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Abstract

Long non-coding RNA has been involved in cancer progression, and high HOX transcript antisense intergenic RNA (HOTAIR)
is thought to be a poor prognostic indicator in tumorigenesis of multiple types of cancer. Hence, the present study further
reveals its prognostic value in tumor malignancy. A systematic review of PubMed and Web of Science was carried out to
select literatures relevant to the correlation between HOTAIR expression levels and clinical outcome of various tumors.
Overall survival (OS), metastasis-free survival (MFS), recurrence-free survival (RFS), and disease-free survival (DFS) were
subsequently analyzed. Data from studies directly reporting a hazard ratio (HR) and the corresponding 95% confidence
interval (CI) or a P value as well as survival curves were pooled in the current meta-analysis. A total of 2255 patients from 19
literatures almost published in 2011 or later were included in the analysis. The results suggest that HOTAIR was highly
associated with HR for OS of 2.33 (95%CI = 1.77-3.09, Pheterogeneity = 0.016). Stratified analyses indicate that elevated levels of
HOTAIR appears to be a powerful prognostic biomarker for patients with colorectal cancer (HR = 3.02, 95CI% = 1.84-4.95,
Pheterogeneity = 0.699) and esophageal squamous cell carcinomas (HR = 2.24, 95CI% = 1.67-3.01, Pheterogeneity = 0.711), a similar
effect was also observed in analysis method and specimen, except for ethnicity. In addition, Hazard ratios for up-regulation
of HOTAIR for MFS, RFS, and DFS were 2.32 (P,0.001), 1.98 (P = 0.369), and 3.29 (P = 0.001), respectively. In summary, the
high level of HOTAIR is intimately associated with an adverse OS in numerous cancers, suggesting that HOTAIR may act as a
potential biomarker for the development of malignancies.
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Introduction

Noncoding RNAs (ncRNA) are initially identified from

sequencing and microarray for whole genome and transcriptome,

and at least 90% of ncRNAs has been found to be actively

transcribed [1,2]. The transcription of ncRNA revealed its

complication in biogenesis than protein-coding RNA, such as

extensive antisense, overlapping and non-coding RNA expression

[3,4,5]. Despite initial argument claimed that ncRNA may be a

fake transcriptional noise, increasing evidences suggested that

ncRNAs may play a dominant biological role in cell metabolism

and survival [6,7,8,9]. Furthermore, the recent studies demon-

strated that long non-coding RNAs (lncRNA, 200nt in length)

express at tissue-specific patterns and that it is abnormally

regulated in a variety of diseases, including cancer [10,11,12,13].

Multiple regulatory bases have been involved in the regulation of

lncRNA, such as transcriptional regulation, epigenetic regulation,

and posttranscriptional regulation [9,14]. Moreover, lncRNAs

exhibit unique profiles in many kinds of cancers, which represent

carcinogenesis and progression regarded as a predictor of patient

outcomes [15,16,17].

HOTAIR, a prominently focused lncRNA, was initially

reported to be implicated in primary breast cancer and breast

cancer metastasis, wherein elevated HOTAIR promoted tumor

invasiveness and metastasis [18]. HOTAIR overexpression has

been shown to be associated with expression of polycomb

repressive complex 2 (PRC2), inducing its relating methylation

of histone H3 lysine 27 (H3K27) [10,18]. In addition to breast

cancer [18], recent clinical evidences show HOTAIR is also

involved in the progression of many other types of cancer, such as

hepatocellular carcinomas (HCC) [19], colorectal cancer (CRC)

[20], esophageal squamous cell carcinomas (ESCC) [21], suggest-

ing that HOTAIR expression serves as a prognostic factor for

tumorigenesis. Although HOTAIR expression is considered to

relating to clinical prognosis of multiple cancers, the impact of

HOTAIR on the development of cancer still remains elusive.
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Some studies reported that up-regulation of HOTAIR contributes

to tumorigenesis, including bladder cancer [22], cervical cancer

[23], colorectal cancer [24], etc., while a few evidences exhibited

an adverse effect recognized as a protective factor to against

carcinogenesis [25]. It is necessary therefore to clarify the

relationship between HOTAIR and cancer. Thus, the present

study conducted the first meta-analysis using qualified relevant

literatures to achieve a precise evaluation of the association

between HOTAIR expression and cancer clinical prognosis.

Materials and Methods

Data sources and searches
The published data searching was performed using a literature

review system with the Preferred Reporting Items for Systematic

Reviews and Meta-Analysis guidelines [26]. The selected litera-

tures were determined via an electronic search of PubMed and

Web of Science using these following terms: ‘‘HOTAIR’’, ‘‘cancer

or tumor or carcinomas’’ and ‘‘prognosis or outcome’’. The last

search was updated in July 18, 2014. Citation lists of retrieved

articles were searched manually to ensure sensitivity of the search

strategy.

Study selection
Studies considered eligible met the following criteria: 1) studied

patients with any type of cancers; 2) explored the link between

HOTAIR and clinical prognosis; 3) availability of a hazard ratio

(HR) and 95% confidence interval (CI) or a P value for overall

survival (OS). For a secondary analysis, studies including an HR

for metastasis-free survival (MFS), disease-free survival (DFS), or

recurrence-free survival (RFS) were also used to further analyze.

OS [27], MFS [28], DFS [27], and RFS [29] were described

previously; 4) published as a full paper in English. Studies were

excluded based on the following criteria: 1) duplicated studies,

reviews, letters, unpublished data, and comments; 2) those

published in language other than English; 3) lack of key

information for further analysis; 4) non-human research.

Data extraction
Two investigators (QWD, HLS) independently evaluated and

extracted data from each identified studies based on criteria of

inclusion and exclusion. Corresponding authors were contacted to

clarify missing or ambiguous data. OS was treated as a dominant

outcome of interest, but MFS, RFS and DFS were set as the

secondary outcomes. The following information was carefully

extracted: name of first author, year of publication, country of

origin, ethnicity of the study population, type of specimen, cancer

type, number of patients included in analysis, detection method of

HOTAIR, cut-off defining high HOTAIR, follow-up period, and

HR and corresponding 95% CI for OS, MFS, RFS, or DFS as

applicable. Cancer type subgroups were generated for the main

outcome if at least two studies on the type of cancer were available;

the only one study was pooled in a subgroup termed ‘‘Other.’’ HR

was firstly extracted from multivariable analysis where available.

Otherwise, HR was extracted from univariate analysis, and

calculated from Kaplan-Meier survival curve by HR digitizer

software Engauge 4.0 as described previously [30].

Statistical analyses
All extracted data were combined into a meta-analysis using

STATA software version 11.0 (STATA Corporation, College

Station, TX, USA). Hazard ratios with the corresponding 95%

CIs were used to estimate the strength of the link between

HOTAIR and clinical prognosis. If HR was not directly reported,

a mathematical estimation was conducted by calculating the

necessary data on the basis of the previously reported methods

[31]. Cochran’s Q test and Higgins I-squared statistic were used to

estimate the heterogeneity of pooled results. If P ,0.05 for Q-test

showed significant heterogeneity among studies, the random-

effects model (DerSimoian-Laird method) was implemented to

calculate the pooled HRs [32]. Otherwise, the fixed-effects model

(Mantel-Haenszel method) was used [33]. To further explore the

potential source of heterogeneity among studies, meta-regression

was performed utilizing variables as cancer type, ethnicity, analysis

method, type of specimen. To validate the stability of outcomes in

this meta-analysis, sensitivity analysis was performed by sequential

omission of each individual study. Publication bias was conducted

by Begg’s funnel plot and Egger’s linear regression test and a P ,

0.05 was considered representative of statistically significant

publication bias.

Results

Characteristics of studies
There were 71 papers in the electronic search of PubMed and

EMBASE. On the basis of the inclusion criteria, 19 eligible papers

were enrolled in this meta-analysis (shown in Figure 1). The main

characteristics of included studies are shown in Table 1; all studies

were almost published in 2011 or later. There were 16 studies for

OS, 3 for MFS, 3 for RFS, and 2 for DFS in the meta-analysis.

Participants in 16 studies were Asian and in the other 3 studies

were Caucasian. Various cancers were recorded in our study,

including BC, HCC, CRC, ESCC, etc. The types of specimen

were tissue for twenty-two studies and blood for one study. The

cut-off values included in the studies were inconsistent due to

different detection methods, even in 6 studies were not reported.

Hazard ratios with the corresponding 95% CIs were extracted

from univariate analysis and the graphical survival plots in 6

studies, and multivariate analysis in 18 studies.

Overall survival
The main results of this meta-analysis are shown in Table 2. 16

studies comprising 1844 patients reported HR for OS. It is

suggested that elevated HOTAIR predicted a poor outcome for

OS (HR = 2.33, 95%CI = 1.77-3.09, PH = 0.016; Figure 2).

Stratified analyses by cancer type indicated that the prognostic

effect of HOTAIR was highest in CRC (HR = 3.02,

95%CI = 1.84-4.95, PH = 0.699), followed by ESCC (HR = 2.24,

95%CI = 1.67-3.01, PH = 0.016). HR for the subgroup of other

cancers was 2.18 (95%CI = 1.25-3.78, PH = 0.001).

The effect of elevated HOTAIR on OS among different races is

shown in Table 2. The hazard ratios were 2.43 (95%CI = 1.99-

2.97, PH = 0.894) for Asian, and 1.92 (95%CI = 0.31-11.91, PH =

0.001) for Caucasian. When different analysis methods were

considered, HOTAIR was a strong prognostic marker both by

univariate analysis (HR = 2.13, 95%CI = 1.71-2.65, PH = 0.329)

and by multivariate analysis (HR = 2.26, 95%CI = 1.59-3.20,

PH = 0.009). Performing subgroup analyses stratified by specimen,

increased HOTAIR was closely associated with poor prognosis

both in tissue (HR = 2.29, 95%CI = 1.72-3.04, PH = 0.015) and in

blood (HR = 4.96, 95%CI = 1.10-22.37).

Sensitivity analysis is presented in Figure 3. The result pattern

was not significantly impacted by removing single study each time.

Begg’s funnel plot and the Egger’s linear regression test were

conducted to evaluate publication bias. The shape of the funnel

plot showed no significant asymmetry in Figure 4. Subsequently,

Egger’s test also suggested no evidence of publication bias

(P = 0.110).

Prognostic Value of HOTAIR in Various Cancers
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Metastasis-free survival, recurrence-free survival and
disease-free survival

Three studies comprising 421 patients reported HRs for MFS.

Overall, HOTAIR greater than the cut-off was associated with an

HR for MFS of 2.32 (95%CI = 1.62-3.33, PH = 0.080). Three

studies comprising 506 patients showed HRs for RFS. HOTAIR
was not linked with poor RFS. Two studies comprising 141

patients reported HRs for DFS. Up-regulation of HOTAIR
predicted a poor clinical outcome for DFS (HR = 3.29,

95%CI = 1.61-6.70, PH = 0.969).

Discussion

As a novel molecular basis, the study of lncRNA has focused on

the impact of lncRNA on cancer pathogenesis and prognosis,

providing a new insight into cancer therapeutic strategy [34,35].

Despite substantial progress of lncRNAs in cancer nosogenesis and

prognosis, the prognostic effect of lncRNAs is still confused. To

explore the prognostic impact of lncRNAs in cancer, this system

review and meta-analysis was performed to investigate the impact

of HOTAIR on tumor prognosis for achieving more consistent and

precise conclusion.

Here we undertook meta-analysis of 18 literatures comprising

2255 patients with tumors to assess the prognostic effect of

HOTAIR. We found that an accordant effect of an elevated

HOTAIR on OS (HR = 2.33) with the similar hazard ratios

among various cancer type subgroups and across analytical

methods, or specimens, except for ethnicity subgroups. HOTAIR
has been shown to contribute to the progression of many types of

cancer and is nowadays considered as a hallmark of cancer [36].

The strong impact on OS was highest in CRC, which is further

supported by evidences that HOTAIR plays a critical role in the

carcinogenesis of CRC as a result of promoted multipotent cell

differentiation [20]. In particular, the elevated levels of HOTAIR
are highly associated with worse OS in Asian, but not in

Caucasian, suggesting that interaction between genetic and

Figure 1. Flow chart for selection of studies for inclusion in this meta-analysis.
doi:10.1371/journal.pone.0110059.g001
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environmental factors may contribute to cancer development. In

addition, clinicopathological features and drug treatment status

could modify the effect of HOTAIR [25]. However, a study

reported that HOTAIR induces repressive chromatin status by

promoting the formation of H3K27, suggesting that HOTAIR
may function as a tumor suppressor gene by inhibiting prolifer-

ation of cancer stem cells [18]. The present study further verify

that the levels of HOTAIR is highly associated with cancer

development, although the prognostic effect of HOTAIR on MFS

and DFS is still remained for the future studies. Importantly, the

results are consistent in the tested types of cancer regardless of

different data resources and analysis methods.

The mechanisms underlying the association between the high

levels of HOTAIR and poor outcome of cancers are still unclear.

This study may predict the following potential mechanisms

involved in the prognostic impact of HOTAIR on carcinogenesis.

HOTAIR regulates the chromatin methylation state by inducing

genome-wide retargeting of PRC2 and promotes metastasis of

breast cancer by silencing multiple metastasis-suppressing genes

[18]. Consequently, PRC2 has been reported to be involved in

stem cell pluripotency and progression ofEZH2, SUZ12, and EED

[36,37]. Consistently, HOTAIR knockdown not only suppressed

cell invasion, but also decreased cell proliferation, altered cell cycle

progression, and induced apoptosis [38].

Physicians prefer to use prognostic data when speaking to

patients. As HOTAIR offers independent prognostic information,

we may incorporate HOTAIR in a simple score to provide an

appropriate therapeutic strategy. In recent years, a few clinical

studies with cancer patients showed that reducing levels of

HOTAIR is closely associated with a good response to treatment

[39]. Furthermore, HOTAIR has been verified to be an

independent prognostic indicator in CRC patients [24]. It was

suggested that changing blood HOTAIR levels might be useful for

tailoring of therapy for cancer patients.

Some limitations in this study should be acknowledged. Firstly,

only summarized data rather than individual patient data were

used. Secondly, a part of studies, especially in subgroups analyses,

was lightly relative. Thirdly, because some cut-off values were not

reported and the criteria of calculating cut-off value were

inconsistent, stratified analysis by cut-off values was not conducted

to suggest whether cut-off values were the origin of heterogeneity.

Fourthly, we only included studies reporting HR or survival

curves, and consequently some publications reporting on the

prognostic value of HOTAIR were excluded. For example, only

odds ratios were reported, so the selection bias might be appeared.

Figure 2. Forest plots of studies evaluating hazard ratios (HRs) of HOTAIR for overall survival.
doi:10.1371/journal.pone.0110059.g002
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Finally, most of the included studies do not explicitly control for

such concurrent conditions, and these may confound the

measurement of HOTAIR.

In summary, up-regulation of HOTAIR is associated with

adverse survival in many types of cancer, and HOTAIR may serve

as an effective prognostic biomarker for diagnosis of cancer.

Therefore, clinical checking the levels of HOTAIR expression may

provide a promising approach to identify patients who would

require more intimately care for personally tailored medical

inspection to monitor cancer prevention and treatment.

Figure 3. Sensitivity analysis of effect of individual studies on the pooled HRs for HOTAIR and overall survival of patients.
doi:10.1371/journal.pone.0110059.g003

Figure 4. Funnel plot of HR for overall survival for high HOTAIR (vertical axis) and the standard error (SE) for HR (horizontal axis).
Each study represented by one circle. The horizontal line represented the pooled effect estimate.
doi:10.1371/journal.pone.0110059.g004
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