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Abstract: Background: Long non-coding RNAs (lncRNAs) are noncoding RNAs that regulate cellular processes during 
the progression of tumors. Among various lncRNAs, lncRNA HOXA-AS2 (HOXA-AS2) has been reported to be involved 
in many critical processes of human malignancies. This study aimed to evaluate the significance and prognostic 
value of HOXA-AS2 in human non-small cell lung cancer (NSCLC). Methods: A total of 103 NSCLC tissues samples 
and matched adjacent non-tumor tissues specimens were obtained from NSCLC patients and the quantitative real-
time PCR (qRT-PCR) were performed to investigate expression levels of HOXA-AS2. The correlation between HOXA-
AS2 expression and survival outcomes of NSCLC patients was performed by Kaplan-Meier analysis, univariate and 
multivariate analysis. Results: HOXA-AS2 expression was significantly increased in NSCLC tissues compared with 
that in matched non-tumor adjacent tissues (P<0.05). In addition, high expression of HOXA-AS2 was demonstrated 
to be associated with larger tumors size, advanced TNM stages and distant metastasis of NSCLC patients. Survival 
analysis revealed that patients with high expression of HOXA-AS2 showed a significantly lower survival rate for OS, 
DFS and RFS, respectively (all, log rank test, P<0.05) and HOXA-AS2 could be an independent prognostic indicator 
for NSCLC patients. Conclusion: The results suggest that HOXA-AS2 has the clinical significance in the progression 
of NSCLC and could be a potential prognostic biomarker for NSCLC patients.
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Introduction

As a malignant cancer, non-small cell lung can-
cer (NSCLC) accounts for 85% of primary lung 
cancer which is the leading cause of cancer-
related deaths worldwide [1, 2]. Actually, lung 
carcinogenesis is a complicated biological pro-
cess due to mutual dysregulation of different 
tumor-related genes [3]. Although advances in 
combination treatment strategies involving su- 
rgery, radiotherapy and chemotherapy for NS- 
CLC, the five-year overall survival rate remains 
at a low level [4]. Therefore, it is still urgent to 
explore precise and special markers for improv-
ing the survival of NSCLC patients.

LncRNAs are a class of transcripts which are 
larger than 200 nucleotides in size and lack the 
potential of encoding proteins [5]. Growing evi-
dence has shown that aberrant lncRNA play an 
important role in various pathological process-

es, such as cell proliferation, differentiation, me- 
tabolism and apoptosis, indicating their func-
tion as suppressor genes or oncogenes [6]. 
Currently, increasing evidence has provided 
that lncRNAs are involved in different human 
malignancies including lung cancer [7]. For 
example Yang et al showed that lncRNA PVT1 
was upregulated in NSCLC tissues and promot-
ed NSCLC cells tumorigenesis [8]. Han et al 
showed low expression of lncRNA GAS6-AS1 
could predict a poor prognosis in patients with 
NSCLC [9]. Lin et al showed that increased 
expression of the lncRNA ANRIL promoted lung 
cancer cell metastasis and correlated with poor 
prognosis [10]. However, the expression level of 
HOXA-AS2 and weather HOXA-AS2 has the clini-
cal significance in NSCLC has not been re- 
ported.

Therefore, the aim of the study was to measure 
the expression level of HOXA-AS2 in NSCLC tis-
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sues and investigate the correlation of HOXA-
AS2 level with clinicopathological features as 
well as the prognostic value of HOXA-AS2 in 
NSCLC patients.

Materials and methods

Patients and samples

A total of 103 NSCLC tissue samples and ma- 
tched non-tumor adjacent tissues specimens 
were obtained from patients who had patho-
logically confirmed as NSCLC in Huaihe Hos- 
pital of Henan University. None of the patients 
underwent adjuvant treatments including  
radiotherapy, chemotherapy or immunotherapy 
before surgical resection. All patients under-
went complete tumor resection with systematic 
lymph node dissection. TNM classification of 
the International Union Against Cancer was 
used for determination of disease stages.  
None of these patients had received preopera-
tive and postoperative adjuvant therapy before 
tumor relapse. Written and informed consent 
was obtained from all patients and the inves- 
tigation was approved by the ethical committee 
of our hospital.

RNA extraction and real-time quantitative poly-
merase chain reaction (qRT-PCR)

Total RNA was extracted from cell lines and tis-
sues with TRIzol reagent (Invitrogen) according 
to the instructions and cDNA was gained with 
the PrimeScript RT reagent Kit (TaKaRa). qRT-
PCR was performed using a StepOne Plus sys-

tem following the standard protocol. Expression 
of GAPDH was detected to normalize the tran-
scription levels. Changes of gene expression 
levels were calculated by 2-ΔΔCt method. 

Statistical analysis

The relationship between HOXA-AS2 expres-
sion and clinical-pathological characteristics 
was analyzed with the Chi-square test. Survival 
curves were obtained using the Kaplan-Meier 
method. Multivariate analyses were performed 
using the Cox regression model to identify inde-
pendent prognostic factors. All statistical analy-
ses were carried out using SPSS software (ver-
sion 13.0) for Windows. The statistical di- 
fferences at P<0.05 were considered to be sta-
tistically significant.

Results

LncRNA HOXA-AS2 was up-regulated in NSCLC

In the present study, we explored the expres-
sion of HOXA-AS2 in 103 samples of NSCLC tis-
sues and matched adjacent non-tumor speci-
mens by qRT-PCR. As shown in Figure 1A, 
HOXA-AS2 expression was significantly higher 
in human NSCLC tissues than that in adjacent 
non-tumor tissues (P<0.05).

Association of HOXA-AS2 expression with clini-
cal characteristics

To analyze whether HOXA-AS2 was associated 
with the development and progression of 
NSCLC, we divided patients into two groups 

Figure 1. The expression of HOXA-AS2 in NSCLC tissues. (A) Relative 
expression of HOXA-AS2 in NSCLC tissues was significantly decreased 
compared with that in adjacent non-tumor tissues. (B-D) HOXA-AS2 ex-
pression was significantly higher in patients with large tumor size (B), 
advanced TNM stage (C) and distant metastasis (D).
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based on the median value of HOXA-AS2 ex- 
pression levels: a high HOXA-AS2 expression 
group (n = 52) and a low HOXA-AS2 expression 
group (n = 51), and then investigated its rela-
tionship with the clinical characteristics. As 
shown in Table 1, HOXA-AS2 expression was 
remarkably related with tumor size, TNM stag-
es, and distant metastasis (P<0.05). Concretely, 
high level of HOXA-AS2 expression was signifi-
cantly correlated with larger tumor size (≥3 cm), 
advanced TNM stages (III, IV), and present dis-
tant metastasis (P<0.05; Figure 1B-D). All th- 
ese results demonstrated that HOXA-AS2 was 
related to NSCLC progression and it might act 
as an oncogene. However, no significant rela-
tionship had been found between HOXA-AS2 

expression and other clinical characteristics 
(P>0.05; Table 1).

The correlation between HOXA-AS2 level and 
survival of NSCLC patients

To further explore the correlation between 
HOXA-AS2 expression and clinical outcomes, 
we determined the prognostic value of HOXA-
AS2 expression on overall survival (OS), dis-
ease-free survival (DFS) and recurrence-free 
survival (RFS) in NSCLC patients. As deter-
mined by Kaplan-Meier method with log rank 
test, the patients with high expression of HOXA-
AS2 presented a poor OS (P<0.05; Figure 2A), 
poor DFS (P<0.05; Figure 2B) and poor RFS 
(P<0.05; Figure 2C) respectively than those 
with low HOXA-AS2 expression, indicating over-
expression of HOXA-AS2 predicted a poor prog-
nosis in patients with NSCLC. 

Moreover, as respect to the influence of HOXA-
AS2 levels and clinicopathological characteris-
tics on patient survival, we performed univari-
ate Cox regression analysis. As shown in Tables 
2-4, the tumor size, TNM stage, distant metas-
tasis and HOXA-AS2 expression were all associ-
ated with the OS, DFS and RFS, respectively. 
Further multivariate analysis indicated that, for 
NSCLS patients, upregulated HOXA-AS2 level 
was an independent factor for OS (P<0.05; 
Table 2), DFS (P<0.05; Table 3) and RFS 
(P<0.05; Table 4). Furthermore, tumor size, 
TNM stage and distant metastasis were inde-
pendent factors associated with OS, RFS and 
DFS in NSCLC patients (Tables 2-4).

Discussion

As the most common malignant disease in the 
world, lung cancer is the leading cause of mor-
tality in China [11]. According to the past 
researches, several prognostic factors and bio-
markers for NSCLC have been identified [12-
14], which have improved the outcome of the 
NSCLC patients. However, the 5-year survival 
rate for the NSCLC is still unsatisfactory. 
Therefore, it is still urgent to identify novel and 
reliable prognostic markers to improve the 
prognosis of NSCLC patients.

Long noncoding RNAs (lncRNAs), an important 
subtype of noncoding RNAs, is longer than 200 
nucleotides (nt) and has no protein coding 
potential [5]. With the help of improvements in 
modern biotechnology such as high-throughput 

Table 1. Relationship between HOXA-AS2 
expression and clinical factors of NSCLC 
patients

Variables N
HOXA-AS2 
expression P value
High Low

Age 0.750
    ≥65 61 30 31
    <65 42 22 20
Gender 0.771
    Male 54 28 26
    Female 49 24 25
Smoking 0.733
    Yes 67 33 34
    No 36 19 17
Histology 0.651
    Squamous carcinoma 47 22 25
    Adenocarcinoma 41 23 18
    Other type 15 7 8
Tumor size 0.001
    ≥3 cm 57 37 20
    <3 cm 46 15 31
TNM 0.000
    I, II 63 22 41
    III, IV 40 30 10
Differentiation 0.140
    Well/moderately 58 33 25
    Poorly 45 19 26
Lymph node metastasis 0.094
    Absent 50 21 29
    Present 53 31 22
Distant metastasis 0.001
    Absent 67 26 41
    Present 36 26 10



HOXA-AS2 expression in NSCLC

9693 Int J Clin Exp Pathol 2017;10(9):9690-9696

Figure 2. Survival analysis. NSCLC patients with 
high HOXA-AS2 expression had poor overall sur-
vival (OS, A) disease-free survival (DFS, B) and 
recurrence-free survival (RFS, C) than patients with 
low HOXA-AS2 expression.

sequencing and microarray analysis, growing 
evidences indicated that lncRNAs participated 
in a surprisingly diverse collection of biological 
progresses [15]. Moreover, many reports sug-
gested that dysregulated expressions of ln- 
cRNAs occur in various cancers. For example, 
Zhang et al showed that upregulation of lncRNA 
MALAT1 correlated with tumor progression and 
poor prognosis in clear cell renal cell carcino-

ma [16]. Li et al found that lncRNA HOTTIP was 
up-regulated and associated with poor progno-
sis in patients with osteosarcoma [17]. Li et al 
showed that lncRNA CASC2 suppressed the 
proliferation of gastric cancer cells by regulat-
ing the MAPK signaling pathway [18].

HOXA cluster antisense RNA 2 (HOXA-AS2), a 
lincRNA located between and antisense to the 
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Table 2. Univariate and multivariate survival analysis of OS with NSCLC
Clinical factors P value Univariate HR (95% CI) P value Multivariate HR (95% CI)
Age 0.918 1.211 (0.491-2.098)
Gender 0.571 1.391 (0.625-2.816)
Histology 0.739 1.092 (0.812-1.937)
Tumor size 0.012 1.715 (0.913-3.083) 0.002 2.971 (1.531-6.365)
TNM 0.008 2.173 (1.386-5.437) 0.001 2.793 (1.485-5.991)
Lymph node metastasis 0.069 2.061 (0.774-5.038)
Differentiation 0.083 1.917 (0.506-5.876)
Distant metastasis 0.015 2.914 (0.831-4.173) 0.004 3.761 (1.172-4.996)
Smoking 0.087 1.783 (0.920-3.457)
HOXA-AS2 0.001 4.708 (2.913-14.451) 0.001 6.711 (3.526-17.019)

Table 3. Univariate and multivariate survival analysis of DFS with NSCLC
Clinical factors P value Univariate HR (95% CI) P value Multivariate HR (95% CI)
Age 0.785 1.121 (0.612-2.013)
Gender 0.352 1.162 (0.712-2.315)
Histology 0.596 1.273 (0.752-1.903)
Tumor size 0.018 1.632 (0.789-3.025) 0.006 2.194 (1.432-5.830)
TNM 0.025 3.212 (1.463-5.426) 0.011 3.712. (1.744-6.217)
Lymph node metastasis <0.001 2.417 (1.123-4.291)
Differentiation 0.068 1.564 (0.963-4.215)
Distant metastasis 0.002 2.256 (1.732-4.653) <0.001 3.118 (1.899-5.713)
Smoking 0.052 1.235 (0.856-3.647)
HOXA-AS2 <0.001 5.132 (2.536-15.168) <0.001 7.167 (2.926-19.027)

Table 4. Univariate and multivariate survival analysis of RFS with NSCLC
Clinical factors P value Univariate HR (95% CI) P value Multivariate HR (95% CI)
Age 0.856 1.321 (0.845-2.414)
Gender 0.096 1.032 (0.456-1.963)
Histology 0.492 1.731 (0.663-2.306)
Tumor size 0.002 1.526 (0.812-2.856) 0.000 2.719 (1.437-5.892)
TNM 0.011 2.856 (1.326-4.632) 0.003 3.065 (1.347-6.250)
Lymph node metastasis 0.006 2.621 (1.325-4.521)
Differentiation 0.089 1.972 (0.651-4.727)
Distant metastasis 0.001 3.072 (1.075-6.619) <0.001 3.331 (1.621-9.4638)
Smoking 0.126 1.426 (0.889-3.212)
HOXA-AS2 <0.001 5.893 (2.618-19.773) <0.001 6.737 (2.926-20.527)

human HOXA3 and HOXA4 genes [19]. Recently, 
evidence has shown that HOXA-AS2 was up-
regulated in various types of cancer tissues, 
and closely associated with the outcome of 
prognosis for several tumors. For example. 
Xie et al showed that lncRNA HOXA-AS2 pro-
motes gastric cancer proliferation by epigeneti-
cally silencing P21/PLK3/DDIT3 expression 
[20]. Zhang et al showed that upregulation of 
lncRNA HOXA-AS2 promoted proliferation and 

induced epithelial-mesenchymal transition in 
gallbladder carcinoma [21]. Fang et al showed 
that lncRNA HOXA-AS2 promoted proliferation 
and invasion of breast cancer by acting as a 
miR-520c-3p sponge [22]. However, the clinical 
significance of HOXA-AS2 with lung cancer is 
poor characterized.

In this study, we examined the expression of 
HOXA-AS2 and its clinical value in predicting 
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survival outcome in patients with NSCLC. Our 
data showed that the HOXA-AS2 expression 
was significantly increased in NSCLC tissues 
compared to the adjacent non-tumor tissues. In 
addition, our data showed that HOXA-AS2 
expression levels were closely correlated with 
tumor size, TNM stage and distant metastasis. 
In contrast, there was no correlation between 
HOXA-AS2 expression and other clinical fea-
tures. All these findings indicated that HOXA-
AS2 plays an important role in the progression 
of NSCLC. Moreover, survival analysis revealed 
that patients with high HOXA-AS2 expression 
have worse survival outcome. This result is con-
sistent with a report examining the prognostic 
role of HOXA-AS2 [22]. According to multivari-
ate analyses, HOXA-AS2 was an independent 
prognostic factor for OS, DFS and RFS.

In conclusion, our study was the first time to 
explore the relation between HOXA-AS2 expres-
sion and prognosis of NSCLC patients. We first 
confirmed the increased expression of HOXA-
AS2 in NSCLC tissues using qRT-PCR. Besides, 
HOXA-AS2 expression may be a novel and 
promising prognostic biomarker for NSCLC 
patients.
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