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Purpose: The aim of the present study was to investigate the effect of knockdown and
knockout of the transcriptional co-activator with PDZ-binding motif (TAZ) on the migration,
invasion and autophagy of the hepatocellular carcinoma (HCC) cell lines, as well as the
functional connection between the autophagy and cell migratory processes induced by loss of
TAZ in HCC cell lines.
Methods: HCC cell lines SMMC-7721 and SK-HEP1 stably knockdown and knockout of
TAZ were established by the lentiviral-mediated TAZ knockdown and knockout approaches.
Reverse transcription-quantitative real-time polymerase chain reaction and Western blotting
were performed to examine the expression of TAZ and indicated genes in downstream pathways in HCC cell lines. Transwell assay and autophagic ﬂux assay were used to evaluate the
effect of TAZ knockdown and knockout on the motility and the autophagy of HCC cell lines.
Results: We initially found that TAZ exhibited highly abundant and was expressed predominantly in HCC cell lines with different spontaneous metastatic potential. Through performing
loss-of-function assays, we demonstrated that both TAZ knockdown and knockout promoted
HCC cell autophagy and reduced HCC cell migration, invasion and epithelial-to-mesenchymal
transition. In addition, autophagy inhibition in TAZ knockdown and knockout SMMC-7721
and SK-HEP1 cells in the presence of 3-methyladenine or chloroquine partially abrogated the
migratory and invasive ability induced by TAZ knockdown and knockout.
Conclusion: Our ﬁndings indicated that loss of TAZ in HCC cells suppressed cell motility
probably via altering the autophagy, suggesting that TAZ emerges as an important target in
regulating cell motility and autophagy in HCC cells, and blocking TAZ may be a novel
therapeutic strategy against HCC.
Keywords: TAZ, autophagy, migration, invasion, hepatocellular carcinoma

Introduction
Hepatocellular carcinoma (HCC) is the third leading cause of cancer death worldwide, and the vast majority of HCC-associated deaths are caused by metastasis.1,2
Tumor metastasis is a complex and multi-step process, wherein cancerous cells
must detach from the primary tumor, lose their epithelial polarity, degrade and
invade through the surrounding tissue, enter and survive in capillary blood, seed a
target organ, exit circulation, and ﬁnally home in distant organs.3 Therefore, understanding and investigating the cellular mechanisms that modulate metastasis is vital
to the development of effective HCC therapies.
Autophagy, a highly conserved intracellular degradation system that utilizes the
autophagosome to deliver cytoplasmic unnecessary or dysfunctional components to
the lysosome, plays crucial roles in cell development, differentiation, survival, and
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homeostasis.4 Accumulating evidence indicates that autophagy is involved in the tumorigenesis and metastatic progression of various cancers, including HCC.5–7 Although
autophagy has been shown to be involved in modulating
tumor cell migration and invasion, differentiation, and
epithelial-to-mesenchymal transition (EMT),5 the exact
contribution of autophagy into the modulation of HCC
cell migration and invasion remains largely unexplored.
The transcriptional co-activator with PDZ-binding
motif (TAZ), also known as WW domain containing transcription regulator 1, is one of the Hippo downstream
effectors responsible for mediating the vast majority of
the physiological functions in the Hippo signaling cascade.
The dysregulation of the Hippo tumor suppressor pathway
leads to the activation of TAZ, then activating the TEA
domain transcription factors to transcribe target genes
involved in the hyperproliferation, anti-apoptosis, and
enhanced cell migration, which are associated with tumorigenesis and aggressive phenotypes.8–10 Although TAZ has
been shown to play critical roles in cell migration, invasion, EMT, and stemness in multiple human cancers,11–14
and the autophagy machinery has been proposed to play a
role in cell migration and EMT,15–17 the functional connection between the autophagy and cell migratory processes mediated by TAZ remains to be determined.
In the present study, we generated TAZ knockdown and
knockout HCC cell lines by using lentiviral-mediated gene
knockdown and clustered regularly interspaced short palindromic repeat/CRISPR associated protein 9 (CRISPR/Cas9)
gene editing to investigate the functional connection between
the autophagy and cell motility induced by TAZ. We demonstrated that both TAZ knockdown and knockout promoted
HCC cell autophagy and reduced HCC cell migration, invasion, and EMT. Importantly, our results suggest that loss of
TAZ suppressed cell motility probably via altering the autophagy of HCC cells.

Materials and methods
Cell lines
The human HCC cell lines SMMC-7721, HepG2, SK-HEP1
and human embryonic kidney cell line 293T (HEK293T)
were purchased from the Institute of Biochemistry and Cell
Biology, Chinese Academy of Sciences (Shanghai, People’s
Republic of China), and HCC cell line HCCLM3 was
obtained from the KeyGEN BioTECH (Nanjing, People’s
Republic of China). All cells were routinely cultured in
DMEM (Hyclone, Beijing, People’s Republic of China)
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supplemented with 10% FBS (Gibco, Carlsbad, CA, USA)
and 1% penicillin-streptomycin, and maintained at 37°C in a
humidiﬁed incubator with 5% CO2.

Antibodies
The antibodies against TAZ (#4883), yes-associated protein
(YAP) (#14074), Unc-51 like autophagy activating kinase 1
(ULK1) (#8054), microtubule-associated protein 1 light chain
3 Beta (LC3B) (#3868), SQSTM1/p62 (#39749), β-catenin
(#8480), Vimentin (#5741), and horseradish peroxidase
(HRP)-linked anti-rabbit IgG (#7074) and anti-mouse IgG
(#7076) were purchased from Cell Signaling Technology
(Danvers, MA, USA), and antibodies against N-cadherin
(#561553) and E-cadherin (#562869) were purchased from
BD Biosciences (San Jose, CA, USA). The antibody against
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
purchased from KangChen Bio-tech (Shanghai, People’s
Republic of China).

Plasmid construction, lentivirus
production, and infection
The short hairpin RNA (shRNA) targeting TAZ (sense, 5′-G
ATCCGCGATGAAT CAGCCTCTGAATTTCAGAGAAT
TCAGAGGCTGATTCATCGCTTTTTTA-3′ and antisense,
5′-CGCGTAAAAAAGCGATGAATCAGCCTCTGAATTC
TCTTGA AATTCAGAGGCTGATTCATCGCG-3′) was
cloned into the BamH I and Mlu I sites of the lentiviral
shRNA expression vector pLent-U6-Puro empty vector
with puromycin resistance (ViGene Biosciences Inc.,
Rockville, MD, USA). To construct the lentiviral vector
for CRISPR/Cas9-mediated TAZ gene knockout, predesigned sgRNA targeting TAZ (sense, 5′-CACCGAGAAG
CCCGCTGCGGAGGAG-3′ and antisense, 5′-AAA CCTC
CTCCGCA GCGGGCTTCTC-3′) were cloned into the
BsmB I site of the lentiCRISPRv2-puro vector (#52961,
Addgene Inc., Cambridge, MA, USA). The non-silencing
control shRNA vector and control sgRNA vector were also
generated previously from our laboratory, School of
Medicine, Yangzhou University. All of the constructs were
validated by DNA sequencing. Lentiviruses were packaged
in HEK293T cells by transfection with the control vectors,
shRNA or sgRNA targeting TAZ constructs together with
the lentiviral packaging vector pSPAX2 and pMD2G or
pCMV-VSV-G (Addgene Inc.) using EndoFectin Lenti
reagent (GeneCopoeia, USA). The viral particles were harvested and puriﬁed. For infection, SMMC-7721 and
SK-HEP1 cells were transduced with indicated lentiviruses
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in the presence of polybrene (8 μg/mL). Forty-eight hours
after infection, the cells were selected with puromycin
(0.5 μg/mL for SMMC-7721 cells and 1.0 μg/mL for
SK-HEP1 cells) for 14 days to generate stable TAZ knockdown cell lines or maintained for 6 days followed by
monoclonalization to establish stable TAZ knockout cell
lines. The knockdown of TAZ was screened by reverse
transcription-quantitative real-time polymerase chain reaction (RT-qPCR) and Western blotting, and the knockout of
TAZ expression was veriﬁed by Western blotting.

Cell migration and invasion assays
Transwell inserts (diameter, 6.5 mm; pore size, 8.0 µm;
Corning Incorporated, Corning, NY, USA) were used to
perform cell migration and invasion assays as described
previously.18 In brief, cells were serum-starved overnight,
and 3×104 cells were seeded into the uncoated or matrigelcoated upper chambers of the inserts in 200 μL of serumfree media for migration and invasion assays, respectively.
The inserts were then placed into the lower chambers with
600 μL of the complete growth media (containing 10%
FBS). After incubation for 24 hrs for SK-HEP1 cells or 48
hrs for SMMC-7721 cells at 37°C in a humidiﬁed incubator with 5% CO2, the migrated or invaded cells on the
bottom of the inserts were ﬁxed with 4% paraformaldehyde for 20 mins at room temperature and stained with
0.1% crystal violet for 20 mins at room temperature. The
phase-contrast images were captured under an inverted
microscope and ﬁve random ﬁelds at 200× magniﬁcation
were analyzed. All experiments were performed in triplicate from three independent experiments.

RT-qPCR
Total RNA extraction from cell lines was performed using
the TRIzol® reagent (Invitrogen, Carlsbad, CA, USA)
according to manufacturer’s instructions, and was reverse
transcribed to cDNA by using the PrimeScriptTM RT
Master Mix (TaKaRa, Dalian, People’s Republic of China).
Real-time PCR was carried out using the SYBR Green qPCR
system (TaKaRa) on an ABI 7500 Real-Time PCR System
(Applied Biosystems, Carlsbad, CA, USA) according to the
manufacturer’s instruction. Samples were cycled once at
95°C for 5 mins, then 40 cycles of 95°C for 10 s and 60°C
for 34 s. Primers used in the present study were as follows:
TAZ forward, 5′-CTTGGATGTAGCCAT GACCTT-3′ and
reverse, 5′-TCAATCAAAACCAGGCAATG-3′; connective
tissue growth factor (CTGF) forward, 5′-AGGAGTGGGT
GTGTGACGA-3′ and reverse, 5′-CCAGGCAGTTGGCTCT
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AATC-3′; cysteine-rich angiogenic inducer 61 (CYR61) forward, 5′-AGCCTCGCATCCTATACAACC-3′ and reverse,
5′-TTCTTTCACAAG GCGGCACTC-3′; N-cadherin forward, 5′-CAGTGTACAGAATCAGTG-3′ and reverse, 5′-C
AACAGTAAGGACAAACA-3′; E-cadherin forward, 5′-CA
AGTGAC CACCTTAGAG-3′ and reverse, 5′-GAATTTGC
AATCCTGCTT-3′; β-catenin forward, 5′-ACCTATACTTAC
GAAAAACTAC-3′ and reverse, 5′-CCACCAGCTTCTAC
AA TA-3′; Vimentin forward, 5′-GACGCCATCAAC ACCG
AGTT-3′ and reverse, 5′-CTTTGTCGTTGGTTAGCTGGT3′; LC3B forward, 5′-AGCAGCATCCAACCA AAATC-3′
and reverse, 5′-TGTGTC CGTTCACCAACAG-3′; SQST
M1/p62 (p62) forward, 5′-ATCGGAGGATCCGAGTGT-3′
and reverse, 5′-TGGCTGTGAGCTGC TCTT-3′; ULK1 forward, 5′-AAGATCGCTGACTTCGGCTT-3′ and reverse, 5′TTC TCGTAGAACAGGCGCAG-3′; and GAPDH forward,
5′-GCACCGTCAAGGCTGA GAAC-3′ and reverse, 5′-TG
GTGAAGACGCCAGTGGA-3′; the relative expression of
the mRNAs was calculated using the 2−ΔΔCt method with
GAPDH expression as an endogenous control.

Western blotting
Cells were washed twice in cold PBS and lysed in RIPA lysis
buffer containing 50 mM Tris, 0.15 M NaCl, 1 mM EGTA,
1% NP40, 0.25% SDS (Beyotime Institute of Biotechnology,
Haimen, People’s Republic of China), protease inhibitors mix
and phosphatase inhibitors from Roche Diagnostics at 4°C for
30 mins. After centrifugation at 4°C at 12,000×g for 15 mins,
the supernatants of cell lysis were collected and the protein
levels were quantiﬁed using BCA method. Cell lysates were
further diluted in 4×sample buffer and boiled at 100°C for 10
mins. The samples were subjected to 10% SDS-PAGE separation and transferred onto the polyvinylidene ﬂuoride membrane (Millipore, Billerica, USA). After blocking with 5%
non-fat milk powder in TBST for 1 hr at room temperature,
the membrane was incubated overnight with primary antibodies at 4°C. After incubation with HRP-linked anti-rabbit or
mouse IgG for 2 hrs at room temperature, protein visualization
was detected using the Pierce ECL Plus Western blotting
substrate (Thermo Fisher Scientiﬁc, Inc., USA), and the
GAPDH was served as the loading control.

Autophagic ﬂux assay
Cells were retrovirally transduced with GFP-LC3-RFPLC3ΔG (Addgene Inc.). After incubation in complete medium for 24 hrs, images were obtained under a ﬂuorescence
microscope. All image acquisition settings were performed at
the same state during the image collection.
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Statistical analysis
Data were presented as means±standard deviation. Statistical
signiﬁcance was determined by the Student’s t-test, and
P-values <0.05 was considered statistically signiﬁcant.

Results
Expression of TAZ in HCC cell lines
The expression of TAZ/YAP in HCC cell lines HepG2,
SMMC-7721, SK-HEP1 and HCCLM3, four HCC cell lines
with different spontaneous metastatic potential, was measured
by Western blotting. As shown in Figure 1, TAZ remained
highly abundant and was expressed at higher levels than YAP
in all four HCC cell lines (Figure 1A), which is consistent with
the publication by Hayashi,18 indicating that TAZ was a predominant protein while YAP was a minor protein in these HCC
cells. Therefore, we selected low metastatic potential and high
metastatic potential cell lines (SMMC-7721 and SK-HEP1,

respectively) for subsequent experiments. We assessed the
expression of TAZ in both SMMC-7721 and SK-HEP1 cells
by using the lentiviral-mediated TAZ knockdown and knockout approaches. The knockdown efﬁciency of TAZ knockdown (KD TAZ) was conﬁrmed in stable TAZ knocking
down SMMC-7721 and SK-HEP1 cells by RT-qPCR and
Western blotting (Figure 1B and C), while TAZ knockout
(KO TAZ) was generated by using CRISPR/Cas9 gene disruption to generate TAZ null clones in SMMC-7721 and SKHEP1 cells and conﬁrmed by Western blotting (Figure 1D).
No signiﬁcant changes in YAP abundance were observed in
shRNA-mediated TAZ knockdown (KD TAZ) and CRISPRCas9-mediated TAZ knockout (KO TAZ) cells (Figure 1C and
D). To validate TAZ knockdown and knockout, we further
conﬁrmed the decreased mRNA levels of CTGF and
CYR61, which are both well-known downstream targets of
TAZ/YAP (Figure 1E). Thus, SMMC-7721 and SK-HEP1

Figure 1 Knockdown and knockout of TAZ in the lentiviral-transduced SMMC-7721 and SK-HEP1 cells.
Notes: (A) Western blot analysis of TAZ and YAP proteins in four HCC cell lines with different spontaneous metastatic potential. GAPDH served as loading
control. Representative blots are shown (n=3). (B) TAZ mRNA levels were evaluated from SMMC-7721 and SK-HEP1 cells stably expressing shRNA speciﬁc for
TAZ (KD TAZ) and the corresponding vector control (Ctrl) using RT-qPCR, and normalized against GAPDH. Data are the mean±SD (n=4). P-values were obtained
from Student’s t test. *P<0.05. (C) Knockdown of TAZ (KD TAZ) was determined by Western blotting in SMMC-7721 and SK-HEP1 cells, and GAPDH served as a
loading control. Representative blots are shown (n=3). (D) Knockout of TAZ (KO TAZ) was conﬁrmed by Western blot analysis in SMMC-7721 and SK-HEP1 cells,
and GAPDH served as a loading control. Representative blots are shown (n=3). (E) Quantitative analysis of CTGF and CYR61 mRNA in stable TAZ knockdown
and knockout SMMC-7721 and SK-HEP1 cells by RT-qPCR, and normalized against GAPDH. Data were shown as the mean ±SD (n=4). P-values were obtained
from Student’s t test. *P<0.05.
Abbreviations: TAZ, transcriptional co-activator with PDZ-binding motif; YAP, yes-associated protein; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; KD TAZ, knockdown of transcriptional co-activator with PDZ-binding motif; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; KO TAZ, knockout of transcriptional coactivator with PDZ-binding motif; CTGF, connective tissue growth factor; CYR61, cysteine-rich angiogenic inducer 61; HCC, hepatocellular carcinoma.
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cells stably knockdown and knockout TAZ have been well
established to perform the subsequent experiments.

Silencing of TAZ inhibits the migration
and invasion of HCC cells
It has been reported that TAZ knockdown results in inhibition of HCC cell migration and invasion.14 Considering

Zhou et al

that TAZ was predominantly expressed in HCC cells as
mentioned above, we then performed transwell assays to
assess whether TAZ knockout affects the migratory ability
of the low metastatic potential SMMC7721 cells and the
high metastatic potential SK-HEP1 cells, respectively. As
shown in Figure 2, compared with the stably expressing
control-shRNA (Ctrl1) and control-sgRNA (Ctrl2) cells,

Figure 2 TAZ knockdown and knockout attenuated the migration and invasion of SMMC-7721 and SK-HEP1 cells.
Notes: (A and B) Migration and invasion of stable TAZ knockdown and knockout SMMC-7721 and SK-HEP1 cells and their corresponding control cells were determined by
Transwell assays. Representative images of three independent experiments are shown. Scale bar =50 μm. (C and D) Quantiﬁcation of relative numbers of migrated and
invaded cells in ﬁve randomly ﬁelds for each replicate was shown. All experiments were performed independently three times and data were shown as mean±SD. P-values
were obtained from Student’s t test. *P<0.05.
Abbreviations: TAZ, transcriptional co-activator with PDZ-binding motif; KD TAZ, knockdown of transcriptional co-activator with PDZ-binding motif; KO TAZ, knockout of
transcriptional co-activator with PDZ-binding motif.
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either knockdown or knockout of TAZ in SMMC-7721
and SK-HEP1 cells dramatically decreased the cell migration and invasion. These results suggest that silencing of
TAZ inhibits the migration and invasion of HCC cells.
Despite the studies described that TAZ knockdown
plays an important role in EMT of cancer,12–14 the role
of TAZ knockout in EMT of HCC remains unclear. To
test whether knockout of TAZ affected the EMT, we
performed Western blotting assay to examine the
expression of EMT markers, including E-cadherin (ECAD) and β-catenin (β-CAT) (epithelial marker),
Vimentin (VIM) and N-cadherin (N-CAD) (mesenchymal markers). The results revealed that both TAZ
knockdown (KD TAZ) and knockout (KO TAZ) upregulated the E-CAD and β-CAT, and downregulated the
VIM and N-CAD in SMMC-7721 and SK-HEP1 cells,
when compared with indicated control cells (Figure 3).
Together, these data indicated that either TAZ knockdown or knockout reduces EMT in HCC cells.

TAZ regulates autophagy of HCC cells
TAZ has been recognized as an important regulator of cell
migration and invasion in HCC cells, however, whether
TAZ functions in HCC cell autophagy remains unknown.
To identify the relationship between silencing of TAZ and
autophagy induction in HCC cells, we ﬁrstly performed RTqPCR and Western blotting to detect the effects of stable
TAZ knockdown and knockout on the expression of the
autophagy-related genes in SMMC-7721 and SK-HEP1
cells. TAZ knockdown and knockout signiﬁcantly increased
the expression of LC3B and ULK1, two well-established
markers of autophagosome formation and autophagy induction, and decreased the levels of SQSTM1/p62 accumulation, a marker indicating low autophagic activity, in
SMMC-7721 and SK-HEP1 cells (Figure 4A–D). To verify
the role of stable TAZ knockdown and knockout in regulation of autophagic ﬂux, the autophagic ﬂux was measured
by using a GFP-LC3-RFP-LC3ΔG reporter construct,
which is based on the equimolar release of GFP-LC3 and

Figure 3 TAZ knockdown and knockout reduced epithelial-mesenchymal transition (EMT) of SMMC-7721 and SK-HEP1 cells.
Notes: (A and B) Quantitative analysis of mRNA levels of EMT markers in stable TAZ knockdown and knockout SMMC-7721 (A) and SK-HEP1 cells (B) by RT-qPCR, and
normalized against GAPDH. Data were shown as the mean±SD (n=4). P-values were obtained from Student’s t test. *P<0.05. (C and D) Protein levels of EMT markers were
determined by Western blot in SMMC-7721 (C) and SK-HEP1 cells (D), and GAPDH was used as a loading control. Representative blots are shown (n=3).
Abbreviations: TAZ, transcriptional co-activator with PDZ-binding motif; E-CAD, E-cadherin; β-CAT, β-catenin; VIM, Vimentin; N-CAD, N-cadherin; RT-qPCR, reverse
transcription-quantitative polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; KD TAZ, knockdown of transcriptional co-activator with PDZbinding motif; KO TAZ, knockout of transcriptional co-activator with PDZ-binding motif.
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Figure 4 TAZ knockdown and knockout stimulated autophagy activity in SMMC-7721 and SK-HEP1 cells.
Notes: (A and B) Quantitative analysis of mRNA levels of LC3B, ULK1 and p62 in stable TAZ knockdown and knockout SMMC-7721 (A) and SK-HEP1 cells (B) by RTqPCR, and normalized against GAPDH. Data were shown as the mean±SD (n=4). P-values were obtained from Student’s t test. *P<0.05. (C and D) Protein levels of LC3B,
ULK1 and p62 were determined by Western blot in SMMC-7721 (C) and SK-HEP1 cells (D), and GAPDH was used as a loading control. Representative blots are shown
(n=3). (E and F) The autophagic ﬂux was observed in stable TAZ knockdown and knockout SMMC-7721 (E) and SK-HEP1 cells (F) after retrovirally transfected with GFPLC3-RFP-LC3ΔG reporter construct, and representative images are shown (n=3). Scale bar =10 μm.
Abbreviations: TAZ, transcriptional co-activator with PDZ-binding motif; LC3B, microtubule-associated protein 1 light chain 3 beta; ULK1, unc-51 like autophagy
activating kinase 1; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; KD TAZ, knockdown of
transcriptional co-activator with PDZ-binding motif; KO TAZ, knockout of transcriptional co-activator with PDZ-binding motif.
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RFP-LC3ΔG upon cleavage by endogenous ATG4 proteases in the transfected cells, and GFP-LC3 is degraded
by autophagy, while RFP-LC3ΔG remains in the cytosol,
serving as an internal control, thus, the ratiometric GFP/
RFP signal ratio inversely correlates with autophagy ﬂux
activation. In the ratiometric images, the green or yellow
signal represents high GFP/RFP and low autophagic ﬂux,
while the red or orange signal represents low GFP/RFP and
high autophagic ﬂux.19 Abundant green signals were shown
in indicated control cells, while fewer green signals were
observed in TAZ knockdown and knockout SMMC-7721
and SK-HEP1 cells. The GFP/RFP ratio visualized by the
merge (ratiometric) imaging was decreased in either TAZ
knockdown or knockout SMMC-7721 and SK-HEP1 cells,
indicating increased autophagic ﬂux (Figure 4E and F).
Taken together, these results clearly suggest that silencing
of TAZ up-regulates the autophagy activity in HCC cells.

Silencing of TAZ inhibits HCC cell migration
and invasion by autophagy induction
Evidence is accumulating that autophagy plays a direct role
in key aspects of tumor cell motility and invasion.15,20,21 To
conﬁrm that stable TAZ knockdown and knockout inhibited
the migration and the invasion of the HCC cells through

autophagy promotion, 3-methyladenine (3-MA), a class I
phosphoinositide 3-kinase and class III phosphatidylinositol 3-kinase inhibitor used widely as a pharmacological
inhibitor in autophagy studies, and chloroquine (CQ), a
lysosomotropic agent that neutralizes the acidic pH of lysosomes and inhibits the autophagolysosome formation, were
given to cell motility assays. Data from transwell assays
demonstrated that treatment with 3-MA or CQ partially
abrogated the migratory and invasive ability of the cells
induced by TAZ knockdown and knockout (Figure 5). As
expected, treatment with 3-MA displayed a slight accumulation, whereas treatment with CQ signiﬁcantly increased,
the amount of SQSTM1/p62 and LC3B-II in SMMC-7721
and SK-HEP1 cells stably expressing control-shRNA or
control-sgRNA. Notably, addition of CQ obviously
increases the amount of LC3B-II and SQSTM1/p62
induced by either TAZ knockdown or knockout in
SMMC-7721 and SK-HEP1 cells (Figure 6). Considering
that both TAZ knockdown and knockout reduced EMT in
HCC cells as mentioned above, in order to gain an insight
into the molecular mechanisms involved in the autophagymediated modulation of cell migration and invasion in
stable TAZ knockdown and knockout SMMC-7721 and
SK-HEP1 cells, we further performed Western blotting to

Figure 5 TAZ knockdown and knockout reduced the migratory and invasive ability of SMMC-7721 and SK-HEP1 cells through autophagy induction.
Notes: (A and B) Migration and invasion of stable TAZ knockdown (A) and knockout (B) SMMC-7721 and SK-HEP1 cells and their corresponding control cells in the
presence or absence of 10 mM 3-MA or 30 μM CQ were determined by Transwell assays. Representative images of three independent experiments are shown. Scale bar
=50 μm. (C and D) Quantiﬁcation of relative numbers of migrated and invaded cells in ﬁve randomly ﬁelds for each replicate was shown. All experiments were performed
independently three times and data were shown as mean±SD. P-values were obtained from Student’s t test. *P<0.05.
Abbreviations: TAZ, transcriptional co-activator with PDZ-binding motif; 3-MA, 3-methyladenine; CQ, chloroquine; KD TAZ, knockdown of transcriptional co-activator
with PDZ-binding motif; KO TAZ, knockout of transcriptional co-activator with PDZ-binding motif.
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Figure 6 Effect of autophagy inhibition on the expression of the indicated genes in stable TAZ knockdown and knockout SMMC-7721 and SK-HEP1 cells.
Notes: The indicated proteins in cellular extracts were determined by Western blot from SMMC-7721 and SK-HEP1 cells in the presence or absence of 3-MA (10 mM) or
CQ (30 μM). GAPDH was used as a loading control. Representative blots are shown (n=3).
Abbreviations: EMT, epithelial-mesenchymal transition; TAZ, transcriptional co-activator with PDZ-binding motif; 3-MA, 3-methyladenine; CQ, chloroquine; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase; E-CAD, E-cadherin; β-CAT, β-catenin; VIM, Vimentin; N-CAD, N-cadherin; KD TAZ, knockdown of transcriptional co-activator
with PDZ-binding motif; KO TAZ, knockout of transcriptional co-activator with PDZ-binding motif; LC3B, microtubule-associated protein 1 light chain 3 beta.

evaluate the expression of EMT markers in the presence of
3-MA and CQ. Treatment with both 3-MA and CQ signiﬁcantly reduced TAZ-knockdown- and knockout-mediated
E-CAD and β-CAT (epithelial marker) accumulation, and
a meaningful increase in VIM and N-CAD proteins
(mesenchymal markers) was also observed (Figure 6).
Taken together, these data further support a role of silencing
of TAZ inhibits HCC cell migration and invasion may be
attributed at least in part to the autophagy induction.

Discussion
TAZ and YAP have often been described to equivalent
downstream transcriptional co-activators of the Hippo
tumor suppressor pathway, however, current study demonstrated that TAZ exhibited highly abundant and was
expressed predominantly over YAP in selected four HCC
cell lines with different spontaneous metastatic potential,
suggesting that TAZ might play an important role in these
HCC cells. Accumulating evidence has suggested that TAZ
has oncogenic roles in human cancers via promoting cell
proliferation, migration, and EMT,11–14 and autophagy is
involved in the liver dysfunction and tumorigenesis.17,22,23
The ﬁndings presented in this study provide a new link
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between cell motility and autophagy induced by TAZ
knockdown and knockout in HCC cell lines.
In the present study, we clearly observed that TAZ
exhibited higher expression than YAP in selected four
HCC cell lines with different spontaneous metastatic
potential, which was consistent with the results in other
studies,14,18,24,25 implying that TAZ might act as an oncogene involved in regulation of HCC cell motility. Hence,
we ﬁrstly selected low metastatic potential SMMC-7721
cell line and high metastatic potential SK-HEP1 cell line
in this study to test the effect of TAZ knockout by
CRISPR/Cas9 and TAZ knockdown on the cell migration
and invasion by Transwell migration and invasion assays.
As expected and in agreement with previous reports that
knockdown of TAZ reduced cell motility, knockout of
TAZ in SMMC-7721 cells and SK-HEP1 cells also markedly decreased cell migration and invasion. The data
further indicated the role of loss of TAZ resulting in the
inhibition of cell migration and invasion in HCC cells.
TAZ has been reported to contribute to HCC by regulating
cell proliferation and EMT.14 Therefore, we next evaluated
the effect of TAZ knockout and knockdown on the EMTrelated markers. Our study showed that both TAZ

submit your manuscript | www.dovepress.com

DovePress

Powered by TCPDF (www.tcpdf.org)

8751

Dovepress

Zhou et al

knockout and knockdown increased the expression of
epithelial markers E-CAD and β-CAT, and decreased the
expression of mesenchymal markers and VIM and N-CAD
at both the mRNA and protein levels. These results further
explain the role of TAZ knockout and knockdown in HCC
cell motility, probably by reduction of the EMT process.
Autophagy (or autophagocytosis) is an evolutionary conserved, natural, and regulated mechanism of the cell that
disassembles unnecessary, dysfunctional components or
damaged organelles. Accumulating evidence has emphasized
the role of autophagy both as a tumor suppressor as well as a
tumor promoter in tumor cell survival.26 On one hand, autophagy has been proposed to have a protective role for tumor by
limiting genome instability and promoting survival of tumor
cells. On the other hand, autophagy also acts as a tumor
suppressor by preventing tumor initiation during the early
stages of tumorigenesis.27 Considering that autophagy has
been shown as an important modulator of the migration and
the invasion in cancer cells,28 and TAZ has been emerged as a
vital regulator of HCC cell migration and invasion, this
prompted us to investigate whether TAZ knockout and knockdown in HCC cells had any effect on autophagy. We clearly
presented conﬁrmatory evidence that loss of TAZ in HCC
cells promoted autophagy, which was supported by the observation including measuring LC3B-II, ULK1 and SQSTM1/
p62 protein levels, detecting GFP-LC3-RFP-LC3ΔG ﬂuorescence and colocalization (autophagic ﬂux). Notably, we
clearly observed that both TAZ knockdown and knockout in
SMMC-7721 and SK-HEP1 cells obviously increased the
accumulation of LC3B-II and ULK1, two well-established
markers of autophagosome formation and autophagy induction, and decreased the amount of SQSTM1/p62, a marker
indicating low autophagic activity. Furthermore, we also
revealed that TAZ knockdown and knockout in SMMC7721 and SK-HEP1 cells markedly induced autophagic ﬂux.
These ﬁndings provided evidence that loss of TAZ is linked
with the autophagic degradation machinery in HCC cell lines.
Autophagic activity has been shown to be involved
in cell migration and invasion,15,21,22 however, the functional connection between autophagy and cell motility
induced by TAZ knockdown and knockout remains
unexplored. In this study, we provide evidence that
autophagy inhibition stimulated the HCC cell migration
and invasion as well as a slight accumulation of
SQSTM1/p62 and LC3B-II in the presence of autophagy
inhibitor 3-MA, a class III PtdIns3K inhibitor, and
obvious increased LC3B-II formation and the amount
of SQSTM1/p62 in the presence of CQ, a drug known
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to inhibit autophagosome to lysosome fusion and widely
used to monitor the autophagic ﬂux. As expected, the
reduction in the migration and the invasion of HCC
cells following TAZ knockdown and knockout was partially reversed by treatment with 3-MA and CQ. Given
that autophagy can modulate EMT,16,29 which is important in regulating cell migration and invasion, our results
further demonstrated that TAZ knockdown and knockout
resulted in autophagy activation, and reduced EMT as
well as cell motility in HCC cells, and that, autophagy
inhibition after treatment with 3-MA or CQ partially
abrogated the same process among TAZ knockdown
and knockout cells. Thus, our data clearly demonstrated
that loss of TAZ induced autophagic activity limits the
capability of HCC cell migration and invasion.
Collectively, data from this study indicate that HCC
cells exhibited a TAZ-dominant expression rather than a
YAP-dominant expression, and that an inhibitory role of
silencing of TAZ by promoting autophagy and subsequent
inhibiting the migration and the invasion of HCC cells.
Further study of the underlying mechanism as to how TAZ
depletion, YAP/TAZ double knockout and knockdown
coordinate the autophagic activity and the connection
between the autophagy and cell motility is ongoing; however, the ﬁndings presented in the current study may
provide important clues for developing novel therapeutic
strategies targeting the autophagy process to reduce the
HCC metastasis.
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