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Deubiquitylation and stabilization of Acf7 by ubiquitin carboxylterminal hydrolase 14 (USP14) is critical for NSCLC migration
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The ubiquitin–proteasome system is an essential regulator of Acf7, which serves as a key effector for the
maintenance of the EMT program and migration. However, the precise mechanism for the deubiquitination of
Acf7 is still not fully understood. Using a proteomic approach, we identiﬁed ubiquitin-speciﬁc peptidase 14
(USP14) as an Acf7-associated deubiquitinase. Our ﬁndings show that there was an interaction between USP14
and Acf7. The expression of USP14 and Acf7 were elevated in lung cancer tissues compared to adjacent
normal cells. Employing the overexpression of USP14 and the USP14 knockdown assay indicated that USP14
can greatly increase the steady-state levels of Acf7 by inhibiting the degradation of Acf7 through the ubiquitin–
proteasome pathway. Here we identiﬁed USP14 as a deubiquitinating enzyme that regulated Acf7 ubiquitination and protein levels. Moreover, knockdown of USP14 inhibited cell migration, however, overexpression
of wild-type USP14 but not USP14 mutants promoted cell migration. Together, these results suggest that
USP14 plays an important role in the NSCLC migration through modulating Acf7 stability.
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Abbreviations: Acf7, actin-crosslinking factor 7; EMT, epithelial-to-mesenchymal transition; NSCLC, nonsmall cell lung cancer; USP14, ubiquitin carboxyl-terminal hydrolase 14

1. Introduction
Non-small cell lung cancer (NSCLC) is the primary
frequently diagnosed malignant tumor and the ﬁrst
leading cause of cancer-related death worldwide (Ferlay et al. 2010). Even patients with resectable NSCLC
have a 50–60% risk of migration (Buyukcelik et al.
2004). Therefore, it is essential to explore the molecular mechanism of NSCLC migration, which will
provide important insight into new diagnostic and
http://www.ias.ac.in/jbiosci

therapeutic approaches to improve the prognosis of
NSCLC patients. To achieve migration, cancer cells
undergo a program known as epithelial-to-mesenchymal transition (EMT) (Acloque et al. 2009). During the
phenotypes changing from the epithelial to the mesenchymal, cells undergo junction dissolution and apical-basal polarity inversion (Akhmanova and Steinmetz
2015). The changed invasive phenotypes endue carcinoma in situ into the bloodstream and extravasation,
and, ultimately growth at secondary sites (Hanahan and
Weinberg 2011). The previous researches have shown
that a number of cytoskeletal proteins contribute to
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EMT transition. For example, actin cytoskeleton can
maintain cell motility by providing mechanical strength
(Shankar et al. 2010). The microtubule (MT) network
can promote focal adhesion (FA) dynamics and stabilize the polarized leading edge, leading to enhanced
cell migration (Etienne-Manneville 2013). Intermediate
ﬁlaments can enhance cell motility by switching to
vimentin-rich structures (Herrmann et al. 2009).
Acf7 belongs to a member of the spectraplanin
family, which is mainly located in the cytoplasm. Acf7
co-localizes with the microﬁlament-microtubule skeleton in the cytoplasm (Ka et al. 2014). As a cytoskeleton
factor, Acf7 plays an important role in epithelial cell
depolarization and cell migration, for example, microtubule-microﬁlament depolymerization, cell signal
transduction, molecular transport, embryonic development and other processes (Bernier et al. 2000; Sun
et al. 2001). Cells undergo gene recombination and
cytoskeleton rearrangement during orientation movement, especially the change of microtubule-microﬁlament skeleton (Goode et al. 2000; Palazzo and
Gundersen 2002). In this process, Acf7 can cross-link
microtubule and microﬁlament protein (Wu et al.
2008). Qian et al. (2009) found that the distribution of
intracellular microﬁlaments and microtubules was disordered after Acf7 was interfered with by silencing,
suggesting that Acf7 can stabilize the cytoskeleton. Ma
et al. (2012) and Afghani et al. (2017) found the
expression of Acf7 was positively correlated with the
malignancy of colorectal cancer and glioma, respectively. In vivo experiments showed that Acf7-deﬁcient
mice manifested as weakened tumorigenic ability and
wound recovery (Duhamel et al. 2018). The above
studies demonstrated that Acf7 is highly expressed in a
variety of tumors and mediates cell migration. Recent
studies have revealed that E3 Ubiquitin Ligase
HectD1-mediated Acf7 ubiquitination induced Acf7
protein degradation by ubiquitin/proteasome system
(Duhamel et al. 2018). However, the precise mechanism for the deubiquitination of Acf7 is not well
understood.
The human genome encodes nearly 100 deubiquitinases that can be subdivided into ﬁve families (Fraile
et al. 2012). USP14 is a deubiquitylase that belongs to
the ubiquitin-speciﬁc processing protease (USP) family. Growing evidence has shown that USP14 mainly
promotes tumorigenesis by promoting cell proliferation, migration, activating kinases and inﬂammatory
molecules, and inversely inhibiting cell autophagy and
apoptosis (Chen et al. 2020; Jung et al. 2013; Mialki
et al. 2013; Shinji et al. 2006; Song et al. 2017; Wu
et al. 2013; Zhu et al. 2016), with particular reference

to the USP14, can promote gastric cancer and breast
cancer cell migration (Zhu et al. 2017).
In this report, we identiﬁed USP14 as the ﬁrst deubiquitylase that stabilized Acf7 by protecting Acf7
from proteasomal degradation through deubiquitination. In addition, USP14 was involved in regulating the
migration of NSCLC by targeting Acf7. Together, we
clarify that USP14 plays an important role in NSCLC
migration through modulating Acf7 stability.
2. Materials and methods
2.1 Reagents, tissue specimens and cell culture
The primary and secondary antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA,
USA) and Abcam (Cambridge, UK).
All experiments were performed in accordance with
the Guidelines of the Second People’s Hospital of
Jiaozuo City, The First Afﬁliated Hospital of Henan
Polytechnic University (Jiaozuo, China), and experiments were approved by the ethics committee at the
Second People’s Hospital of Jiaozuo City, The First
Afﬁliated Hospital of Henan Polytechnic University.
Informed consents were obtained from human participants of this study. Lung cancer patients’ and adjacent
normal tissues frozen section were respectively collected from the Pathology Department, the Second
People’s Hospital of Jiaozuo City.
A549, 95D and H1299 cells (Procell) were cultured
in RPMI 1640 (Gibco,USA) supplemented with 10%
FBS (Gibco, USA). 95C (DSMZ) and MRC-5 cells
(Procell) were cultured in DMEM (Gibco, USA) supplemented with 10% FBS. Cells were incubated at
37°C in 5% CO2/95% mixed ambient air.
2.2 Western blot analysis and coimmunoprecipitation (co-IP) assay
The processed cells were lysed in RIPA buffer (Thermo
Fisher Scientiﬁc, Waltham, MA, USA) and then the
centrifuged protein lysates were separated with the
SDS/PAGE. Separated proteins were transferred to an
immobilon-NC Transfer Membrane (Millipore, USA),
which was blocked with 5% skim milk for 1 h at room
temperature. Then, the membranes were incubated
overnight with the respective primary antibodies: antiUSP14 (Santa Cruz, sc-393872,1:200), anti-Acf7
(Santa Cruz, sc-377532,1:100), anti-vimentin (Santa
Cruz, sc-6260,1:100), anti- E-cadherin (Santa Cruz, sc8426,1:100), anti-GAPDH (abcam, ab8245,1:10000),
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anti-Ub (abcam, ab7780,1:5000), followed by incubation in secondary antibody for 1 h at room temperature.
The bands were detected using the chemidoc XRS
imaging system (Bio-Rad) using ECL detection
reagents (Thermo).
Alternatively, the centrifuged protein lysates were
incubated with primary antibody pre-absorbed protein
G sepharose beads at 4°C for 6 h. Then, the incubation
solution was washed with the RIPA buffer and boiled
in 29loading buffer for 10 min. Protein was subjected
to Western blot analysis.
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bovine serum albumin. The cells (19105) were added
to the top chambers of the Transwells (Corning, 8 mm
pore size) in 24-well plates, and media with 10% FBS
was added to the bottom chambers. After overnight
incubation, the cells that remained in the top chamber
(non-migrated) were removed, and the cells in the
bottom chamber (migrated) were ﬁxed. The number of
migrating cells was counted in ten ﬁelds at 2009
magniﬁcation, and the means for each chamber were
determined. All experiments were conducted in triplicate and repeated twice. Quantitative variables of
groups were analysed by Student’s t-test. P\0.05 was
considered statistically signiﬁcant.

2.3 siRNA-USP14 and cell transfection
USP14-target-speciﬁc siRNA (si-USP14) and negativecontrol siRNA (si-NC) were synthesized by Sangon
Biotech (Shanghai, China).
USP14-siRNA#1: 50 -GGAGAAAUUUGAAGGUGUA-30 .
USP14-siRNA#2:
50 -TTGGTAACACTTGTTA0
CAT-3
scrambled siRNA 50 -UUCUCCGAACGUGUCACGUdTdT-30
USP14-shRNA: 50 -TTGGTAACACTTGTTACAT-30
Transfections were performed using the Lipofectamine-2000 transfection system (Thermo, Catalog#11668027, USA) as described in the instruction.
2.4 Construction of the recombinant vector
and cell transfection
The full-length Acf7 open reading frame was ampliﬁed
from A549 by RT-PCR, and cloned into the pCDNAvector
(Addgene). The sequence of USP14 and its corresponding
mutants (USP14-S432A) were cloned into the pEGFP
vector (Solarbio) followed by sequence analysis. The cells
were transfected using Lipofectamine 2000 (Thermo,
USA), according to the manufacturer’s instructions.

2.6 GST pulldown assays
GST-Acf7 construct was transformed into E. coli BL21
(Frdbio, MCC0020) and diluted in fresh complex
medium containing 100 lg/ml ampicillin. The fusion
protein was induced by isopropyl-b-D-thiogalactoside
(IPTG) to 0.5 mM ﬁnal concentration and the cells
grew for an additional 4 hours at 37°C. After, bacteria
were harvested by centrifugation followed by re-suspension in lysis buffer (25 mM Sodium Phosphate
buffer, 500 mM NaCl, 10 mM Beta-mercaptoethanol,
5% Glycerol, 2% Triton X-100) for 30 min at 4°C.
Then, the cells were lysed by mild sonication, and the
supernatant was harvested by centrifugation. The soluble phase was incubated with the prepared glutathione
Sepharose beads (Beyotime catalog no. P2226) and
was rotated end-over-end overnight at 4°C. The Glutathione Sepharose beads were washed by lysis buffer.
The bound protein was eluted by adding Elution buffer
(50 mM Tris-HCL, 40 mM reduced-glutathione
(Sigma, Cat no. G4251). The protein solution obtained
by dialysis was freeze-dried. At last, the protein was
dialysed in dialysis buffer (25mM Sodium Phosphate
buffer, 500 mM NaCl, 20% Glycerol) using a dialysis
cassette (Pierce) at 4°C overnight.

2.5 Cell migration assay and statistics

2.7 Protein half-life assays and IU1inhibition
assays

The cell migration assay was performed according to
the previous literature reports (S Shinji et al. 2006).
H1299 had been transfected with the USP14-shRNAs
or 95C had been transfected with the USP14 or USP14
(S432A) were respectively starved overnight in RPMI
1640 or DMEM media with 0.1% FBS and then trypsinized and resuspended in media containing 0.1%

H1299 cells transfected with the indicated shRNAUSP14 or GFP-USP14 and GFP-USP14 (S432A) were
treated with cycloheximide (50 lgmL-1) for various
periods of time to block protein synthesis.
Cells were treated with 9 lM IU1 (MCE, No:
314245) for 48 h to retain USP14 activity. The protein
was collected and measured using western blot.
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2.8 In vivo ubiquitylation assay
H1299 cells that had transfected HA-Ub were transfected with the indicated lentiviruses or plasmid followed by treatment with 20 lM MG132 for 6 h. The
cell lysate was incubated in RIPA buffer (Beyotime,
catalog no. P0013B) containing 2% SDS, N-ethylmaleimide and protease inhibitors. The lysates were
collected and boiled for 10 min. Then, Cell lysate and
dilution buffer (10 mM TrisHCl, pH8.0, 150 mM
NaCl, 2 mM EDTA, 1% Triton) were incubated at 4°C
for 30 min with rotation. Next, cytosolic protein fractions were collected by centrifugation, followed by
incubation with anti-Acf7 antibodies overnight. The
mixture and protein A/G agarose beads were incubated
for an additional 1 h at room temperature. Then, the
beads were washed three times with wash buffer (10
mM TrisHCl, pH8.0, 1M NaCl, 1 mM EDTA, 1%
Nonidet P-40). The proteins were released from the
beads by boiling the beads in SDS/PAGE sample
buffer, and they were analysed using immunoblotting
with anti-Ub monoclonal antibodies.
Plasmids coding for HA-tagged wild-type ubiquitin
(WT) and ubiquitin mutants K48 and K63 were gifts
from Prof. Junhua Wang (Henan Polytechnic University). Myc-Acf7 and various Ub-ubiquitin mutants
were transfected into H1299 cells infected with the
indicated USP14-shRNA for 24 h. The cells were
treated with 20 lM of the proteasome inhibitor MG132
(Sigma) for 6 h. Myc-Acf7 was immunoprecipitated
with an anti-Myc antibody, and the immunoprecipitates
were probed with anti-Ub antibodies.

2.9 Mass spectrometry analysis
The differentially expressed proteins were excised,
digested with trypsin and identiﬁed by mass spectrometry.MS analysis was measured by a linear ion
trap-orbitrap hybrid mass spectrometer (LTQ-Orbitrap,
Thermo Fisher Scientiﬁc). Data were analysed by
searching the SwissProt using the Mascot search
algorithm.
3. Results
3.1 USP14 interacts with Acf7
Acf7 has been shown to function as a regulator that
facilitates tumor cells’ EMT process. To search for
deubiquitinase that interacts with Acf7, we expressed

Flag-Acf7 and puriﬁed Acf7-bound protein using a
dynabeads coupled anti-Flag antibody. Mass spectrometry-based detection of proteins that were differentially expressed proteins in vector and Flag-Acf7. We
identiﬁed deubiquitinase USP14 in the puriﬁed Acf7
complexes, but not in the control (ﬁgure 1A). Recent
studies suggest that USP14 is involved in tumor cell
migration and is highly expressed in non-small cell
lung cancer (Wu et al. 2013). To evaluate the identiﬁed
protein analysis by LC-MS, proteins in A549 cells
transfected with recombinant Flag-Acf7 were
immunoprecipitated with anti-Flag antibodies. The
results showed that endogenous USP14 was pulled
down by Flag-Acf7 (ﬁgure 1B). To further conﬁrm the
interaction of Acf7 and USP14, we used Co-IP to
verify the correlation of endogenously expressed
USP14 and Acf7. USP14 was immunoprecipitated
from A549 cells, and the associated protein was
detected using Western blotting. The results showed
that Acf7 was detected in the USP14 immunoprecipitation complex, but not in its matching negative control
IgG complex (ﬁgure 1C). Based on the above conclusions, we next determined which domain of USP14 is
responsible for Acf7 interaction. USP14 consists of an
N-terminal ubiquitin-like domain (UBL) and a C-terminal catalytic domain (CAT). We tested the interaction
between Acf7 and Flag-UBL domain, Flag-CAT
domain of USP14 or Flag-USP14 employing co-immunoprecipitation assay. Domain-mapping analysis
revealed that Acf7 was pulled down by the UBL
domain of USP14 and full-length USP14, suggesting
that USP14 bound Acf7 through its UBL domain
(ﬁgure 1D). To rule out the probability that the interaction of USP14 with Acf7 is through other proteins,
we incubated and puriﬁed recombinant Acf7 and
USP14 in vitro. GST-Acf7, but not GST-Control, was
able to pull down His-USP14 (ﬁgure 1E). Together,
these results indicate that USP14 speciﬁcity interacts
with Acf7 in vivo and in vitro.
3.2 USP14 and Acf7 protein levels are enhanced
in NSCLC cell lines and tissues
To gain a closer look at the pathophysiological
signiﬁcance, we ﬁrst examined the protein expression of USP14 and Acf7 in NSCLC cell lines.
Compared with the normal human embryo lung
ﬁbroblast MRC-5, endogenous expression of
USP14 and Acf7 was higher in NSCLC cell lines
(ﬁgure 2A). Then, we measured the protein levels
of USP14 and Acf7 in tissues containing 6 NSCLC
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Figure 1. USP14 interacts with Acf7. (A) Identiﬁcation of Acf7-associated proteins by mass spectrometry (MS). A549 cells were
transfected with control vectors or Flag-Acf7. Flag-Acf7 proteins in the cell lysates were immunoprecipitated with anti-Flag
antibodies. Coomassie blue-stained Flag-Acf7 was identiﬁed by MS. The arrow indicates differentially expressed proteins. (B) Coimmunoprecipitation of Flag-Acf7 and endogenous USP14 proteins. Flag-Acf7 in the cell lysates from the transfected A549 cells were
immunoprecipitated with anti-Flag and immunoblotted with anti-USP14 antibodies. (C) Co-immunoprecipitation of endogenous
USP14 and Acf7 proteins. USP14 proteins in A549 cell lysates were immunoprecipitated with anti-USP14 and immunoblotted with
anti-Acf7 antibodies. (D) Domain-mapping analysis of which domain mediates USP14 interacts with Acf7. Flag-UBL, Flag-CATand
Flag-FL of USP14 in the cell lysates from the transfected A549 cells were respectively immunoprecipitated with anti-Flag and
immunoblotted with anti-Acf7 antibodies. (E) Recombinant GST-Acf7 pulled down recombinant His-USP14. GST and GST-Acf7
beads were co-incubated with biosynthesis His-USP14, the above mixed incubation was immunoblotted with anti-USP14 antibodies.
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and paired adjacent cases using the western blot.
We found that USP14 and Acf7 protein levels were
enhanced in NSCLC tumor tissues (ﬁgure 2B).
Thus, the results suggest that synchronized
expression of USP14 and Acf7 in NSCLC cell
lines and its tissues and USP14 may conduce to
the enrichment of Acf7 in NSCLC.

3.3 USP14 is an Acf7 deubiquitinase
Among the above NSCLC cell lines, H1299 and 95C
cells showed the higher and lower Acf7 expression at
protein levels, respectively. We selected the H1299
and 95C cell lines for further experiments. Given the
interaction of USP14 with Acf7 and synchronized
expression of USP14 and Acf7 in NSCLC, it is
highly likely that USP14 serves as an Acf7 deubiquitinase. To verify the function of USP14 as an Acf7
deubiquitinase, we ﬁrst investigated whether USP14
affects the protein levels of Acf7. Intriguingly,
increasing USP14 expression resulted in a signiﬁcant
increase in endogenous Acf7 levels (ﬁgure 3A).
However, the expression of Acf7 restored to those
prior to the unprocessed group when employing IU1
to retain USP14 activity (ﬁgure 3B). To further
conﬁrm the regulation of Acf7, we performed a
knockdown experiment using two independent
USP14-speciﬁc small interfering RNAs (siRNAs) in
the H1299 and 95C cells. As shown in ﬁgure 3C,
USP14 knockdown abrogated Acf7 levels. Furthermore, the reduction of Acf7 caused by USP14
knockdown could be restored by the proteasome
inhibitor MG132 (ﬁgure 3D), suggesting that USP14
maintains the protein levels of Acf7 by abrogating its
proteasomal degradation. Because the interaction of
USP14 with Acf7 and USP14 regulates the protein
levels of Acf7, we speculated USP14 is able to
stabilize Acf7. To conﬁrm this hypothesis, cells were
treated with cycloheximide (CHX) to inhibit protein
synthesis. Protein extracts obtained at indicated time
points by CHX were analysed. We found that USP14
knockdown resulted in a decrease in the half-life of
Acf7, however, overexpression of USP14 increased
Acf7 protein half-life, but the catalytic mutant of
USP14 reversed this trend (ﬁgure 3E). To further ﬁnd
out the detailed mechanism of USP14 regulates the
stability of Acf7, we evaluated the levels of Acf7
polyubiquitylation in H1299 cells. The results
showed that USP14 knockdown using USP14shRNAs led to a visible increase level of polyubiquitylation of Acf7 and USP14 removed K63-linked

Figure 2. USP14 and Acf7 protein levels are enhanced in
NSCLC cell lines and tissues. (A) Expression of USP14 and
Acf7 in NSCLC lines and human embryo lung ﬁbroblasts
MRC-5. Western blot analysis of USP14 and Acf7 protein
expression in the lung cell lines. GAPDH served as an
internal loading control. The protein bands were quantiﬁed
by gray scanning. (B) Western blot analysis of USP14 and
Acf7 expression in 6 cases chosen from paired NSCLC
adjacent and tumor tissues.

poly-Ub in Acf7 (ﬁgure 3F). Moreover, USP14
overexpression but not its mutant reversed Acf7
ubiquitination levels (ﬁgure 3G). These data
demonstrate that USP14 is an Acf7 deubiquitinase.

3.4 USP14 is involved in NSCLC migration
by targeting Acf7
Given the Acf7 is a key EMT effector and USP14 is
an Acf7 deubiquitinase, USP14 may likely be associated with NSCLC migration. The trans-well
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3. USP14 is an Acf7 deubiquitinase. (A) USP14
overexpression increased Acf7 protein levels. Vector or
GFP-USP14 were transfected into H1299 or 95C cells, and
total protein was extracted and subjected to western blotting.
(B) Addition of the USP14 activity inhibitor (IU1) decreased
Acf7 protein expression to control levels. H1299 or 95C
cells were transfected with vector or recombinant GFPUSP14 along with IU1 for 24 h. (C) Acf7 expression was
decreased following USP14 knockdown. H1299 or 95C cells
were transfected with two independent USP14-siRNAs. The
mixed cell extracts were analysed using Western blotting.
(D) USP14 regulated Acf7 protein levels through proteasome pathway. Cells were transfected with two independent
USP14-siRNAs.Then, Cells were lysed after treatment with
MG132 for 6 h. The total protein was extracted and
subjected to Western blotting. (E) The half-life of Acf7
protein was decreased in H1299 cells with USP14 knockdown, but increased in H1299 cells with USP14 overexpression.H1299 cells transfected with the indicated shRNAUSP14 or GFP-USP14 and GFP-USP14 (S432A) were
treated with cycloheximide (50 lgmL-1) for 4, 8 h. Cell
lysates were then extracted and subjected to western
blotting. (F) USP14 knockdown increased the levels of
ubiquitinated Acf7 and USP14 removed K63-linked polyUb in Acf7. Myc-Acf7 and Ub-WT, Ub-K48 or Ub-K63
mutants were transfected into H1299 cells infected with
USP14-shRNA for 24 h. The cells were treated with 20 lM
MG132 for 6 h. Myc-Acf7 was immunoprecipitated with an
anti-Myc antibody, and the immunoprecipitates were probed
with anti-Ub antibodies. (G) USP14 overexpression but not
its mutant decreased the levels of ubiquitinated Acf7. Cells
that had transfected HA-Ub were transferred with the
indicated vector, GFP-USP14 and GFP-USP14 (S432A)
followed by treatment with 20 lM MG132 for 6 h, and Acf7
from lysate was immunoprecipitated and immunoblotted
with anti-Ub antibodies to measure ubiquitination. Input
displays equal protein loading.

b Figure

experiment displayed that silencing of USP14 alone
inhibited the H1299 cells migration compared to the
unprocessed groups, and the difference between these
two groups is statistically signiﬁcant (p = 0.0021).
However, silencing of USP14 with simultaneous Acf7
overexpression reversed the cell migration process.
We did not observe a statistically signiﬁcant difference
between these two groups (P = 0.075) (ﬁgure 4A, B).
E-cadherin and vimentin have been reported to be
markers of epithelial cells and mesenchymal cells,
respectively (Voulgari and Pintzas 2009). To conﬁrm
the above result, we next measured the levels of the
EMT-related proteins and found that the expression of
E-cadherin was increased with USP14 alone knockdown, while the expression of vimentin was
decreased, which is consistent with a study

demonstrating that USP14 is involved in regulating
cell migration (Shinji et al. 2006). However, silencing
of USP14 with simultaneous Acf7 overexpression
could restore E-cadherin and vimentin protein levels to
those prior to the unprocessed group (ﬁgure 4C). In
addition, we found that overexpression of USP14
promoted cell migration (P = 0.0003), but the catalytic
mutant of USP14 reversed this trend and had no effect
on cell migration in 95C cells (P = 0.068) (ﬁgure 4D,
E). Similarly, overexpression of USP14 improved
Vimentin expression and suppressed E-cadherin
expression (ﬁgure 4F). Taken together, all of the above
results indicate that USP14 is involved in NSCLC
migration by targeting Acf7.

4. Discussion
Lung cancer is the primary leading cause of cancerrelated death. NSCLC, which is the most common
clinical type of lung cancer, accounts for nearly 85% of
all cases of lung cancer (Fujii et al. 2002; Wakelee
et al. 2007). With the comprehensive utilization of
various detection methods, there have been a few
treatment options for lung cancer. However, the prognosis of lung cancer remains unsatisfactory, whose
5-year survival rate remains very poor worldwide
(Wakelee et al. 2007). Lung cancer has a poor prognosis due to metastases. It is essential to reveal the
molecular mechanisms of lung cancer migration to
develop targeted therapy for lung cancer. The related
factors of EMT play an important role in effectively
migration, however, the detailed mechanism regarding
the Acf7 molecular networks modulating the EMT
process in NSCLC is still not fully understood. In the
present study, we certiﬁcated USP14 as an Acf7 deubiquitylase. The results indicated that USP14 and Acf7
interact directly. Silencing of USP14 decreased Acf7
levels, accompanied by increasing Acf7 polyubiquitination, whereas overexpression of USP14 increased
Acf7 levels and reversed Acf7 polyubiquitination. In
summary, USP14 stabilize Acf7 by directly deubiquitylation. Up to now, this is perhaps the ﬁrst report
demonstrating that USP14 is an Acf7 deubiquitinase.
The previous studies have revealed that USP14
levels were highly expressed in leukemia, intrahepatic
cholangiocarcinoma, ovarian, liver cancer and colon
cancer. These clinical phenomena indicate that USP14
may promote tumorigenesis. Interestingly, our ﬁnding
demonstrated that the expression of USP14 and Acf7
were elevated in NSCLC cell lines and tissues compared to adjacent normal cells.
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Figure 4. USP14 is involved in NSCLC migration by targeting Acf7. (A, B) Silencing of USP14 with simultaneous Acf7
overexpression could reverse the cells’ migration. H1299 cells that had been interfered with NC-shRNAs or USP14-shRNAs
were transfected with Flag-Acf7 for 24h. Then, the above processed cells were respectively added to the top chambers of the
transwells. Cells that have migrated in the bottom chamber were measured the next day. (C) The mixed cell extracts were
collected to measure the level of the EMT-related proteins using western blotting. (D) Overexpression of USP14 promoted
cell migration, but the catalytic mutant of USP14 had no effect on cell migration. 95C cells were transfected with GFPUSP14 or GFP-USP14 (S432A) for 24 h. Then, the above processed cells were respectively added to the top chambers of the
transwells to perform cell migration assay as described above. (E) The cells overexpressing GFP-USP14 or GFP-USP14S432A
were collected to measure the level of the EMT-related proteins.

Cytoskeleton-related factors are participated in
polarize cellular movements, especially in the EMT

process. For example, coordinated interaction between
microtubule (MT) and actin cytoskeletons is essential
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to maintain the EMT process and then promote cell
migration (Rodriguez et al. 2003). It has long been
known that Acf7 is able to bind directly both MTs and
actin ﬁlaments (F-actin). Elaine Fuchs et al. found that
silencing of Acf7 results in abnormalities in wound
repair and defects in epidermal cell migration (Wu
et al. 2008). Our results showed that USP14 knockdown inhibited NSCLC cell migration and overexpression of wild-type USP14 but not USP14 mutant
promoted cell migration by targeting Acf7, which is in
accordance with previous reports that USP14 functions
as a regulator of directional cell movement.
In conclusion, our studies demonstrated that USP14
was an Acf7 deubiquitinase and the expression of
USP14 and Acf7 were elevated in NSCLC cell lines
and tissues. USP14 was involved in NSCLC migration
by targeting Acf7. We concluded that USP14 may be a
potential targeted therapy against the NSCLC
migration.
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