Journal of Cellular Biochemistry 114:1395-1403 (2013)

Inhibition of ZEB1 Reverses EMT and
Chemoresistance in Docetaxel-Resistant
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ABSTRACT

Docetaxel has been used as one of the first-line chemotherapies in solid tumors including advanced non-small cell lung cancer (NSCLC).
However, limited responses to chemotherapy are observed in clinic and the molecular mechanisms have not been fully understood. Emerging
evidence suggests that epithelial-mesenchymal transition (EMT) plays an important role in the processes of tumor metastasis as well as
resistance towards anticancer agents. In this study, it was observed that docetaxel-resistant human lung adenocarcinoma cell line (SPC-A1/
DTX) was typical of mesenchymal phenotype. SPC-A1/DTX cell line has increased migratory and invasive capacity both in vitro and in vivo.
Among the master EMT-inducing transcriptional factors, ZEB1 was found to be significantly increased in SPC-A1/DTX cell line. ZEB1
knockdown with RNA interference could reverse the EMT phenotype and inhibit the migratory ability of SPC-A1/DTX cells. Furthermore,
inhibition of ZEB1 significantly enhanced the chemosensitivity of SPC-A1/DTX cells to docetaxel in vitro and in vivo and ectopic expression
of ZEB1 increased the chemoresistance of SPC-A1 cells to docetaxel. All these results provide experimental evidence that ZEB1 might be an
attractive target for the treatment of human NSCLC. J. Cell. Biochem. 114: 1395-1403, 2013. © 2012 Wiley Periodicals, Inc.
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ung cancer is the leading cause of tumor-related death in the

L world [Parkin et al.,, 2005]. Non-small cell lung cancer
(NSCLQ), including squamous cell carcinoma, adenocarcinoma, and
large-cell carcinoma, accounts for 70-80% of all lung cancers [Jemal
et al., 2008]. Many lung cancer patients are already at an advanced
stage when diagnosed mainly due to the late symptomatology and
early distant metastases, with their therapeutic effects highly
dependent on medical treatment, especially chemotherapy. Docetaxel
is a semi-synthetic analogue of paclitaxel and has been used as the
first-line therapeutic agent in advanced NSCLC with genotoxic effects
including promotion of microtubule polymerization and inhibition of
microtubule depolymerization [Wang et al., 2000]. However, NSCLC
patients generally develop limited responses to docetaxel-based
chemotherapies and the underlying mechanisms of docetaxel-
resistance have not been fully understood [Yu, 2002].

Emerging evidence shows that epithelial-mesenchymal transi-
tion (EMT) is associated with cancer cell metastasis as well as drug

resistance [Hiscox et al., 2006; Yang et al., 2006; Kajiyama et al.,
2007]. Cancer cells with EMT phenotype such as lost of epithelial
characteristics and acquirement of mesenchymal properties often
have enhanced motility and invasive abilities [Hugo et al., 2007;
Min et al., 2008]. A particular characteristic of EMT is the down-
regulation of E-cadherin, which causes disruption of cell-to-cell
junctions and increase of mesenchymal markers such as Vimentin,
fibronectin, and N-cadherin [Larue and Bellacosa, 2005; Kong et al.,
2008; Min et al., 2008]. EMT has been shown to play a crucial role in
drug resistance of cancer cells against conventional therapeutics
including taxol, vincristine, oxaliplatin, as well as epidermal growth
factor receptor (EGFR)-targeted agents [Sabbah et al., 2008].
Activation of some transcriptional repressors including Slug/Snail2,
zinc finger E-box-binding homeobox 1 (ZEB1)/8EF1, ZEB2/SIP1
and Twist, has been reported to be involved in the regulation of E-
cadherin and EMT [Yang et al., 2004; Pena et al., 2005; Peinado
et al.,, 2007; Barr et al.,, 2008]. Ectopic expression of these
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transcription factors in epithelial cancer cells leads to a complete
loss of epithelial polarity and disappearance of adherens junctions
[Comijn et al., 2001; Eger et al., 2005; Vandewalle et al., 2005;
Aigner et al., 2007a; Spaderna et al., 2008].

Among these master EMT-inducing genes, ZEB1, a member of
zinc-finger E-box binding homeobox (ZFH) family, is considered to
be a key transcriptional factor in cancer progression. ZEB1 plays a
critical role in embryonic development, cell differentiation, cell
cycle and susceptibility to apoptosis [Wu et al., 2005; Mejlvang
et al., 2007]. Intriguingly, ZEB1 is able to bind to the promoter of E-
cadherin and suppress transcriptional synthesis of E-cadherin
mRNA, which is a critical marker of epithelial phenotype [Eger et al.,
2005; Aigner et al., 2007b]. ZEB1 is also shown to promote EMT by
decreasing the expression of cell polarity proteins, including
Crumbs3, Pals1-associated tight junction protein and human lethal
giant larvae homologue 2 [Aigner et al., 2007a; Shirakihara et al.,
2007; Spaderna et al., 2008]. In this study, it was observed that the
docetaxel resistant-human lung adenocarcinoma cell line, SPC-A1/
DTX, displayed a typical EMT phenotype. The role of ZEB1 in EMT
and chemoresistant phenotypes of SPC-A1/DTX cells was investi-
gated and the underlying molecular mechanisms were also
discussed.

CELL CULTURE

Human lung adenocarcinoma cell lines SPC-A1 and H1299 were
preserved in our lab and grown in RPMI 1640 medium supplemented
with 10% fetal bovine serum (FBS, GIBCO), 100 U/ml penicillin and
100 pg/ml streptomycin at 37°C in a humidified, 5% CO, atmo-
sphere. The docetaxel-resistant SPC-A1 cell line (SPC-A1/DTX) was
established and preserved in 5pg/L docetaxel as described
previously [Feng et al., 2011]. The docetaxel-resistant H1299 cell
line was generated and preserved in 20 pg/L docetaxel (unpublished
data).

MORPHOLOGIC ANALYSIS

Cells were grown to 70% confluence and visualized at x200
magnification with an Olympus microscope (Olympus America, Inc.,
Melville, NY). The digital images of the SPC-A1/DTX cells and
parental cells SPC-A1 were randomly taken and three researchers
blinded to the results were asked to compare the images for
morphologic characteristics consistent with EMT.

TRANSIENT TRANSFECTION

Small interfering RNAs (siRNAs) targeting ZEB1 (designed as
siZEB1, sc-38643) and control siRNAs (designed as sicon, sc-37007)
were purchased from Santa Cruz Biotechnology, Inc. The whole
sequence of ZEB1 was amplified using PCR with BamHI and HindIII
restriction enzyme cut sites on the ends to facilitate directional
cloning. The PCR products were cloned into the plasmid pcDNA3.1
(Invitrogen, Carlsbad, CA) and subsequently verified by DNA
sequencing to create the recombinant plasmid pcDNA-ZEB1. Cells
were planted into 6-well plates (2 x 10° cells/well) and transfected
with siRNA or plasmid using Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s protocol.

CELL VIABILITY ASSAY

Cells were seeded into 96-well plates at a density of 2 x 10> cells/
well and various concentrations of docetaxel (0, 10, 20, 40, 80, 160,
320, 640, 1,280 ng/L) were added. After 48 h, cell viability was
determined by MTT assay as previously described [Tsang and Kwok,
2009].

FLOW CYTOMETRIC ANALYSIS OF APOPTOSIS

Cells were harvested 48 h after transfection of the siRNAs or pcDNA-
ZEB1, and apoptotic rate was determined by Annexin V-FITC
apoptosis detection kit (KeyGen Biotech, Nanjing, China) according
to the manufacturer’s protocol. Briefly, cells were collected and
resuspended in 0.5 ml binding buffer containing 5 pl Annexin V and
5wl propidium iodide (PI), and incubated for 15 min at 37°C in the
dark. The apoptotic rate was examined by flow cytometry.

COLONY FORMATION ASSAY

Cells were transfected for 48h and seeded into 6-well plates
(3 x 10% cells/well). After 14 days, cells were fixed with methanol
and stained with a solution containing 0.1% crystal violet and 20%
ethanol. After washing and drying, visible colonies were manually
counted.

RNA EXTRACTION AND REAL-TIME QUANTITATIVE PCR

Total RNA was extracted using Trizol reagent (Invitrogen) and
transcribed into cDNA using a PrimeScript RT reagent Kit (Takara,
Dalian, China) according to the manufacturer’s instructions.
Quantitative PCR was performed in ABI 7300 Thermocycler (Applied
Biosystems, Foster City, CA), using the SYBR Premix Ex Taq kit
(Takara). The presence of circulating tumor cells was assessed as a
function of human-specific GAPDH (hGAPDH) expression relative
to mouse-specific GAPDH (mGAPDH). The primers were described in
Table L.

WOUND-HEALING ASSAY

Cells were grown to confluent monolayer in 6-well plates using
RPMI 1640 containing 10% FBS. Then the medium was replaced
with FBS-free media, and the monolayer cells were wounded with
200 pl tip. The migration of cells into the wound zone was observed

TABLE 1. Primer Sequences Used for Quantitative PCR

Expected
mRNA Primers size (bp)
E-cadherin  Forward: 5'-CATTTCCCAACTCCTCTCCTGGC-3' 90
Reverse: 5'-ATGGGCCTTTTTCATTTTCTGGG-3'

CK-19 Forward: 5-CATCCAGGACCTGCGGGACAAGA-3’ 85
Reverse: 5'-AGCCAGACGGGCATTGTCGATCT-3’

Vimentin Forward: 5'-AGTTCAAGAACACCCGCACCAAC-3’ 89
Reverse: 5'-CAGGAAGCGCACCTTGTCGATGT-3’

N-cadherin ~ Forward: 5'-CTTCAGGCGTCTGTAGAGGCTTC-3’ 95
Reverse: 5-TGCACATCCTTCGATAAGACTGC-3'

Slug Forward: 5'-GGCTTGGCTGCACTGTCTGACTT-3’ 106
Reverse: 5-TTCATTTCCACCCTGGCACCTAC-3’

Snail Forward: 5'-CCAGCTCTCTGAGGCCAAGGATC-3’ 108
Reverse: 5-TGGCTTCGGATGTGCATCTTGAG-3’

Twist1 Forward: 5'-TACCAGGTCCTCCAGAGCGACGA-3’ 97
Reverse: 5'-TCCTCCAGACCGAGAAGGCGTAG-3'

ZEB1 Forward: 5'-CAAGAAACAATCAATGCTTCACC-3’ 93

Reverse: 5'-GGTTGTTCCATCTTGATCAACCA-3’
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(100x magnification) at the indicated time points (0, 24, and 48 h)
after scraping. The distances between the two edges of the scratched
cells were measured and healing rate was calculated using the
following formula: healing rate = (the distance before healing — the
distance after healing)/the distance before healing x 100%.

MIGRATION AND INVASION ASSAYS

Cell migration assays were performed using Transwell migration
chambers (8 wm pore size; Costar) according to the vendor's
instructions. Briefly, 50,000 cells were plated into the insert of the
well and the wells were washed with PBS after 18 h for migration
assays. The cells that had migrated to the basal side of the membrane
were fixed and stained with crystal violet, visualized and represent
photos were taken under a 200-fold vision.

WESTERN BLOTTING

Proteins were separated by 10% SDS-PAGE and transferred to
polyvinylidene fluoride (PVDF) membrane. The membrane was
incubated with primary antibodies to E-cadherin (1:1,000, BD
Biosciences), N-cadherin (1:1 000, BD Biosciences), Vimentin (1:1
000, BD Biosciences), CK-19 (1:1 000, BD Biosciences), and Twist
(1:500, Santa Cruz Biotechnology, Inc.) overnight at 4°C and then
incubated with HRP-conjugated secondary antibody for 1 h at 37°C.
The results were photographed with ECL substrate (Cell signaling)
according to the manufacture’s instructions.

ANIMAL EXPERIMENTS

To investigate the migrate and invasive ability of SPC-A1/DTX cells
in vivo, male BALB/c nude mice aged 6-8 weeks were purchased
from the Animal Laboratory Unit of Jinling Hospital. The mice were
maintained under standard conditions and cared for according to
the institutional guidelines for animal care. SPC-A1 and SPC-A1/
DTX cells were harvested and 6 x 10° viable cells were injected into
the lateral tail vein of nude mice (twenty per group). After 8 weeks,
blood from mice was isolated and red blood cells were lysed. The
mRNA from the remaining cells was extracted for real-time PCR. At
the same time, lung tissues were fixed by paraformaldehyde and
alveolar structure was observed through H&E staining.

To explore the role of ZEB1 on the chemoresistance of SPC-A1/
DTX cells, 48 h after transfection with sicon or siZEB1, SPC-A1/DTX
cells (1 x 10°) were suspended in 100wl PBS and then injected
subcutaneously into nude mice at the right side of the posterior
flank, six mice per group. Tumor growth was examined every other
day, and tumor volumes were calculated by using the equation
V=A x B%/2 (mm?), wherein A is the largest diameter, and B is the
perpendicular diameter. When the average tumor size reached about
50 mm>, docetaxel (1 mg/kg) was given every other day intraperi-
toneally. After 17 days, all mice were sacrificed. The animal study
protocol was approved by the Animal Experimentation Ethics
Committee of the Jinling Hospital.

STATISTICAL ANALYSIS

The results were expressed as mean+ SEM and analyzed by
SPSS12.0 statistical analytical software (SPSS, Chicago, IL).
Comparisons were carried out by Student’s f-test and P < 0.05
were considered statistically significant.

ACQUISITION OF DOCETAXEL RESISTANCE INDUCES
MORPHOLOGIC AND MOLECULAR CHANGES OF

SPC-A1 CELLS CONSISTENT WITH EMT

We first determined the docetaxel resistant ability of SPC-A1/DTX
cells. As shown in Figure 1A, the ICs, values of SPC-A1/DTX and
SPC-A1 cells for docetaxel were 91.34 + 3.30 and 8.48 +0.54 p.g/L,
respectively. And the ICs, values of SPC-A1/DTX and SPC-AT1 cells
for paclitaxel were 5.02 £ 0.55 and 0.65 £ 0.07 p.g/L, respectively,
which indicated that SPC-A1/DTX cells were also resistant to
paclitaxel (Fig. 1B). SPC-A1/DTX cell line had a markedly different
light microscopic appearance from the parental cell line. The
phenotypic changes were observed in SPC-A1/DTX cells including
loss of cell polarity, increased intercellular separation, and increased
formation of pseudopodia (Fig. 1C), which were typical of cells with
a mesenchymal phenotype. To further investigate whether the
acquisition of docetaxel resistance induced specific molecular
changes consistent with EMT, real-time PCR, and Western blotting
were performed to detect the mRNA and protein expression of the
EMT markers in SPC-A1/DTX and parental SPC-A1 cell line. As
shown in Figure 1D-F, decreased mRNA and protein levels of the
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Fig. 1. SPC-A1/DTX cells exhibit EMT phenotype compared to parental SPC-
A1 cells. A: IC5o values of SPC-A1/DTX and SPC-A1 cells for docetaxel.
**P<0.01. B: IC5o values of SPC-A1/DTX and SPC-A1 cells for paclitaxel.
**P<0.01. C: SPC-A1/DTX cells display phenotypic changes including a
spindle-shaped morphology and increased formation of pseudopodia. Magni-
fication, 100x. D: The expression of epithelial and mesenchymal markers was
determined by real-time PCR in SPC-A1 and SPC-A1/DTX cells. “*P< 0.01. E:
The expression of epithelial and mesenchymal markers was detected by
Western blotting in SPC-A1 and SPC-A1/DTX cells. F: Quantitative analysis
of the relative protein levels shown in E. “P< 0.05, “*P< 0.01.
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epithelial adhesion molecules such as E-cadherin and CK-19, and
increased levels of mesenchymal markers such as Vimentin and N-
cadherin were detected in SPC-A1/DTX cells compared with SPC-A1
cells. Interestingly, similar protein expression patterns were
observed during the acquisition of docetaxel resistance in another
human non-small cell lung carcinoma cell line, H1299, which
suggested that docetaxel-induced EMT phenotype was not cell type
specific (Supplementary Fig. 1).

SPC-A1/DTX CELL LINE HAS INCREASED MIGRATORY AND
INVASIVE CAPACITY BOTH IN VITRO AND IN VIVO

The EMT program is associated with enhanced cancer invasiveness.
Therefore, we next compared migratory ability and invasive
potential between the SPC-A1/DTX and parental SPC-A1 cells.
As shown in Figure 2A,B, the capacity of SPC-A1/DTX cell line to
invade through the transwell membrane was 2.40-fold compared
with that of the parental SPC-A1 cell line. In addition, the SPC-A1/
DTX cells showed a 1.62- and 1.17-fold increase in the number of
cells migrating across the wound at 24 and 48h, respectively
(Fig. 2C,D). Increased formation of pseudopodia was also observed in
the edge of the wounds of SPC-A1/DTX cells compared to those of
SPC-A1 cell line (Fig. 2C). Similar results were observed in H1299

SPC-A1

SPC-A1/DTX

C ) Oh 24h

48h

Fig. 2.

cells during the acquisition of docetaxel resistance (Supplementary Fig.
2). The metastatic potential of SPC-A1/DTX cells was also investigated
in vivo. As shown in Figure 2E, compared with the SPC-A1 cells
injected nude mice, H&E staining showed that 8 weeks after injection
of SPC-A1/DTX cells, numerous multinucleate huge cells, newly
formed vessels, and scattered lymphocytes were seen in the lung
sections and markedly more space in pulmonary alveolus was occupied
by tumor cells. The number of circulating tumor cells was also
significantly increased in SPC-A1/DTX cells injected mice (P < 0.05,
Fig. 2F). These results suggested that SPC-A1/DTX cell line exerted
increased migratory and invasive capacity both in vitro and in vivo.

DOWN-REGULATION OF ZEB1 LEADS TO THE REVERSAL OF EMT
PHENOTYPE IN SPC-A1/DTX CELLS

To identify the transcription factors that were involved in the
docetaxel-induced EMT phenotype, we analyzed expression levels
of the following known EMT activators including Snaill, Snail2,
Twist, ZEB1, and ZEB2. The expression levels of EMT activators such
as Snail 1, Snail2, and Twist, showed no significant changes at both
transcriptional and translational levels (Fig. 3). ZEB2 was not
detected at either the mRNA or protein level (data not shown).
However, expression of ZEB1 in SPC-A1/DTX cell line was
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SPC-A1/DTX cell line has increased migratory and invasive capacity both in vitro and in vivo. A: Cell migration capacity of SPC-A1 and SPC-A1/DTX cells was

determined by transwell assay. B: Quantitative analysis of the cells migration through the transwell chambers. **P< 0.01. C: Wound healing assays were performed at 24 and
48 h in SPC-A1 and SPC-A1/DTX cells. D: Quantitative analysis of the healing rate of SPC-A1 and SPC-A1/DTX cells. “P < 0.05, **P < 0.01. E: At 8 weeks after tail vein injection
of SPC-A1 or SPC-A1/DTX cells, metastasis potential was determined by histological analysis using HE staining. F: The relative concentration of circulating tumor cells in blood

was determined by real-time PCR. *P < 0.05.
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Fig. 3. ZEB1 was upregulated in SPC-A1/DTX cells. A: Expression levels of
transcription factors Snail1, Snail2, Twist, and ZEB1 were determined by real-
time PCR in SPC-A1 and SPC-A1/DTX cells. **P< 0.01. B: Expression levels of
transcription factors Snail1, Snail2, Twist, and ZEB1 were determined by
Western blotting in SPC-A1 and SPC-A1/DTX cells. C: Quantitative analysis
of the relative protein levels shown in B. **P< 0.01.

significantly increased at both mRNA and protein levels (Fig. 3). To
further determine the role of ZEB1 in the formation of EMT
phenotype in SPC-A1/DTX cell line, siRNA specifically targeting
ZEB1 was transfected into SPC-A1/DTX cells. As shown in Figure 4,
inhibition of ZEB1 up-regulated the expression of E-cadherin and
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Fig. 4. RNAi-mediated knockdown of ZEB1 modulates the expression of EMT
markers in SPC-A1/DTX cells. A: The RNA expression of ZEB1, E-cadherin,
Vimentin, and N-cadherin was detected in SPC-A1/DTX cells following inhibi-
tion of ZEB1 by siZEB1. *P< 0.05, **P< 0.01. B: The protein expression of
ZEB1, E-cadherin, Vimentin, and N-cadherin was detected in SPC-A1/DTX cells
following inhibition of ZEB1 by siZEB1. C: Quantitative analysis of the relative
protein levels shown in B. *P< 0.05, “*P<0.01.

decreased the expression of Vimentin and N-cadherin. In addition,
knockdown of ZEB1 significantly inhibited the migratory potential
of SPC-A1/DTX cells in the transwell assay (P <0.01, Fig. 5A,B).
Furthermore, inhibition of ZEB1 resulted in a 43.7% and 44.0%
decrease in the number of cells migrating across the wound at 24 and
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Fig. 5. Inhibition of ZEB1 decreased the migratory ability of SPC-A1/DTX cells. A: Cell migration capacity of siZEB1-transfected SPC-A1/DTX cells was determined by
transwell assay. B: Quantitative analysis of the cells migrating through the transwell chambers. **P < 0.01. C: Wound healing assays were performed at 24 and 48 h in siZEB1-
transfected SPC-A1/DTX cells. D: Quantitative analysis of the healing rate of sicon-transfected and siZEB1-transfected SPC-A1/DTX cells. “P< 0.05, **P< 0.01.
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48 h, respectively (Fig. 5C,D). All of these data indicated that ZEB1
was critical for the acquisition of EMT phenotype and that the
inhibition of ZEB1 could reverse the EMT phenotype of docetaxel-
resistant cells.

KNOCKDOWN OF ZEB1 ENHANCES THE CHEMOSENSITIVITY OF
SPC-A1/DTX CELLS TO DOCETAXEL

Next we explored the role of ZEB1 on the chemosensitivity of SPC-A1/
DTX cells to docetaxel. As shown in Figure 6A,B, inhibition of ZEB1
significantly suppressed proliferating ability of SPC-A1/DTX cells
compared with sicon-transfected cells in the colony formation assay
(P < 0.01). Moreover, down-regulation of ZEB1 could enhance the
apoptotic rate of SPC-A1/DTX cells from 2.024+0.22% to
5.99 £+ 0.44% by flow cytometric analysis (Fig. 6C,D). Given that
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inhibition of ZEB1 could reverse the EMT phenotype of SPC-A1/
DTX cells, we asked whether inhibition of ZEB1 could affect the
chemosensitivity of SPC-A1/DTX cells. As shown in
Figure 6E, the ICs5, values for docetaxel were 102.72 +4.76 and
33.87 £+ 3.48 pg/L in sicon- and siZEB1-transfected SPC-A1/DTX
cells, respectively. And the ICs, values for paclitaxel were
significantly decreased in siZEB1-transfected SPC-A1/DTX cells
(P<0.01, Fig. 6F). To investigate whether inhibiting of ZEB1
could reverse the docetaxel resistance of SPC-A1/DTX cells in
vivo, siZEB1-transfected SPC-A1/DTX cells were injected subcu-
taneously into nude mice and docetaxel was given through
intraperitoneal injection. As shown in Figure 6G,H, knockdown of
ZEB1 could significantly decrease the tumor volume, which
indicated that inhibiting of ZEB1 increased the docetaxel
sensibility of the SPC-A1/DTX cells. All these results suggest
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Inhibition of ZEB1 increases the chemosensitivity of SPC-A1/DTX cells to docetaxel in vivo and in vitro. A: The proliferating ability of siZEB1-transfected SPC-A1/DTX

cells was determined in the colony formatting assay. B: Quantitative analysis of the proliferating ability of siZEB1-transfected SPC-A1/DTX cells shown in A. “*P<0.01.
C: Apoptosis rate of siZEB1-transfected SPC-A1/DTX cells was detected by flow cytometry. D: Quantitative analysis of the apoptosis rate of siZEB1-transfected SPC-A1/DTX
cells shown in C. **P< 0.01. E: ICg, values of sicon-transfected and siZEB1-transfected SPC-A1/DTX cells for docetaxel. **P< 0.01. F: ICsq values of sicon-transfected and
siZEB1-transfected SPC-A1/DTX cells for paclitaxel. **P< 0.01. G: Representative photographs of tumors formed at 17 days after the subcutaneous transplantation. H: Growth
curve of tumors derived from sicon-transfected and siZEB1-transfected SPC-A1/DTX cells. “P< 0.05, **P< 0.01. n=6 mice per group.
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rate of ZEB1-transfected SPC-A1 cells was detected by flow cytometry. D: Quantitative analysis of the apoptosis rate of ZEB1-transfected SPC-A1 cells shown in C. **P< 0.01.
E: ICso values of ZEB1-transfected SPC-A1 cells for docetaxel. “*P< 0.01. F: ICs, values of ZEB1-transfected SPC-A1 cells for paclitaxel. **P< 0.01.

that inhibition of ZEB1 could enhance the docetaxel sensitivity of
SPC-A1/DTX cells.

ECTOPIC EXPRESSION OF ZEB1 ATTENUATES THE
CHEMOSENSITIVITY OF SPC-A1 CELLS TO DOCETAXEL

To further confirm the critical role of ZEB1 in chemosensitivity to
docetaxel, ZEB1 was overexpressed in parental SPC-A1 cells. As
shown in Figure 7A, the proliferating ability of SPC-A1 cells, which
were transfected with ZEB1, was significantly increased compared
with pcDNA-transfected cells (P <0.01, Fig. 7A,B). In addition,
ectopic expression of ZEB1 significantly decrease the apoptotic rate
of SPC-A1 cells (P < 0.01, Fig. 7C,D). Furthermore, the ICs, values
for docetaxel were significantly increased from 8.13+£0.16 to
14.38 & 1.39 pg/L when transfected with ZEB1 (P < 0.01, Fig. 7E).
The ICs, values for paclitaxel were also significantly increased in
ZEB1-transfected SPC-A1 (Fig. 6F). Taken together, these results
suggest that ZEB1 played an important role in the formation of
docetaxel resistance in SPC-A1/DTX cells.

In this study, we have for the first time demonstrated that SPC-A1/
DTX cells showed EMT characteristics including elongated

fibroblastoid shape, switch of EMT marker proteins, and enhanced
migratory and invasive potential. In addition, ZEB1 played a crucial
role in the induction of EMT and chemosensitivity to docetaxel of
SPC-A1 cells by targeting E-cadherin, suggesting that ZEB1 was a
potential target for NSCLC treatment.

EMT was correlated with cancer cell metastasis as well as
resistance towards anticancer agents [Gomes et al., 2011; Chen
et al., 2012]. It was generally considered that cell phenotype was
responsible for the sensitivity of therapeutic agents, which
suggested that mesenchymal-type cancer cells were more resistant
to chemotherapeutic agents than epithelial-type cancer cells
[Fuchs et al., 2008; Maseki et al., 2012]. Further studies indicated
that E-cadherin expression was a novel biomarker predicting
clinical positive activity of the EGFR inhibitor erlotinib in NSCLC
patients [Thomson et al., 2005; Uramoto et al., 2011]. Here, our
study showed that docetaxel-resistant SPC-A1 cells exhibited EMT
phenotype including loss of cell-to-cell contact, acquisition of
fibroblast-like morphology, switch of EMT marker proteins and
increased migratory abilities both in vitro and in vivo.
Interestingly, in the xenograft nude mice models, there were no
visible metastatic nodules in the lung in spite of increased number
of circulating tumor cells, and we speculated that it was most
likely due to the lower invasion and metastasis ability of SPC-A1
cells.
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Several master EMT-regulating transcription factors, including
Twist, Snail, Slug, ZEB1, SIP, and Goosecoid, played indispensable
roles in epithelial cancers [Christiansen and Rajasekaran, 2006;
Klymkowsky and Savagner, 2009]. Among them, Snail and Twist
were shown to repress the expression of E-cadherin and induce EMT
in cancer cells [Batlle et al., 2000; Cano et al., 2000]. Increased
expression of Snail and Twist were often correlated with poor
prognosis in hepatocellular, breast, colorectal, and gastric cancers
[Miyoshi et al., 2005; Yan-Qi et al., 2007; Vesuna et al., 2008;
Valdes-Mora et al., 2009]. More importantly, ZEB1 was regarded as a
key player in the progression of epithelial cancers by targeting E-
cadherin. ZEB1 was up-regulated in advanced stages of colorectal
tumors and uterine cancers and enhanced transendothelial migra-
tion in prostate cancer cells [Schmalhofer et al., 2009]. ZEB1 was a
critical transcription factor that repressed the expression of E-
cadherin via binding to two bipartite E-box motifs within the E-
cadherin promoter [Peinado et al., 2004]. Recently, it was reported
that ZEB1 may be linked to the recruitment of histone deacetylases
at the E-cadherin promoter [Tryndyak et al., 2010]. Consistent with
these findings, we found that ZEB1 was up-regulated in SPC-A1/
DTX cells compared to parental SPC-A1 cells and knockdown of
ZEB1 induced up-regulation of E-cadherin and down-regulation of
N-cadherin and Vimentin, and reduced migratory and invasive
potential of SPC-A1/DTX cells.

It was generally accepted that the EMT process prevented
apoptosis of cancer cells and induced resistance to chemotherapy.
For example, Twist1 might contribute to the disruption of repressive
complexes between p53 and p21, and depletion of Twist1 could raise
the apoptotic rate of breast cancer cells and reverse the sensitivity to
chemotherapy [Li et al., 2009]. Snail and Slug were also involved in
resistance to paclitaxel, adriamycin, and radiation by inactivating
p53-mediated apoptosis [Kajita et al., 2004; Kurrey et al., 2009].
Accumulating evidence has indicated that ZEB1 was associated with
cell sensitivity to conventional chemotherapy, including gemcita-
bine, 5-fluorouracil (5-FU), and cisplatin in cancer cells [Arumugam
et al.,, 2009]. In addition, the data have shown that knockdown of
ZEB1 greatly suppressed anchorage-independent growth of lung
cancer cells [Takeyama et al., 2010]. Based on this observation, we
evaluated the effects of ZEB1 on resistance to docetaxel and
proliferating ability in SPC-A1/DTX cell line. Intriguingly, inhibi-
tion of ZEB1 significantly enhanced the sensitivity of lung
adenocarcinoma cells to docetaxel in vitro and in vivo. Meanwhile,
inhibition of ZEB1 significantly inhibited proliferating ability and
increased the apoptotic rate of SPC-A1/DTX cells, which indicated
that ZEB1 was a critical determinant for docetaxel-resistance of lung
adenocarcinoma cells. Furthermore, ectopic expression of ZEB1
could decrease the chemosensitivity to docetaxel in parental SPC-
A1 cells. All these results suggested that suppression of ZEB1 would
be a useful approach for the reversal of EMT and drug resistance
phenotype of SPC-A1/DTX cells.

Resistance to chemotherapeutic agents represented a major
obstacle for the treatment of patients with NSCLC and the presence
of EMT phenotypic cells could take responsibility, at least partially,
for the development of NSCLC chemoresistance and the high
mortality of NSCLC patients. Our study demonstrated that inhibition
of ZEB1 could up-regulate the expression of E-cadherin, resulted in

the reversal of EMT characteristics and chemoresistance of SPC-A1/
DTX cells, which provided new insights into further investigation in
understanding the mechanism of ZEB1 in the drug resistance for the
successful treatment of NSCLC.
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