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Abstract. - OBJECTIVE: The purpose of the
current study was to characterize the expres-
sion of long-noncoding-RNA ZFAS1 (ZFAS1) and
assess the clinical significance of ZFAS1 in non-
small cell lung cancer (NSCLC).

PATIENTS AND METHODS: A total of 173
patients with NSCLC were addressed in the
present retrospective study. Expression levels
of ZFAS1 were detected by quantitative real-ti-
me PCR. We further analyzed the correlation
between ZFAS1 and clinicopathologic features
of NSCLC with X?-test. Survival rate was deter-
mined with Kaplan-Meier and statistically analy-
zed with the log-rank method between groups.
Univariate and multivariate analyses were per-
formed to analyze the prognostic significance of
ZFAS1 expression.

RESULTS: ZFAS1 was upregulated in NSCLC
tissues (p < 0.01) and higher expression levels
of ZFAS1 were found in more advanced tumor
tissues (All p < 0.05). ZFAS1 expression levels
were significantly associated with tumor differ-
entiation grade (p = 0.028), lymph node metasta-
sis (p = 0.001) and TMN stage (p = 0.001).

Furthermore, we found that patients with
higher ZFAS1 expression level are associated
with a poorer overall survival. Univariate and
multivariate analyses indicated that high ZFAS1
expression was an independent prognostic fac-
tor for poor survival of NSCLC patients.

CONCLUSIONS: Our results illustrated the
potential role of ZFAS1 as a prognostic marker
for NSCLC patients.
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Introduction

In recent years, primary lung cancer occupies
the leading cause of cancer death in the world'.
Non-small cell lung cancer (NSCLC) accounts
for greater than 80% of all lung cancer types?. Al-
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though the survival rate of patients with NSCLC
has been improved due to the advances in surgi-
cal techniques and treatment strategies, the 5-year
survival rate of NSCLC is still approximately
15% because of the high recurrence rate®*. The-
refore, the identification of specific biomarkers,
especially for early stage tumors, is important for
improving NSCLC prognosis.

Previous studies® have found that some
non-protein coding RNAs regulate cell differen-
tiation, growth, and metabolism. Long non-co-
ding RNA (IncRNA) is an RNA molecule that
is >200 nucleotides long and is not translated
into a protein®. More and more evidence showed
that IncRNAs were emerged as critical regulator
and prognostic markers in several tumors. For
instance, IncRNA HOTAIR was reported to ser-
ve as a tumor suppressor and decreased ovarian
tumorigeniesis and metastasis by inhibiting epi-
thelial-mesenchymal transition’. Another paper
showed that IncRNA UCA1 modulates breast
cancer cell growth and apoptosis by targeting
miR-143%. Additionally, Lin et al’ reported that
knockdown of IncRNA ANRIL expression could
inhibit lung cancer cell proliferation, migration
and invasion. Previous studies'® revealed that
ZFAS]1 expression was significantly upregulated
in several tumors including gastric cancer, hepa-
tocellular Carcinoma'' and colorectal cancer'?.
However, whether ZFAS1 can serve as a progno-
stic biomarker of NSCLC has not been investiga-
ted. Therefore, in the current study, we explored
the association of ZFASI1 level with clinicopatho-
logical features and prognosis in NSCLC patients.

Patients and Methods

Patients and Tissue Samples
Clinical samples were obtained from 173 pa-
tients with NSCLC who were surgically treated at
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The People’s Hospital of Pingyi County from June
2007 to July 2010. None of the patients received
chemotherapy or radiotherapy before surgery. The
histopathological diagnosis of all samples was re-
spectively diagnosed by two Pathologists. Patient
information including baseline demographics, cli-
nicopathological characteristics and survival were
recorded. Tumor stage was defined according to
tumor-node-metastasis (TNM) classification of
the American Joint Committee on the Internatio-
nal Union against Cancer. Tumor differentiation
was assessed according to Edmonson and Steiner
grading system. The study was approved by the
Ethics Committee of The People’s Hospital of
Pingyi County. Signed informed consent forms
were obtained from all subjects who participated
in the study.

Reverse Transcription PCR
and Quantitative Real-time PCR
RNAs of cells were extracted by Trizol
method (Invitrogen, Carlsbad, CA, USA), and
used for first-strand cDNA synthesis using oligo
(dT) primers and RT-PCR kit (Takara, Otsu, Shi-
ga, Japan). QRT-PCR reactions were performed
using an ABI7500 System (Applied Biosystems,
Foster City, CA, USA) and SYBR Green PCR
Master Mix (Takara, Otsu, Shiga, Japan). Quanti-
tative analysis was performed using Comparative
CT method. The relative expression of each gene
was normalized to the expression of GAPDH.
The PCR primers for IncRNA HOTTIP or B-actin
were as follows:
* IncRNA ZFAS1 forward: 5-ACGTGCAGA-
CATCTACAACCT-3"
* IncRNA ZFAS1 reverse: 5-TACTTCCAA-
CACCCGCAT-3';
* GAPDH forward: 5-GGTCTCCTCTGACTTCA-
ACA-3;
* GAPDH reverse: 5-GTGAGGGTCTCTCTCT-
TCCT-3".
Independent experiments were done in tripli-
cate.

Statistical Analysis

Statistical analyses were performed using
SPSS version 16.0 (SPSS, Chicago, IL, USA).
An X°-test was used to analyze the relationship
between ZFAS1 expression levels and the clini-
copathological characteristics. Survival analyses
were performed using the Kaplan-Meier survi-
val curve approach and the Cox regression mo-
del. Statistical significance was reached when p
<0.05.

Results

ZFAS1 was upregulated
in the human NSCLC tissues

To confirm ZFAS1 expression was different
between tumor tissues and adjacent noncancerous
tissues, we examined 173 pairs of human NSCLC
samples. The results showed that the ZFAS1 expres-
sion was significantly increased in clinical NSCLC
tissues compared to adjacent normal lung tissues
(p < 0.01; Figure 1A). Furthermore, we evaluated
the correlation of ZFAS1 expression with clinico-
pathological parameters. As shown in Figure 1B, C
and D, we found that more advanced tumors had
a higher ZFAS1 expression (all p < 0.01). Howe-
ver, there was no significant relationship between
ZFAS1 expression and tumor size (p > 0.05).

ZFAS1 upregulation is associated with
aggressive progression in NSCLC

To explore the clinical value of ZFASI expres-
sion in NSCLC tissues, the association of its expres-
sion and clinicopathological characters of 173 pa-
tients was statistically analyzed by 2 tests or Fisher’s
exact test (Table I). We observed that the expression
level of ZFAS1 was positively correlated with the
TMN stage (p = 0.001), lymph node status (p =
0.001), and differentiation (p = 0.028) in NSCLC
patients (shown in Table I). However, neither of the
ZFASI levels in NSCLC patients correlated with
age, gender, tumor size, or smoking history.

Relationship between ZFAS1 expression
and NSCLC patients’ survival

The association between miR-173 expression
and survival of NSCLC patients was investigated
by Kaplan-Meier analysis and log-rank test. The fi-
ve-year overall survival rate of patients in the high
ZFAS1 group was 20.1%, which was significantly
lower than that of patients (44.2%) in the low serum
ZFAS1 group (p < 0.001; Figure 2). Univariate and
multivariate analyses were carried out using the Cox
proportional hazards regression model to explore the
prognostic value of ZFAS1 expression, the results in-
dicated that high-level expression of ZFAS1 was con-
sidered as an independent prognostic factor of outco-
mes in patients with NSCLC (p = 0.007, Table II).

Discussion
Lung cancer is a leading cause of cancer death

worldwide, because most patients are diagnosed
at an advanced stage, and treatments are less ef-
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Figure 1. Expression of ZFAS1 in NSCLC samples. The expression of ZFAS1 was detected using qRT-PCR. A. ZFASI1
expression was decreased in NSCLC tissues compared with normal lung tissues. B. ZFASI increased in tissues with lymph
node metastasis. C. ZFAS1 expression was significantly lower in patients with early clinical stage than those with an advanced
clinical stage. D. Here was no significant relationship between the ZFAS1 expression and tumor size. *p < 0.05, **p < 0.01.

fective, the prognosis of NSCLC patients is still
quite poor. Many studies!*!* and systematic empi-
rical research specific on NSCLC have identified
certain prognostic factors and several biomarkers
for NSCLC. However, only a few effective predi-
ctive makers were used for clinical application. In
recent years, it has been shown that the aberrant
level of IncRNAs is closely related to the occur-
rence, development, and prognosis of cancer!'®!.
However, IncRNAs that are involved in the pro-
gression of NSCLC and their clinical application
values remain largely unknown.

ZFAS1, anewly identified IncRNA, was shown
to be dysregulated in several tumors. Increasing
evidence showed that ZFAS1 play an important
regulation marker in the progression of tumors'®.
For instance, Li et al'' showed that the relative
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expression of ZFAS1 in NSCLC tissues was si-
gnificantly higher than those in adjacent normal
tissues. Further mechanism experiment indicated
that ZFAS1 repressed hepatocellular carcinoma
cell invasion and migration by targeting ZEB1
and the matrix metalloproteinase MMP14 and
MMP16. Nie et al'® found that ZFAS1 may act
as a tumor promoter in gastric cancer by down-
regulating KLF2 and NKD2 expression. Another
study by Wang et al'? showed that high ZFAS1
expression was associated with worse survival
time in patients with colorectal cancer. They also
demonstrated that the downregulation of ZFAS1
inhibited the in vivo metastasis of colorectal can-
cer cells'. These findings demonstrated that the
dysregulation of ZFAS1 may participate in human
malignancy and carcinogenesis.
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Table I. Correlation between ZFAS1 expression and clinicopathological characteristics of NSCLC patients.

Characteristics Patients ZFAS1 expression
n % Low High p -value
Age (years) 0.203
<65 75 43.4 34 41
>65 98 56.6 54 44
Gender 0.411
Male 93 54 50 43
Female 80 46 38 42
Smoking history 0.234
Smokers 100 57.8 47 53
Never smokers 73 46.2 41 32
Differentiation 0.028
Well, moderate 102 46.2 47 53
Poor 73 53.8 41 32
Tumor size 0.908
<5cm 101 58.4 51 50
> 5cm 71 41.6 37 35
Lymph node metastasis 0.001
Positive 92 53.8 34 58
Negative 81 46.8 54 27
TMN stage 0.001
I-11 92 53.2 58 34
-1V 81 46.8 30 51

In the present study, to our best knowledge, we
firstly reported that expression of ZFAS1 was si-
gnificantly higher in NSCLC tissues than in adja-
cent normal lung tissues. In addition, we found
that higher expression levels of ZFAS1 were
found in more advanced tumor tissues. Based on
the calculation of relative expression, we analy-
zed the association of ZFAS1 with the clinicopa-
thological characteristics as well as the prognosis
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Figure 2. Log-rank test showed that patients with high
ZFAST1 expression had significantly poorer overall survival
vs. patients with low ZFAS1 expression (p < 0.001).

of the patients. Our results showed that patients
with NSCLC with high ZFAS1 expression had a
better prognosis than those with low expression.
Finally, we performed univariate and multivariate
analysis; the results revealed that ZFAS1 expres-
sion might be an independent prognostic indicator
of survival in NSCLC patients. Altogether, our
data suggest that ZFAS1 expression could be a
valuable marker of prognosis and malignant pro-
gression of NSCLC.

Conclusions

Our study demonstrated that ZFAS1 expres-
sion was associated with tumor grade and histo-
logical type in NSCLC. Also, overexpression
of ZFAS1 associates with poor clinical survival
outcome. Therefore, ZFAS1 may be a valuable
biomarker for poor prognosis in human NSCLC.
However, further studies are needed to more pre-
cisely characterize the functional significance of
ZFAS1 in NSCLC progression.
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Table Il. Univariate and multivariate Cox logistic regression analyses for the prediction of NSCLC patients’ OS course.

Variable HR 95% CI p-value HR 95% CI p-value
Univariate Multivariate

ZFAS1

Low 1.00 1.00

High 2.76 1.24-4.12 0.003 1.83 1.04-3.83 0.007
Differentiation

Well, moderate 1.00

Poor 2.45 1.33-4.87 0.005 1.92 1.12-4.32 0.009
Tumor size

<S5cm 1.00

>cm 1.65 0.83-2.77 0.137 2.14 1.18-3.11 0.144
Lymph node metastasis

Positive 1.00

Negative 2.45 1.17-5.13 0.002 2.11 0.93-4.66 0.003
TMN stage

I-1T 1.00 1.00

II-1v 3.13 1.66-6.38 0.001 2.98 1.37-5.73 0.002
Age (years)

<65 1.00

>65 0.733 0.347-1.66 0.473 1.13 0.46-1.93 0.326
Gender

Male 1.00

Female 0.91 0.45-1.42 0.321 1.32 0.67-1.73 0.266
Smoking history

Smokers 1.00 1.00

Never smokers 1.76 0.91-2.44 0.219 1.44 0.72-2.15 0.373
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