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ABSTRACT

Fas-associated protein with death domain (FADD), a classical adaptor protein
mediating apoptotic stimuli-induced cell death, has been reported to engage in several
non-apoptotic processes such as T cell and cardiac development and tumorigenesis.
Recently, there are several reports about the FADD’s involvement in cell migration,
however the underlying mechanism remains elusive. Here, we present a new finding
that FADD could regulate the expression of FAK, a non-receptor protein tyrosine kinase
overexpressed in many cancers, and played an important role in cell migration in
murine MEF and melanoma cells with different metastatic potential, BL6F10 and B16F1.
Moreover, miR-7a, a tumor suppressor which prohibits cell migration and invasion, was
up-regulated in FADD-deficient cells. And FAK was verified to be the direct target gene
of miR-7a in B16F10 cells. Furthermore, we demonstrate that miR-7a was a necessary
mediator in FADD-regulated FAK expression. In contrast to its classical apoptotic role,
FADD interference could reduce the rate of cell migration, which could be rescued by
inhibiting miR-7a expression. Taken together, our data provide a novel explanation
regarding how FADD regulates cell migration in murine melanoma cells.

INTRODUCTION

According to the World Health Organization
(WHO), in every three cancers diagnosed, there is one
skin cancer. Malignant melanoma accounts for nearly
80% of deaths caused by all skin cancers despite its low
occurrence compared to its non-melanoma counterparts
[1, 2]. Once becoming metastatic, melanoma is associated
with poor prognosis and highly intractable to both
radiotherapy and chemotherapy, which causes the five-year
survival rate of most patients to drop to only 14% [3, 4].
Clinical studies show that melanoma could easily spread
to other parts of body, such as skin, liver, lung and brain
[5]. The lack of effective therapies pushed us to further
explore the complicated genetic networks involved in
melanoma metastasis and seek new therapeutic strategies
to improve clinical outcomes.

Fas-associated protein with death domain (FADD) is
originally identified as an essential adaptor which couples
death receptors with caspase-8 death signals in death
receptor-mediated apoptosis [6—8]. FADD has also been
demonstrated to play a role in non-apoptotic processes.
FADD-deficient mice died in utero about 10 days in gestation,
suggesting essential role of FADD in embryogenesis [9, 10].
FADD knockout lymphocytes are blocked at the DN3 stage
during T cell maturation and have been reported to have
impaired proliferation [11]. Recently, FADD has also been
implicated in tumorigenesis and is frequently amplified in
many cancer cells, acting as a biomarker [12—14]. In head and
neck squamous cell carcinoma, FADD, DRS5 and caspase-8
have been reported to be associated with tumor growth and
metastasis [15, 16]. However, the mechanism of FADD in
tumorigenesis and metastasis remains unknown and requires
further investigation.

www.impactjournals.com/oncotarget

51393

Oncotarget



Focal adhesion kinase (FAK), a 125kDa non-
receptor protein tyrosine kinase first isolated from chicken
and mouse, is an important mediator of extracellular
matrix integrin signaling, cell adhesion, proliferation,
survival and migration [17-19]. FAK homologs share
approximately 95~97% sequence identity across different
organisms [20]. It has been reported that overexpression
of FAK is associated with several types of tumors and is
implicated in tumorgenesis and metastasis [21]. Inhibiting
FAK function, either by small molecular inhibitor,
targeting FAK via RNAI or expressing dominant negative
FRNK, reduced tumor progression and metastasis.

MicroRNAs (miRNAs) are a class of small,
endogenous, non-coding RNAs which typically down-
regulate the expression of their target genes at the post-
transcriptional level. Most of them have a region made of
2~8 nucleotides called “seed” region binding to completely
or partially complementary regions in the 3" untranslated
region (UTR) of those target genes [22]. In the past a few
years, miRNAs have been verified to play essential roles
in a variety of cellular and pathological processes, such as
tumor progression and metastasis [23, 24]. The mechanism
of miRNA regulation is still a relative new and rapidly
growing research area far from complete elucidation.

According to an online cancer transcriptome database
Oncomine, FADD and FAK are both over-expressed in
human melanoma. In this paper, we report that FAK was
down-regulated in FADD-deficient MEF cells (FADD™-
MEFs). Microarray analysis revealed an up-regulation of
miR-7a expression in FADD”* MEFs. FADD deficiency
inhibited FAK expression by promoting miR-7a in two
murine melanoma cells with the same origin and genetic
background but different metastatic potency, B16F10 and
B16F1. Interestingly, we also observed suppression of
FAK expression which retarded cell migration caused by
FADD interference can be abrogated by recovering miR-
7a expression level. We suggest that FADD may play a
novel role in cell migration by regulating FAK expression
at which miR-7a acts as a mediator.

RESULTS

FADD and FAK overexpression was a novel
prognostic factor in several types of cancers
including melanoma

FADD overexpression has been observed in head
and neck squamous cell carcinoma, breast cancer, lung
cancer and early-stage glottic squamous cell carcinoma
and correlates with poor survival rate [12, 14-16,
25, 26]. It was reported that high levels of Fas/DRS/
FADD/caspase-8 death signaling play a critical role in
regulation of cancer metastasis in human head and neck
cancer [15]. And it has been unraveled for years that
FAK signaling pathway is a frequently altered pathway
in tumor metastasis and invasion in various types of

tumors, with the overexpression of FAK in the tumor
tissues and lymph nodes. Here we raised the question
regarding the correlation between expression of FADD
and FAK in melanoma. To check the FADD expression
in human melanoma, we first performed analysis of
published patients’ data using Oncomine (http://www.
oncomine.org), a free online bioinformatic resource of
cancer transcriptome data. It collects clinical mRNA array
data of different genes from different patients all over
the world. After registering an account on Oncomine,
researchers may view a variety of results and quickly
identify studies or analysis of interest. Researchers could
also share their own results and findings by uploading data
to Oncomine. As shown in Figure 1A, FADD mRNA level
was significantly elevated in human melanoma cancer
(p<0.001). Increased FAK expression was also evident
in human melanoma compared to normal skin cells
according to Oncomine (Figure 1B, p<0.0001). Figure 1C
and Figure 1D showed the correlation of the two genes in
both skin and melanoma conditions. And it appears that
correlation between these two genes is more evident in
melanoma cells. Taken together, these findings indicated
a functional linkage between FADD overexpression and
melanoma cancer progression which in turn suggested a
positive correlation between FADD and FAK expression.

FADD-deficiency decreased FAK mRNA and
protein levels in murine embryonic fibroblast cells

To study the correlation between FADD and FAK
expression, FADD-deficient MEF cells (FADD” MEFs)
were used. Interestingly, we found that both mRNA and
protein levels of FAK were decreased in FADD” MEFs
compared with FADD"* MEFs (Figure 2A, 2B and 2C).
Furthermore, we used siRNA of FADD (siFADD) to silence
FADD expression in MEFs and monitored the expression
of FAK. Similarly, the mRNA and protein levels of FAK
were also down-regulated in MEFs transfected with FADD
siRNAs (Figure 2D, 2E and 2F). In contrast, FAK expression
was increased in MEF cells with FADD overexpression. We
amplified the sequence of murine FADD from the cDNA of
B16F10 cells and cloned into pRKS empty vector plasmid,
constructing the pRKS5-FADD plasmid. pRKS5 and pRKS5-
FADD plasmids were then transfected into normal MEF
cells to elucidate the correlation between FAK and FADD
expression. As shown in Figure 2G, the mRNA and protein
levels of FAK increased in MEFs transfected with pRKS5-
FADD plasmids (Figure 2H and 2I).

Expression of miR-7a was up-regulated in
FADD-deficient MEFs

To identify miRNAs potentially involved in the
FADD/FAK network, we performed miRNA microarray
profiling in FADD™ MEF and FADD”- MEF cells. A
total of four miRNAs were differentially expressed (fold
change of > 2, p < 0.01) in FADD-deficient MEF cells,
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including down-regulation of three miRNAs and up-
regulation of one miRNA (Table 1).

To confirm microarray results, qRT-PCR
experiments were performed as shown in Figure 3A. The
results from FADD-knockout cells only can illustrate the
expression of these four miRNAs under the condition
of the absence of FADD. To further understand the
correlation between the expressions of the four miRNAs
mentioned above with the FADD expression level, we took
the other two situations, FADD-knockdown or FADD low-
expression and FADD-overexpression, into consideration.
The results of miR-7a expression detected by qRT-PCR
under these two conditions were shown in the Figure 3B
and 3C, unraveling a negative relationship between miR-
7a and FADD expression levels in MEF cells.

Given that Keith M. Giles et al. [27] have identified
miR-7 as a tumor suppressor miRNA which inhibits
human melanoma cell migration and invasion, and
considering the results mentioned above, we selected miR-
7a for further analysis.

A

*k*%

Relative expression of FADD mRNA

15 y=0.882x-0.9185
R*=0.5765

X: Relative expression of FADD mRNA
Y: Relative expression of FAKmRNA

®

The relationship between FADD, FAK and miR-7a
in murine melanoma cells

As previously mentioned, we demonstrated
that expressions of FAK and FADD were positively
correlated while the expression of miR-7a exhibited
a negative correlation with these two proteins in
MEFs. Here we focused on two murine melanoma
cells, highly metastatic BI6F10 and lowly metastatic
B16F1, attempting to elucidate their expression
profiles and connections. Firstly, we measured the
basic expression of FADD, FAK and miR-7a in these
two murine melanoma cells. As expected, FADD and
FAK showed higher expression level in B16F10 cells
than in B16F1 cells, confirmed by both mRNA and
protein expression measurements (Figure 4A and 4B).
Expression of miR-7a, on the contrary, was reduced
in B16F10 cells compared to B16F1 cells (Figure
4A). This result was consistent with the metastatic
capability of BI16F10 and B16F1 cells. Secondly,
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Figure 1: FADD and FAK overexpression was associated with human melanoma cancer progression. A. Oncomine analysis
of FADD expression in human Melanoma cancer. B. Oncomine analysis of FAK expression in human Melanoma cancer. C. Correlation
analysis of FADD and FAK expression in human normal skin. D. Correlation analysis of FADD and FAK expression in human melanoma

cancer.
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knockdown and overexpression of FADD were both
performed in B16F10s and B16F1 cells, using siRNAs
(NC and siFADD) and plasmids (pRKS5 empty vector
plasmids and pRK5-FADD plasmids). As shown from
Figure 4C to Figure 4J, the qRT-PCR and western
blotting assay indicated a positive correlation between
FAK and FADD expression but a negative correlation
between miR-7a and FADD in these two cells. FADD
knockdown was associated with down-regulation of
FAK but up-regulation of miR-7a (Figure 4C, 4D, 4G
and 4H) while FADD overexpression was associated
with up-regulation of FAK but down-regulation of
miR-7a (Figure 4E, 4F, 41 and 4J), consistent with the
results from MEF cells.

FAK was a target gene of miR-7a in B16F10 cells

Several groups have reported that miR-7 inhibits
migration and invasion via targeting FAK expression in
human breast, cervical and glioblastoma cancer cells [28-30].
Therefore, we assumed a similar role of miR-7a in murine
melanoma cells. BI6F10 was used due to its high expression
profile of FAK. We employed programs miRanda and PicTar
to predict target sites of miR-7a on FAK mRNA.

A potential miR-7a target site was found at position
749-755 of the FAK 3'-UTR. To validate whether FAK is a
miR-7a target gene in murine melanoma cells, FAK mRNA
and protein expression was determined in B16F10 cells
after knockdown or overexpression of miR-7a. As shown
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Figure 2: FADD regulated FAK expression in MEF cells. A. mRNA level of FAK down-regulated in FADD~ MEF cells.
B. and C. Representative western blot analysis (B) and quantification of expression (C) of FADD and FAK in FADD™* and - MEF cells.
a-Tubulin was used as a loading control and the FADD"* MEF cell served as the sample control. D. FADD was interfered by 20 uM siRNA
(siFADD) in MEF cells for 48 h, scramble siRNAs served as negative control (NC). The mRNA expression of FAK decreased in siFADD
samples compared with NC. E. and F. Representative western blot analysis (E) and quantification of expression (F) of FADD and FAK in
FADD knockdown MEF cells by siRNA. GAPDH used as a loading control. MEFs treated with scramble siRNAs served as the sample
control. G. The cloned pRKS5-FADD plasmid was transfected into MEFs to make FADD overexpressed and pRKS empty vector plasmid as
negative control. The mRNA level of FAK increased in cells with pRKS-FADD plasmid compared to the cells with empty plasmid. H. and
I. Representative western blot analysis and quantification of expression of FADD and FAK in FADD overexpression MEF cells. GAPDH
used as a loading control. MEFs transfected with pRKS empty vector plasmid acted as the sample control. mRNA levels were monitored by
qRT-PCR and proteins were detected with indicated antibodies by western blotting. Band intensity was quantified by Image J software. The
results shown are representative of three different experiments. Data are represented as mean + S.D. *p < 0.05; **p < 0.01, ***p < 0.001.
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in Figure SA, miR-7a mimic significantly reduced the
mRNA level of FAK. Conversely, FAK protein expression
was up-regulated in B16F10 cells transfected with miR-7a
inhibitor. Likewise, protein level of FAK was in accordance
with its mRNA level determined by western blot (Figure
5B). Figure 5C shows the expression of miR-7a detected
by qRT-PCR in B16F10 cells treated with miR-7a mimic
and inhibitor. To verify whether the predicted miR-7a
binding sites in the 3-UTR of FAK were responsible for
the regulation, we cloned the original sequence of the

predicted miR-7a binding site as well as a mutated version
into a luciferase reporter vector (FAK-3'UTR and FAK-
3'UTR-mutant) (Figure 5F). The luciferase activity was
significantly decreased in B16F10 cells co-transfected with
FAK-3'-UTR and miR-7a mimic compared to the negative
control miRNA. No change in luciferase activity was
observed for the mutant 3'-UTR of FAK (3'UTR-mutant)
and vector control (pMIRGLO) (Figure 5D and 5E). Taken
together, these data indicated that FAK is a miR-7a target
in BI6F10 murine melanoma cells.

Table 1: Differential miRNA expression in murine fibroblast cell line FADD** MEFs versus FADD”- MEFs

No. Probe_ID FADD” MEF Signal FADD"* MEF Signal Logz[(FADD"/+ MEF)/(FADD”- MEF)]
1 mmu-let-7b 808.60 18231.82 4.54
2 mmu-let-7¢ 3489.63 21282.04 2.58
3 mmu-miR-7a 2541.13 432.78 -2.58
4 mmu-miR-19b 71.51 342.66 2.26
A o
2
-]
S E3 FADD +/+ MEF
< FADD -/- MEF
3
g
k3
8
[7]
¢
o
3
2
®
Q
[\
B C
*
—
E3 NC
* siFADD
3 pRKS
B3 pRK5-FADD

Relative expression of miR-7a and FADD

Relative expression of miR-7a and FADD

e

R

L
&

Figure 3: Expression of miR-7a was up-regulated in FADD-/- MEFs. A. Validation of expression of the only up-regulated
miRNA, miR-7a, screened by microarray analysis in FADD”> MEFs compared with FADD"* MEFs (Table 1) detected by qRT-PCR.
B. and C. When FADD was knockdown by RNAI (B) or overexpressed by transfected pRKS-FADD plasmid (C), the expression of miR-7a
reversely correlated to FADD expression in MEFs. The results shown are representative of three different experiments. Data are represented

as mean £ S.D. *p < 0.05; **p <0.01, ***p <0.001.
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Figure 4: FADD regulated FAK and miR-7a expression in B16F10 and B16F1 melanoma cells. A. and B. In highly metastatic
B16F10 cells, FADD and FAK exhibited higher level of mRNA (A) and protein (B) expression compared to lowly metastatic BI16F1 cells.
Conversely, the expression of miR-7a is lower in B16F10 cells than in BI6F1. B16F1 cells served as the control sample. C. FADD was interfered
by 20 mM siRNA (siFADD) in B16F10 cells for 48 h, scramble siRNAs as negative control (NC). The mRNA expression of FAK decreased in
cells with siFADD compared to NC group while the expression of miR-7a increased. D. Representative western blot analysis and quantification
of expression of FADD and FAK in FADD knockdown B16F10 cells by siRNA. B-actin used as a loading control. E. FADD was overexpressed
by transfected pRK5- FADD plasmid into B16F10 cells for 48 h. The mRNA expression of FAK increased in cells with pRK5-FADD plasmid
compared to those with pRKS empty vector plasmid while miR-7a decreased. F. Representative western blot analysis and quantification of
expression of FADD and FAK in FADD overexpressed BI6F10 cells. B-actin acted as a loading control. G. and I. The mRNA level of FAK
expression also increased while FADD up-regulated (I) and decreased while FADD down-regulated (G) in B16F1 cells. H. and J. Representative
western blot analysis and quantification of expression of FADD and FAK in FADD knockdown (H) or overexpressed (J) B16F1 cells. B-actin
served as a loading control. Cells treated with siRNA scramble negative control (NC) and pRKS empty vector plasmid served as the sample
control. mRNA levels were detected by qRT-PCR and proteins were detected with indicated antibodies by western blotting. Band intensity was
quantified by Image J software. The results shown are representative of three different experiments. Data are represented as mean + S.D. *p <
0.05; **p < 0.01, ***p < 0.001.
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FADD promoted cell migration in murine
melanoma cells while miR-7a inhibited migration

The above studies have shown that FADD regulates
mRNA and protein expression levels of FAK in murine
melanoma cells. Given the oncogenic nature of FAK, we
investigated whether FADD influences cell migration.
B16F1 and BI6F10 cells transfected with the overexpression
pRKS-FADD plasmid or FADD siRNA. As expected,
opposite effects were observed for FADD overexpression

lines compared with the other primary melanoma-derived
cell lines. Here we also confirmed the anti-migratory function
of miR-7a in murine melanoma cells. We increased miR-7a
expression in murine B16F10 cells using miR-7a mimic and
decreased it with miR-7a inhibitor. After a 24 h period, we
found that miR-7a overexpression substantially reduced the
rate of cell migration, while miR-7a knockdown increased
the rate of migration (Figure 6B).

MiR-7a was a mediator in FADD-regulated

and knockdown (Figure 6A). Mueller, D.W. et al. [2]
demonstrated that miR-7 expression was decreased in
human melanoma cells and associated with tumor metastasis.
Keith M. Giles. et al. [27] further announced miR-7 had a
significant down-regulation in two human metastatic cell

expression of FAK

A strong increase of miR-7a expression in FADD-
deficient B16F1 and B16F 10 cells was observed, as reported
above. We then pursued an investigation on whether
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Figure 5: FAK was the target gene of miR-7a in murine melanoma B16F10 cells. A. and B. qRT-PCR and western blotting
analyses of FAK expression in B16F10 cells treated with miR-7a mimic and inhibitor. FAK protein and mRNA levels were reduced in miR-
7a mimic-transfected cells while upregulated in miR-7a inhibitor-transfected cells compared to each negative controls. C. The expression
level of miR-7a after treated by miR-7a mimic and inhibitor detected by qRT-PCR. D. Luciferase reporter assay of co-transfected FAK-
3'UTR plasmid with miR-7a mimic or mimic nc, pmiRGLO together with miR-7a mimic or nc as the negative control. E. Luciferase
reporter assay of co-transfected FAK-3'UTR or FAK-3'UTR-mutant plasmid with miR-7a mimic or miR-7a mimic nc. The luciferase
activity was significantly decreased in co-transfected with FAK-3'-UTR and miR-7a mimic F10 cells compared to the negative control
miRNA. No such changes were noted for the mutant 3'-UTR of FAK and pmiRGLO vector. F. Alignments of nucleotides 749-755 in the
FAK-3'UTR with mmu-miR-7a, and the mutation in the miR-7a-binding site of FAK-3'UTR-mut. mRNA levels were detected by qRT-PCR
and proteins were detected with indicated antibodies by western blotting. Band intensity was quantified by Image J software. The results
shown are representative of three different experiments. Data are represented as mean + S.D. *p < 0.05; **p < 0.01, ***p <0.001.
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miR-7a is essential in the FADD-mediated regulation of cell
migration via FAK. Since B16F10 was highly metastatic
with higher FAK expression than B16F1, we co-transfected
FADD siRNA (siFADD) with either miR-7a mimic or
inhibitor into B16F10 cells. On the other hand, pRKS5-
FADD plasmid was co-transfected with either miR-7a
mimic or inhibitor into B16F1 cells. Wound healing assay
in serum-free DMEM was performed 48 h after transfection.
Scramble siRNA and empty vector plasmid (pRKS) were
used as negative controls. According to our hypothesis, if the

NC

siFADD

pRK5

pRK5-FADD

B

miR-7a mimic nc

miR-7a mimic

miR-7a inhibitor nc

miR-7a inhibitor

weakening of FAK-induced migration by FADD inhibition
was mediated by miR-7a, miR-7a inhibitor would rescue
cells from retarded migration whereas miR-7a mimic would
further inhibit the migratory ability. Similarly, up- or down-
regulated miR-7a expression with mimic or inhibitor would
have the homoplastic effect on FADD-overexpressed cells.
As shown in Figure 7A, after a 24 h period, cells treated
with siFADD migrated significantly slower than siRNA NC,
and the migration of those treated with siFADD and miR-
7a inhibitor was faster than siFADD. siFADD plus miR-7a
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Figure 6: FADD promoted cell migration in murine melanoma cells while miR-7a inhibited it. A. Migration analysis of BI6F10
and B16F1 by wound healing assay at 24 hours. BI6F10s which were transfected with FADD siRNA (siFADD) showed lower migrating
potential compared to the negative control scramble siRNA (NC) while the migration rate of those B16F1 cells transfected with pRK5-FADD
was faster than the transfected with pRKS empty vector plasmid ones. B. Migration analysis of B16F10 transfected with miR-7a mimic or
inhibitor by wound healing assay at 24 hours. Cells overexpressed miR-7a migrated slower than its negative control while miR-7a knockdown
provided a faster rate of migration compared to the miR-7a inhibitor negative control. Band intensity was quantified by Image J software. The
results shown are representative of three independent experiments. Data are represented as mean + S.D. *p < 0.05; **p < 0.01, ***p <0.001.
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pRKS-FADD and miR-7a inhibitor exhibited the fastest migration rate among the four different samples. C. and D. BI6F1 melanoma cells
treated with pRKS empty vector plasmids, pRK5-FADD plasmids, pRKS5-FADD plasmids plus miR-7a mimic and pRKS-FADD plasmids
plus miR-7a inhibitor, were collected and suspended in PBS. Then the treated cells were injected into the tail vein of C57BL/6 mice. After
14 days, mice were sacrificed with all the lung tissues were excised and the surface lung tumor nodules were counted. The representative
pictures of lung metastases (C) and the number of metastasis foci on the surface of lung (D). Data are presented as mean + S.D. n=5. E, F.
and G. Representative western blot analysis (E) and quantification of expression of FADD (F) and FAK (G) in the miR-7a inhibitor/mimic
co-transfected with FADD siRNAs experiment in B16F10s assessed by western blot. H, I. and J. Representative western blot analysis (H)
and quantification of expression of FADD (I) and FAK (J) in the miR-7a inhibitor or mimic co-transfected with pRK5-FADD experiment in
B16F 1s assessed by western blot. B-actin served as a loading control. Cells treated with siFADD scramble siRNA negative control (NC) and
miR-7a mimic or inhibitor nc served as the sample control in the former experiment, while those treated with pRKS empty vector plasmid
and miR-7a mimic or inhibitor nc served as the sample control in the latter one. K. The systematic schema of the relations between FADD,
FAK and miR-7a. Band intensity was quantified by Image J software. The results shown are representative of three different experiments.
Data are represented as mean + S.D. *p < 0.05; **p <0.01, ***p <0.001.
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mimic conferred even more potent migratory inhibition than
siFADD alone. In contrast, cells co-transfected with FADD
plasmid (pRKS-FADD) plus miR-7a inhibitor migrated
remarkably faster than those transfected with FADD plasmids
alone. FADD overexpression increased the migratory ability
of B16F1 cells which can be inhibited by miR-7a mimic
(Figure 7B). To further verify our results, we created a mice
lung metastatic model in vivo. Twenty female C57BL/6 mice
were divided into 4 groups (5 animals/group). We injected the
four groups of mice with B16F1 melanoma cells transfected
with pRKS empty vector plasmids, pRKS-FADD plasmids,
pRKS5-FADD plasmids plus miR-7a mimic, or pRK5-FADD
plasmids plus miR-7a inhibitor through tail vein. After 14
days, all mice were sacrificed and lung tissues were excised.
Surface lung tumor nodules were counted to quantify
metastatic ability at which more tumor nodules correspond
to higher metastatic ability. As shown in Figure 7C and 7D, in
vivo result was consistent with that in intro (Figure 7B). Mice
injected with pRKS-FADD-transfected cells had more tumor
nodules than those in the pRKS group, whereas the number
of tumor nodules seemed to be reduced by miR-7a mimic but
increased by miR-7a inhibitor. Western blotting analysis was
used to demonstrate the protein levels of FADD and FAK in
these two experiments (Figure 7E and Figure 7H). According
to the quantitative analysis, protein level of FAK in these two
experiments was consistent with their respective metastatic
ability. As shown in Figure 7G, B16F10 cells treated with
FADD siRNA scramble (NC) plus miR-7a inhibitor exhibited
higher protein level of FAK than NC plus miR-7a inhibitor
nc, but the protein level of FAK in BI6F10 cells treated with
siFADD plus miR-7a inhibitor significantly decreased, though
it did not decrease as much as that in B16F10 cells treated
with its control DNA (siFADD plus miR-7a inhibitor nc). We
then monitored FAK expression of cells co-transfected with
miR-7a mimic and FADD siRNA. It was not surprising that
FAK expression was dramatically reduced compared to the
cells treated with NC and miR-7a mimic, where the latter
ones already exhibited decreased FAK expression compared
to the two basic NC and miR-7a mimic nc. Likewise, Figure
7] showed that the up or down-regulation of miR-7a could
decrease or increase the expression of FADD-induced FAK
in B16F1 cells, respectively. To sum up, these results suggest
that miR-7a was an important mediator in FADD-regulated
expression of FAK in both B16F10 and B16F1 cells. The
FADD/miR-7a/FAK pathway acted as a regulatory pathway
of migration in murine melanoma cells, and this finding was
consolidated by an in vivo mouse metastatic model.

DISCUSSION

FADD is originally identified as an adaptor protein in
the apoptotic signaling pathway which couples Fas receptor
and caspase-8 death signals. Its essentiality in apoptosis
has been well-documented [6, 31, 32]. Interestingly, FADD
has also been reported to play an emerging role in non-
apoptotic processes such as cell cycle, embryogenesis,

lymphocyte development and proliferation [10, 33, 34].
FADD overexpression has been observed in head and neck
squamous cell carcinoma, breast cancer, lung cancer and
early-stage glottic squamous cell carcinoma and is associated
with poor survival [12, 14-16, 25, 26]. It has been reported
that Fas/DRS/FADD/caspase-8 death signaling pathway plays
a critical role in regulation of cancer metastasis in human
head and neck cancer [15]. Pattje W, ef al. [16] and Zhang,
C, et al. [35] also demonstrated that FADD was associated
with a higher incidence of lymph node metastases and
might cause an increased risk of distant metastasis in head
and neck squamous cell carcinoma. And Fas/FasL complex
promoted proliferation and migration via the FADD/FLIP/
TRAF/NF-kB pathway in brain endothelial cells. However,
the mechanisms between FADD and tumor metastasis or cell
migration are still unclear, especially in melanoma. This study
illustrates a potential role of FADD in murine melanoma cell
migration by regulating FAK expression; a pathway that
involves miR-7a as a crucial mediator.

FAK signaling pathway was frequently reported to
promote cell migration or tumor metastasis and invasion
in various types of tumors, with FAK overexpressed
in the tumor tissues and lymph nodes. In this report,
we discovered that the expression of FAK, which was
closely related to cell spreading and migration, was
down-regulated in FADD-deficient murine fibroblast
cell line (FADD” MEFs) (Figure 2A). Subsequently,
we investigated both mRNA and protein levels of
FAK in MEFs depleted of FADD or bearing FADD
overexpression and the results indicated that FAK
expression was correlated with FADD positively. Based
on these results and the numerous reports on FAK’s
importance in and contribution to cell adhesion, spreading,
proliferation, migration and invasion, we began to
explore the mechanism of FADD’s involvement in cell
migration through regulation of FAK expression. We also
investigated the relationship between FADD and FAK
expression in two murine melanoma cell lines, BI6F10
and B16F1, and obtained consistent results with MEFs.
Although the up-regulation of FAK in B16F10 caused by
extrinsic transfection of pRKS5-FADD plasmid was not
obvious compared to the empty vector plasmid (pRKS)
transfection, it does not contradict our hypothesis, to some
extent. We have to admit that the difference between the
highly metastatic melanoma cell line B16F10 and the
lowly metastatic cell line BI6F1 may exist, though they
are both obtained from B16F0. The highly metastatic
melanoma cell line B16F10 expresses high basic levels of
FADD and FAK, low basic levels of miR-7a. The decrease
in miR-7a caused by artificial overexpression of FADD
in B16F10 was not obvious compared to that in lowly
metastatic cell line B16F1, leading to an inconspicuous
change in FAK expression in B16F10 (Figure 4E and
4F), compared to a profound change in FAK in B16F1
(Figure 41 and 4J). However, when miR-7a was directly
inhibited by an inhibitor a much more prominent
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change in FAK can be observed in B16F10 (Figure 5B).
Therefore, it is reasonable to conclude that the miR-7a’s
response to FADD overexpression in B16F10 cells was
not as sensitive as that in B16F1 cells. But when FADD
expression was suppressed in these two cells, miR-7a’s
responses were sensitive in both B16F10 and B16F1
cells (shown in Figure 4C, 4D, 4G and 4H). As a result,
FAK expression decreased in both these two melanoma
cells. Detailed mechanism involving FADD/miR-7a/FAK
in these two melanoma cells still remains exclusive and
requires further investigation.

With the help of microarray and qRT-PCR analysis,
we predicted that miR-7a, a reported tumor suppressor
miRNA which inhibits tumor migration and invasion, might
be an indispensable player in the interplay between FADD
and FAK (Table 1 and Figure 3A, 3B and 3C). Hsa-miR-7
(the same sequence as mmu-miR-7a) has been reported to
inhibit EMT transition, metastasis and invasion in human
breast, cervical cancer and glioblastoma cells via targeting
focal adhesion kinase [28, 29, 36]. Both miR-7 and FAK
have been reported to regulate melanoma migration and
invasion, but the effects exerted by miR-7 and FAK in
melanoma are opposite. miR-7 prohibits migration while
FAK promotes it [27, 36—38]. We reasoned that miR-7a
must bear a similar function by targeting FAK expression
in melanoma as it does in other types of cancer. To verify
our assumption, we transfected the mimic and inhibitor of
miR-7a into B16F10 cells followed by analysis of mRNA
and protein levels of FAK (Figure SA and 5B). The results
confirmed our assumption. We then cloned FAK-3'UTR and
FAK-3'UTR-mutant into luciferase reporter plasmids, co-
transfected them with miR-7a mimic and investigated their
luciferase activities. The decrease of luciferase activities in
cells co-transfected with functional FAK-3" UTR plasmid
and miR-7a mimic plasmid confirmed FAK is the target
gene of miR-7a in melanoma as well.

Since both miR-7a and FAK were reported to be
involved in cell migration in melanoma [27, 36, 37, 39],
and our previous study demonstrated FADD’s correlations
with the two of them. Therefore it was reasonable to
assume that FADD could have impact on cell migration
via miR-7a targeting FAK signaling pathway in murine
melanoma cells. We used wound healing assay to probe
cell migratory ability under FADD and miR-7a knockdown
or overexpression conditions. Our results revealed that the
migration rate of BI6F10 cells was significantly reduced
when FADD expression was interfered by RNA1, but the
migration rate was restored when cells were co-transfected
with FADD siRNA and miR-7a inhibitor (Figure 7A). FAK
expression correlates positively with cell migratory ability
(Figure 7E, 7F and 7G). Since the basic FAK expression
level in B16F10 was originally high, we chose B16F1 to
study FAK expression and cell migratory ability in cells
with up and down-regulated miR-7a along with FADD
overexpression (Figure 7B, 7H, 71 and 7J). To further
verify our in vitro results, we conducted a mice lung

metastasis model experiment. The results from animal
experiment (Figure 7C and 7D) appeared to be consistent
with the cell migration results in vitro very well (Figure
7B). To summarize, both in vitro and in vivo data suggest
a crucial role of miR-7a in FADD-regulated expression of
FAK and cell migration.

In conclusion, we provide a new model of regulation
of cell migration by the FADD-miR-7a-FAK pathway in
murine melanoma cells. As the systematic schema showed
in Figure 7K, by elevating the expression of miR-7a,
FADD interference could decrease the expression of FAK
expression. Although we have not elucidated a detailed
mechanism of how FADD regulates the expression of
miR-7a, we suspect that FADD may regulate miR-7a’s
expression by altering transcriptional activity of hnRNP
K pre-mRNA transcript from which miR-7a is derived
[40]. We have reasons to believe that miR-7a could be
regulated by FADD at the transcription level and further
efforts are required to unravel a more comprehensive
mechanism. As for the relationship between miR-7a and
FAK, miR-7a could suppress FAK expression through
binding to 3'UTR of FAK mRNA and lead to subsequent
mRNA degradation. Down-regulated FAK further
inhibits cell migration. This model also helps to explain
why FADD interference may reduce the metastasis of
melanomatosis and opens new perspectives for cancer
therapy. Although murine melanoma cells lines were used
in this work, studies using human melanoma cells lines
(e.g. A375, A2058 and Lul205) have reported similar
results, where cell migration can be inhibited by FAK
suppression in combination with some other miRNA or
small molecule [41-43]. Furthermore, several groups
have used both B16F10 and A375 cell lines to study the
molecular mechanisms of melanoma cells, assuring a great
experimental value of murine melanoma cells [44—46].
Therefore, we believe our study in murine melanoma is
of significant clinical meaning. Importantly, our work
suggests that the FADD-miR-7a-FAK pathway can be a
promising therapeutic target for melanoma cancer therapy.

MATERIALS AND METHODS

Cell lines and animals

Murine fibroblast cell line MEF and melanoma cell
line BI6F10, B16F1 were purchased from the American
Type Culture Collection. Construction and validation of
the MEF cell lines were performed in Dr. Astar Winoto’s
Laboratory (UC Berkeley, Berkeley, CA) as previously
described [47]. Cells were stored and recovered from
cryopreservation in liquid nitrogen and cultured in DMEM
(Wisent, Canada) medium plus 10% FBS (Invitrogen,
USA), 50 mg/ml streptomycin and 50 U/ml penicillin and
cultured in 5% CO, humidified atmosphere. Six-week-old
healthy female C57/B6 mice were purchased from Vitalriver
(Beijing, China) and maintained in pathogen-free conditions
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for one week prior to experiments. All animal procedures
were performed according to the protocol approved by the
Nanjing University Animal Care and Use Committee.

miRNA microarray analysis

FADD™ MEF and FADD” MEF cells were seeded
in two 60 mm dishes (5 x 10° each) for 24 h before
collection. After 24 h, cells were washed twice with PBS
and lysed with 1 ml Trizol for 15 min and harvested.
And the miRNA microarray analysis was carried out in
Shanghai Kangcheng Co. Ltd.

Plasmid construction and luciferase reporter
assay

The sequence of murine FADD was amplified from
cDNA of B16F10 cells and cloned into pRKS empty vector.
The postulated miR-7a target sequence of the murine FAK
3’ untranslated region (3'UTR) was 5-GUCUUCC-3',
corresponding to nucleotides 749-755, as predicted by
miRanda and PicTar. To show that miR-7a inhibits the
expression of the murine FAK gene by directly binding to
its 3'UTR, the murine FAK 3'UTR was amplified and cloned
into the pmirGLO Vector (Promega, USA), downstream of
the luciferase gene, named pGL-FAK-3'UTR. And another
vector named pGL-FAK-3'UTR-mutant was generated
from pGL-FAK-3'UTR by deleting the putative binding
site for miR-7a “GUCUUCC”. The primers used were as
follows: FADD, 5-AATTGAGCTCATGGACCCATTC
CTGGTGCT-3' (Forward),; 5-GCTTAAGCTTTCAGG
GTGTTTCTGAGGAAGAC-3 (Reverse); FAK-3'UTR,
5'-CGAGCTCGCCCCTGGCCATTGAACG-3' (Forward);
5'-CCTCGAGCCCGGCGCCACCTTTTTA-3" (Reverse);
FAK-3'UTR-mutant, 5'-GTCTCAGAAGTCAGGGAGGA
CCCCGCAGGACAA-3' (Forward); 5'-CCTGCCTTCTAA
GACGCAATGAAGGTCAGTTAG-3' (Reverse).

For the luciferase reporter assay, cells were originally
seeded in a 24-well plate for 24 h. In each well, luciferase
reporter vector and miR-7a mimic were co-transfected
using Lipofectamine 2000 reagent (Invitrogen, USA).
48 h post-transfection, B16F10 cells were washed twice
with PBS and lysed with 100 mL Passive Lysis Buffer
for 15 min and harvested. Firefly and Renillaluciferase
activities were measured using the GloMaxTM 20/20 Dual-
Luciferase Reporter assay system (Promega) according to
the manufacturer’s protocols. Firefly luciferase activity was
normalized to Renillaluciferase activity.

Transfections of miRNA, small interfering RNA
(siRNA) and murine FADD expression plasmid

All synthetic miRNA products including miR-
7a mimic (dsRNA oligonucleotides), negative control
mimic (NC) (micrON™ mimic Negative Control #22,
Standard, 2nmol), miR-7a inhibitors, inhibitor negative

control (micrOFF™ inhibitor Negative Control #22,
Standard, 2nmol) were purchased from RiBoBio
(Guangzhou, China). siRNAs and the negative control
(NC) were purchased from Shanghai GenePharma Co.
Ltd. The sequences of siRNA and miRNAs are as follows:
FADD: 5-ACGAUCUGAUGGAGCUCAA-3’; miR-
7a (MIMAT0000677): 5'-UGGAAGACUAGUGAU
UUUGUUGU-3'". Cells were seeded into six- or twelve-
well plates the day before transfection, ensuring about
50% cell confluence at the moment of transfection. For
transfection, cells were transiently transfected with
miRNAs, siRNAs or plasmids using lipofectamine 2000
(Invitrogen, USA) according to the manufacturer’s
instructions. The oligonucleotides were used at a final
concentration of 50 nM.

RNA isolation and quantitative real-time PCR

Total RNA was isolated with Trizol reagent
(Invitrogen, USA) following the manufacturer’s instruction.
Quantitative real-time PCR was performed using reverse
transcription kit (Takara, Japan) and SYBR Green PCR
Master Mix (Roche, Germany). For quantitation of mRNA,
I mg total RNA was reverse-transcribed with random
primers while the stem-loop method was used for miRNA.
The PCR cycling conditions were as following, an initial
hot start at 95 °C for 10 min, followed by 40 cycles at 95°C
for 10 s and 60°C for 30 s. Quantification was done using
the 244 relative quantification method with mouse B-actin
as an internal control for mRNAs while U6 as an internal
control for miRNAs. The primer sequences are as follows:
FADD, 5'-CGGGCAACGATCTGATGGA-3' (forward) and
5-ACAATGTCAAATGCCACCTGC-3' (reverse); FAK,
5'-CCATGCCCTCGAAAAGCTATG-3" (forward) and
5'-TGACGCATTGTTAAGGCTTCT-3' (reverse); -actin,
5'-AGAGGGAAATCGTGCGTGAC-3" (forward) and
5'-AGGAGCCAGAGCAGTAATCTC-3' (reverse); miR-7a
stem loop, 5-CTCAACTGGTGTCGTGGAGTCGGCAAT
TCAGTTGAGACAACAAA-3’, miR-7a forward, 5'-ACA
CTCCAGCTGGGTGGAAGACTAGTGATTT-3'; miRNA
Universal Reverse, 5-TGGTGTCGTGGAGTCG-3'; U6
Forward, 5-CTCGCTTCGGCAGCACA-3', U6 Reverse,
5'-AACGCTTCACGAATTTGCGT-3'.

Western blot analysis

Cells were washed twice with ice-cold PBS after
collection. Total proteins in cells were lysed with RIPA
buffer (protein inhibitor included) for 40 min then
centrifuged (12,000 rpm, 10 min, 4 °C). The extracted
proteins were separated using 12% SDS-PAGE and
transferred to PVDF membranes (Millipore, Bedford, US).
After that, the membranes were blocked in non-fat 5% milk
at room temperature for 1 h then blotted with an appropriate
primary antibody at 4 °C overnight. After three washes
in PBS containing 0.1% Tween 20, the membranes were
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incubated in a second antibody of mouse or rabbit specific
for each primary antibody for 1 h at room temperature the
following day. After three washes in PBS with 0.1% Tween
20, the blots were visualized using ECL detection reagents.
Antibodies used for Western Blotting were as follows: anti-
FADD (Abcam, ab108601), anti-FAK (BD Bioscience,
610088), anti-B-actin (ABGENT, AM1021B), anti-GAPDH
(Santa Cruz biotechnology, L.-3113) and anti-alpha-Tubulin
(Epitomics, 2871-1). b-Actin, GAPDH, a-Tubulin served
as loading controls in different experiments. Bands were
quantified by Image J software.

Scratch wound healing assay

After a 36 h period post-transfection with miRNA
mimic/inhibitor, sSiRNA or vector, cells were seeded to 90%
confluence in a six-well plate for overnight culture. The
transfected cells were kept in serum-free medium for 12 h
before the following morning a scratch was made with a 200
ml sterile pipette tip to create an open “wound”. Then the
dislodged cells were removed by three washes with PBS,
the rest adherent cells were still incubated in serum-free
DMEM. Migration into the open wound was photographed
at different time points until the scratch was nearly closed.

Pulmonary metastasis model assay

C57BL/6 mice were divided into 4 groups (5
animals/group): pRKS, pRK5-FADD, pRKS-FADD+miR-
7a mimic and pRK5-FADD+miR-7a inhibitor. B16F1
melanoma cells treated with pRKS empty vector plasmids,
pRKS-FADD plasmids, pRKS5-FADD plasmids plus
miR-7a mimic and pRK5-FADD plasmids plus miR-7a
inhibitor, were collected and suspended in PBS. Then
the treated B16F1 cells (6 x 10° cells in 200 ml PBS per
mouse) were injected into the tail vein of C57BL/6 mice.
After 14 days, mice were sacrificed and lung tissues were
excised. Surface lung tumor nodules were counted.

Statistical analysis

Each experiment was repeated at least three times.
The results were presented as the means = SD for all
values. The differences between groups were analyzed
with Student’s t-test; P-values indicated in figures are
<0.05 (*), <0.01 (**), and <0.001 (***).

ACKNOWLEDGMENTS

The authors are grateful to grants from the Nature
Science Foundation of China (81421091), Doctoral
Station Science Foundation from the Chinese Ministry
of Education (20130091130003), the Jiangsu Provincial
Nature Science Foundation (BZ2012050 and BE2013630),
the Open Project Programs from the State Key Laboratory
of Natural Medicines of China Pharmaceutical University

(G140014) and the State Key Laboratory of Bioelectronics
of Southeast University, the Bureau of Science and
Technology of Changzhou (CZ20130011, CE20135013).

CONFLICTS OF INTEREST
The authors declare no conflict of interest.

Abbreviations

FADD, Fas-associated protein with death domain;
FAK, Focal Adhesion Kinase; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; MEF, mouse embryonic
fibroblasts; NC, negative control; qRT-PCR, quantitative real-
time PCR; PBS, phosphate buffered saline; FBS, fetal bovine
serum; DMEM, Dulbecco’s modified Eagle’s medium.

REFERENCES

1. Shore RN, Shore P, Monahan NM and Sundeen J. Serial
screening for melanoma: measures and strategies that have
consistently achieved early detection and cure. J Drugs
Dermatol. 2011; 10:244-252.

2. Mueller DW and Bosserhoff AK. Role of miRNAs in the
progression of malignant melanoma. British journal of
cancer. 2009; 101:551-556.

3. Boyle GM. Therapy for metastatic melanoma: an overview
and update. Expert review of anticancer therapy. 2011;
11:725-737.

4. Flaherty KT. Targeting Metastatic Melanoma. Annu Rev
Med. 2012; 63:171-183.

5. Cummins DL, Cummins JM, Pantle H, Silverman MA,
Leonard AL and Chanmugam A. Cutaneous malignant
melanoma. Mayo Clinic proceedings. 2006; 81:500-507.

6. Chinnaiyan AM, Orourke K, Tewari M and Dixit VM. Fadd,
a Novel Death Domain-Containing Protein, Interacts with
the Death Domain of Fas and Initiates Apoptosis. Cell.
1995; 81:505-512.

7. Chinnaiyan AM, Tepper CG, Seldin MF, ORourke K,
Kischkel FC, Hellbardt S, Krammer PH, Peter ME and
Dixit VM. FADD/MORT1 is a common mediator of
CD95 (Fas/APO-1) and tumor necrosis factor receptor-
induced apoptosis. Journal of Biological Chemistry. 1996;
271:4961-4965.

8. Zhang JK, Cado D, Chen A, Kabra NH and Winoto A.
Fas-mediated apoptosis and activation-induced T-cell
proliferation are defective in mice lacking FADD/Mortl.
Nature. 1998; 392:296-300.

9. Yeh WC, de la Pompa JL, McCurrach ME, Shu HB, Elia
AlJ, Shahinian A, Ng M, Wakeham A, Khoo W, Mitchell
K, El-Deiry WS, Lowe SW, Goeddel DV and Mak TW.
FADD: essential for embryo development and signaling
from some, but not all, inducers of apoptosis. Science.
1998; 279:1954-1958.

www.impactjournals.com/oncotarget

51405

Oncotarget



11.

12.

14.

15.

17.

18.

20.

21.

22.

Imtiyaz HXZ, Zhou XH, Zhang HB, Chen DH, Hu TS
and Zhang JK. The Death Domain of FADD Is Essential
for Embryogenesis, Lymphocyte Development, and
Proliferation. Journal of Biological Chemistry. 2009;

284:9917-9926.

Kabra NH, Kang C, Hsing LC, Zhang J and Winoto A. T
cell-specific FADD-deficient mice: FADD is required for
early T cell development. Proceedings of the National
Academy of Sciences of the United States of America.
2001; 98:6307-6312.

Bhojani MS, Chen G, Ross BD, Beer DG and Rehemtulla
A. Nuclear localized phosphorylated FADD induces cell
proliferation and is associated with aggressive lung cancer.
Cell cycle. 2005; 4:1478-1481.

Shimada K, Matsuyoshi S, Nakamura M, Ishida E and
Konishi N. Phosphorylation status of Fas-associated death
domain-containing protein (FADD) is associated with
prostate cancer progression. Journal of Pathology. 2005;
206:423-432.

Rasamny JJ, Allak A, Krook KA, Jo VY, Policarpio-Nicolas
ML, Sumner HM, Moskaluk CA, Frierson HF and Jameson
MIJ. Cyclin D1 and FADD as Biomarkers in Head and Neck
Squamous Cell Carcinoma. Otolaryng Head Neck. 2012;
146:923-931.

Sun SY. Understanding the Role of the Death Receptor 5/
FADD/caspase-8 Death Signaling in Cancer Metastasis.
Molecular and cellular pharmacology. 2011; 3:31-34.
Pattje WJ, Melchers LJ, Slagter-Menkema L, Mastik MF,
Schrijvers ML, Gibcus JH, Kluin PM, Hoegen-Chouvalova
O, van der Laan BFAM, Roodenburg JLN, van der Wal
JE, Schuuring E and Langendijk JA. FADD expression is
associated with regional and distant metastasis in squamous
cell carcinoma of the head and neck. Histopathology. 2013;
63:263-270.

Hanks SK, Calalb MB, Harper MC and Patel SK. Focal
adhesion protein-tyrosine kinase phosphorylated in
response to cell attachment to fibronectin. Proceedings of
the National Academy of Sciences of the United States of
America. 1992; 89:8487-8491.

Zhao X and Guan JL. Focal adhesion kinase and its
signaling pathways in cell migration and angiogenesis. Adv
Drug Deliver Rev. 2011; 63:610-615.

Mitra SK, Hanson DA and Schlaepfer DD. Focal adhesion
kinase: In command and control of cell motility. Nat Rev
Mol Cell Bio. 2005; 6:56-68.

Whitney GS, Chan PY, Blake J, Cosand WL, Neubauer
MG, Aruffo A and Kanner SB. Human T-Lymphocyte and
B-Lymphocyte Express a Structurally Conserved Focal
Adhesion Kinase, Pp125(Fak). DNA and cell biology. 1993;
12:823-830.

Parsons JT. Focal adhesion kinase: the first ten years.
Journal of cell science. 2003; 116:1409-1416.

Bartel DP. MicroRNAs: Target Recognition and Regulatory
Functions. Cell. 2009; 136:215-233.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Lee E, Ito K, Zhao Y, Schadt EE, Irie HY and Zhu J.
Inferred miRNA activity identifies miRNA-mediated
regulatory networks

underlying multiple cancers.

Bioinformatics. 2015.
Baranwal S and Alahari SK. miRNA control of tumor cell
invasion and metastasis. International journal of cancer.
2010; 126:1283-1290.

Dent P. FADD the bad in head and neck cancer. Cancer
biology & therapy. 2013; 14:780-781.

Schrijvers ML, Pattje WJ, Slagter-Menkema L, Mastik
MF, Gibcus JH, Langendijk JA, van der Wal JE, van
der Laan BFAM and Schuuring E. FADD Expression
as a Prognosticator in Early-Stage Glottic Squamous
Cell Carcinoma of the Larynx Treated Primarily With
Radiotherapy. Int J Radiat Oncol. 2012; 83:1220-1226.

Giles KM, Brown RAM, Epis MR, Kalinowski FC
and Leedman PJ. miRNA-7-5p inhibits melanoma cell
migration and invasion. Biochemical and biophysical
research communications. 2013; 430:706-710.

Kong XJ, Li GP, Yuan Y, He Y, Wu XL, Zhang WJ, Wu
ZS, Chen TT, Wu WY, Lobie PE and Zhu T. MicroRNA-7
Inhibits
Metastasis of Breast Cancer Cells via Targeting FAK

Epithelial-to-Mesenchymal  Transition and

Expression. PloS one. 2012; 7.

Hao ZF, Yang JS, Wang CH, Li YY, Zhang Y, Dong XY,
Zhou LL, Liu J, Zhang YQ and Qian J. MicroRNA-7
inhibits metastasis and invasion through targeting focal
adhesion kinase in cervical cancer. International journal of
clinical and experimental medicine. 2015; 8:480-487.

Wu DG, Wang YY, Fan LG, Luo H, Han B, Sun LH,
Wang XF, Zhang JX, Cao L, Wang XR, You YP and Liu
N. MicroRNA-7 regulates glioblastoma cell invasion via
targeting focal adhesion kinase expression. Chinese medical
journal. 2011; 124:2616-2621.

Zhang J and Winoto A. A mouse Fas-associated protein with
homology to the human Mort1/FADD protein is essential
for Fas-induced apoptosis. Molecular and cellular biology.
1996; 16:2756-2763.

Lee EW, Seo J, Jeong M, Lee S and Song J. The roles of
FADD in extrinsic apoptosis and necroptosis. BMB reports.
2012; 45:496-508.

Werner MH, Wu C and Walsh CM. Emerging roles for the
death adaptor FADD in death receptor avidity and cell cycle
regulation. Cell cycle. 2006; 5:2332-2338.

Zhang J, Kabra NH, Cado D, Kang C and Winoto A.
FADD-deficient T cells exhibit a disaccord in regulation of
the cell cycle machinery. Journal of Biological Chemistry.
2001; 276:29815-29818.

Zhang C, Gao F, Teng F and Zhang M. Fas/FasL Complex
Promotes Proliferation and Migration of Brain Endothelial
Cells Via FADD-FLIP-TRAF-NF-kappaB Pathway. Cell
biochemistry and biophysics. 2014.

Kolli-Bouhafs K, Sick E, Noulet F, Gies JP, De Mey J
and Ronde P. FAK competes for Src to promote migration

WWw

.impactjournals.com/oncotarget

51406

Oncotarget



37.

38.

39.

40.

41.

42.

against invasion in melanoma cells. Cell death & disease.
2014; 5.

Yajima I, Kumasaka MY, Yamanoshita O, Zou CC, Li X,
Ohgami N and Kato M. GNG2 inhibits invasion of human
malignant melanoma cells with decreased FAK activity.
American journal of cancer research. 2014; 4:182-188.

Trimmer C, Whitaker-Menezes D, Bonuccelli G,
Milliman JN, Daumer KM, Aplin AE, Pestell RG, Sotgia
F, Lisanti MP and Capozza F. CAV1 Inhibits Metastatic
Potential in Melanomas through Suppression of the
Integrin/Src/FAK Signaling Pathway. Cancer research.
2010; 70:7489-7499.

Zhang WIJ, Tang B, Huang QL and Hua ZC. Galangin
inhibits tumor growth and metastasis of B16F10 melanoma.
Journal of cellular biochemistry. 2013; 114:152-161.
Choudhury NR, de Lima Alves F, de Andres-Aguayo L,
Graf T, Caceres JF, Rappsilber J and Michlewski G. Tissue-
specific control of brain-enriched miR-7 biogenesis. Genes
& development. 2013; 27:24-38.

Hasnat MA, Pervin M, Lim JH and Lim BO. Apigenin
Attenuates Melanoma Cell Migration by Inducing Anoikis
through Integrin and Focal Adhesion Kinase Inhibition.
Molecules. 2015; 20:21157-21166.

Zhang P, Bai H, Liu G, Wang H, Chen F, Zhang B,
Zeng P, Wu C, Peng C, Huang C, Song Y and Song E.

43.

44.

45.

46.

47.

MicroRNA-33b, upregulated by EF24, a curcumin analog,
suppresses the epithelial-to-mesenchymal transition (EMT)
and migratory potential of melanoma cells by targeting
HMGAZ2. Toxicology letters. 2015; 234:151-161.

Buettner R, Mesa T, Vultur A, Lee F and Jove R. Inhibition
of Src family kinases with dasatinib blocks migration and
invasion of human melanoma cells. Mol Cancer Res. 2008;
6:1766-1774.

Yang F, Yu'Y, Lei Q, Zeng A, Li Y, Xie Y, Ye T and Wei Y.
Lobaplatin arrests cell cycle progression, induces apoptosis
and impairs migration and invasion in B16-F10 melanoma
cell line in vitro. Biomed Pharmacother. 2015; 69:402-408.
Bai J, Zhang J, Wu J, Shen L, Zeng J, Ding J, Wu Y, Gong
Z,Li A, Xu S, Zhou J and Li G. JWA regulates melanoma
metastasis by integrin alphaVbeta3 signaling. Oncogene.
2010; 29:1227-1237.

Fu YM, Yu ZX, Pelayo BA, Ferrans VJ and Meadows GG.
Focal adhesion kinase-dependent apoptosis of melanoma
induced by tyrosine and phenylalanine deficiency. Cancer
research. 1999; 59:758-765.

Hua ZC, Sohn SJ, Kang C, Cado D and Winoto A. A
function of Fas-associated death domain protein in cell
cycle progression localized to a single amino acid at its
C-terminal region. Immunity. 2003; 18:513-521.

www.impactjournals.com/oncotarget

51407

Oncotarget



