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Abstract We aimed to unveil the clinical roles and biological
function of lncRNA TUBA4B in on-small cell lung cancer
(NSCLC). The relative expression level of TUBA4B was es-
timated by qPCR in 114 pairs of NSCLC and NTsamples and
the relation of TUBA4B to clinical data of NSCLC patients
was analyzed. We found TUBA4B was lower expressed in
NSCLC and five cell lines. The lower expression of
TUBA4B was remarkably correlated with advanced TNM
stage and lymph node metastasis and served as a predictor
for overall survival of NSCLC. After overexpression of
TUBA4B, cell proliferation ability of A549 and NCI-H1299
remarkably decreased. Our study ascertained low expression
TUBA4B in NSCLC tissue, cell lines and is a poor predictor
for prognosis and can regulate cell proliferation in NSCLC.
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Introduction

Lung cancer is the leading cause of cancer death worldwide,
and its incidence continues to increase [1]. Non-small cell
lung cancer (NSCLC) accounts for approximately 85 % of
all lung cancers. Although there has been some progress in
chemotherapy, radiation and surgery, NSCLC remain very
aggressive and usually rapidly fatal [2]. The average 5-year
survival of lung cancer is less than 15 % [3–6]. The mecha-
nisms of NSCLC have not been elucidated.

Studies have shown that lncRNAs abnormally express in
tumor cells or tissues and regulate coding gene expression.
The altered expression of lncRNAs result in the development,
invasion, and metastasis of many cancers with a series of
mechanisms [7, 8]. The regulation of gene expression by
lncRNAs at the epigenetic level, transcriptional and post-
transcriptional level [9–11]. LncRNAs have been shown to
be involved in the development and progression of lung can-
cer. However, lung cancer-associated lncRNAs are few as
HOTAIR, H19, ANRIL, MALAT1 [12, 13], SCAL1 [14],
AK126698 [15], and GAS6-AS1 [16], so it is very important
to identify of additional lung cancer-associated lncRNAs and
unveil their mechanism of action.

TUBA4B (Tubulin, Alpha 4b) is a pseudogene. Among
its related pathways are development slit-robo signaling
and EphB-EphrinB signaling. GO annotations related to
this gene include GTP binding and structural constituent
of cytoskeleton. We have found lncRNA-TUBA4B down-
regulated in NSCLC by high-throughput microarray and
real-time quantitative reverse transcription polymerase
chain reaction (qPCR) method from our previous work.
However, the clinical roles of TUBA4B are not well un-
derstood in NSCLC. In this study, the expression level of
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TUBA4B was estimated by quantitative PCR in 114 pairs
of NSCLC and NT samples and the relation of TUBA4B to
clinical data of NSCLC patients was analyzed. We
overexpressed TUBA4B basing on human lung adenocar-
cinoma A549 and NCI-H1299 cell line by lentivirus-
mediated technology.

Materials and Methods

Patient Samples

The 114 NSCLC samples and corresponding NT sam-
ples were prospectively collected from patients of the
Firs t Aff i l ia ted Hospi ta l of Wenzhou Medical
University, China, from August 2013 to October 2015.
The clinical data of these cases are shown in Table 1.
The diagnosis of NSCLC was confirmed by histopathol-
ogy. TNM clinical stage based on from the American
Joint Committee on Cancer (AJCC) and the Union for
International Cancer Control (UICC) in 2002. The
NSCLC and matched NT samples were snap-frozen in
liquid nitrogen immediately after resection. We have
followed prognosis of 89 NSCLC patients by telephone
or other means, the longest follow-up time was

31 months. According to the expression level of
TUBA4B, the survival data is divided into the high
expression group and low expression group. This study
was approved by the Institutional Ethics Review Board
of the First Affiliated Hospital of Wenzhou Medical
University, and all patients provided written informed
consent for this study.

Quantitative PCR

Total RNA was extracted from frozen NSCLC tissues
by using TRIzol reagent (Invitrogen, USA). According
to the manufacturer’s instructions, Total RNA was
reverse-transcribed into cDNA using an RT Reagent
Kit (Shanghai Takara, China). TUBA4B and GAPDH
mRNA expression in NSCLC tissues was measured by
quantitative PCR by using SYBR Premix Ex Taq in
ABI 7000 instrument. TUBA4B for sense primer: 5′-
ATCAATCACCAGCCTCCC-3′, antisense primer: 5′-
CCACCTCCTT-GTAATCCTTCT-3′.GAPDH for sense
primer: 5′-TGACTTCAACA-GCGACACCCA-3′, anti-
sense primer: 5′-CACCCTGTTGCTGTAGC-CAAA-3′.
Total RNA (2 mg) was transcribed to cDNA. PCR
was performed in a total reaction volume of 20 μl, in-
cluding 10 μl of SYBR Premix (2×), 2 μl of cDNA

Table 1 The clinical features of
114 NSCLC patients and the
relative expression levels of
TUBA4B

Term Case (n) TUBA4B relative
expression level

Kruskal-Wallis Test
or Mann-Whitney U

P

Sex 235.60 0.554

Male 56 0.396(0.021–0.921)

Female 58 0.421(0.018–0.947)

TMN stage 58.623* 0.017

Ia 24 0.402(0.389–0.947)

Ib 56 0.321(0.360–0.834)

IIa 14 0.213(0.176–0.567)

IIb 4 0.193(0.158–0.453)

IIIa 16 0.120(0.018–0.215)

Histological degree 3.457* 0.721

Poor 22 0.402(0.025–0.923)

Poor-moderate 14 0.399(0.103–0.947)

Moderate 34 0.369(0.065–0.901)

Moderate-high 18 0.371(0.123–0.894)

High 26 0.386(0.018–0.856)

Lymph node metastasis 2.324 0.002

Yes 28 0.090(0.018–0.131)

No 86 0.465(0.304–0.947)

Smoking 223.30 0.237

Yes 40 0.392(0.018–0.947)

No 74 0.417(0.021–0.923)

*Kruskal-Wallis Test
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template, 1 μl of PCR forward primer (10 mM), 1 μl of
PCR reverse primer (10 mM), and 6 μl of double-
distilled water. The quantitative real-time PCR reaction
included an initial denaturation step of 10 min at 95 °C;
40 cycles of 5 s at 95 °C, 30 s at 60 °C; and a final
extension step of 5 min at 72 °C. All experiments were
performed in triplicate, and all samples were normalized
to GAPDH. The median in each triplicate was used to
calculate relative lncRNA concentrations (△Ct = Ct me-
dian lncRNA-Ct median GAPDH), and 2-△△Ct in expres-
sion were calculated [17].

Cell Culture

Five human NSCLC cell lines (SPCA-1, NCI-H1299,
A549, NCI-H441, LTEP-a2) and BEAS-2B were all pur-
chased from Cell Bank of the Chinese Academy of
Sciences and were cultured with complete medium (con-
taining 10 % fetal serum and 90 % RPMI1640) set at
37 °C, 5 % CO2 and complete medium was changed at
least once two day.

Lentivirus-Mediated Overexpression Vector Transfection

A549 and NCI-H1299 cell were transfected overexpres-
sion vector targeting TUBA4B as well as a negative
control (Genechem, Shanghai, China). Transfection was
accomplished by seeding 2 × 105 cells into a six-well
plate, and after 24 h, the medium was aspirated and
incubated with transfection complex according to the
manufacturer’s protocol. The A549 and NCI-H1299
cells were infected by Lentivirus for 72 h and the over-
expression efficiency was detected by qPCR.

Cell Proliferation Assay

Cell viability was evaluated by Cell Counting Kit-8
(CCK-8, Corning Corporation, USA) abiding by the man-
ufacturer’s protocols. Briefly, 3000 cells were resuspend-
ed and seeded into a 96-well plate supplemented in the
presence of 10 % FBS and cultured for a week. The next
day, the TUBA4B overexpression cells was incubated
with CCK-8 for 1 h and the absorbance was measured at
450 nm using a multifunctional microplate reader (Tecan)
in the 1d, 3d, 5d, 7d. This experiment was done in qua-
druplicate cells.

Statistical Methods

Differences in variables among groups were tested using
the one-way ANOVA for the normal distribution or
Kruskal–Wallis test for the non-normal distribution. A
comparison between the two groups was performed by

least significant difference (LSD) test or Student’s t-test
or Mann–Whitney U test. Survival analysis was per-
formed using chi-square test. P < 0.05 was considered
to be statistically significant.

Results

The Expression Level of TUBA4B in NSCLC
and Adjacent Tissues and its Relationship with Clinical
Data

According to Table 1, TUBA4B expression level of
NSCLC is 0.413 (0.018–0.947) and significantly lower
than its adjacent cancer tissues (Mann-Whitney
U = 0.000, P = 0.000) (Fig.1). We showed that the
TUBA4B level of NSCLC with lymph node metastasis
was significantly lower than that of NSCLC without
lymph node metas tas i s group (Mann-Whi tney
U = 2.324, P = 0.002). TUBA4B expression levels
among different TMN stages were different (Kruskal-
Wallis Test =58.623, P = 0.017). TUBA4B expression
level of stage IIIa was significantly lower than that of
stage Ia (Mann-Whitney U = 55.000, P = 0.000), stage
Ib (Mann-Whitney U = 43.000, P = 0.000), stage IIa
(Mann-Whitney U = 26.000, P = 0.003), stage IIb
(Mann-Whitney U = 19.000, P = 0.010). The expression
of TUBA4B was no relative to different pathological
type (Kruskal-Wallis Test = 3.457, P = 0.721), the his-
tology differentiation, (Kruskal-Wallis Test = 4.769,
P = 0.682), the smoking (Mann-Whitney U = 223.30,
P = 0.237) , sex (Mann-Whitney U = 235.60,
P = 0.554).

Fig. 1 The relative expression levels of TUBA4B in NSCLC and NT
tissues. TUBA4B expression level of NSCLC is 0.413 (0.189–0.947) and
significantly lower than its adjacent cancer tissues (Mann-Whitney
U = 0.000, P = 0.000). *** P < 0.001
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The Relation of TUBA4B Expression to the Prognosis
of NSCLC

The overall survival time of NSCLC low expression
TUBA4B group (median 12 months) was significantly
lower than that of the high expression (median 28 months)
(chi-square = 21.21, P < 0.0001), see Fig.2.

The Expression Level of TUBA4B from five NSCLCCells

We detected the expression levels of TUBA4B from five
NSCLC cell lines (including A549, NCI-H441, NCI-H1299,
SPCA-1, LETP-a2) by qPCR. It shown that the expression
levels of TUBA4B from A549(Mann-Whitney U = 42.000,
P = 0.000), NCI-H441(Mann-Whitney U = 37.000,
P = 0.003), NCI-H1299(Mann-Whitney U = 65.000,
P = 0.000), SPCA-1(Mann-Whitney U = 47.000,
P = 0.000), LETP-a2(Mann-Whitney U = 77.000,
P = 0.000) were lowerly expressed, compared to normal hu-
man bronchial epithelial BEAS-2B cell line, and see Fig.3.

TUBA4B can Regulate Ability of Cell Proliferation

In the Fig.4, the OD450nm of different A549 and NCI-H1299
groups gradually increased with the change of time.
Compared with the 1d, the OD450nm of the 3d (P < 0.05,
P < 0.05, P < 0.05), the 5d (P < 0.001, P < 0.001, P < 0.01),
the 7 d (P < 0.001, P < 0.001, P < 0.001) were significantly
increased. Compared with appropriate days of control group
and NC group, the OD450nm of 1d, 3d in TUBA4B overex-
pression group were no statistically significant difference
(P > 0.05), while that of the 5d (P < 0.05) and the 7d
(P < 0.01) significantly reduced, it indicates that cell prolifer-
ation ability of A549 and NCI-H1299 was significantly re-
duced after TUBA4B overexpressed.

Discussion

LncRNAs play an important role in many biological
processes, including X-chromosome inactivation, gene
imprinting, and so on [18, 19] and also control gene
expression and accelerate the development and progres-
sion in cancers [8, 20]. Promoters bind to many tran-
scription factors with some mechanisms such as chromo-
somal rearrangements and transfer elements [21]. A im-
portant function of lncRNAs can change the expression
of nearby encoding genes by affecting the process of
transcription [22] or directly playing an enhancer-like
role [23, 24].

In this study, we uncovered the potential clinical role of
TUBA4B in the pathogenesis of NSCLC. We found
TUBA4B was lower expressed in NSCLC by qPCR. The
expression TUBA4B in lymph node metastasis of NSCLC
group was significantly lower than NSCLC without lymph
node metastasis group, and it was relative to TMN stage,
while it was no relative to degree of tissue differentiation,
gender, age, smoking and so on. Survival analysis showed
that survival time of high expression TUBA4B was signif-
icantly longer than low TUBA4B level in NSCLC patients.
These results hinted that TUBA4B was tumor suppressors
and abnormally expression in NSCLC.

Compared to normal human bronchial epithelial BEAS-
2B cell line, we detected the expression levels of TUBA4B
from five NSCLC cell lines. It shown that the expression
levels of TUBA4B were lowly expressed in five cells. We
combine the TUBA4B expression of NSCLC tissue and
cell lines, it suggested TUBA4B was a tumor suppressor
lncRNA molecule. Since it TUBA4B appeared low

Fig. 3 The expression levles of TUBA4B in fiveNSCLCcell lines. It shown
that the expression levels of TUBA4B from A549, NCI-H441, NCI-H1299,
SPCA-1, LETP-a2 cells were lowly expressed, compared to normal human
bronchial epithelial BEAS-2B cell line. ** P < 0.01, *** P < 0.001

Fig. 2 The relation of TUBA4B expression to prognosis in NSCLC
patients. The overall survival time of NSCLC low expression TUBA4B
group was significantly lower than that of the high expression
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expressed, which led to its suppression function decline,
thus promoted the development of NSCLC. In order to
further study the mechanism of TUBA4B and we
established TUBA4B overexpression of A549 and NCI-
H1299 cell lines by lentivirus-mediated technology. After
TUBA4B was overexpressed, cell proliferation ability of
A549 and NCI-H1299 remarkably decreased, so TUBA4B
can regulated cell proliferation of NSCLC cell. But we
needs further study about how TUBA4B played biological
functions and molecular mechanisms in NSCLC.

To summarize, Our study ascertained the expression of
TUBA4B down-regulated in NSCLC tissue, cell lines and is
a poor predictor for prognosis and can regulate cell prolifera-
tion in NSCLC.
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