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Background: Long non-coding RNAs (LncRNAs) play important roles in tumorigenesis
and progression. Recent studies have demonstrated that LncRNA HNF1A antisense RNA 1
(HNF1A-AS1) is aberrantly expressed in several types of cancers and is associated with poor
outcomes. This meta-analysis was conducted to investigate the relationship between HNF1AAS1 expression and clinical outcomes in cancer patients.
Methods: We searched PubMed, Embase, Web of Science, China National Knowledge Infrastructure (CNKI), and Wan Fang databases (updated until December 31, 2017) for literature. A total
of eight studies with 789 cancer patients were finally included in the present meta-analysis.
Results: The results showed that high expression of HNF1A-AS1 significantly predicted poor overall
survival (HR=3.10, 95% CI: 1.58–6.11, P=0.001), which was further validated using The Cancer
Genome Atlas (TCGA) dataset. Moreover, high HNF1A-AS1 expression was also associated with
advanced TNM stage (OR=3.32, 95% CI: 2.28–4.83, P0.001), lymph node metastasis (OR=3.08,
95% CI: 1.95–4.85, P0.001), and distant metastasis (OR=5.53, 95% CI: 1.94–15.77, P=0.001).
Conclusion: Our results suggested that elevated HNF1A-AS1 was associated with poor clinical
outcomes and might serve as a potential prognostic biomarker of cancer.
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Cancer is a major public health problem with increasing incidence and mortality.1
In 2017, 1,688,780 new cancer cases and 600,920 cancer deaths are projected to occur
in the United States.2 Although the evolving treatment strategies such as targeted therapy
and biotherapy improved the outcomes of cancer patients, the applicable patients were
limited.3 In addition, the 5-year survival rates for most cancers are still very low, which is
mainly because of the late-stage diagnosis and insufficient understanding of the molecular
mechanisms underlying cancer development. Therefore, it is critical to identify useful
prognostic biomarkers and novel potential therapeutic targets for cancer therapy.
Long non-coding RNAs (LncRNAs) are a group of RNAs that are larger than 200
nucleotides in length and lack the protein-coding capability.4 In the last decade, numerous studies have reported the critical roles of these kinds of transcripts in biological
processes, such as cell differentiation, proliferation, and apoptosis.5 Moreover, accumulating evidence have shown the dysregulated expression of numerous LncRNAs
in human cancers and that LncRNAs may act as oncogenes or tumor suppressors
participating in tumorigenesis and metastasis.6 A number of LncRNAs have been
shown to be novel promising prognostic biomarkers in human cancers.7
HNF1A antisense RNA 1 (HNF1A-AS1), a natural antisense transcript of HNF1A,
is a newly identified LncRNA located at chromosomal band 12q24.31 with 2,455
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nucleotides in length.8 HNF1A-AS1 has been reported to
be upregulated and act as an oncogene in many types of
cancers.8–19 Moreover, the expression of HNF1A-AS1 is
associated with poor prognosis and high risk of metastasis
in several cancers, such as osteosarcoma, colon cancer,
lung cancer, and hepatocellular carcinoma (HCC).9,10,12,17,20
However, individual study may be inaccurate or insufficient due to the limitations of sample sizes or research
programs. Therefore, we collected all relevant publications
and conducted this meta-analysis to explore the association
of HNF1A-AS1 with clinical outcomes and to investigate
whether HNF1A-AS1 could serve as a potential biomarker
for prognosis in cancer patients.

Materials and methods
Literature search
We conducted a comprehensive literature search in the following databases: PubMed, Embase, Web of Science, China
National Knowledge Infrastructure (CNKI), and Wan Fang
(updated until December 31, 2017). The key words for
search included the following: “HNF1A antisense RNA 1”,
“HNF1A-AS1”, “HNF1AAS1”, “Long non-coding RNA
HNF1A-AS1”, “LncRNA HNF1A-AS1”, “tumor”, “cancer”,
“carcinoma”, “neoplas*”, and “malignan*”. A manual review
of the reference lists of relevant articles was also performed
to identify potentially eligible papers.

Inclusion and exclusion criteria
The inclusion criteria of this meta-analysis were the studies
in which: 1) the expression of HNF1A-AS1 in tumor tissues
was measured, 2) patients were divided into two groups
based on high and low expression levels of HNF1A-AS1,
3) the associations of HNF1A-AS1 expression levels with
prognosis or clinicopathological features were described, and
4) HRs or ORs with 95% CIs were reported or sufficient data
were available for the computation.
Exclusion criteria were as follows: 1) duplicated articles,
2) editorials, letters, expert opinions, case reports, and
reviews, and 3) studies without available data. Two authors
screened the studies independently, and the disagreement
was resolved by consensus.

Data collection
Two investigators (Chunbo Zhuang and Lei Zheng) extracted
the data independently from the eligible studies, and disagreements were resolved by a third investigator (Pei Wang).
The following information were extracted: the name of first
author, year of publication, country, cancer type, sample
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size, detection method of HNF1A-AS1, internal control,
cutoff values, tumor stage, outcome, follow-up time, HR
and its corresponding 95% CI, and the clinicopathological
parameters from each eligible study. If both the univariate
and multivariate analyses were provided by the eligible studies, the multivariate values were selected as they had higher
precision on interpreting confounding factors. For the studies
only reporting Kaplan–Meier curves, the Engauge Digitizer
(Version 4.1) software was used to extract the survival data,
as previously described.21

Public data and tools
The Gene Expression Profiling Interactive Analysis (GEPIA)
is an online database for analyzing the RNA sequencing
expression data of tumors and normal samples from The
Cancer Genome Atlas (TCGA) and the Genotype-Tissue
Expression (GTEx) projects, using a standard processing
pipeline (http://gepia.cancer-pku.cn/). In this study, we used
the GEPIA database to analyze the tumor/normal differential
expression of HNF1A-AS1 and its correlation with overall
survival (OS) in TCGA dataset. One-way ANOVA was used
for differential expression analysis, and the Kaplan–Meier
method was used for survival analysis. The HR and 95% CI
were also shown in the survival plot.

Statistical analyses
The Stata SE12.0 and Revman 5.3 software were used to
perform all statistical analyses. HRs and 95% CIs were
calculated to assess the association between HNF1A-AS1
and OS. An observed HR of 1 indicated poor prognosis
in patients with high HNF1A-AS1 expression. In addition,
ORs and 95% CIs were used to assess the correlation between
HNF1A-AS1 expression and the clinicopathological features. The heterogeneity between the included studies was
determined by I 2 value derived from the Q test and a P-value
from the Chi square test. The fixed-effects model was used
if there was no obvious heterogeneity (I 250% or P0.05);
otherwise, a random-effects model was applied. Begg’s test
with a funnel plot and Egger’s test were used to estimate the
publication bias. The sensitivity analysis was also performed
to assess the stability of the results. P0.05 was considered
statistically significant.

Results
Study characteristics
The details of literature screening procedure are presented
in Figure 1. Our initial search retrieved 94 papers from
PubMed, Embase, Web of Science, CNKI, and Chinese Wan
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Prognostic role of LncRNA HNF1A-AS1 in cancers

Articles included in the meta-analysis
(n=8)

Figure 1 Flow diagram of the literature search and selection.

Fang databases. After the removal of duplicates, 59 articles
remained. After carefully screening the titles and abstracts,
we excluded 41 articles including letters, reviews, conference
abstracts, and unrelated studies. The remaining 18 full-text
articles were further reviewed and assessed, and 10 of them
were excluded because of incomplete data. Ultimately, eight
articles were included in this meta-analysis.
All the eight studies were from China and related to six
types of cancers, including osteosarcoma, colon cancer,
non-small cell lung cancer, HCC, bladder cancer, and lung
adenocarcinoma. A total number of 789 patients were
included in this study. The expression of HNF1A-AS1 was
detected by quantitative reverse transcription PCR (qRTPCR) in all the included studies, while the cutoff values
were different. HRs and 95% CIs were directly extracted
from four studies and were calculated by survival curve in
two studies. The characteristics of the included studies are
summarized in Table 1.

Association between HNF1A-AS1
expression and OS
Six studies reported the association between HNF1A-AS1
expression and OS. A random-effects model was applied to
calculate the pooled HR and 95% CI due to the existence of
significant heterogeneity across these six studies (P0.001,
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I 2=80%). The result suggested that high level of HNF1A-AS1
expression was associated with poor OS (HR=3.10, 95% CI:
1.58–6.11, P=0.001) (Figure 2).
Subsequently, we performed subgroup analyses according to internal control and cutoff values to evaluate the
prognostic role of HNF1A-AS1 in cancers. As shown in
Table 2, high expression of HNF1A-AS1 was significantly
associated with poor OS when detected using GAPDH as an
internal control or using median value as a cutoff.

Association between HNF1A-AS1
expression and clinicopathological
parameters
In order to comprehensively analyze the potential role of
HNF1A-AS1 in various cancers as a prognostic biomarker,
we investigated the association between HNF1A-AS1
expression and clinicopathological characteristics. As shown
in Table 3, high HNF1A-AS1 expression was significantly
associated with advanced TNM stage (OR=3.32, 95% CI:
2.28–4.83, P0.001; Figure 3A), lymph node metastasis
(OR=3.08, 95% CI: 1.95–4.85, P0.001; Figure 3B), and
distant metastasis (OR=5.53, 95% CI: 1.94–15.77, P=0.001;
Figure 3C). However, no significant association was observed
between HNF1A-AS1 expression and age, gender, tumor
size, or tumor differentiation.
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Abbreviations: DFS, disease-free survival; DM, distant metastasis; HCC, hepatocellular carcinoma; HR, hazard ratio; IM, initial metastasis; LNM, lymph node metastasis; M, multivariate; NA, not available; NSCLC, non-small cell lung
cancer; OS, overall survival; qRT-PCR, quantitative reverse transcription PCR; SC, survival curve; U, univariate.

36
60
60
60
80
60
NA
NA
Reported
Reported
Reported
Reported
SC
SC
NA
NA
M/U
M/U
M/U
M/U
U
U
NA
NA
OS
OS/DFS
OS
OS
OS
OS/DFS
NA
NA
GAPDH
β-Actin
GAPDH
GAPDH
GAPDH
β-Actin
β-Actin
GAPDH
China
China
China
China
China
China
China
China
Cai et al (2017)9
Fang et al (2017)10
Ma et al (2016)12
Zhao et al (2016)17
Zhang (2017)20
Zhang et al (2017)21
Zhan et al (2017)16
Wu et al (2015)15

Osteosarcoma
Colon cancer
NSCLC
Osteosarcoma
HCC
Colorectal cancer
Bladder cancer
Lung adenocarcinoma

72
98
177
43
138
142
79
40

qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR

Median
Median
Median
Median
Fold change
Median
Fold change
Fold change

IIA–III
I–IV
I–IV
I–III
I–IV
I–IV
Ta–T4
I–IV

IM
LNM/DM
LNM
DM
NA
NA
LNM
LNM

Analysis
Internal
control
Detection
method
Sample
size
Cancer type
Country
Study

Table 1 Characteristics of the studies included in the meta-analysis

Cutoff

Tumor
stage

Metastasis
analysis

Outcome

HR
estimation

Follow-up
months
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Sensitivity analysis and publication bias
Given that significant heterogeneity was observed in the
meta-analysis of OS (P0.001, I 2=80%), we performed
sensitivity analysis to access the influence of individual study
on the synthetic results. As shown in Figure 4, the pooled
HR was not significantly affected after removing any single
study. However, the result also showed that the study by Fang
et al10 was responsible for the heterogeneity.
We performed Begg’s funnel plot and Egger’s test to
evaluate the publication bias of the included studies for OS.
The Begg’s funnel plot is shown in Figure 5, and the P-value
of Egger’s test was 0.399. These results suggested that there
was no significant publication bias in this meta-analysis.

Validation of the results in TCGA dataset
To validate the abovementioned results, we first evaluated
the expression of HNF1A-AS1 in five kinds of cancers using
the data from TCGA. As shown in Figure 6A, HNF1A-AS1
was overexpressed in four of them, including colon adenocarcinoma (COAD), esophageal carcinoma (ESCA), liver
hepatocellular carcinoma (LIHC), and rectum adenocarcinoma (READ) (|Log2FC| cutoff 0.6 and P0.01). Then,
we accessed the association of HNF1A-AS1 expression with
OS in all the cancers from TCGA dataset. A total of 8,787
patients were divided into high or low expression group
based on median expression of HNF1A-AS1. As shown in
Figure 6B, patients in the high expression group showed a
worse OS than those in the low expression group. These
results confirmed that HNF1A-AS1 was upregulated and significantly associated with poor prognosis in various cancers.

Discussion
Recently, a growing number of studies have reported the
association between LncRNAs and cancer, and the functional
roles of these tumor-associated LncRNAs in tumorigenesis
and progression were gradually characterized.6 In addition,
LncRNAs exhibit genome-wide expression patterns in
various tissues and tissue-specific expression characteristics,
making them novel promising biomarkers and therapeutic
targets for cancer. Accumulating studies have suggested that
LncRNAs could serve as potential prognostic biomarkers
of different cancers.22–25 HNF1A-AS1 is one of these hot
LncRNAs.
HNFA-AS1 has been reported to be upregulated in
various types of cancers. Recent studies demonstrated that
HNF1A-AS1 promoted tumorigenesis and progression by
regulating various cellular processes, including proliferation,
migration, invasion, apoptosis, and autophagy.18 However, the
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Study or
subgroup

Log (HR)

SE

Weight
(%)

Hazard ratio IV,
random, 95% CI

Ma et al (2016)12
Zhao et al (2016)17
Cai et al (2017)9
Zhang (2017)20
Zhang et al (2017)26
Fang et al (2017)10

1.1033
0.9696
0.9685
0.2562
0.5481
3.255

0.4974
0.3263
0.2702
0.3913
0.3935
0.5105

14.8
18.0
19.0
16.8
16.8
14.6

3.01 (1.14, 7.99)
2.64 (1.39, 5.00)
2.63 (1.55, 4.47)
1.29 (0.60, 2.78)
1.73 (0.80, 3.74)
25.92 (9.53, 70.50)

100

3.10 (1.58, 6.11)

Total (95% CI)

Hazard ratio IV,
random, 95% CI
NSCLC
Osteosarcoma
Osteosarcoma
HCC
Colorectal cancer
Colon cancer

0.01
0.1
1
10
100
Favors (low HNF1A-AS1) Favors (high HNF1A-AS1)

Heterogeneity: τ 2=0.56; χ 2=24.50, df =5 (P=0.0002); I 2=80%
Test for overall effect: Z=3.28 (P=0.001)

Figure 2 Forest plot for the association between HNF1A-AS1 expression and OS.
Abbreviations: HNF1A-AS1, HNF1A antisense RNA 1; OS, overall survival; NSCLC, non-small cell lung cancer; HCC, hepatocellular carcinoma.

underlying mechanisms have not been fully elucidated. It was
reported that knockdown of HNF1A-AS1 could inhibit the
expression of H19, a well-known cancer-related LncRNA.8
Knockdown of HNF1A-AS1 suppressed tumor cell invasion
and migration by reducing the epithelial–mesenchymal transition program in osteosarcoma, lung adenocarcinoma, and
nasopharyngeal carcinoma.9,15,19 In line with these findings,
Wang et al13 demonstrated that HNF1A-AS1 promoted HCC
cell proliferation through repressing NKD1 and p21 expression by interacting with EZH2. Moreover, as an oncogene in
osteosarcoma and colorectal cancer, LncRNA HNF1A-AS1
promoted tumor cell proliferation and metastasis by activating the Wnt/β-catenin signaling pathway.17,26 In addition,
HNF1A-AS1 has been demonstrated to function as a competing endogenous RNA (ceRNA) that binds to and inhibits
the expression of miRNAs such as miR-30b and miR-34a. In
HCC, HNF1A-AS1 inhibited apoptosis by the miR-30b/Bcl-2
pathway and promoted autophagy by the miR-30b/AGT5
pathway.11 In another study by Fang et al,10 HNF1A-AS1
facilitated colon cancer cell proliferation and metastasis in
an miR-34a/p53-dependent manner. These studies suggested
that HNF1A-AS1 might serve as an oncogene and predict
poor outcomes in cancer patients.
In the present meta-analysis, a total of eight studies
including 789 patients were included, and the result
suggested that enforced HNF1A-AS1 expression was

significantly associated with poor prognosis in patients
with various types of cancers. The increased HNF1A-AS1
expression was associated with shorter OS. The pooled
HR for OS was 3.10 (95% CI: 1.58–6.11, P=0.001). The
association between HNF1A-AS1 expression and clinicopathological characteristics was also analyzed in this
meta-analysis. Our results showed that increased HNF1AAS1 expression was associated with advanced TNM stage,
lymph node metastasis, and distant metastasis. The pooled
ORs were 3.32 (95% CI: 2.28–4.83, P0.001), 3.08 (95%
CI: 1.95–4.85, P0.001), and 5.53 (95% CI: 1.94–15.77,
P=0.001), respectively.
However, there are still some limitations that should be
noted in this meta-analysis. First, the total sample size was
relatively small, and all the included patients were from
China. Second, statistical heterogeneity was observed, which
may be due to the differences in cancer types, internal control, cutoff value, clinical characteristics, and sample sizes.
Third, although no obvious publication bias was observed,
the selection bias may exist in the present meta-analysis.
For example, Dang et al27 reported that HNF1A-AS1 was
significantly downregulated in gastric cancer, and low
HNF1A-AS1 expression was associated with tumor size and
levels of serum CEA and CA199. Using high-throughput
next-generation sequencing (NGS)-based technologies,
Müller et al28 reported that HNF1A-AS1 was downregulated

Table 2 Subgroup analysis of the association between HNF1A-AS1 expression and OS by internal control and cutoff value
Subgroup
factor

Divided
standard

Study
number

Pooled HR
(95% CI)

P-value

Internal control

GAPDH
β-Actin
Median
Fold change

4
2
5
1

2.33 (1.66–3.27)
6.57 (0.46–93.17)
3.52 (1.58–7.82)
1.73 (0.80–3.74)

0.0001
0.16
0.002
0.16

Cutoff value

Heterogeneity
I2 (%)

Ph

Model

0
94
83
–

0.41
0.0001
0.0001
–

Fixed
Random
Random
–

Notes: Bold figures indicate statistically significant P0.05. “–” indicates data not available.
Abbreviations: HNF1A-AS1, HNF1A antisense RNA 1; OS, overall survival.
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Table 3 The association between HNF1A-AS1 expression and clinical features
Clinicopathological
parameters

Studies
(n)

Patients
(n)

OR (95% CI)

Age
Gender
Tumor size
Tumor differentiation
TNM stage
LNM
DM

7
7
6
5
6
4
2

647
647
470
517
569
394
141

0.93 (0.68–1.28)
0.86 (0.60–1.23)
1.40 (0.95–2.08)
0.76 (0.34–1.73)
3.32 (2.28–4.83)
3.08 (1.95–4.85)
5.53 (1.94–15.77)

P-value
0.67
0.40
0.09
0.51
0.0001
0.0001
0.001

Heterogeneity
I2 (%)

Ph

Model

0
0
34
68
5
0
0

0.60
0.64
0.18
0.01
0.56
0.50
0.80

Fixed
Fixed
Fixed
Random
Fixed
Fixed
Fixed

Note: Bold figures indicate statistically significant P0.05.
Abbreviations: DM, distant metastasis; HNF1A-AS1, HNF1A antisense RNA 1; LNM, lymph node metastasis.

in pancreatic cancer. These two studies suggested a possible
role of HNF1A-AS1 as a tumor suppressor. However, the
lack of relevant data precluded them from the present metaanalysis. Finally, some HRs were extracted from the survival
curves, which may lead to small statistical errors.

$

Conclusion
Our meta-analysis suggested that high expression of HNF1AAS1 was significantly associated with poor outcomes in
various cancers and could serve as a potential prognostic
biomarker. However, considering the limitations of the
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Figure 3 Forest plots for the association between HNF1A-AS1 expression and (A) TNM stage (III/IV vs I/II), (B) lymph node metastasis (yes vs no), and (C) distant metastasis
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Abbreviations: HNF1A-AS1, HNF1A antisense RNA 1; HCC, hepatocellular carcinoma; NSCLC, non-small cell lung cancer.
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Figure 4 Sensitivity analysis on the association between HNF1A-AS1 expression and OS.
Abbreviations: HNF1A-AS1, HNF1A antisense RNA 1; OS, overall survival.
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present analysis, more studies with high quality and large
sample size are needed to further confirm the prognostic role
of HNF1A-AS1 in cancers.
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