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ABSTRACT

Lung cancer is the leading cause of cancer-related death worldwide. Despite
advances have been made in diagnosis and therapeutic strategies, the prognosis of
lung cancer is still very poor. Eyes absent transcriptional cofactor EYA2 has been
shown to promote lung cancer cell growth, however, the underlying molecular
mechanism is still not fully understood. In the present study, we found that EYA2 was
up-regulated in lung cancer, and EYA2 led to increased cell proliferation by inhibiting
Phosphatase and tensin homologue (PTEN) expression via modulation of miR-93.
Additionally, survival analysis showed that lung cancer patients with higher EYA2
expression predicted a worse prognosis. Therefore, these findings demonstrate that
EYA2 may play an important role in lung cancer occurrence and progression. Targeting
EYA2 may provide a feasible approach in developing novel anticancer therapeutics.

INTRODUCTION

Lung cancer is the deadliest malignancy accounting
for nearly 1 of every 4 cancer-related deaths worldwide
[1-4]. It is typically divided into small-cell lung
carcinoma or non-small cell lung carcinoma (NSCLC),
which account for ~20% and ~80% of all lung carcinomas,
respectively [5, 6]. Despite significant progress has been
made in diagnosis and therapeutic strategies, the five-
year overall survival rate of lung cancer patients is still
dismal for all stages. This is basically due to the lack of
early diagnostic tools of lung cancer and its underlying
pathogenesis mechanisms is still not fully understood until
now [7-9]. Therefore, understanding molecular changes
involved in the development of lung tumor is essential for
the identification of novel anticancer therapeutic targets.

The eyes absent (EYA) family proteins (EYA1-
4) are highly conserved transcriptional cofactors and
important components of Retinal Determination Gene
Network (RDGN) signaling [10-13]. Recent studies

indicate that EYA family proteins contribute to tumor
initiation and progression in various cancers. EYA2 was
reported to be up-regulated in epithelial ovarian cancer
and promotes tumor growth [14]. EYA2 was required
to mediate the pro-metastatic functions of Six1 in breast
cancer [15]. The EYA2 is critical for PLZF-RARA-
induced leukemogenesis [16]. Moreover, EYA2 has been
shown to promote cell growth in lung cancer [17]. EGFR/
miR-338-3p/EYA2 axis controls breast tumor growth and
lung metastasis [18]. Overexpression of miR-30a inhibits
migration and invasion via targeting EYA2 in lung cancer
[19]. However, the underlying regulatory mechanisms by
which this occurs have not been fully elucidated.
Phosphatase and tensin homologue (PTEN) was
reported to act as a tumor suppressor by inhibiting PI3K
pathway activation in various cancers [20]. PTEN protein
expression is downregulated in well to moderately
differentiated NSCLC tumors [21, 22]. Previous studies
suggested that dysregulation of PTEN may cause tyrosine
kinase inhibitors resistance in NSCLC patients [23, 24].
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Moreover, NSCLC patients with low PTEN expression
had worse prognosis than those patients with higher PTEN
expression [25].

In this study, the increased expression of EYA2
was detected in lung cancer. Forced expression of EYA2
could enhance lung cancer cell growth both in vivo and
in vitro. Furthermore, EYA2 could inhibit the expression
of PTEN via modulation of miR-93 in lung cancer cells.
Additionally, survival analysis showed that lung cancer
patients with higher expression of EYA2 had a worse
overall survival.

RESULTS

EYA2 is up-regulated in lung cancer

To evaluate the role of EYA2 in lung cancer
development, we first examined the mRNA
expression levels of EYA2 in five lung cancer datasets
(Bhattacharjee’s dataset, GSE3398, GSE7670, GSE3268
and GSE19188) using ONCOMINE database [26]. In the
microarray gene expression studies, EYA2 mRNA levels
in lung tumor tissues were significantly higher than those
in the non-tumor lung tissues, the EYA2 mRNA levels
ranged from 1.6- to 13.3-fold increase in lung cancer
(Figure 1A—1E). In the Bhattacharjee’s dataset, mRNA
levels of EYA in small cell lung carcinoma (n = 6) and
squamous cell lung carcinoma (n = 21) were increased
respectively by 10.10-fold and 13.33-fold compared with
non-tumor lung tissue (n = 17). In the GSE3398 dataset,
EYA mRNA expression levels in squamous cell lung
carcinoma (n = 13), small cell lung carcinoma (n = 4) and
lung adenocarcinoma (n = 40) were increased significantly
to 2.66-, 3.64- and 1.66-fold of the control, respectively. In
the GSE7670 dataset, the mRNA expression level of EYA
in lung carcinoma (n = 27) was increased by 2.41-fold.
In the GSE3268 dataset, EYA mRNA expression level in
squamous cell lung carcinoma (n = 5) was increased by
1.60-fold. In the GSE19188 dataset, mRNA levels of EYA
in squamous cell lung carcinoma (n = 27), large cell lung
carcinoma (n = 19) and lung adenocarcinoma (n = 45)
were increased to 3.03-, 3.10- and 1.74-fold of the control,
respectively. Then, the EYA2 expression in 86 lung cancer
tissues and 20 non-tumor lung tissues was examined using
immunohistochemisty. The results showed that expression
of EYA2 was significantly higher in tumor tissues than
in adjacent non-tumor tissues ("p < 0.05, Figure 1F).
We further analyzed EYA2 expression according to the
histological subtype of the lung cancer tissues. As shown
in Supplementary Figure 1, the EYA2 expression was
upregulated in both lung adenocarcinoma (p = 0.012) and
lung squamous cell carcinoma (p = 0.005), which was
also consistent with results from analysis of different lung
cancer datasets. Together, these data suggested that EYA2
was up-regulated in lung cancer.

EYAZ2 promotes lung cancer cell proliferation in
vitro and in vivo

To address the functional consequence of EYA2
upregulation in lung cancer, we examined the effect
of EYA2 on the proliferation of A549 cells. First, we
established A549 cells with stable expression of either
EYA2 or vector control plasmids. Cell proliferation
was then assessed by cell growth assay and colony
formation assay. The cell growth assay indicated that the
proliferation rate of A549 lung cancer cells overexpressed
with EYA2 was significantly higher than that of vector
control cells at 5 days after plating ("p < 0.05, Figure 2A).
The colony formation assay showed that the numbers of
colonies of vector control and EYA2 group were 76.0 +
6.4 and 110.3 + 6.9, respectively ("p = 0.02, Figure 2B).
We further tested whether EYA2 was required for the
proliferation of A549 cells. The endogenous expression
of EYA2 was silenced by lentivirus-mediated shRNA
interference. As shown in Figure 2C, the cell growth was
obviously suppressed after knockdown of endogeous
EYA2 by three different lentivirus-mediated shRNAs
in A549 cells. Similarly, the colony number of EYA2-
knockdown cells was significantly lower than the number
of A549 cells transfected with shRNA control (shRNA
control, EYA2-shRNA1 and EYA2-shRNA2, 86.3 =+
4.9, 553 +£ 6.7 and 60.6 £ 2.6, respectively; p = 0.005,
Figure 2D). We examined the role of EYA2 in another
lung cancer cell line H1975. As shown in Supplementary
Figure 3, overexpression of EYA2 significantly promotes
the cell proliferation of H1975 cells (Supplementary
Figure 3A and 3B; “p < 0.05). Furthermore, we evaluated
the effects of EYA2 overexpression in a PTEN null cell
line H1650. To determine whether EYA2 affect the cell
death of lung cancer, we knocked down the endogenous
EYA2 in A549 cells and then performed Annexin/PI
staining assay. As shown in Supplementary Figure 2, the
percentage of apoptotic cells in EYA2 shRNAs groups
were significantly increased compared to the scrambled
control group ("p < 0.05). It indicated that the inhibition
of EYA2 promoted the apoptosis of the A549 cells, which
was also consistent with previous studies [17]. Taken
together, these results indicated that EYA2 promoted lung
cancer cell proliferation in vitro.

Next, the above findings were further confirmed
in vivo in xenograft tumor model. A549 cells stably
overexpressing EYA2 or vector alone were injected
subcutaneously into two groups of nude mice (n =5). Four
weeks after injection, the tumors were resected. The mean
tumor weight in the group overexpressing EYA2 (0.86 +
0.06 g) was significantly higher compared to that in the
control group (0.49 + 0.05 g; "p < 0.05, Figure 2E) at the
end of the experiment. These results suggested that up-
regulated EYA2 promoted the proliferation of lung cancer
cells in vivo.
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EYA2 represses PTEN expression in lung cancer
cells

PTEN has been validated as a critical candidate
of lung cancer tumor suppressor [27, 28]. In this study, we
found that the expression of PTEN could be inhibited by
EYAZ2 in lung cancer cells. Western blot assay showed that
PTEN protein levels were dramatically reduced in A549
cells transduced with EYA2 compared with the respective
vector control (Figure 3A). Furthermore, we examined
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PTEN and p-AKT levels in xenograft tumor tissues. As
shown in Figure 3B, the level of PTEN in tumor samples
with EYA2 overexpression was much lower than that in
samples with vector control. Consequently, the level of
p-AKT in EYA2 group was much higher compared with
the vector control group. To determine whether EYA2
regulates the mRNA expression of PTEN, we analyzed
PTEN expression by quantitative PCR analysis. The
results showed that the expression of PTEN mRNA in
AS549 cells transduced with EYA2 decreased to nearly
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Figure 1: EYA2 is overexpressed in lung cancer. (A-E) Expression levels of EYA2 mRNA in five lung cancer datasets:
Bhattacharjee’s dataset (A), GSE3398 (B), GSE7670 (C), GSE3268 (D) and GSE19188 (E). (F) EYA2 expression in 86 lung cancer tissues
and 20 non-tumor lung tissues examined by immunohistochemisty. Expression levels of EYA2 were scored semi-quantitatively based on
the percentage of positive cells according to the following scale: +, <25%; ++, 25-49%; +++, 50-74%; and ++++, 75-100% (G). Scale

bars = 50 pm.
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one third of the PTEN mRNA level in the vector control
("p <0.05, Figure 3C).

Next, to confirm these above findings, we performed
the co-expression analysis of EYA2 and PTEN in four
independent lung cancer microarray datasets. A significantly
negative correlation between EYA2 and PTEN was
confirmed in multiple datasets (TCGA dataset: : —0.111,
p = 0.01; GSE43580: r: —0.176, p = 0.03; GSE33532:
r=-0.234, p = 0.02; and ArrayExpress eumcull dataset:
r=—0.174, p = 0.009; Figure 3D). We evaluated PTEN
expression by immunohistochemistry and analyzed
its correlation with EYA2 expression. As shown in
Supplementary Table 1, the expression of PTEN was
negative correlated with EYA2 expression in lung cancer
(Phi = —0.28, p = 0.017). Furthermore, in NSCLC, the
expression of PTEN was still negative correlated with
EYA2 expression (Phi = —0.32, p = 0.012). Collectively,
the data demonstrated that there was an inverse correlation
between EYA2 and PTEN in lung cancer samples.
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EYAZ2 promotes cell proliferation via suppression
of PTEN in lung cancer

To address whether EYA2 promotes cell
proliferation through suppression of PTEN in lung
cancer cells, A549 cells with stable expression of EYA2
were forced to overexpress PTEN. The cell growth
assay showed that overexpression of EYA2 enhanced
lung cancer cell growth, while re-expression of PTEN
significantly compromised the growth advantage conferred
by EYA2 in A549 cells ('p < 0.05, Figure 4A). Similarly,
the colony formation assay also showed that re-expression
of PTEN significantly attenuated the growth advantage
conferred by EYA2 in A549 cells. The colony numbers
of vector control group, EYA2 group and EYA2+PTEN
group were (66.6 + 6.1), (105.7 + 6.8) and (65.0 £+ 5.0),
respectively (p < 0.05, Figure 4B). In summary, these
results indicated that EYA2 promoted cell proliferation
via inhibition of PTEN in lung cancer.
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Figure 2: EYA2 promotes lung cancer cell proliferation in vitro and in vivo. (A, B) cell growth assay (A) and colony formation
assay (B) of A549 cells with stable EYA2 expression. (C, D) cell growth assay (C) and colony formation assay (D) of A549 cells stably
transfected with EYA2 shRNAs (EYA2-shRNA1, EYA2-shRNA2 and EYA2-shRNA3). All experiments were performed at least three
times; bars, s.e.m.; "p <0.05. (E) in vivo xenograft model of lung tumor. A549 cells with stable expression of EYA2 or vector control were
subcutaneously injected into two groups of nude mice. Representative images showing ablation of subcutaneous xenograft tumors and the

weight of the tumors. Bars, s.e.m.; p < 0.05.
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EYAZ2 suppresses PTEN expression via
modulation of miR-93

It has been estimated that PTEN can be targeted
by multiple miRNAs, such as miR-200a, miR-21, miR-
106b and miR-93, etc [29-31]. We therefore examined
whether these miRNAs could be modulated by EYA2.
The expression of these miRNAs was determined by
quantitative PCR analysis. The results showed that EYA2
could up-regulate the levels of miR-93 and miR-106b in
lung cancer cells (p < 0.05, Figure 5A). Since the fold
change affected by EYA2 was higher in miR-93 expression
than in miR-106b expression, we selected miR-93 for
subsequent studies. Next, we performed in silico analysis
using the publicly available databases TargetScan. As
shown in Figure 5B, the predicted binding sites for miR-
93 in the 3'UTR of PTEN were conserved in different
species. To determine whether PTEN is a direct target of
miR-93, luciferase reporters containing either wild-type or
mutant PTEN 3'UTRs were constructed. Luciferase reporter
assay demonstrated that exogenous miR-93 repressed the
luciferase activity controlled by wild-type PTEN 3XUTR,
but not the luciferase activity controlled by mutant
PTEN 3'UTR (*p < 0.05, Figure 5C). Moreover, Forced
overexpression of miR-93 in A549 cells decreased PTEN
expression at both the mRNA and protein levels ('p < 0.05,
Figure 5D).

Furthermore, we tested whether EYA2 could
repress PTEN expression by miR-93 upregulation. We
suppressed endogenous miR-93 expression in A549
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cells by transfection with anti-miR-93 oligonucleotides.
The immunoblot assay showed that EYA2-mediated
suppression of PTEN was attenuated by inhibition of
endogenous miR-93 (Figure 5E). Consistently, the cell
growth assay also showed that the cell growth advantage
conferred by EYA2 was significantly compromised by
inhibition of endogenous miR-93 (*p < 0.05, Figure 5F).
In conclusion, EYA2 inhibited PTEN expression through
modulation of miR-93.

High expression of EYA2 predicts a poor
prognosis in patients with lung cancer

We analyzed the relationship between EYA2
expression and overall survival in patients with lung
cancer. The univariate analysis of survival within the
public available lung cancer datasets was performed
using the Kaplan Meier plotter platform (http://kmplot.
com) [32]. In the GSE19188 dataset, patients with lung
cancer were divided into high (EYA2 high; n = 42) and
low EYA2-expressing group (EYA2 low; n = 42). Kaplan
Meier analysis revealed that lung cancer patients with
high expression of EYA2 had a worse overall survival
probability (Figure 6A; p = 0.029). Similarly, in the
GSE30219 dataset, high level of EYA2 also conferred
poor prognosis in lung cancer patients (Figure 6B;
p = 0.0083). In the CaArray lung cancer dataset, there
was trend toward inferior prognosis in patients with high
expression of EYA2, even it did not reach a statistical
significance (Figure 6C; p = 0.065). At last, we combined
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Figure 3: EYA2 represses PTEN expression in lung cancer cells. (A) The changes of PTEN protein level affected by EYA2 in
A549 cells. (B) The expression of PTEN and p-AKT in xenografts tumor samples examined by immunochemistry. Scale bars = 50 um.
(C) The changes of PTEN mRNA level affected by EYA2 in A549 cells. (D) Analysis of the relationship between EYA2 and PTEN using
the gene correlation module of the R2 microarray analysis and visualization platform in four independent lung cancer microarray datasets.
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these public available lung cancer datasets and performed
univariate analysis of survival using the Kaplan Meier
plotter platform. Consistently, the results showed that
patients with high expression of EYA2 had worse
prognosis (Figure 6D; p = 0.0024). Collectively, these
results suggest that high EYA2 expression was associated
with poor overall survival in patients with lung cancer.

DISCUSSION

The EYA family proteins are components of Retinal
Determination Gene Network (RDGN) signaling, which
is essential for the development of multiple organs in
mammals by regulating cell proliferation, survival and
differentiation [10, 13, 33, 34]. Aberrant expression
of RDGN members such as DACH, EYA and SIX
contributes to tumor initiation and progression [35].
The EYA family proteins have four members (EYA1-
4), which can function as either highly conserved
transcriptional coactivators or tyrosine phosphatases
[35, 36]. Overexpression of EYAs has been found in
various human cancers [35]. EYA1 is overexpressed in
Wilms’ tumors [37], EYA2 is overexpressed in epithelial
ovarian cancers and lung carcinoma [15, 18, 38], and
EYA4 overexpression has been detected in MPNST
(malignant peripheral nerve sheath tumor) [39]. What’s
more, these EYA family proteins could facilitate tumor
angiogenesis, cancer metastasis and were independent
prognostic factors in several cancers [12, 18, 35, 40—44].
It has been reported that Eya?2 is required to mediate the
prometastatic functions of Six1 via the induction of TGF-§
signaling, epithelial-mesenchymal transition, and cancer
stem cell properties [15]; EYA and SIX1 are often co-
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overexpressed in tumors, and the SIX1-EYA2 interaction
has been shown to be critical for metastasis in a breast
cancer model [12, 15, 45]. Consistently with previous
studies, this study showed that EYA2 was up-regulated in
both small cell lung cancer and non-small cell lung cancer.
In the subsequent experiment, our data demonstrated that
EYA2 could promote lung cancer cell growth both in vitro
an in vivo. Collectively, our findings suggest that EYA2
has an oncogenic role in the development of lung cancer.

The PI3K/AKT pathway is an intracellular
signaling pathway important in regulating the cell growth,
differentiation, survival and tumorigenesis [46—52]. PTEN
acts as a critical tumor suppressor by inhibiting PI3K
pathway [27]. The inactivation of PTEN by genetic (Loss
of heterozygosity, mutations) or epigenetic regulation
(promoter hypermethylation, miRNAs) has been found
in various tumors [29, 53-55]. In the present study, we
showed that EYA2 could suppress the PTEN expression
via modulation of miR-93, which negatively regulated
the expression of PTEN by binding to its 3'-UTR directly.
Moreover, the cancer cell growth advantage conferred by
EYA2 was significantly compromised via inhibition of
endogenous miR-93. It is therefore safe to conclude that
miR-93 is essential for EYA2 to repress the expression of
PTEN in lung cancer cells.

Both in vivo and in vitro studies have indicated that
EYAs could promote the proliferation and invasiveness of
tumor cells [35]. On the contrary, removal of endogenous
EYAs could prevent cancer metastasis [13, 15]. Here we
found that EYA2 expression is significantly higher in
tumor tissue compare to those in paired adjacent non-
tumor tissues. Thus we speculate that inhibition of the
EYAs activity could be a useful therapeutic strategy
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in lung cancer. Importantly, some compounds such as
benzbromarone and benzarone have been identified as
selective inhibitor series targeting the EYAs protein
tyrosine phosphatase activity. It has been shown that these
compounds have the ability to inhibit cell motility and

tubulogenesis in vitro, and angiogenic sprouting ex vivo.
As a result, the inhibition of EYA2 may represent a novel
and promising treatment strategy for lung cancer.

In conclusion, overexpression of EYA2 leads to
increased cell proliferation through suppression of PTEN
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in lung cancer, and EYA2 suppresses PTEN expression via
upregulating miR-93. In addition, survival analysis indicates
that lung cancer patients with high EYA2 expression have
a worse overall survival. Our study not only yields a better
understanding of the important role of EYA2 in lung cancer
occurrence and progression, but also paves the way for the
development of novel therapeutics target.

MATERIALS AND METHODS

Cell lines

A549, H1975 and H1650 cells (Cell bank of Chinese
Academy of Sciences, Shanghai, China) were cultured in
Dulbecco’s modified Eagle’s medium (Hyclone, Logan,
UT, USA) supplemented with 10% fetal bovine serum
(Hyclone, Logan, UT, USA), 0.1 mg/ml streptomycin, and
100 units/ml penicillin (Invitrogen, Carlsbad, CA, USA) in
5% CO, atmosphere at 37°C.
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Tissue samples

Formalin-Fixed, Paraffin-Embedded (FFPE) lung
cancer samples were collected at the First Affiliated
Hospital of Zhengzhou University. The study was
approved by the Research Ethics Committee of Zhengzhou
University, and written informed consents were obtained
from all patients who provided samples.

Establishment of stable cell lines

Lentiviral production, titration, and infection were
performed as previously described [56]. Briefly, lentiviral
plasmids expressing EYA2 or vector control were co-
transfected with pHelper plasmids in 293T cells. Lentiviral
particles were harvested from the media after 48 hours of
transfection, and purified with ultracentrifugation. Cells
were then infected with lentiviruses encoding EYA2 or
vector control. For knockdown of endogenous expression
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Figure 6: High expression of EYA2 predicts a poor prognosis in lung cancer. The univariate analysis of survival analysis was
performed using the Kaplan Meier plotter platform. Analysis of GSE19188 (A; n = 83, p = 0.029), GSE30219 (B; n =293, p = 0.00839),
CaArray lung cancer dataset (C; n = 468, p = 0.065) and the combinded lung cancer datasets (D; n = 1926, p = 0.0024) indicated that
patients with high expression of EYA?2 is associated with poor overall survival.
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of EYA2, lentiviral constructs expressing EYA2 shRNAs
were used. Cells were harvested at 72 hours after infection
and the knockdown efficiency was evaluated by western
blot analysis.

RNA extraction and real-time PCR

Total RNA was isolated using the RNeasy mini
kit (Qiagen, Germany). cDNA was prepared using the
SuperScript® III First-Strand Synthesis System (Invitrogen,
Carlsbad, CA, USA). Quantitative PCR was performed
using SYBR Green dye on an Applied Biosystems 7300
Real-time PCR system (Applied Biosystems, Foster City,
CA, USA). The threshold cycle (C,) data was determinate
using default threshold settings. The C_ is defined as the
fractional cycle number at which the fluorescence passes
the fixed threshold. The real-time PCR data was analysed
by comparative C, method [57].

Western blot analysis

Western blot analysis was performed as previously
described [58]. Briefly, cells were lysed in cold lysis
buffer, proteins (20-30 pg) were resolved on SDS-
PAGE, transferred onto PVDF membranes, and probed
with antibodies for EYA2 (ab95875, Abcam), PTEN
(ab31392, Abcam), and GAPDH (sc-32233, Santa Cruz
Biotechnology) at 4°C overnight. Detection was performed
with the SuperSignal West Femto Maximum Sensitivity
Substrate Trial Kit (Pierce, Rockford, IL, USA). The
band images were digitally captured and quantified with
a FluorChem FC2 imaging system (Alpha Innotech, San
Leandro, CA, USA). Protein levels were normalized to
GAPDH and quantified with respect to vector control group.

Immunohistochemistry

The FFPE sections were immunostained using the
Dako EnVision™ Flex+ System (K8012; Dako, Glostrup,
Denmark). Deparaffinization and epitope unmasking were
carried out in a PT-Link using an EnVision™ Flex target
retrieval solution (Dako, Carpinteria, CA, USA). The
sections were treated with 0.3% hydrogen peroxide (H,0,)
for 5 min to block endogenous peroxidase. Sections were
incubated overnight at 4°C with the following antibodies:
EYA2 (ab95875, Abcam), PTEN (ab31392, Abcam) and
p-AKT (clone DYE, Cell Signaling Technology). The
specimens were subsequently treated with EnVision™
Flex linker mouse or rabbit (15 min), EnVision™ Flex/
HRP enzyme (30 min), and 3'3-diaminobenzidine
tetrahydrochloride (10 min). The samples were
counterstained with hematoxylin, dehydrated and mounted
on a Richard-Allan Scientific Cyto seal XYL (Thermo
Scientific, Waltham, MA, USA). The protein expression
was scored semi-quantitatively based on the percentage of
positive cells utilizing the following scale: +, <25%; ++,
25-49%; +++, 50-74%; and ++++, 75-100%.

Cell proliferation and cell death assay

Cell proliferation was performed using Cell
Counting Kit-8 (CCK-8, Dojindo, Tokyo, Japan) according
to the manufacturer’s instructions. The absorbance value
for each well was measured at 450 nm with a Multiskan
FC microplate reader (Thermo scientific, Waltham,
MA, USA). The fold change of cell numbers based on
metabolic activity was calculated for each time-point [59].
Cell death was examined by Annexin V/PI fow cytometry
assays as described previously [60]. All the experiments
were performed in triplicate.

Colony formation assay

Cells (2.0 x 10%) were seeded into 6-well plates
in triplicate in 2 ml of complete growth medium. The
medium was changed every three days. Two weeks later,
cells were stained by 0.1% crystal violet (Sigma-Aldrich,
St. Louis, MO, USA) in methanol for 10 min. Colonies
(more than 50 pm diameter) were counted directly on the
plate. All the experiments were performed in triplicate.

PTEN 3'UTR reporter assays

Gene reporter assays were performed as previously
reported [61]. Cells were co-transfected with synthetic
miR-93, the wild-type or mutant 3'UTR of PTEN luciferase
reporter vector pGL3-PTEN-3'UTR and pRL vector coding
for the Renilla luciferase (Promega, Madison, WI, USA),
and cells were then cultured for 48 to 72 hours. After
that time, Cells were lysed with 500 pl 1xPassive Lysis
Buffer (Promega) per well, incubated for 20 min at room
temperature and cell debris removed by centrifugation.
50 pl supernatant was mixed with 50 pl of Dual-Glo reagent
I (Promega) and firefly luciferase luminescence measured in
a GloMax® 20/20 Luminometer (Promega, Madison, WI,
USA). 50 ul Dual-Glo reagent II (Promega) was added and
Renilla luciferase luminescence determined. Relative light
units were calculated as Renilla/firefly luminescence from
triplicate wells and normalized to the negative control. All
the experiments were performed in triplicate.

Xenograft tumor assay

All procedures were conducted in accordance to
Animal Care and Use Committee guidelines of Zhengzhou
University. Mouse xenograft model were performed
as previously reported [62]. Briefly, the BALB/c (6-8
weeks old) athymic nude mice were purchased from Vital
River Laboratory Animal Technology (Charles River
Laboratories, Beijing, China). The mice were randomly
distributed into two groups and subcutaneously injected
in the flank regions with 1.0 x 10¢ /0.1 ml of PBS. Four
weeks following implantation, mice were euthanized by
asphyxiation in a CO, chamber and tumors were excised
and weighted.
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Microarray data analysis

EYA2 expression in lung cancer samples were
analyzed using the Oncomine Cancer Microarray database
(http://www.oncomine.org) as previously described [63].
Gene expression data were also obtained from NCBI Gene
Expression Omnibus (GEO) database (Bhattacharjee’s
dataset, GSE3398, GSE7670, GSE3268 and GSE19188).
Expression data were log-transformed, median centered
per array, and the standard deviation was normalized
to one per array. The correlation analysis of EYA2
and PTEN were performed in GSE43580, GSE33532,
ArrayExpress eumcull and TCGA dataset. The univariate
analysis of survival analysis within the lung cancer data
set of the GSE19188 (n = 83), GSE30219 (n = 293) and
CaArray (n = 468) was performed using the Kaplan Meier
plotter platform (http://kmplot.com).

Statistical analysis

Data were expressed as mean + standard error of
the mean (SEM). Between groups and among groups
comparisons were conducted with Student #-test and
ANOVA, respectively. Mann-Whitney U-test is used for
nonparametric variables. EYA2 expression was analyzed
by Fisher’s two-tailed exact test. Statistical analysis
was performed using GraphPad Prism software version
4.0 (PRISM4) (GraphPad Software Inc, Lalolla, CA,
USA) and the online statistics calculator VassarStats
(www.vassarstats.net). P-values < 0.05 were considered
statistically significant.
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