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Increased expression of FERM domain-containing 4A protein
is closely associated with the development of rectal cancer
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Abstract. The aim of the present study was to detect
the expression levels of FERM domain-containing 4A
(FRMD4A) in rectal cancer tissues and peripheral blood and
to investigate the correlation between FRMD4A and cancer
development. A total of 78 consecutive patients were enrolled
in this study. Thirty healthy individuals were used as the
control group. The expression of FRMDA4A in rectal cancer
and the corresponding normal adjacent tissues was detected
by immunohistochemistry and western blotting. The expres-
sion of FRMD4A mRNA in peripheral blood was detected by
reverse transcription-quantitative polymerase chain reaction.
The expression of FRMD4A in rectal cancer tissues was found
to be negatively correlated with the degree of differentiation,
depth of invasion and Dukes' stage. A negative correlation was
identified between FRMD4A and epithelial cadherin expres-
sion. The expression of FRMD4A in the peripheral blood
of patients with rectal cancer was significantly increased
compared with that in the control group (P<0.05). Expression
of FRMDA4A in the peripheral blood in the patients with lymph
node metastasis was significantly increased compared with
that in the patients without lymph node metastasis (P<0.05).
These results indicate that the expression of FRMDA4A is
significantly increased in rectal cancer tissues and the periph-
eral blood of patients with rectal cancer, and the expression
levels of FRMDA4A are closely associated with differentiation,
invasion of rectal cancer and Dukes' stage. In conclusion, the
findings of the present study suggest that FRMD4A may be
used as a target for the diagnosis and treatment of rectal cancer.

Introduction

Rectal cancer is a commonly occurring gastrointestinal cancer,
which has a high mortality rate of ~50% (1). Successful early
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detection of rectal cancer is rare, resulting in a poor prog-
nosis (2). The incidence of rectal cancer is increasing year by
year (3), and poses a serious threat to human health. Therefore,
it is important to identify novel tumor markers for the early
diagnosis and prognosis of rectal cancer.

FERM domain-containing 4A (FRMD4A), located on
human chromosome 10, is a cancer stem cell marker that
belongs to the FERM superfamily, all the members of which
contain a FERM domain (4). The FERM domain has been
demonstrated to play an important role in the cytoskeleton,
the maintenance of cell morphology, protein localization
and tumor cell migration (5-10). Levels of FRMD4A have
been found to be upregulated in skin cancer and squamous
cell carcinoma, and are closely associated with recurrence
and metastasis (11). Genome-wide association analyses
have shown that FRMDA4A is highly associated with drug
dependence (12,13). FERMDA4A regulates the expression of
cytoskeletal proteins and the connections between mammary
epithelial cells through the activation of ADP ribosylation
factor 6 (14). However, the expression of FRMD4A in rectal
cancer remains unclear.

In this study, immunohistochemistry, western blotting and
reverse transcription-quantitative polymerase chain reaction
(RT-gqPCR) experiments were performed to detect the expres-
sion of FRMDA4A in rectal cancer. The correlation between
FRMDA4A and cancer development was then studied, with the
aim of providing experimental evidence concerning the func-
tions of FRMDA4A in rectal cancer.

Materials and methods

Patients. A total of 78 consecutive patients diagnosed
with rectal cancer at Zhejiang Cancer Hospital (Zhejiang,
China) between September 2013 and December 2014 were
enrolled in this study. The study was approved by the Ethics
Review Board of Zhejiang Cancer Hospital (Hangzhou,
China). Prior written and informed consent was obtained
from every patient. General information about the patients
is shown in Table I. Fresh rectal cancer and corresponding
normal adjacent tissues (distance from tumor edge, =5 cm)
were collected, and stored at -80°C. The average age of these
patients was 53.70 years, with an age range of 32-71 years.
There were 42 male patients and 36 female patients. Thirty
healthy individuals were used as the control group. The
patients underwent categorization for lymph node metastases
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as follows: NO group, no evidence of lymph node metastasis;
N1 group, metastasis to lymph node.

Reagents. Rabbit anti-human FRMD4A polyclonal anti-
body (ab122475), rabbit anti-human epithelial cadherin
(E-cadherin) polyclonal antibody (ab15148) and mouse
anti-human glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) monoclonal antibody (ab8245) were all purchased
from Abcam (Cambridge, UK). Secondary antibodies horse-
radish peroxidase (HRP)-conjugated goat anti-mouse IgG
(ab6789) and HRP-conjugated goat anti-rabbit IgG (ab6721)
were also purchased from Abcam. An EnVision Immunohisto-
chemistry Detection kit was purchased from Dako (Glostrup,
Denmark). Easyspin whole blood RNA rapid extraction kit
(centrifugal column) was purchased from Biomed (Beijing,
China). A reverse transcription kit was purchased from
Boruike Biotech (Chengdu, China). SYBR Green Real-Time
PCR reagents were purchased from Kapa Biosystems
(Wilmington, MA, USA).

RT-qPCR. Total RNA was extracted from peripheral blood
samples, using the whole blood RNA extraction kit according
to the manufacturer's protocol. The quality of the RNA was
detected by electrophoresis and the spectrophotometric deter-
mination of the ratio of optical density at 260 and 280 nm.
The RNA was reverse transcribed into cDNA using the reverse
transcription kit according to the manufacturer's protocol.
qPCR was then conducted using an ABI StepOne Plus
Real-Time PCR system (Thermo Fisher Scientific, Foster City,
CA, USA). GAPDH was used as an internal control. The rela-
tive amount of FRMDA4A transcript was expressed as a ratio
relative to the level of GAPDH mRNA. The experiments were
repeated independently =3 times. The primers for FRMD4A
were 5'-GATTCTTCGGATGCGTAA-3' and 5'-CTGGCT
CACAACATAGTC-3". The primers for GAPDH were 5-ATG
CTGGCGCTGAGTACGTC-3" and 5'-GGTCATGAGTCC
TTCCACGATA-3'.

Immunohistochemistry. Rectal cancer tissues were fixed
with 4% neutral formalin, followed by embedding in
paraffin. Then 4-um serial sections were treated with citrate
buffer for antigen retrieval at 95°C for 10 min. The primary
rabbit anti-human FRMD4A polyclonal antibody or rabbit
anti-human E-cadherin polyclonal antibody (dilution, 1:200)
was added and the sections were incubated for 60 min at
37°C. The solution from the EnVision kit was then added and
the sections were incubated for 30 min at 37°C. The sections
were developed with diaminobenzidine chromogenic reagent
and observed under a microscope (Olympus BX51; Olympus
Corp., Tokyo, Japan). Cells with brown yellow staining were
defined as FRMD4A-positive or E-cadherin-positive cells. Ten
fields at high magnification (x200) were randomly taken from
each section. The intensity of staining and the proportion of
positive cells were determined, and each was scored on a scale
of 0-3. For staining intensity: Score 0, no staining; score 1,
yellow staining; score 2, brown yellow staining; and score 3,
brown staining. For the positive rate: Score 0, 0% positive
cells; score 1, <10% positive cells; score 2, 10-50% positive
cells; and score 3, >50% positive cells. The FRMD4A and
E-cadherin staining indices were calculated by multiplying the
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score for the intensity of staining by the score for the propor-
tion of positive cells, and graded as follows: Grade 1, score 0-3;
grade 2, score 4-6; and grade 3, score 7-9. At least 200 cells
were counted in each field.

Western blotting. Total proteins were harvested from 100 mg
rectal cancer tissues and separated on 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis gels. Then, the
proteins were transferred to a polyvinylidene difluoride
(PVDF) membrane (Thermo Fisher Scientific, Inc, Vilnius,
Lithuania). After blocking with 5% non-fat milk, the primary
antibodies against FRMD4A (dilution, 1:800) and GAPDH
(dilution, 1:4,000) were added and the membrane was incu-
bated overnight at 4°C. The secondary HRP-conjugated IgG
antibodies (goat anti-mouse, 1:5,000; goat anti-rabbit, 1:2,000)
were added and the samples were incubated for 1 h at room
temperature. The bound antibodies were detected using an
enhanced chemiluminescence system (Beyotime Institute of
Biotechnology, Jiangsu, China). The protein expression levels
were analyzed using Quantity One software, version 4.6.2
(Bio-Rad Laboratories, Hercules, CA, USA)

Statistical analysis. Statistical analysis software (SPSS,
version 10.0; SPSS, Inc., Chicago, IL, USA) was used to
conduct % tests. Spearman's correlation was used to test the
association between two variables. P<0.05 was considered to
indicate a statistically significant result.

Results

Expression of FRMD4A is upregulated in rectal cancer
tissues. To evaluate the expression of FRMD4A in rectal
cancer, immunohistochemical analysis of tissue samples
taken from patients was performed. Representative results
are shown in Fig. 1. Cells with brown and/or yellow staining
were FRMD4A-positive. The FRMD4A-positive rate in the
rectal cancer tissues was significantly higher than that in the
normal adjacent tissues (87.0 vs. 25.3%; P<0.05). These results
indicate that the expression level of FRMDA4A is increased in
rectal cancer.

Correlation between the expression of FRMD4A and clini-
copathological features in rectal cancer. To determine the
correlation between the expression of FRMD4A in rectal
cancer and clinicopathological features, Spearman correla-
tion analysis was performed. As shown in Table I, there were
no statistically significant differences in FRMD4A expression
among the patients according to age, gender or tumor size
(P>0.05). However, the expression of FRMD4A was found
to be negatively correlated with the degree of differentiation,
depth of invasion, Dukes' stage and lymph node metastasis
(Table I). These results indicate that positive correlations exist
between FRMD4A and certain clinicopathological features
of patients with rectal cancer, namely the degree of differ-
entiation, depth of invasion, Dukes' stage and lymph node
metastasis.

Negative correlation between FRMD4A and E-cadherin
in rectal cancer patients. To determine the correla-
tion between FRMD4A and E-cadherin in rectal cancer,
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Table I. Correlation between FRMD4A expression in rectal cancer patients and cancer development.

Immunohistochemical
scoring index . Correlation
Characteristic Cases (n=78) 0-3 (n=16) 4-6(n=49) 9 (n=13) y*value P-value Pearson'sr P-value
Age (years) 1.354 0.852
<40 5 2 2 1
41-65 43 8 28 7
>66 30 6 19 5
Gender 2.385 0.184
Male 42 9 29 4
Female 36 7 20 9
Tumor size 0.111 0.946
<5cm 26 5 17 4
>5cm 52 11 32 9
Differentiation status 18.902 0.001 0.339 0.002
High 16 9 7 0
Moderate 33 5 20 8
Poor 29 2 22 5
Depth of invasion
T2 5 2 3 0 11.128 0.025 0.352 0.002
T3 56 13 37 6
T4 17 1 9 7
Dukes' stage
B 46 12 30 4 10.805 0.029 0.308 0.006
C 25 4 16 5
D 7 0 3 4
Lymph node metastasis
NO 30 11 15 4 7.802 0.020 0.257 0.023
N1 48 5 34 9

FRMD4A , FERM domain-containing 4A; NO, no evidence of lymph node metastasis; N1, metastasis to lymph node.

Figure 1. Expression of FRMD4A in rectal cancer tissues. The EnVision immunohistochemical method was performed to detect the expression of FRMD4A in
the rectal cancer tissues. Cells with brown and/or yellow staining were defined as FRMD4A-positive. Experiments were repeated at least 3 times. Expression of
FRMDA4A in the (A) normal tissues adjacent to rectal cancer, (B) rectal cancer tissues, (C) well-differentiated rectal cancer tissues, (D) moderately differenti-
ated rectal cancer tissues and (E) poorly differentiated rectal cancer tissues (magnification, x200). FRMD4A, FERM domain-containing 4A.
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Figure 2. Correlation between FRMD4A and E-cadherin expression in rectal cancer tissues. The EnVision immunohistochemical method was performed to
detect the expression of FRMD4A and E-cadherin in the rectal cancer tissues. Spearman's correlation analysis was performed to determine the correlation
between FRMD4A and E-cadherin. Experiments were repeated at least 3 times. Expression of (A) FRMD4A and (B) E-cadherin in the rectal cancer tissues

(magnification, x200). FRMD4A, FERM domain-containing 4A.
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Figure 3. Expression of FRMD4A protein in rectal cancer tissues. Total proteins were harvested from the tumor samples and controls and analyzed by western
blotting to detect the expression of FRMD4A protein. GAPDH was used as a loading control. The experiments were repeated at least 3 times. Representative
blots of FRMD4A protein in the (A) rectal cancer patients and the normal adjacent tissues, (B) the NO and N1 groups, (C) highly, moderately and poorly
differentiated rectal cancer tissues and (D) the Dukes' stage A and B and Dukes' stage C and D groups. FRMD4A, FERM domain-containing 4A; GAPDH,
glyceraldehyde 3-phosphate dehydrogenase; NO, no lymph node metastasis; N1, metastasis to lymph node.

immunohistochemical analysis was used to detect the expres-
sion of the two proteins in rectal cancer tissue samples (Fig. 2).
Spearman correlation analysis was performed to analyze the
correlation between FRMD4A and E-cadherin expression in
rectal cancer. In the tissue sections, FRMDA4A expression was
found to be negatively correlated with E-cadherin expression
(r=-0.410, P<0.01), indicating that a negative correlation exists
between these two proteins in rectal cancer.

Expression of FRMDA4A protein is increased in rectal cancer.
To determine the expression of FRMD4A protein in rectal
cancer, western blotting was performed. As shown in Fig. 3,
the relative expression level of FRMD4A protein in rectal
cancer tissues (3.97+0.20) was significantly increased when
compared with that in the normal adjacent tissues (P<0.05).
The relative expression level of FRMD4A protein in the N1
group (2.76+0.31) was significantly increased when compared
with that in the NO group (normalized value 1; P<0.05). The
expression level of FRMD4A protein in cancers of Dukes'
stage C and D (1.78 + 0.24) was significantly higher compared
with that in cancers of Dukes' stages A and B (normalized

value 1; P<0.05). The correlation between the FRMD4A
expression level and the degree of differentiation of the rectal
cancer was observed to be negative. These results indicate
that the expression of FRMDA4A protein is increased in rectal
cancer tissue. FRMD4A may be associated with the invasion
and metastasis of rectal cancer, and negatively correlates with
the degree of differentiation.

Expression of FRMD4A mRNA is increased in the peripheral
blood of rectal cancer patients. To determine the expression
of FRMD4A mRNA in the peripheral blood of rectal cancer
patients, RT-qPCR analysis was performed. As shown in
Fig. 4, the expression of FRMD4A mRNA in the peripheral
blood of patients with rectal cancer (3.24+0.13) was signifi-
cantly increased compared with that in healthy individuals
(P<0.05). The expression of FRMD4A mRNA in the N1
group (4.29+0.20) was significantly increased compared with
that in the NO group (2.31+0.28) and the control (P<0.05).
Expression levels of FRMD4A mRNA in cancers of Dukes'
stages C and D were significantly increased compared with
those in cancers of Dukes' stages A and B (P<0.05). These
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Figure 4. RT-qPCR detection of FRMD4A mRNA. Total RNA was harvested from tissues and RT-qPCR was performed to analyze the FRMD4A mRNA
levels in rectal cancer patients. The levels (mean value) of FRMD4A transcript were calculated. Error bars show standard deviation. The experiments were
repeated at least 3 times. Expression of FRMD4A mRNA in (A) rectal cancer and control, (B) the NO and N1 groups and (C) the Dukes' stage A and B and
Dukes' stage C and D groups. ‘P<0.05. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; FRMD4A, FERM domain-containing 4A; NO,

no lymph node metastasis; N1, metastasis to lymph node.

results indicate that the expression of FRMD4A mRNA in
peripheral blood is increased in patients with rectal cancer.
The expression of FRMD4A mRNA was increased as the
Dukes' stage of the cancer increased.

Discussion

It has been reported that the expression of FRMDA4A is changed
in some tumors and has an association with tumor invasion
and metastasis (11,15). For example, Goldie e al found that
FRMD4A expression levels are increased in squamous cell
carcinoma, and demonstrated that FRMD4A-knockdown
reduces tumor growth and metastasis (11). In the present
study, immunohistochemistry and western blotting assays
were performed to detect the expression of FRMDA4A in
rectal cancer tissue. The results showed that the expression of
FRMDA4A in rectal cancer tissue was significantly increased
when compared with that in the normal adjacent tissues
(P<0.05). Positive staining of FRMD4A protein was observed
mainly in the cytoplasm, and partly in nucleus. The level of
expression of FRMDA4A increased as the Dukes' stage and
the degree of differentiation decreased in the rectal cancer.
The expression of FRMD4A in patients with lymph node
metastasis was significantly increased compared with that in
patients without lymph node metastasis (P<0.05), indicating
that FRMD4A might be closely associated with the develop-
ment, invasion and metastasis of rectal cancer.

E-cadherin is a marker of epithelial-mesenchymal transi-
tion (EMT) and has a close association with tumor invasion
and metastasis (16,17). It has been reported that erythrocyte
membrane protein band 4.1 like 5 (EPB41L5), which contains
the FERM domain, promotes EMT through the regulation of

cadherin and integrin expression (18). As mentioned earlier,
the FRMD4A protein also contains the FERM domain.
Thus, it is possible that FRMDA4A is associated with EMT.
Therefore, the correlation between FRMD4A and E-cadherin
was examined in the present study. Immunohistochemical
analysis showed that the expression of FRMD4A was nega-
tively correlated with the expression of E-cadherin in rectal
cancer. This suggests that FRMD4A may be involved in
EMT and cell adhesion and may promote the invasion and
metastasis of rectal cancer. The results of RT-qPCR analysis
showed that the expression level of FRMD4A mRNA in the
peripheral blood of patients with rectal cancer was signifi-
cantly increased compared with that in patients in the control
group (P<0.05). The expression levels of FRMD4A mRNA
in the peripheral blood of Dukes' stage C and D subgroups
were significantly increased compared with those in Dukes'
stage A and B subgroups (P<0.05). Since Dukes' stages and
lymph node metastasis are important indicators for the prog-
nosis of patients with rectal cancer (19), increased expression
levels of FRMD4A may indicate a poor prognosis for patients
with rectal cancer.

In conclusion, the present study indicates that the expres-
sion of FRMDA4A is closely associated with the development,
invasion and metastasis of rectal cancer. Therefore, FRMD4A
may play an important role in the early diagnosis and prog-
nosis of patients with rectal cancer. In addition, FRMD4A may
be a potential therapeutic target for rectal cancer.
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