancer[26], which can be considered as one of the ways to detect it. However, tumor suppressing mechanism of FLNa remains to be study in progress.

COMMENTS

Background

Colorectal cancer is a common malignancy. Tumor invasion and metastasis is the leading cause of death in patients with colorectal cancer. Filamin A (FLNa) is a non-muscle actin-binding protein involved in regulating cell proliferation and migration, and has an important role in tumor formation and development involved in integrating cell movement and signal transduction. 
Research frontiers

In this study, the expression of FLNa gene in colorectal adenocarcinoma tissues and normal colorectal mucosa tissues would be detected by immunohistochemistry, reverse transcription polymerase chain reaction and Western blotting to analyze its correlation with clinicopathological parameters and explore its value in prognosisi judging of patients with colorectal cancer.
Innovations and breakthroughs
This study found FLNa, an independent risk factor for postoperative survival of patients with colorectal adenocarcinoma, by a series of simple and accurate methods.
Applications 

This study showed that FLNa was the independent risk factor for postoperative survival of patients with colorectal adenocarcinoma. So the authors could predict the prognosis of colorectal cancer by testing the expression of FLNa.
Terminology

FLNa: FLNa is a non-muscle actin-binding protein involved in regulating cell proliferation and migration, and has an important role in tumor formation and development involved in integrating cell movement and signal transduction. 
Peer review

This manuscript is very well written. The authors observed the expression and significance of FLNa in the tissue of colorectal adenocarcinoma. The research design is good, and the results are acceptable.
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Figure 1 expression of filamin A in normal colorectal tissues and colorectal adenocarcinoma tissues detected by immunohistochemistry (SP method, × 400). A: High expression of filamin A (FLNa) in normal tissues; B: Low expression of FLNa in adenocarcinoma tissues.
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Figure 2 Expression of filamin A and its correlation with survival time.
[image: image5.jpg]



Figure 3 Expression of filamin A in colorectal adenocarcinoma tissues and normal colorectal tissues detected by reverse transcription polymerase chain reaction. Lane 1: Colorectal adenocarcinoma tissues; Lane 2: Colorectal normal tissues. FLNa: Filamin A.
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Figure 4 Expression of filamin A in colorectal adenocarcinoma tissues and normal colorectal tissues detected by Western blot. Lane 1: Colorectal adenocarcinoma tissues; Lane 2: Colorectal normal tissues.
Table 1 Expression of filamin A in colorectal adenocarcinam tissues and noamal colorectal tissues

	Group
	Cases
	Expression of filamin A protein
	χ2
	P

	
	
	-
	+
	+ +
	
	

	Cancer group
	46
	24
	12
	10
	32.679
	0.000

	Normal group
	46
	4
	5
	37
	
	


Table 2 Expression of filamin A in colorectal adenocarcinoma tissues and its correlation with clinicopathological parameters

	Parameters
	
	Cases
	Positive expression of filamin A

	
	
	
	Cases
	P

	Sex
	Male
	27
	12
	0.584

	
	Female
	19
	10
	

	Age
	≥ 60 yr
	26
	10
	0.147

	
	< 60 yr
	20
	12
	

	Tumor location
	Colon
	17
	4
	0.238

	
	Recter
	29
	18
	

	Liver metastasis
	Yes
	9
	1
	0.022

	
	No
	37
	22
	

	Lymph nodes metastasis
	Yes
	33
	10
	0.000

	
	No
	13
	12
	

	Gross shape
	Uplift
	11
	5
	0.977

	
	Ulcerated
	23
	11
	

	
	Infiltrative
	12
	6
	

	Depth of invasion
	Serosal invasion
	30
	7
	0.000

	
	No serosal invasion
	16
	15
	

	Histological type
	Papillary adenocarcinoma
	23
	12
	0.935

	
	Tubular adenocarcinoma
	12
	6
	

	
	Mucinous adenocarcinoma
	11
	5
	


Table 3 Multivariate analysis of 46 patients

	Parameters
	B
	Wald
	df
	Sig.
	Exp(B)
	95%CI

	Expression of filamin A protein
	-3.274
	15.114
	1
	0.000
	3.856
	7.326-19.421

	Invasion depth of tumor
	2.685
	6.163
	1
	0.013
	14.657
	1.760-122.093

	Lymph nodes metastasis
	2.193
	10.836
	1
	0.001
	8.958
	2.428-33.052
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