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Abstract: To study the expressions of Filamin A (FLNa) and RUNx3 in human Colorectal Adenocarcinoma
(CRA) tissues and explore their correlation with the initiation and progression of colorectal adenocarcinoma.
The expression levels of FL.Na and RUNx3 protein in the samples which came from 80 patients of CRA tissues
and adjacent normal colorectal tissues (10 cm distance away from the margin of CRA) were examined by using
immunohistochemical Streptavidin-Peroxidase (S-P) Method, Western-blotting and Reverse Transcription
Polymerase Chain Reaction (RT-PCR). The correlation between their expression and the clime pathologic
features was analyzed. The positive rates of FL.Na and RUNx3 in CRA tissues were 52.5% (42/80) and 46.3%
(37/80), respectively while in adjacent normal colorectal tissues they were 87.5% (70/80) and 91.3% (73/80),
respectively. The difference was significant (p<0.0000). Expression of FLNa was related positively with
expression of RUNx3 i CRA tissues (r = 0.358, p = 0.0002). Expression levels of FLNa and RUNx3 were
correlated with the TNM staging, Iymph node metastasis and the depth of tumor invasion but not with the
patient’s age, gender lesion site and tumor size. The expression of RUNx3 has nothing to do with the degree
of tumor differentiation but F1.Na was opposite. The results of RT-PCR and Western blot were consistent with
that of mmmunchistochemistry. FLNa and RUNx3 will be umportant factors in predicing colorectal
adenocarcinoma biological behavior and judging prognosis and it also may be new target s for colorectal
adenocarcinoma targeted therapy.
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INTRODUCTION

Colorectal adenocarcinoma 1s one of the most
frequent malignancies of the gastrointestinal tract in
China and the morbidity of it has increased year by year.
The prognosis of CRA can be mfluenced by tumor
recrudescence and distant metastasis. Filamin A belongs
to Actin-binding proteins, served as an important scaffold
protein in signal transduction and it is involved with a
large number of signal transduction pathways that related
to tumor formation (Balduini, 2011; Kolahi and Mofrad,
2008), FLNa plays crucial role in the occurrence and
development of CRA. RUNx3 is a new recently discovered
tumor suppressor gene. The tumor-suppressor mechamsm
of RUNx3 is closely related to TGF-p pathway, a signal
transduction pathway that involved in growth mhibition
and apoptosis inducing (Tong et al, 2009, Bae and
Chot, 2004; Ito and Miyazono, 2003). In malignant tumors,
RUNx3 is frequently inactivated by heterozygote deletion

and promoter region hypermethylation (Homma et al.,
2006). Both of FL.Na and RUNx3 have close relationships
with signal transduction pathways that related to tumor
formation and it is not clear whether these two factors
have synergistic effects. Researchers chose them for
study as FLNa and RUNx3 may be mmportant factors in
predicting CRA biological behavior. Tn this study, the
expression of FLNa and RUNx3 in CRA tissues and
adjacent normal colorectal tissues were examined by
using mmmunchistochemical Streptavidin-Peroxidase (S-P)
Method and then RT-PCR and Western blotting were
further used to detect the expression of FLNa and RUNx3
in the level of transcription and protein.

MATERITALS AND METHODS
Samples material: About of 80 patients with CRA

tissues who had wmabridged case file were collected
from the Department of Surgery in Affiliated Hospital of
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Table 1: The primers of FLNa, RUNx3 and GAPDH

Primers Upstream primer sequernce Downstrearn primer sequence

FLNa S-AGCCTCCACGAGACATCATC-3 S-CCAGTCTGTACTCCCCCTTG-3'
RUNx3 SATCCCCTGACAAAAAGTGACG-3 S-GCAAAGCAGTTTCCACCCA-3
GAPDH S-GAAGGTGAAGGTCGGAGTC-¥ S-GAAGATGGTGATGGGATTTC-3

Guangdong Medical College. The adenocarcinoma tissue
was from the central of the tumor. The control group was
normal tissues which was parted from CRA tissues about
10 cm. Among these cases, 49 were male and 31 were
female. The range of age was 44-78 years with a median
age of 62. All of them were finally diagnosed and
classified by histopathology. None of the patients
received chemotherapy or radiotherapy before surgical
therapy. Complete medical and pathological records were
available.

Main reagent: Immunohistochemistry S-P kit was
purchased from Zhongshan Jingiao Bio-Tech Ltd,
Beijing, DAB developer was purchased from Wuhan
Boster Bio-Tech Ltd., Wuhan; Trizol kit and Radio
Immunpoprecipitation Assay (RIPA) were purchased from
Fuzhou Maixin Bio-Tech Ltd., Fuzhou, China; PCR primer
was purchased from Shanghai Shenggong Bio-Tech Ltd.,
Shanghai, China; rabbit anti-human FLNa monoclonal
antibody and rabbit anti-human RUNx3 monoclonal
antibody were purchased from Santa cruz Bio-Tech Ltd,
USA.

Immunohistochemistry detection and assay: Paraffin-
embedded blocks were cut into 4 um serial sections,
immunchistochemical staining was carried out by the
standard S-P technique and concrete procedure was
conducted according to the S-P kat specification. Using
the human uterus coloration tissue as the positive control
of FLNa while the breast cancer tissue with RUNx3
positive expressed was used as the positive control of
RUNx3. PBS-replaced primary antibody as the negative
control. Result judgment criteria: five visions were chosen
by light microscope to observe and count the cell then
calculated the average cell-positive rate according to
stamned, extent and distribution of cancer cells. Specific
criteria were as follows: divided the immunohistochemical
staming results mto three degree. Positive cells <25%,
light stained and no obvious particles were defined as
negative (-); positive cells »25 and <50%, stained vellow,
sparse granules were seen as weak positive (+); positive
cells >50%, brown staimng, diffuse particles were defined
as strong positive (++).

Western blotting: The tissue was homogenized by using
RIPA lysis buffer and then the total protemn was extracted
and quantitated from CRA tissues as well as adjacent
normal colorectal tissues. The protein was subjected to

SDS-PAGE gel electrophoresis. After transferring the
protein to mtrocellulose membranes, blocked the
membranes with TBST which contain 5% skimmed milk for
1 h at room temperature. Then, the membranes were
labeled with primary antibody (rabbit anti-human RUNx3
monoclonal antibody, rabbit anti-human FLNa monoclonal
antibody and anti-GAPDH antibody) overnight at -4°C
next day, the membranes were washed with TBST for
three times, each time for 10 mmm. And then added the
secondary antibody for 1 h at 37°C. The expression of
protein band was visualized by using chemiluminescence.

RNA extraction and RT-PCR assay: The total RNA was
extracted from CRA tissues and adjacent normal colorectal
tissues by using Trizol kit. The concentration of
total RNA was assayed by spectrophotometry. Two
micrograms of total RNA was reverse transcribed to
obtain ¢cDNA by using reverse transcriptase. GAPDH
served as the internal reference. The PCR primers were
designed according to the ¢cDNA of FLNa, RUNx3 and
GAPDH in the GenBank. The primers of FL.Na, RUNx3 and
GAPDH were shown in Table 1. And ¢cDNA was amplified
and synthesized by PCR. The PCR conditions for FL.Na
and RUNx3 were 35 cycles of 94°C (5 min), 94°C (30 sec)
55°C (30 sec)and 72°C (30 sec). The final extension was at
72°C for 5 mmn then placed at 4°C. The mternal reference
was carried out in the same system and the condition was
similar to FLNa and RUNx3. The produces of RT-PCR
were separated by agarose gel electrophoresis, scanned
by ultraviolet photometry.

Statistical analysis: All statistical analyses were
performed using the SPSS Software package. The data
were analyzed by the y’-test, Spearman Coefficient
Correlation test and t-test. Values of p<0.05 were
considered statistically significant.

RESULTS AND DISCUSSION

The expression of FLNa and RUNx3 detected by
immunohistochemical Streptavidin-Peroxidase (S-P)
Method (Table 2): The positive expression of FLNa was
located in cytoplasm and the positive expression of
RUNx3 was located m cytoplasm and nucleus (Fig. 1). The
positive rates of FL.Na and RUNx3 in CRA tissues were
52.5% (42/80) and 6.3% (37/80), respectively while in
adjacent normal colorectal tissues they were 87.5% (7(0/80)
and 91.3% (73/80), respectively. The difference was
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Fig. 1: Expression of RUNx3 and FLNa in colorectal adenocarcinoma tissues and adjacent colerectal adenocarcinoma
tissues, detected by immunchistochemistry (sp, 200}, a) week positive expression of RUNx3 in colorectal
adenocarcinoma tissues; b) week positive expression of FLNa in colorectal adenocarcinoma tissues;
¢) strong positive expression of RUNx3 in colorectal adenocarcinoma tissues, d) positive expression of
FLNa mn colorectal adenocarcinoma tissues; e) positive expression of RUNx3 i colorectal adenocarcinoma
tissues;, f) positive expression of FLNa in adjacent colorectal adenocarcinoma tissues, g) negative
expression m colorectal adenocarcinoma tissues; h) negative expression in adjacent colorectal adenocarcinoma
tissues

Table 2: Expressions of FLNa and RUNx3 in normal colorectal tissues and colorectal adenocarcinoma tissues detected by immunohistochernistry

FLNa RUNx3
Groups N Positive expression p-value Positive expression ¥? p-value
Nomnal tissues 80 70 (87.50) 23.34 0.000 73(91.25) 18.85 0.000
Adenocarcinoma tissues 80 42 (52,500 - 37(46.25) - -

Table 3: Relationship between FL.Na and RUNx3 expressions in colorectal
adenocarcinoma tissues (N = 80, n)

38FLNa
RUNx3 — + ++ R p-value
-43 30 5 8 0.3581 0.0002
+ 2 11 7 - -
++ 6 5 6

significant (p<t0.0000) 1n addition, the expression of FLNa
and RUNx3 1s lierarchical so researchers use the
Spearman nonparametric correlation analysis to analyze
the experimental data. The result of Spearman test showed
that Expression of FI.Na was related weak positively with
expression of RUNx3 m CRA tissues (r=0.358, p= 0.0002,
Table 3).

Relationship  between  the  clinicopathological
characteristics and the expressions of FLNa and
RUNx3 (Table 4): The result of immunochistochemical was
analyzed by statistics. The expressions of FLNa and
RUNX3 were associated to depth of invasion, TNM stage
and lymph node metastasis (p<<0.05) but not with the
patient’s age, gender and tumor size (p=0.05). The
expression of RUNx3 was related to Differentiation on the
contrary the expression of F1.Na was not.

The expression of FLNa and RUNx3 mRNAs detected
by RT-PCR: GAPDH served as the internal reference
and researchers used the value of FLNa/GAPDH
and RUNx3/GAPDH for quantitative in RT-PCR.
The results showed that the expression of FLNa
mRNA in carcinoma tissues was lower than that
in the normal tissues [(0.20£0.04) wvs. (0.92+£0.03),
p<0.05] while the expression of RUNx3 mRNA in
carcinoma tissues was also lower than that in
tissues [(0.344+0.05) vs. (0.594+0.06),
(Table 5). The difference was statistically

the normal
p<0.05]
valid.

The expression of FL.Na and RUNx3 proteins detected by
Western blotting: GAPDH served as the internal
reference and researchers used the value of FLNa/GAPDH
and RUNx3/GAPDH for quantitative in Westemn blotting.
The results showed that the expression of FL.Na protein
in carcinoma tissues was lower than that in the normal
tissues [(0.17+0.04) vs. (0.78+0.06), p<0.05] whule the
expression of RUNxX3 protein in carcinoma tissues was
also lower than that in the normal tissues [(0.414+0.05) vs.
(0.57£0.06), p<0.05] (Table 6). The difference was
statistically valid.
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Table 4: Relationship between the expressions of FLNa and RUNX3 in colorectal adenocarcinoma tissues and the clinicopathological characteristics

FLNa RUN=x3
Characteristics N Positive v p-value Positive 52 p-value
Age{ year)
=60 54 26 (48.15) 1.2618 0.2613 24 (44.44) 0.2179 0.6407
<60 26 16(61.54) - - 13(50.00) - -
Gender
Male 49 23 (46.94) 1.5682 0.2105 21 (42.86) 0.5856 0.4441
Female 31 19(61.29) - - 16 (51.61) - -
Tumorsize (cm)
=5 37 16 (43.24) 2.3653 0.1241 20(54.05) 1.6865 0.1941
<5 43 26 (60.47) - - 17(39.53) - -
DifTer entiation
Well 19 11 (57.89) 2.4550 0.2950 11 (57.89) 7.6478 0.0218
Moderately 37 16 (43.24) - - 11 (29.73) - -
poorly 24 15(62.50) - - 15(62.50) - -
Lymph node metastasis
No 49 31(63.27) 5.8766 0.0153 27(57.14) 4.3542 0.0369
Yes 31 11(35.48) - - 10(32.26) - -
Depth of invasion
Not to serosa 47 33(70.21) 14.3349 0.0002 27(5745) 5.7461 0.0165
To serosa 33 9(27.27) - - 10 (30.30) - -
TINM staging
I+1 44 31(70.45) 12,6397 0.0004 27(61.36) 8.9844 0.0027
m+1v 36 11 (30.56) - - 10(27.78) - -
Table 5: The expression of FLNa and RUNx3 mRNAs detected by RT-PCR
FLNa RUN=x3
Expression Positive rate (%0) FLNa/GAPDH p-value Positive rate (%0) RUNx3/GAPDH p-value
Nommnal tissues 68 (85%) 0. 92+0.03 <0.01 71 (88.73%) 0.59+0.06 <(.01
Adenocarcinoma tissues 39 (48.75%) 0. 20+0.04 - 38 (47.5%) 0.3440.05 -
Table 6: The expression of FLNa and RUNX3 proteins detected by RT-PCR
FLNa RUNx3
Expression Positive rate (%) FLNa/GAPDH p-value Positive rate (%0) RUNx3/GAPDH p-value
Normal tissues 65 (81.25%) 0. 78+£0.06 <0.01 68 (85%) Q. 57+£0.06 <0.01
Adenocarcinoma tissues 35 (43.75%) 0. 17+0.04 40 (50%) 0.41+0.05 - -

CONCLUSION

FLNa is an important scaffold protein in signal
transduction pathway. FLNa dimeric subunits have an
Actin Binding Domains (ABDs) and 24 repeat P-pleated
sheet units. They are separated by two hinges sequences.
V-shaped homodimer that 1s related to FLNa’s function 1s
formed by two polypeptide chains (Nakamura et al., 2007).
FLNa mainly locate in cytoplasm. The FLNa PB-pleated
sheet umts formed by repeated sequence provide
interface for protein-protein interaction. So that it can
mteract with many protems which have important
functions (Robertson et af., 2003). FLNa combining with
actin can influence the cytoskeleton remodeling and cell
movement so, it plays an important role in migration and
mvasion behavior of tumor cell (Yamazaki et al., 2005).
Earlier studies find that FLNa also combines with
numerous proten other than actin including epidermal
growth factor receptor (Fiori et al, 2009), Caveoln-
receptor (Ravid e al., 2008), Prion Protein (Li et al., 2009),
P73a protem (Kim et af, 2007), Carcinoembryonic
antigen-related cell adhesion molecule (Klaile ef ai., 2005).

FLNa can impact the expression of a variety of cell
receptors together with other actin-binding proteins
in cell (Keshamouni et «l., 2006) by means of the
MAPK/ERK pathway (He et al, 2003), PI3K/AKt
pathway (Ravid et ol , 2008), TGF-p signaling pathway
(Sasaki et af., 2001) to inhibit migration and invasion of
tumor cell. Bedolla et af. (2009) detected the expression of
FLNa protein in prostate cancer tissue specimens by
using immunchistochemical, discovered that the
expression of FLNa in Metastatic prostate cancer was
significantly reduced in the cytoplasm while it was
significantly mcreased m the nucleus compared with
bemgn prostate and prostatic intraepithelial neoplasia
and carcinoma in sity. Maybe this phenomenon is related
to mereased degree of malignancy of cancer cells. The
current study shows that the expression of FLNa was
significantly reduced in malignant tumors compared with
normal tissue. The In-depth study of FLNa’s role in the
mechamsm of the tumor development and progression
can provide new ideas for cancer diagnosis and treatment.

RUNx3 15 an mmportant transcription as well as a
member of RUNX tumor suppressor gene family. Human
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RUNx3 gene i3 located on chromosome 1p36.1 and is
a heterodimer composed of « and [ subunits
(Bangsow et al, 2001, Coffman, 2003; Bagchi and
Mills, 2008). The abnormal expression of FLNa 1s an
umportant tumor prognostic factor and the low expression
of FLNa has a close relationship with promoter
methylation and heterozygote deletion (Tong et al,
2009, Homma et al, 2006). RUNx3’s lower expression
can imbalance proliferation and differentiation of
gastrointestinal epithelial, behaved as gastrointestinal
epithelial cell hyperplasia or abnormal differentiation and
thus participates in the development and progression of
gastromntestinal tumors; it also can merease the mfiltration
and metastasis of tumor cells. Mamsh M found that
RUNX3 1nactivation due to promoter hypermethylation in
colorectal polyps represents an early event in colorectal
cancer progression (Subramaniam ef af., 2009).
Methylation  RUNx3  can  re-expression  after
demethylation. RUNx3 re-expression can mhibit tumor
growth and induce apoptosis of tumor cells. At present,
most studies suggest that RUNx3’s tumor suppressor
mechanism is closely related to TGF-p pathway which has
the function of growth inhibition and apoptosis inducing
(Tong et al., 2009; Bae and Choi, 2004; Tto and Miyazono,
2003). Chromosome 1p36.1 also contains a number of
other tumor suppressor genes such as RIZ1, CHDS,
PLA2G2A and TP73, etc., these tumor suppressor genes
and RUNx3 may collaborate with each other to co-induced
tumors (Bagchi and Mills, 2008). Imamura et al. (2005)
detected 92 cases of colorectal cancer by usmg MSP in
which 31/92 (34%) tumors could detected RUNx3
methylation and poorly differentiated tumor and other
differentiated tumor were sigmificant different in
histologically (p = 0.028) m these tumors with methylation.
RUNx3 methylation plays an important role in colorectal
cancer, especially in poorly differentiated tumors.
Ku et al. (2004) alsoobtained similar results by using
RT-PCR.

This experimental result showed that the positive
expression rates of FLNa and RUNx3 in colorectal
adenocarcinoma were lower than that in normal colorectal
tissues. The expression of FLNa and RUNx3 had no
relationship with age, gender and tumor size and TNM
staging but were correlated with lymph node metastasis
and the depth of tumor invasion. RUNx3 was correlated
with the degree of tumor differentiation while the FL.Na
was not. These two factors had low positive correlation.
The results of RT-PCR and Western blot were consistent
with that of immunohistochemistry.

Though both of them can mfluence tumor cell
proliferation end migration by several signal pathways,

it’s not clear whether F1.Na and RUNx3 had a synergistic
effect in tumor development. So, next step researchers can
further study at that phenomenon.

Since, FLNa is a critical scaffold protein in cell
signaling pathway, involved in the regulation of cell
proliferation, adhesion, migration and other cell behavior
and RUNx3 is an important tumor suppressor gene in
tumors, its re-expression can inhibit tumor growth and
induce tumor apoptosis. The expression of FLNa and
RUNx3 is closely connected with biclogical behavior of
colorectal cancer so the downregulation of FLNa and
RUNx3 expression can be considered as indicators to
judge the degree of colorectal cancer invasion in the
further research they also can be expected as a target for
the control and treatment of colorectal adenocarcinoma
invasion and metastasis.
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