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Abstract

Purpose A small glutamine-rich tetratricopeptide repeat-
containing protein alpha (SGTA) is a 35 kDa protein
involved in a number of biological processes. However, the
role of SGTA in non-small-cell lung cancer (NSCLC)
tumorigenesis has never been elucidated. The purpose of
this study was to determine whether SGTA could serve as a
biomarker for stratification and prediction of prognosis in
NSCLC.

Methods Small glutamine-rich tetratricopeptide repeat-
containing protein alpha expression was evaluated by
Western blot in 8 paired fresh lung cancer tissues and
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immunohistochemistry on 83 paraffin-embedded sections.
The effect of SGTA was assessed by RNA interference in
A549 cells. Serum starvation and refeeding, flow cytome-
try, CCK-8, and tunnel assays were performed.

Results Small glutamine-rich tetratricopeptide repeat-
containing protein alpha was highly expressed in NSCLC
and significantly correlated with NSCLC histological dif-
ferentiation, clinical stage, and Ki-67. Multivariate analysis
indicated that SGTA was an independent prognostic factor
for NSCLC patients’ survival. The present investigation
demonstrated that suppression of SGTA expression resul-
ted in a significant decline of proliferation in A549 cells.
Besides, SGTA could abolish the toxicity of cisplatin in
A549 cells.

Conclusions These findings suggested that SGTA might
play an important role in promoting the tumorigenesis of
NSCLC, and thus be a promising therapeutic target to
prevent NSCLC progression.

Keywords Non-small-cell lung cancer - SGTA - Cell
division - Proliferation - Prognosis

Introduction

Lung cancer, predominantly non-small-cell lung cancer
(NSCLCO), is the leading cause of cancer-related death in
the world. NSCLC, composed of three types according to
histologic types: adenocarcinoma, squamous cell carci-
noma, and large cell carcinoma, is the most common form
of lung cancer (Ji et al. 2011). Patients’ 5-year survival rate
with NSCLC is terrifically <15 % (Jemal et al. 2010;
Siegel et al. 2011), owing to the poor diagnostic rate in the
early stage, high rates of recurrence, and difficulty
for therapy. A better understanding of the underlying
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molecular mechanisms of progression of NSCLC would
significantly benefit the clinical outcome. Besides, it is
certainly of great interest to identify novel biomarkers and
therapeutic targets for NSCLC.

SGT, small glutamine-rich tetratricopeptide repeat
(TPR)-containing protein, also referred as viral U-binding
protein (UBP), is a 35 kDa protein involved in a number of
biological processes, including participation in endocyto-
sis, interaction with growth hormone receptors (GHR),
control of viral replication (Callahan et al. 1998; Cziepluch
et al. 2000; Fielding et al. 2006), mitosis, apoptosis
(Ommen et al. 2010; Yin et al. 2006), and cell division
(Dutta et al. 2008; Worrall et al. 2008). SGT comprises
three structural units: an N-terminal self-association
domain, a tetratricopeptide repeat (TPR) domain, and a
C-terminal glutamine-rich domain (Dutta et al. 2008; Liou
and Wang 2005). Owing to its TPR domain, SGT is a
regulator of protein—protein interaction. SGT was identified
as a protein interacting with non-structural protein NS1 of
parvovirus H-1, thus inhibited the efficiency of viral par-
ticle release (Dutta et al. 2008; Wang et al. 2003). Previous
reports indicated that SGT/UBP was a co-chaperone that
negatively regulated heat shock protein 70 (Hsp70) via heat
shock cognate protein (Hsc70)-mediated hydrolysis of ATP
(Angeletti et al. 2002). Thus, the protein chaperon complex
might be involved in Vpu function, HIV particle exit, and
parvovirus DNA replication (Angeletti et al. 2002; Fielding
et al. 2006; Tobaben et al. 2003). Previous study supported
the emerging view that SGT and Bag-6 were essential
components of a protein network intricately regulating
Hsp70 functions which were required for a wide variety of
cellular processes, including cell division (Winnefeld et al.
2006). According to previous studies, cells depleted of
SGT were arrested in mitosis, defected in cytokinesis, and
occured in M-phase-specific cell death (Winnefeld et al.
2006). It was also found that SGT was a pro-apoptotic
factor, through binding to Hsp90b in the cytoplasm (Yin
et al. 2006). Over-expression of SGT could promote
apoptosis in 7,721 cells (Wang et al. 2005). During cell
apoptosis, SGT was dissociated with Hsp90b and accu-
mulated in the nucleus, which suggested that the nuclear
accumulation of SGT was closely related to and played an
important role in apoptosis (Yin et al. 2006). Given the
importance of its function in cell cycle and apoptosis, it is
conceivable that SGT may be a crucial regulator of
tumorigenesis.

Small glutamine-rich tetratricopeptide repeat-containing
protein alpha (SGTA), an important family member of
SGT, was reported to be implicated in various cellular
processes (Handley et al. 2001; Schantl et al. 2003;
Angeletti et al. 2002). Albrecht Moritz and colleagues
found that phosphorylation of SGTA at Ser305 was
essential for PDGFRo stabilization and cell survival in
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PDGFRa-dependent cancer cells (Moritz et al. 2010).
Known also as a GHR-interacting protein, binding inde-
pendently with the ubiquitin-conjugating system, SGTA
acted as a modulator of ubiquitin system controlling the
down-regulation of GHR by competing with its UbE motif.
SGTA might participate in a regulatory loop acting to
enhance cancer cell sensitivity to chaperone inhibitors
(Moritz et al. 2010). As a putative member of the androgen
receptor-chaperone cochaperone complex, SGTA might
play an essential role in androgen signaling pathway. It was
also found that SGTA might provide a connection between
multiple pathways in polycystic ovary syndrome (PCOS),
affecting PCOS risk via modulating apoptosis, as well as
androgen signaling. Furthermore, the SGTA gene might
affect insulin resistance, and the apparent association with
beta cell function represented compensatory insulin
hypersecretion. Impressively, SGTA could promote apop-
tosis by enhancing DNA fragmentation and nuclear
breakdown. It was also found that SGTA knockdown led to
apoptosis via misaligned chromosomes and mitotic arrest
(Goodarzi et al. 2008). Since SGTA was expressed ubiq-
uitously in various tissues, this protein was likely to serve a
housekeeping function. SGT displayed a mitosis-specific
phosphorylation pattern pointing to a possible regulation of
this protein during mitosis. Given the importance of SGTA
in cell mitosis and apoptosis, we conjectured that SGTA
might play a role in cell cycle.

In this study, we aimed to perform a comprehensive
analysis of SGTA in a large cohort of surgically resected
samples with NSCLC, in order to receive more detailed
insights into the importance of each individual variances
and their complicated interactions with patients’ outcome.
We found that SGTA was highly expressed in NSCLC
tissues and related to NSCLC histological differentiation
and clinical stage. Further, we confirmed that SGTA had a
role in regulating cell proliferation in A549 cells. Our
research indicated that SGTA might function as a cell cycle
regulator in NSCLC.

Materials and methods
Patients and tissue samples

The NSCLC fresh samples were processed immediately
after surgical removal. Protein was analyzed in eight snap-
frozen tumorous and adjacent non-tumorous tissue samples
that were stored at —80 °C. For histologic examination,
tissues were obtained from 83 patients who underwent lung
resection without preoperative systemic chemotherapy at
the Surgery Department of the Affiliated Hospital of
Nantong University from 2005 to 2007. All the specimens
were fixed in formalin and embedded in paraffin. After
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obtaining informed consent, patients were interviewed to
obtain information on demographic characteristics, and
clinical data were collected. The follow-up time was
5 years, with a range from 1 to 57 months. All patients
were deceased by 57 months after diagnosis. The main
clinical and pathologic variables were shown in Table 1.
Forty-seven patients were men while 36 were women, and
their average age was 60 years (range 26-77). Tumors
were classified as well (grade I; n = 27), moderately
(grade II; n = 30), or poorly (grade III; n = 26) differen-
tiated. All human tissues were collected using protocols
approved by the Ethics Committee of Affiliated Hospital of
Nantong University.

Table 1 SGTA and Ki-67 expression and clinicopathologic param-
eters in 83 NSCLC specimens

Parameters Total SGTA expression P value
Low High

Age
<60 34 14 20 0.510
>60 49 24 25

Gender
Male 47 20 27 0.515
Female 47 18 18

Tumor size (cm)
<3 55 26 29 0.817
>3 28 12 16

Smoking status
Yes 36 13 23 0.182
No 47 25 22

Histological type
Adenocarcinoma 33 15 18 0.369
Squamous cell carcinoma 39 20 19
Adenosquamous carcinoma 11 3 8

Clinical stage
I 30 22 8 <0.001*
I 31 8 23
11 22 8 14

Histological differentiation
Well 27 27 0 <0.001*
Mod 30 11 19
Poor 26 0 26

Lymph node status
0 34 17 17 0.655
>0 49 21 28

Ki-67 expression
Low 27 20 7 <0.001*
High 56 18 38

Statistical analyses were performed by the Pearson > test
* P < 0.05 was considered significant

Antibodies

The antibodies used for Western blotting and immunohis-
tochemistry in this study included: mouse anti-human
SGTA antibody, mouse anti-human Ki-67 antibody, mouse
anti-human PCNA antibody, rabbit anti-human cyclin A
antibody, rabbit anti-human cyclin D1 antibody, and rabbit
anti-human GAPDH antibody; all the antibodies were
obtained from Santa Cruz Biotechnology, USA.

Western blot

Tissue and cell protein were promptly homogenized in a
homogenization buffer containing 50 mM Tirs-HCl, PH
7.5, 0.1 % NP-40, 60 mM f-glycerophosphate, 150 mM
NaCl, 5mM EDTA, 0.1 mM NaF, 0.1 mM sodium
orthovanadate, and complete protease inhibitor cocktail
(Roche Diagnostics), and then centrifuged at 13,000 g for
20 min to collect the supernatant. Protein concentrations
were determined with a Bio-Rad protein assay (BioRad,
Hercules, CA, USA). Proteins were separated with SDS—
polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene difluoride filter (PVDF)
membranes (Millipore, Bedford, MA, USA). The mem-
branes were blocked with 5 % fat-free milk in TBST
(20 mM Tris, 150 mM NaCl, 0.05 % Tween-20) for 2 h at
room temperature, and then, the filters were washed with
TBST for three times and incubated overnight with poly-
clonal antibody against using the primary antibodies
described later and horseradish peroxidase-linked IgG as
the secondary antibodies. Immunoreactive bands were
visualized by chemiluminescence detection system
(Pierce). After the chemiluminescence was exposed to
X-ray films, the films were scanned with a Molecular
Dynamics densitometer (Imaging Technology, Ontario,
Canada). The band density was measured with a computer-
assisted image analysis system (Adobe Systems, San Jose,
CA, USA) and normalized against GAPDH level. Band
densities were measured for at least three independent
reactions.

Immunohistochemistry (IHC)

Tissue sections were 4 um thick, deparaffinized, rehy-
drated through graded alcohol, and quenched in 3 %
hydrogen peroxide to block endogenous peroxidase activ-
ity, and thereafter, the sections were processed in 10 mM
citrate buffer (pH 6.0) and heated to 121 °C in an autoclave
for 20 min to retrieve the antigen. After rinsing in PBS (pH
7.2), the sections were then incubated 2 h at room tem-
perature with mouse anti-human SGTA antibody (diluted
1:400) and mouse anti-human Ki-67 antibody (diluted
1:400). Negative control slides were processed in parallel
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using a non-specific immunoglobulin IgG (Sigma Chemi-
cal Co, St. Louis, MO, USA) at the same concentration as
the primary antibody. All slides were processed using the
peroxidase—anti-peroxidase method (DAKO, Hamburg,
Germany). After rinsing in PBS, the peroxidase reaction
was visualized by incubating the sections with the liquid
mixture DAB (0.1 % phosphate buffer solution, 0.02 %
diaminobenzidine tetrahydrochloride, and 3 % H,0,).
After rinsing in water, the sections were counterstained
with hematoxylin, dehydrated, and cover slipped.

Immunohistochemical evaluation

All the immunostained sections were evaluated in a blinded
manner without knowledge of the clinical and pathological
parameters of the NSCLC patients. SGTA-positive cells
were counted by monitoring at least 1,000 cells from at
least 5 randomly selected fields. To allow statistical anal-
yses, we divided patients into three groups according to the
expression ratio: high expression group (>75 %, score of
3), middle expression group (50-75 %, score of 2), and low
expression group (<50 %, score of 1). For density evalu-
ation, a score of 1 was for low staining, 2 was for middle
staining, and 3 was for intense staining. Then, we multi-
plied the two scores and classified them into two groups:
score of 1 (0—4.5) and score of 2 (4.5-9) (Wang et al.
2012). When evaluating the Ki-67 protein immunoreaction,
staining was scored in a semi-quantitative fashion. A cut-
off value of 50 % or more positively stained nuclei in 5
high-power fields was used to identify Ki-67 staining: high
expression group (>50 %) and low expression group
(<50 %). In half of the samples, staining was repeated
three times to avoid possible technical errors, and similar
results were obtained in these samples. The above proce-
dures of evaluation were performed by three independent
pathologists with a multihead microscope, and a consensus
was achieved.

Cell cultures and transient transfection

The human lung cancer cell line A549 was purchased from
Cell library, China Academy of Science. A549 cells were
cultured in high-glucose DMEM (GibCo BRL, Grand
Island, NY, USA) with 10 % fetal bovine serum (FBS),
100 U/ml penicillin, and 100 pg/ml streptomycin (GibCo
BRL, Grand Island, NY, USA) at 37 °C, and 5 % CO,.
Cells were cultured in 6-well dishes, 24-well dishes, and
96-well dishes. The medium was replaced 24 h later with
fresh medium for treatment. The cells suspended in med-
ium-contained DMSO were used as a control. The siRNA
targets were #1: 5-CCGUGGCUUACUACAAGAA-3’ and
#2: 5-GGCUUCAUGAGCAUGGCUU-3, While the
control target was 5-UUCUCCGAACGUGUCACGU-3,
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all of which were obtained from GenePharma Co. Ltd.
Cells were seeded the day before transfection using DMEM
with 10 % FBS without antibiotics. Transient transfection
was carried out using lipofectamine 2000 in accordance
with the manufacturer’s protocol. Cells were incubated 6 h
at 37 °C in high-glucose DMEM with no serum or anti-
biotics. FBS was then added to the cells to achieve a final
concentration of 10 % in high-glucose DMEM. Transfec-
ted cells were used for succedent experiments 48 h after
transfection. The experiments were repeated at least three
times.

Cell cycle analyses

For cell cycle analysis, A549 cells were fixed in 70 %
ethanol overnight at 4 °C and then incubated with 1 mg/ml
RNase A for 20 min. Subsequently, cells were stained with
propidium iodide (PI, 50 pg/ml) (Becton-Dickinson, San
Jose, CA, USA) in PBS-Triton x100 for an additional
20 min at 4 °C and analyzed by a Becton—Dickinson flow
cytometer BD FACScan (San Jose, CA, USA) and Cell
Quest acquisition and analysis programs. Gating was set to
exclude cell debris, cell doublets, and cell clumps. The
results were gained from three independent experiments.

Cell counting kit (CCK)-8 assay

Cell proliferation was measured using the commercial
CCK-8 kit in accordance with the manufacturer’s protocol.
Briefly, cells were seeded onto 96-well cell culture cluster
plates (Corning, Corning, NY, USA) at a concentration of
2 x 10* cells/well in volumes of 100 pl and grew over-
night. CCK-8 reagents (Dojindo, Kumamoto, Japan) were
added to a subset of wells under different treatments. Cells
were incubated for another 2 h at 37 °C, and absorbance
was quantified using an automated plate reader. Absor-
bency was measured at a test wavelength of 490 nm and a
reference wavelength of 650 nm using a microplate reader
(Bio-Rad). The experiments were repeated at least three
times.

Terminal deoxynucleotidyl transferase-mediated
biotinylated-dUTP nick-end labeling

Terminal deoxynucleotidyl transferase-mediated biotinyl-
ated-dUTP nick-end labeling (TUNEL) staining was per-
formed using the In Situ Cell Death Detection Kit,
Fluorescence (Roche Applied Science, Mannheim, Ger-
many). Frozen tissue sections were rinsed with PBS and
treated with 1 % Triton-100 in PBS for 2 min on ice. Slides
were rinsed in PBS and incubated for 60 min at 37 °C with
50 pl of TUNEL reaction mixture. The negative control
sections incubated for 60 min at 37 °C with 50 pl of Label
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Fig. 1 Expressions of SGTA and PCNA in 8 paired NSCLC
tumorous (7) and adjacent non-tumorous (N) tissue specimens. A
representative Western blot image showed that the SGTA expression

was significantly higher in tumorous tissues than in non-tumorous
adjacent tissues. PCNA was used as a tumor proliferative marker.
GAPDH was used as a control for protein load and integrity

Fig. 2 Immunohistochemical analysis of SGTA and Ki67 expression
in NSCLC tissues. a1 Paraffin-embedded tissue sections were stained
with antibodies of SGTA and Ki-67 and counterstained with
hematoxylin. a—f Both high SGTA and Ki-67 expression in lung
squamous cancer cells. g-1 Both high SGTA and Ki-67 expression in

solution. After washing with PBS, the slides were analyzed
with fluorescence microscopy (Leica, DM 5000B; Leica
CTR 5000; Germany).

Statistical analysis

All computations were carried out using the SPSS13.0
statistical program. All values were expressed as
mean = SEM. The SGTA expression and clinicopatho-
logical features were analyzed using the y* test. Kaplan—
Meier curves were constructed, and the log-rank test was
performed for analysis of survival data. Multivariate
analysis was performed by Cox’s proportional hazards

lung adenocarcinoma carcinoma cells. a, b, g, h, Histological
differentiation grade 1. ¢, d, i, j, Histological differentiation grade
2. e, f, k, 1, Histological differentiation grade 3. The experiment
details were described in section “Materials and methods.” Magni-
fication x400. All the results were repeated at least three times

model, and the risk ratio and its 95 % confidence interval
were recorded for every marker. P < 0.05 was required for
statistical significance. Each experiment consisted of at
least three replicates per condition. Standard error of the
mean (SEM).

Densitometric analyses

The density of specific bands was measured with a
computer-assisted image analysis system (Adobe Sys-
tems, San Jose, CA, USA) and normalized against
GAPDH level. The relative differences between the
control and the treatment groups were calculated and
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expressed as relative increases setting control as 1.
Values were responsible for at least three independent
reactions.

Results
SGTA was over-expressed in lung cancer tissues

To evaluate the expression and the clinical significance of
SGTA in NSCLC progression and further characterize the
relations between SGTA and proliferation marker PCNA,
we performed Western blot in 8 paired fresh NSCLC and
non-tumorous adjacent tissues. As shown in Fig. 1, the
expression of SGTA in lung cancer was similar to that of
PCNA, both of which had higher expression in cancer
tissues than that in adjacent tissues. Furthermore, it was
found that SGTA was highly expressed in poor differen-
tiated specimens compared with well-differentiated groups,
which was correlated with Ki-67. We then investigated the
expression of SGTA and Ki-67 using IHC. SGTA had a
higher expression in poor differentiated specimens com-
pared with well-differentiated groups. Representative
examples of reactivity for SGTA and Ki-67 were shown in
Fig. 2. SGTA was expressed both in the cytoplasm and
nucleus, whereas Ki-67 was especially found in the nucleus
(Fig. 2). This was consistent with the previous reports that
the SGT protein was detected in the cytoplasm and the
nucleus by immunofluorescence assay (Cziepluch et al.
1998).

r=0.682
P<0.01

Ki-67

SGTA

Fig. 3 Relationship between SGTA and Ki-67 proliferation index
expression in NSCLC. Scatterplot of SGTA versus Ki-67 with
regression line showing a correlation of them using the Spearman’s
correlation co-efficient
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Correlation of SGTA expression with clinicopathologic
features in NSCLC

To further explore the physiological and pathological
relationship between the expression of SGTA and Ki-67 in
NSCLC, the presence of SGTA in different grade and
histological types is summarized in Table 1. SGTA had a
higher expression in poor differentiated specimens com-
pared with well-differentiated groups. It was found that
SGTA expression was significantly associated with histo-
logical differentiation (P < 0.001) and clinical stage
(P < 0.001). But there was no correlation between SGTA
expression and other prognostic factors such as age, gen-
der, smoking status, lymph node status, histological type,
and tumor size. In addition, the expression of SGTA was
high in carcinoma cells that expressed nuclear Ki-67
(Table 1). Besides, we found that there was a positive
correlation between SGTA expression and Ki-67-based
proliferative activity (r = 0.682, P < 0.01; Fig. 3).

SGTA was significantly associated with the survival
of NSCLC patients

Survival information was available for all patients with fol-
low-up data until death. To estimate the prognostic signifi-
cance of SGTA, we performed the Kaplan—-Meier analysis,
and patients with SGTA-positive tumor were significantly
correlated with poor overall survival (P < 0.001; Fig. 4).
Multivariate analysis using the Cox’s proportional hazards
model showed that SGTA (P = 0.039), histologic differen-
tiation (P = 0.008), clinical stage (P = 0.003), and Ki-67

104 ©—— _

0.8 1

0.6

0.4

Survival Rate

02 | low SGTA expression

‘_.1
igh SGTA expressiorl,
0.0 E

T T T T T T

0 10 20 30 40 50 60
Time (month)

Fig. 4 Correlation between survival and the expression of SGTA.
Based on the mean percentage of SGTA-positive cells, patients were
divided into high SGTA expressers (scores 0—4.5) and low SGTA
expressers (scores 4.5-9). Patients in the high SGTA expression
group had significantly shorter overall survival
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Taple 2 Cont.rlbutlon of . Hazard ratio 95.0 % Confidence interval P

various potential prognostic

factors to survival by Cox Age 0.739 0.445-1.228 0.243

regression analysis in 83

NSCLC specimens Gender 1.139 0.586-2.211 0.701
Tumor size 1.229 0.744-2.028 0.421
Smoking status 1.213 0.654-2.251 0.541
Histological type 0.877 0.600-1.283 0.499
Clinical stage 1.793 1.221-2.634 0.003*

Statistical analyses were Histological differentiation 2.107 1.212-3.665 0.008*

performed by the Cox Lymph node status 0.561 0.301-1.045 0.069

regression analysis SGTA expression 2.666 1.052-6.754 0.039*

*. P < 0.05 was considered Ki-67 expression 1.917 1.067-3.444 0.030*

significant

(P = 0.030) significantly influenced survival (Table 2). In a A S72h R4h R8h R12h R24h R36h

word, multivariate analysis using the Cox’s proportional
hazards model suggested that SGTA (P = 0.039; Table 2)
was an prognostic factor for patients’ overall survival.

The alteration of SGTA expression in proliferating
A549 cells

It was reported that SGTA might play a role in the cell
cycle regulation of various human cancers. The Western
blot and THC results in NSCLC suggested that high SGTA
expression might correlate with oncogenesis of NSCLC.
We further detected the expression of SGTA during cell
cycle progression in A549 cells. Expectedly, we found that
after refeeding from serum starvation, SGTA content was
significantly increased and reached maximal at 24 h upon
serum addition by Western blot (Fig. 5). The expression of
cell cycle markers such as cyclin A and cyclin D1 was also
up-regulated after serum refeeding (Fig. 5). Further, the
distribution of cell cycle was analyzed using flow cytom-
etry analysis. A549 cells were arrested in the G1 phase by
serum deprivation for 72 h according to flow cytometry.
And then upon serum addition, the cells at S phase were
increased gradually from 16.51 to 30.28 % (Supplementary
Fig). Thus, these results indicated that SGTA might play a
crucial role in the regulation of A549 cell proliferation.

Depletion of SGTA inhibited the proliferation of A549
cells

To further study the biological significance of SGTA on
A549 cellular proliferation, A549 cells were transiently
transfected with SGTA siRNA or control siRNA con-
structs. Forty-eight hours after transfection, the efficiency
of SGTA siRNA-mediated down-regulation was assessed
by Western blot analysis. It was found that the expression
of SGTA was significantly reduced in SGTA siRNA cells
compared with control siRNA group (Fig. 6a). The
expression of cell cycle protein such as cyclin A and cyclin

SGTA "5 s M= w— W a—
CYCIIN A m— e a— a— . A— A S—

CYClin D1 me— am— _--~

-y -~ -
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—Jcyclin A
= cyclin D1 ia A
q_ *
o™ A
» # %3 i
T *
2wl A
2 -—
)]
=
T o
m -
(1’2
0
[=]

S72h R4h R8h

R12h R24h R36h

Fig. 5 The expression of SGTA, cyclin A, and cyclin DI in
proliferating A549 cells. a A representative Western blot image
showed that the expression of SGTA, cyclin A, and cyclin D1 in A549
cells that were subjected to serum starvation (S) for 72 h and
refeeding (R) for 0, 4, 8, 12, 24, and 36 h. GAPDH was used as a
control for protein load and integrity. b A bar chart demonstrated the
relative protein expression of SGTA, cyclin A, and cyclin D1 in A549
cells at different time points, as measured by Western blot analysis.
Data are presented as mean == SEM of 3 independent measurements
(**"P < 0.05 vs. control at S72 h)

D1 was correlated positively with SGTA expression
(Fig. 6a, b). At the same time, to assess the effects of
SGTA knocked down on A549 cell proliferation, flow
cytometry, and CCK-8 assays were performed. To deter-
mine whether the cell cycle distribution was changed after
knockdown of SGTA in A549 cells, we performed flow
cytometry 48 h after the SGTA siRNA transient
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Fig. 6 Down-expression of SGTA inhibited the cell proliferation and
the expression of cell cycle-related molecules in A549 cells. a A
representative Western blot image showed that SGTA, cyclin A, and
cyclin D1 protein expression in the cells were decreased by treatment
of SGTA siRNA and control siRNA. b A bar chart demonstrated the
relative protein expression of SGTA, cyclin A, and cyclin D1 in A549
cells by control siRNA or SGTA siRNA as measured by Western blot
analysis. Data are presented as mean == SEM of 3 independent

transfection. Cell cycle analysis revealed an accumulation
of cells in the GO/G1 phase, a decreased population at the S
phase from 18.62 to 11.39 % and G2/M phase from 24.13
to 10.66 % after transfection of SGTA siRNA#2 into the
A549 cell line (Fig. 6¢), suggesting that SGTA could
promote the accumulation of the percent of cells in S and
G2/M phases and thus the cell growth. The CCK-8 assay of
A549 cells treated with siRNA exhibited a significant
deceleration of cell proliferation rate compared with the
control siRNA (Fig. 6d). Taken together, these data dem-
onstrated that siRNA targeting SGTA exhibited inhibition
of S-phase and M-phase entry, as well as a specific
inhibitory effect on A549 cell line growth.

SGTA abolished the cytotoxicity of cisplatin in A549
cells

According to the previous studies, among all patients
underwent chemotherapy with cisplatin, the prognosis was
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measurements. GAPDH was used as internal control for Western blot
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control siRNA-treated cells were compared by flow cytometry. After
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DMEM with 10 % FBS until 24 h later for collection. d The
comparison in growth curves between the cells treated with SGTA
siRNA and control siRNA, as measured by CCK-8 assay. The
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still different. A549 cells were sensitive to cisplatin, and
our results showed that SGTA might promote the pro-
gression of NSCLC, so we hypothesized that SGTA might
be involved in chemotherapy resistance and abolish the
toxicity of cisplatin in A549 cells. A549 cells were treated
with various doses of cisplatin for 48 h, and the effect of
cisplatin on survival was determined by CCK-8 and tunnel
assays. As shown in Fig. 7a, b, the cell proliferation was
deceased while the apoptotic rate of AS549 cells was
enhanced in a dose-dependent manner. To further investi-
gate the role of SGTA in A549 cells sensitive to cisplatin,
the proliferation and apoptosis in A549 cells with SGTA
knockdown were determined. When SGTA was knocked
down in A549 cells, growth arrest, and apoptosis were
significantly increased compared with the control siRNA
A549 cells treated with 20 pg/ml cisplatin. Figure 7c, d
shows that cisplatin inhibited the survival of A549 cells,
and cells treated with cisplatin and SGTA siRNA#2 had the
highest growth arrest and apoptosis rate. As we have
already known, cisplatin can induce cell apoptosis, and we
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Fig. 7 SGTA could abolish A549 cells sensitivity to cisplatin.
a A549 cells were treated with different concentrations of cisplatin
(0, 2.5, 5, 10, 20, 40 pg/ml) for 48 h, and CCK-8 regents were added.
The absorbance values were measured to show the cells’ viability.
b Tunnel assay showed cell apoptosis of A549 cells treated with
different concentrations of cisplatin. ¢ CCK-8 assay showed the cell
viability changes of A549 cells, in which SGTA was knocked down.
Data are mean = SEM. Statistical differences compared with the
controls were given as *P < 0.05, and statistical differences com-
pared with cisplatin-treated cells were given as #P < 0.05. d Tunnel
assay showing cell apoptosis of A549 cells. Data are mean + SEM.

have also determined cell apoptosis after being treated with
cisplatin and SGTA siRNA#2 48 h later by Western blot.
As we expected, active caspase 3 expression in SGTA
siRNA cells treated with cisplatin was higher than that of
control siRNA cells (Fig. 7e, f). These results indicate that
SGTA can down-regulate the sensitivity of A549 cells for
cisplatin.
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Statistical differences compared with the controls were given as
*P < 0.05, and statistical differences compared with cisplatin-treated
cells were given as *P < 0.05. e Western blot analysis determined the
expression of active caspase 3 with cisplatin, SGTA siRNA#2, or
control siRNA treated. GAPDH expression was used as a reference.
f A bar chart demonstrated the relative protein expression of active
caspase 3 in A549 cells under different treatments. Statistical
differences compared with the controls were given as *P < 0.05,
and statistical differences compared with cisplatin-treated cells were
given as #P < 0.05. All the results were responsible for at least three
independent experiments

Discussion

Non-small-cell lung cancer is one of the most common
cancers and a leading cause of cancer-related death in most
countries, especially in Asia. Although the rates of mor-
bidity and mortality have decreased in recent years in
NSCLC patients with surgically treated, the prognosis of
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NSCLC remains unsatisfactory and the 5-year survival rate
is limited to 15 % (Holgersson et al. 2013), even after
comprehensive therapies like surgical excision, ethanol
injection, chemotherapy, and radiofrequency. What is
more, this tumor shows a high percentage of recurrence and
metastasis. Thus, a deeper understanding of the molecular
events associated with NSCLC is of great necessity. In this
study, we first identified SGTA to be a protein highly
expressed in NSCLC specimens and correlated with his-
tological differentiation and clinical stage of NSCLC.
Multivariate analysis with the Cox’s proportional hazards
model indicated that SGTA could be an independent
prognostic factor for the survival of NSCLC patients.
Furthermore, depletion of SGTA would significantly
reduce the expression of cyclin A and cyclin D1, and hence
the proliferation of A549 NSCLC cell line. Finally, our
result indicated that SGTA might also confer the chemo-
resistance of NSCLC to cisplatin through suppressing cis-
platin-induced apoptosis. Taken together, these findings
supported the hypothesis that SGTA could be an important
regulator and prognostic factor for NSCLC.

Dysregulation of various oncogenic and tumor-sup-
pressing signaling might be key factors for normal bron-
chus epithelial cell oncogenesis. The link between SGTA
and cancer-related signaling has been discovered in recent
years. The change in AR:SGTA ratio was reported to have
an influence in the cellular and molecular response to
maintain androgenic signals in prostate cancer cells, which
may influence the progression of prostate cancer (Trotta
et al. 2012; Buchanan et al. 2007). SGTA was also found to
be involved in the regulation of ER-associated degradation
(Xu et al. 2012) and HSP70 function (Angeletti et al.
2002). However, a detailed mechanism describing how up-
regulation of SGTA contributed to NSCLC carcinogenesis
remained largely unidentified and need to be determined in
future studies. Our present study suggested that the alter-
ation of SGTA expression might enhance the malignancy
of NSCLC. To date, there is no study about the clinical
significance of SGTA in NSCLC, and the present study is
the first to analyze SGTA expression in NSCLC, with
respect to possible associations with clinicopathological
parameters as well as patients’ prognosis. The results of
this study provided a new insight into the activity and the
regulation of SGTA in NSCLC, which would facilitate our
understanding of the development and the treatment of this
malignancy. Therefore, these results suggested that SGTA,
as a positive regulator of cell cycle, might contribute to the
progression of NSCLC.

In summary, we found SGTA to be frequently expressed
in NSCLC tissues and positively correlated with A549
cellular proliferation. Our preliminary survival analysis
indicated that high SGTA expression might be associated
with inferior overall survival, but this early finding need to

@ Springer

be confirmed with a larger group of patients. Besides,
alteration in SGTA expression levels might contribute to
deregulation of the cell cycle and was involved in the
pathogenesis of NSCLC. Furthermore, SGTA could abol-
ish the toxicity of cisplatin in A549 cells. All this indicates
that SGTA may play an important role in NSCLC, and its
evaluation provides important prognostic information for
NSCLC. However, further studies are necessary to eluci-
date the molecular mechanisms of SGTA in NSCLC
pathogenesis.
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