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Abstract: Background: Emerging evidence indicated that dysregulated long non-coding RNAs (IncRNAs) was impli-
cated in the tumorigenesis and progression. LncRNA TUSC7 was involved in various malignancies. However, the
role of TUSC7 in human non-small-cell lung cancer (NSCLC) remains unclear. Methods: Expression of TUSC7 was
analyzed in 112 cases of NSCLC tissues and six lung cancer cell lines by quantitative real-time PCR (qRT-PCR). Then
the correlation of TUSC7 expression with clinicopathological features and prognosis was aslo studied. Furthermore,
overexpression of TUSC7 was performed and its role in tumor progression was explored. Results: The expression
level of TUSC7 was lower in NSCLC tissues and lung cancer cells compared with their normal counterparts. Lower
expression of TUSC7 in NSCLC tissues was associated with larger tumor size and higher TNM stage. Patients with
lower TUSC7 expression had worse overall survival compared with the high expression cases. Univariate and multi-
variate analyses suggested that low expression of TUSC7 was an independent poor prognostic indicator for NSCLC
patients. Moreover, upregulation of TUSC7 expression could inhibit proliferation of lung cancer cell in vitro. Conclu-
sions: Our results suggested that TUSC7 was a potential biomarker for NSCLC prognosis, and the dysregulation of
TUSC7 may play an important role in the NSCLC progression.
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Introduction Tumor suppressor candidate 7 (TUSC7), also
known as LOC285194 (LSAMP-AS3), was a
IncRNA originally found as a down-regulated
gene in in osteosarcoma. Its gene is located at
chromosome 3q13.31 [5], acting as a p53-reg-
ulated tumor suppressor gene in human
colorectal and gastric cancer, in part by repress-
ing miRNAs [6, 7]. Exogenous expression of
TUSCTY in cancer cells significantly inhibited the
cellular growth, while low expression of TUSC7
indicated poor prognosis of patients [5, 8, 9].
However, little is known about the expression
and the role of TUSC7 in NSCLC.

Non-small-cell lung cancer (NSCLC) represents
the major type of primary lung cancer and is
often diagnosed at moderate or later stage.
The migration and invasion of neoplasms is the
leading cause of cancer mortality [1]. Recently,
various long non-coding RNAs (IncRNAs, RNA
gene products consisting of 200 to 100, 000
nt), including HNF1A-AS1 [2], MALAT1 [3] and
HOTAIR [4], have been identified as new modu-
lators in the origination and progression of
NSCLC. These findings indicated that IncRNAs
could be employed as novel therapeutic tar-
gets. Therefore, to explore the molecular mech-
anisms involved in the development of NSCLC
and to investigate for the effective therapeutic

In this study, we detected the expression of
IncRNA TUSC7 in NSCLC tissues and cell lines,
and analysed its association with clinicopatho-

targets as well, more efforts are needed to
illustrate the expression profile and role of
IncRNA in NSCLC.

logical features. Kaplan-Meier curves com-
pared by the log rank test was also conducted
in order to determine whether IncRNA TUSC7
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Table 1. The relationship between TUSC7 expression and clini-
copathologic parameters of NSCLC patients

Medicine, Xi'an Jiaotong Univer-
sity. Informed consent were

obtained from all of the patients.

Characteristics No. of Low High P value ini i
patients  expression expression Z?epa(’z:g]r::;)piar;tglzlgiﬁga;ggeaggLeds
Age (years 0.122 . ’ ) ’
g<éi) ) 80 (71.4%) 43 (53.8%) 37 (46.2%) er h'StOpathmog'Cal. typ.e » TNM
- ) ) : stage, were summarized in Table
>60 32 (28.6%) 13 (40.6%) 19 (59.4%) 1.
Gender 0.171
Male 57 (50.9%) 25 (43.8%) 32 (56.2%) Cell lines and culture conditions
Female 55 (49.1%) 31(56.4%) 24 (43.6%)
Histlog 06 A5a, K129, KBS0, HLSTS
0, 0 0, ’ ’ ’ ’
o RS MOS0 i o ) nc o ol
(41.1%) (52.2%) (47.8%) human bronchial epithelial cell
Differentiation 0.225 line (LBHBE) were obtained from
Moderate-well 37 (33.0%) 25 (67.6%) 12 (32.4%) the Cell Engineering Research
Poorly 75 (67.0%) 31 (41.3%) 44 (58.7%) Center of The Fourth Military
Tumor size 0.007* Medical University. Cells were
<3cm 63 (56.2%) 39 (61.9%) 24 (38.1%) maintained in RPMI 1640 (GIB-
>3 cm 49 (43.8%) 17 (36.7%) 32 (63.3%) CO-BRL; Invitrogen, Carlshad, CA)
Lymphatic metastasis 0.162 or D_U|beCCOYS modified Eagle’s
) medium (DMEM; GIBCO-BRL;
Negative 47 (42.0%) 26 (55.3%) 21 (44.7%) Invitrogen, Carlsbad, CA) supple-
Positive 65 (58.0%) 30 (46.2%) 35 (53.8%) mented with 10% fetal bovine
TNM stage 0.012* serum (FBS) (Gibco, Carlsbad, CA,
I+l 63 (66.1%) 41 (65.1%) 22 (34.9%) USA), 1% penicillin-streptomycin

Il 49 (33.9%)

15 (30.6%)

34 (69.4%)

(Invitrogen, Carlsbad, CA, USA)

TNM, tumour-node-metastasis staging system. *P<0.05.

predictor for the prediction of clinical outcomes
in NSCLC patients. Finally, in vitro assays were
explored to demonstrate the biological func-
tions of INcRNA TUSC7 on NSCLC progression.

Materials and methods
Patients and specimens

A total of 112 primary NSCLC cases who under-
went surgery in the Second Affiliated Hospital
of Xi'an Jiaotong University between 2008 and
2010 were enrolled. Tissue collecting include
paired cancer tissues and adjacent non-tumor
(ANT) lung tissues. All tissues were immediately
frozen and stored in liquid nitrogen until use.
None of the patients received any preoperative
chemotherapy or radiotherapy. The clinical
stages were determined according to the clas-
sification of malignant tumors by the
International Association for the Study of Lung
Cancer (IASLC) Tumor-Node-Metastasis (TNM)
classification, 7th edition [10]. This study was
approved by the Research Ethics Committee of
the Second Affiliated Hospital, School of
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and cultured at 37°C in humidi-
fied air with 5% CO,,.

RNA preparation, reverse transcription, and
quantitative real-time PCR

Total RNA was extracted from frozen tissues or
cultured cells using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). For qRT-PCR, the isolated
RNA was reverse transcribed to cDNA using a
Reverse Transcription Kit (Takara, Dalian,
China) following the manufacturer’'s protocol.
Real-time PCR analyses were conducted with
SYBR® Premix Ex Tag™ (Takara, Dalian, China).
The results were normalized to the expression
of B-actin. The primer sequences can be found
in the Supplementary Table S1. qRT-PCR and
data collection were performed using an ABI
7500 instrument (Applied Biosystems, Foster
City, CA). All gqRT-PCR reactions were performed
in duplicate. Relative expression of TUSC7 was
calculated using the comparative cycle thresh-
old (CT) (2:24°T) method.

Cell transfection

Human TUSC7 gene (NR_015391.1) was ligat-
ed into plLenti6.3-MCS/V5 DEST vector
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Figure 1. Downexpression of TUSC7 in NSCLC confers poor prognosis. A. gRT-PCR was performed to detect the
TUSC7 expression in 112 pairs of NSCLC (CA) and corresponding noncancerous lung tissues (ANT). The mean
expression level of TUSC7 in NSCLC tissues was significantly lower than that in ANT (P < 0.001). B. Low TUSC7
expression levels were observed in NSCLC tissues in 88 (78.6%) cases. B-actin was used as an internal control. C.
Kaplan-Meier DFS analysis showed that the DFS rates in the TUSC7 low-expression group were significantly lower
than those of patients in the TUSC7 high-expression group. D. Kaplan-Meier OS analysis showed that the OS rates
in the TUSC7 low-expression group were significantly lower than the TUSC7 high-expression group.

(Invitrogen, Shanghai, China). The following
primers were used to construct the TUSC7 vec-
tors: forward: 5-CGA TCT TAATTA AGG GGT ACC
AAA GTC CAC TCT G-3’ and reverse: 5-TCA GTG
GCG CGC CTT TTT CGT GAG TAC ACA ATA GTC
ATC-3'. The empty vector was used as a nega-
tive control (NC). Lung cancer cells at approxi-
mately 60%-70% confluence were transfected
using Opti-MEM and Lipofectamine 2000
reagents (Invitrogen, CA, USA) according to the
manufacturer’s instructions after 24 h of
culture.

Cell proliferation assay

The in vitro cell proliferation of lung cancer cells
was measured using the MTT (Sigma, St. Louis,
MO) method according to the manufacturer’s
instruction. In brief, cells were seeded into
96-well plates and transfected with 0.2 ug
pLenti-TUSC7 or pLenti-NC for 24 h. In the indi-
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cated time periods, 0.1 ml of spent medium
was replaced with an equal volume of fresh
medium containing MTT 0.5 mg/ml. Plates
were incubated at 37°C for 4 hours, and then
the medium was replaced with 0.1 ml of DMSO
(Sigma) and plates were agitated at room tem-
perature for 10 min. The absorbance was mea-
sured at 490 nm using an enzyme-labeled
analyzer.

Cell cycle analysis

Cells were seeded at a density of 1 x 108 cells/
well in six-well plates. After 24 h, cells were
washed with PBS and fixed in ice-cold 70% eth-
anol for 1 h and then treated with 100 uL of 50
mg/L propidium iodide for 30 min at 4°C in the
dark. The cell-cycle profiles were assayed using
the Elite ESP flow cytometer at 488 nm, and
data were analyzed with the CELL Quest soft-
ware (BD Biosciences,San Jose, CA, USA).
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Table 2. Univariate and multivariate analysis of different prognostic factors for disease-free survival in
112 patients with NSCLC

Univariate analysis Multivariate analysis

Prognostic factors

HR 95% Cl P value HR 95% Cl P value
Age (<60/>60) 0.720 0.420-1.236 0.234
Gender (Male/Female) 0.753 0.409-1.385 0.361
Tumor size (£3 cm/>3 cm) 2.183 1.214-3.926 0.009*
Lymphatic metastasis (Negative/Positive) 3.338 1.903-5.855 0.000*
TNM stage (I+I/11) 2.800 1.638-4.787 0.000* 4.326 1.310-3.903 0.003*
TUSC7 (High/Low) 0.820 0.394-0.976 0.000* 0.695 0.294-0.822 0.000*

HR, hazard ratio; Cl, confidence interval. *P<0.05.

Table 3. Univariate and multivariate analysis of different prognostic factors for overall survival in 112
patients with NSCLC

Univariate analysis Multivariate analysis

Prognostic factors

HR 95% ClI P value HR 95% ClI P value
Age (£60/>60) 0.701 0.254-1.934 0.492
Gender (Male/Female) 0.736  0.301-1.801 0.502
Tumor size (£3 cm/>3 cm) 5.053 1.476-17.298 0.010* 4.545 1.327-15.570 0.016*
Lymphatic metastasis (Negative/Positive) 4.672 1.693-12.892 0.003*
TNM stage (I+1/111) 2.174 0.904-5.226 0.083
TUSC7 (High/Low) 0.307 0.113-0.682 0.002* 0.259 0.068-0.443 0.003*

HR, hazard ratio; CI, confidence interval. *P<0.05.

Statistical analysis

All statistical analyses were performed using
the SPSS 20.0 software (IBM, SPSS, Chicago,
IL, USA). Differences between groups were
evaluated by the Student’s t test for continuous
variables and x? test for categorical variables.
Disease free survival (DFS) was calculated from
registration to detection of tumor recurrence or
until last follow-up date. Overall survival (0S)
was defined as the time from registration to
death or until last follow-up date. The Kaplan-
Meier curves was used to calculate the DFS
and 0S, compared by the log rank test.
Variables with a value of p < 0.05 in the univari-
ate analysis were included in the subsequent
multivariate analysis (Cox proportional hazards
regression model). All statistical analysis were
two sided and p values less than 0.05 were
considered significant.

Results

TUSCY7 is downregulated in human NSCLC
tissues

To analyze the expression profile of TUSC7 in
NSCLC, we firstly assessed the expression of
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TUSC7 in 112 cases of paired cancer tissues
and adjacent normal tissues. As shown in
Figure 1A, TUSC7 expression was significantly
decreased in NSCLC tissues compared with the
ANT (p < 0.001) and downregulation of TUSC7
was observed in 88 (78.6%) cases (Figure 1B).
To assess the correlation of TUSC7 expression
with clinicopathologic data, all cases were cat-
egorized as low or high in relation to the median
value. Chi-Square tests showed that TUSC7
expression in NSCLC was significantly correlat-
ed with tumor size (p = 0.007) and TNM stage
(p = 0.012). However, TUSC7 expression in
NSCLC was not associated with other parame-
ters such as age (p =0.122), gender (p = 0.171),
histology (p = 0.376), differentiation (p =
0.225), or lymph node metastasis (p = 0.162)
(Table 1).

Downexpression of TUSC7 was associated with
poor prognosis of NSCLC

Kaplan-Meier analysis indicated that patients
with low expression of TUSC7 had significantly
shorter DFS and OS than the high expression
group (p = 0.000 and p = 0.001; log rank test,
Figure 1C and 1D). Univariate Cox proportional
hazards regression analysis of DFS and OS also

Am J Transl Res 2016;8(2):680-687
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Figure 2. Overexpression of TUSC7 affects NSCLC cell proliferation. A. TUSC7 expression in 6 NSCLC cell lines were
all significant downregulated compared with 16HBE cell line. B. TUSC7 expression levels were determined using RT-
gPCR in H23 and H358 cells transfected with pLenti-TUSC7 or pLenti-NC. C. Compared with the control, knockdown
of TUSC7 expression significantly inhibited H23 cell proliferation as measured using a MTT assay. D. Compared with
the control, knockdown of TUSC7 expression significantly inhibited H358 cell proliferation as measured using a MTT
assay. *Significant difference compared with the control (mean + SD; *p < 0.05, n = 3).

revealed that patients with low expression of
TUSC7 had significantly worse prognosis than
the high expression group (Tables 2 and 3).
Moreover, multivariate analysis demonstrated
that decreased expression of TUSC7 was an
independent indicator for both DFS (Table 2)
and OS (Table 3) ofin NSCLC patients.

Overexpression of TUSC7 decreases the prolif-
eration of NSCLC cancer cells

To investigate the roles of TUSC7 in NSCLC, we
performed gqRT-PCR to evaluate the levels of
TUSCY in six NSCLC cell lines and one normal
human bronchial epithelial cell line (16HBE).
The expression of TUSC7 was lower in all six
cancer cell lines compared with the level
observed in 16HBE cell, with the lowest in H23
and H358 cells (Figure 2A). Thus H23 and
H358 cells were selected and transfected with
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pLenti-TUSC7 or pLenti-NC. The RT-gPCR
results confirmed that, compared with the con-
trol transfections, TUSC7 expression was effec-
tive increased in the presence of pLenti-TUSC7
(Figure 2B). We investigated the impact of
TUSC7 on the growth of lung cancer cells, MTT
assay showed that compared with the control,
TUSC7 overexpression significantly inhibited
the proliferation of H23 (Figure 2C) and H358
(Figure 2D) cells (both P < 0.05).

Cell cycle analysis showed a decrease in the G,
population of TUSC7-overexpression NSCLC
cells (Figure 3A). We then examined changes
induced by overexpression of TUSC7 on tran-
scription of a panel of proliferation-associated
genes. Consistent with the results of cell cycle
analysis, Bcl2, BimEL, cyclin A2, and cyclin B1
were all upregulated by TUSC7-overexpression,
while Cyclin D1, p21, and p27 were all down-

Am J Transl Res 2016;8(2):680-687
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Figure 3. Overexpression of TUSC7 affects NSCLC cell cycle. A. Cell cycle analysis showed a mild decrease in the G,
population of TUSC7-overexpression NSCLC cells. Cell cycle distribution was analyzed by flow cytometry. B. TUSC7
regulated NSCLC cell growth by modulating a panel of proliferation-associated genes, as measured by RT-gPCR

(mean + SD; *p< 0.05, n = 3).

regulated (Figure 3B). Taken together, these
data implicate TUSC7 as growth suppressor in
NSCLC through regulation of cell cycle tran-
scripts and p21/p27.

Discussion

Lung cancer is one of the most prevalent malig-
nancies worldwide. As the most frequent type
of lung cancer, non-small-cell lung cancer
(NSCLC) accounts for 80-85% of all lung cancer
cases, with the 5-year survival rate about
20-30% after surgery [11]. Although great
improvements have been brought in adjuvant
treatments including pre-/post-operative radio-
therapy, chemotherapy and sequential/concur-
rent chemoradiation therapy, recurrences and
metastases are still common in patients with
advanced disease, and the overall survival for
NSCLC patients remains dismal. Therefore,
more efforts are needed to illustrate the under-
lying mechanism of tumorigensis and progres-
sion, in order to select the optimum therapy,
minimize the drug resistance and improve the
therapeutic effect.

LncRNAs emerged as a new kind of regulators
involved in the malignancies by acting on mul-
tiple crucial aspects including genetics, epi-
genetics, and transcriptomics, which have dra-
matically altered our understanding of the
biology of human tumor entities. A large num-
ber of studies have shown that dysregulation of
IncRNAs participates in the carcinogenesis of
NSCLC [12-16]. Here, we focused on IncRNA-
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TUSC7, which was previously reported to be
downregulated and function as a tumor sup-
pressor in a variety of malignant tumors, such
as osteosarcoma [5], colorectal cancer [6], and
gastric cancer [7]. In addition, downregulation
of TUSC7 in tumors was found to be associated
with poor prognosis [5, 8, 9]. In the present
study, by assessing the expression level of
TUSC7 in 112 NSCLC patients using qRT-PCR,
we firstly reported that TUSC7 was significantly
downregulated in NSCLC tissues compared
with adjacent noncancerous tissues. Mean-
while, its remarkable lower expression also pre-
sented in six lung cancer cell lines compared
with that of normal human bronchial epithelial
cells.

Then, we analysed the relationship between
TUSC7 expression and clinicopathologic fea-
tures of NSCLC patients, by categorizing the
112 patients into TUSC7-low group and the
TUSCT7-high group using the median expression
level of TUSC7 as the cutoff value. Results
showed that the expression of TUSC7 was
closely associated with tumor size and TNM
stage of NSCLC. As is known, TUSC7 maybe an
indicator of the intrinsic characteristics of can-
cer progression, and we found that patients
with low TUSC7 expression had a shorter DFS
and OS rate than the high TUSC7 group. By fur-
ther univariate and multivariate analyses, the
expression of TUSC7 was demonstrated to be
an independent factor for predicting the prog-
nosis of NSCLC patients. Taken together, these
results suggested that TUSC7 might play a key

Am J Transl Res 2016;8(2):680-687



TUSC7 in human non-small-cell lung cancer

role in the pathogenesis and progression of
NSCLC.

Furthermore, we studied the effect of IncRNA
TUSC7 on the biological function of cancer
cells, and found that overexpression of TUSC7
significantly reduced lung cancer cells prolifera-
tion in vitro. Mechanically, TUSC7 function as a
growth suppressor in NSCLC through regulation
of cell cycle transcripts and p21/p27. Previous
studies have shown that several miRNAs, such
as miR-211 and miR-23b [6, 7], could exhibit
reciprocal repression with TUSC7, which may
play a role in the TUSC7-mediated inhibition of
cancer cell growth. However, the molecular
mechanisms underlying how downregulation of
TUSCY7 influenced the development and pro-
gression of NSCLC haven’t been fully stated.
We speculated that TUSC7 might regulate
NSCLC cell proliferation through different
potential miRNAs. Nevertheless, as the target
genes of one IncRNA may differ between spe-
cific tissues and cell types, genes controlled by
TUSC7 in NSCLC remain unknown, further stud-
ies are required to solve this problem. In future
work, high-throughput techniques should be
applied to obtain a global view of the changes
in genomics and proteomics and to elucidate
the mechanisms.

Conclusions

Our study demonstrated that TUSC7 expres-
sion was significantly downregulated in NSCLC
tissues and cell lines compared with their nor-
mal counterparts. In addition, TUSC7 expres-
sion was closely associated with tumor size and
TNM stage. Kaplan-Meier analysis indicated
that NSCLC patients with lower TUSC7 expres-
sion levels had worse DFS and OS rates.
Moreover, a multivariate analysis revealed that
TUSCY is an independent predictor of DFS and
0OS in NSCLC patients. Overexpression of
TUSC7 in lung cancer cell lines caused a
decrease in cellular proliferation. Together,
these results suggested that TUSC7 might rep-
resent a novel prognostic indicator and a target
for gene therapy in NSCLC.
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Supplementary Table S1. Primers used in this study

Primer name 5’-3’

TUSC7-F TTTATGCTTGAGCCTTGA
TUSC7-R CTTGCCTGAAATACTTGC
B-actin-F ATCATGTTTGAGACCTTCAA
B-actin-R CATCTCTTGCTCGAAGTCCA
Bcl2-F GGT GGA GGA GCT CTT CAG G
Bcl2-R ATA GTT CCA CAA AGG CAT CC
BimEL-F CCAGATCCCCACTTTTCATC
BimEL-R AAGAGAAATACCCACTGGAGGA

cyclin A2-F CGCTTCAGCGGTTTTCTTAG
cyclin A2-R ATCCTCCATTGCAAGTACCG
cyclin B1-F GAGGAAGAGCAAGCAGTC
cyclin B1-R TAGCCAGTCAATTAGGATG

cyclin D1-F CTGTGCTGCGAAGTGGAAACCAT
cyclin D1-R TTCATGGCCAGCGGGAAGACCTC

p21-F TAGCAGCGGAACAAGGAG
p21-R AAACGGGAACCAGGACAC
p27-F GTCAAACGTAAACAGCTCGAAT

p27-R TGCATAATGCTACATCCAACG




