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HOTAIR has been reported to be associated with development and metastasis in different types of cancer. This meta-
analysis collected all relevant articles and explored the correlation of HOTAIR with lymph node metastasis (LNM) and
distant metastasis (DM). A literature collection was conducted by searching PubMed, Web of Science, Google Scholar and
Cochrane Library (up to Sep 11, 2016). The odds ratio (OR) with 95% confidence interval (95% CI) was calculated to assess
the association with strength. Nineteen studies were included in this study, with a total of 1874 patients. The study objects
were all Asians. We found high HOTAIR expression in tumor tissues was significantly correlated with LNM and DM, and
analysis showed a pooled OR of 3.18 (95% CI: 2.10-4.81, p<0.00001) and 3.93 (95% CI: 2.39-6.47, p<0.00001), respectively.
HOTAIR may serve as a novel diagnostic biomarker for cancer metastasis.
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Cancer has become a major cause of mortality, which is
a serious threat to human health. There are estimated 14.1
million new cancer cases and 8.2 million cancer deaths
worldwide [1]. Lymph node metastasis (LNM) and distant
metastasis (DM) play important roles in the TNM classifica-
tion system, which dictates the choice of therapy and predicts
prognosis of cancer patients clinically. Most of the reports,
however, were only talking about specific molecular markers
for a particular tumor. A common molecular marker for
predicting LNM and DM at the transcriptional level has not
been elucidated.

Long non-coding RNAs (IncRNAs) are a group of RNAs
which have a length of more than 200 nucleotides and do not
participate in protein generation [2]. LncRNAs are involved
in multiple processes of cancer development and progres-
sion, via chromosome remodeling, transcription and post-
transcriptional processing [3].

LncRNA HOTAIR is transcribed from the antisense
strand of the HOXC gene on chromosome 12q13.13, which
has a length of 2158 nucleotides and has no protein-coding
capacity [4]. Many studies have shown that HOTAIR is
associated with the development and metastasis in different
types of cancer, including breast cancer [5, 6], gastric cancer
[7, 8], colorectal cancer [9], liver cancer [10], lung cancer
[11], etc. We collected all relevant articles and conducted a

meta-analysis to clarify the association between HOTAIR
and cancer metastasis.

Materials and methods

Literature search. We searched relevant articles from the
following electronic databases: PubMed, Web of science,
Cochrane Library, and Google Scholar. The key word
"HOTAIR” was used for search. The search was completed
on Sep 11, 2016 and all non-English articles were excluded.

Inclusion and exclusion criteria. The following inclu-
sion criteria were used: 1) articles investigating HOTAIR in
any type of carcinoma; 2) the expression levels of HOTAIR
in tissues of cancer patients were measured; 3) patients were
grouped according to the expression levels of HOTAIR; 4)
related clinicopathological parameters were described.

The following exclusion criteria were used: 1) articles
were not related to carcinoma; 2) letters, expert opinions,
case reports, editorials, and reviews; 3) studies with duplicate
data; 4) studies without usable data.

Data extraction. Data from the eligible studies were
extracted by two investigators (Sun Z, Wu XY) indepen-
dently, according to the inclusion and exclusion criteria
above. For disagreements, a consensus was reached by a
third investigator (Wu CL). The following information was
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recorded: the first author, year of publication, country of
origin, tumor type, number of patients, number of patients
with lymph node metastasis and distant metastasis in each
group, detection method, cut-off definition.

Statistical analysis. Statistical analysis of OR for LNM and
DM were performed using RevMan5.3 software. To assess
the statistical heterogeneity among the included studies, the
chi-square test and Higgins I* statistics were used. When
p-values were less than 0.05 and/or I* value greater than
50%, indicating the presence of heterogeneity, the random-
effect model was used for analysis. Otherwise, the fixed-
effect model was adopted. Meanwhile, we tried to minimize
the influence of heterogeneity by classifying the studies into
subgroups based on similar characteristic. The potential bias
was evaluated using a “funnel plot” A p-value less than 0.05
was considered as statistically significant.

Results

Studies characteristic. As shown in Figure 1, a total of 19
articles were enrolled from a search of the above databases
using the search strategy as described above [12-30]. The
mean patient sample size was 98.6 (range 48 to 218). Twelve
studies came from China, 4 from Japan, 2 from Korea, and 1
from India. All the study objects were Asians. Among these
19 studies, 4 focused on gastric cancer (GC), 3 on esophageal
squamous cell carcinoma (ESCC), 3 on cervical cancer (CC),
2 on oral squamous cell carcinoma (OSCC), 2 on colorectal
cancer (CRC), 1 on non-small cell lung cancer (NSCLC), 1
on hepatocellular carcinoma (HCC), 1 on nasopharyngeal
carcinoma (NPC), 1 on breast cancer (BC), 1 on endometrial
carcinoma (EC). All cancerous specimens were well preserved
before RNA extraction. No patient received chemotherapy or
radiotherapy before surgery except one study (Xu 2013), in
which some patients received chemotherapy before surgery.
All the diagnoses of LNM and DM were based on pathology.

In the 19 studies, nine methods were used to divide
high HOTAIR expression group and low HOTAIR expres-
sion group: 1) the level of HOTAIR expression measured by
qRT-PCR was normalized to glyceraldehyde-3-phosphate
dehydrogenase(GAPDH), and the cut-off value was mean
value of HOTAIR levels; 2) the level of HOTAIR expression
measured by qRT-PCR was normalized to GAPDH, and the
cut-off value was median value of HOTAIR levels; 3) the level
of HOTAIR expression measured by qRT-PCR was normal-
ized to GAPDH, and the cut-off value was HOTAIR/GAPDH
ratio of 1.0; 4) the level of HOTAIR expression measured by
qRT-PCR was normalized to GAPDH, and the cut-off value
was HOTAIR/GAPDH ratio of 0.273; 5) the level of HOTAIR
expression measured by qRT-PCR, and the cut-off value was
1.5-fold the level in corresponding normal tissue; 6) the
level of HOTAIR expression measured by qRT-PCR, and the
cut-off value was 2-fold the level in corresponding normal
tissue; 7) the level of HOTAIR expression measured by
qRT-PCR, and the cut-off value was 5-fold the level in corre-

sponding normal tissue; 8) the level of HOTAIR expression
measured by qRT-PCR was normalized to GAPDH, and the
cut-off value was determined by receiver operating charac-
teristics analyses with the Youden’s index of 0.239; (9) the
level of HOTAIR expression measured by in situ hybridiza-
tion (ISH). The expression of HOTAIR was evaluated using
the staining index (SI) and was scored as 0, 1, 2, 3,4, 6 or 9,
and the expression levels of HOTAIR were defined as high
(SI=6) or low (SI<6). The main characteristics of the nineteen
eligible studies for meta-analysis are summarized in Table 1.

Meta-analysis results - association between HOTAIR
and LNM. Eighteen studies reported the number of patients
with LNM based on different HOTAIR expression levels
in a total of 1814 patients. The random-effects model was
adopted as the significant heterogeneity (I’=66%, p<0.0001).
Analysis showed a pooled OR of 3.18 with 95% CI 2.10-4.81
(p<0.00001) (Figure 2). Through comparing the incidence of
lymph node metastasis between high HOTAIR expression
group and low HOTAIR expression group, we found that
there was a significant difference in the incidence of lymph
node metastasis between the two groups. Meanwhile, we
performed sensitivity analysis by sequentially removing each
eligible study, and the exclusion of any studies did not change
OR significantly. We also performed a subgroup analysis by
country and cancer type. As shown in Figure 3 and Figure 4,
the result that a significant relation between HOTAIR high
expression and lymph node metastasis was exhibited in any
subgroup, and we found there was no apparent heterogeneity
in the subgroup of gastrointestinal cancer when in other
subgroups was.

To assess publication bias, the included studies were
conducted using funnel plot, and each point represented a
separate study (Figure 5). We found funnel plot was almost
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Figure 1. The flow diagram of the meta-analysis.
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Table 1. Characteristics of studies in this meta-analysis.

HOTAIR expression
Author Year Country Tg:;l: ' i?;?g:; High High with  High with Low Lowwith Lowwith ~ Method
expression LNM DM expression LNM DM
Kogo 2011 Japan CRC 100 20 10 5 80 32 3 qRT-PCR
Endo 2013 Japan GC 68 43 29 25 10 qRT-PCR
Ge 2013 China ESCC 137 103 51 34 13 qRT-PCR
Xu 2013 China GC 83 56 52 7 27 17 2 qRT-PCR
Nakagawa 2013 Japan NSCLC 77 17 7 60 10 qRT-PCR
Lv 2013 China ESCC 93 48 29 10 45 17 4 ISH
Nie 2013 China NPC 160 91 76 32 69 58 13 ISH
Chen 2013 China ESCC 78 27 18 51 8 qRT-PCR
Wu ZH 2014 China CRC 120 40 28 12 80 32 2 qRT-PCR
Okugawa 2014 Japan GC 150 77 59 73 46 qRT-PCR
Huang 2014 China CcC 218 109 41 109 6 qRT-PCR
Yesim 2014 India BC 94 47 13 47 19 ISH
He 2014 China EC 87 63 11 24 0 ISH
Lee 2014 Korea GC 48 28 18 20 7 qRT-PCR
Qiu 2014 China EOC 64 32 20 32 4 qRT-PCR
Kim 2014 Korea CcC 111 89 32 22 3 qRT-PCR
Wu] 2015 China OsCC 50 25 14 25 10 qRT-PCR
WuYS 2015 China 0OSCC 76 38 26 38 8 qRT-PCR
Gao 2016 China HCC 60 36 12 24 0 qRT-PCR
High Low Odds Ratio Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Chen2013 18 27 8 51 5.4% 10.75 [3.58, 32.29]

Endo2013 29 43 10 25 5.7% 3.11[1.12, 8.65]

Ge2013 51 103 13 34 6.7% 1.58[0.72, 3.50] T

He2014 11 63 0 24 1.7% 10.73 [0.61, 189.63] >

Huang2014 41 109 6 109 6.2% 10.35 [4.17, 25.71] -

Kim2014 32 89 3 22 4.8% 3.56 [0.98, 12.95] -

Kogo2011 10 20 32 80 5.9% 1.50 [0.56, 4.01] T

Lee2014 18 28 7 20 5.1% 3.34[1.01, 11.11] -

Lv2013 29 48 17 45 6.5% 2.51[1.09, 5.80] -

Nakagawa2013 7 17 10 60 5.1% 3.50[1.07, 11.40] -

Nie2013 76 91 58 69 6.4% 0.96 [0.41, 2.25] 1

Okugawa2014 59 7 46 73 7.0% 1.92[0.95, 3.91] '_'_

Qiu2014 20 32 4 32 4.8% 11.67 [3.28, 41.49] -

Wu J2015 14 25 8 25 5.2% 2.70[0.85, 8.57] T

Wu YS2015 26 38 8 38 5.7% 8.13 [2.88, 22.93] -

Wu ZH2014 28 40 32 80 6.6% 3.50[1.56, 7.87] -

Xu2013 52 56 17 27 4.8% 7.65[2.12, 27.57] -

Yesim2014 13 47 19 47 6.4% 0.56 [0.24, 1.34] e

Total (95% CI) 953 861 100.0% 3.18 [2.10, 4.81] 4

Total events 534 298 .

Heterogeneity: Tau? = 0.51; Chi2 = 50.51, df = 17 (P < 0.0001); I = 66% :

Test for overall effect: Z = 5.45 (P < 0.00001)

0.01

Figure 2. Forest plot for the association between HOTAIR expression levels and LNM.

symmetric. Thus, there was no apparent publication bias in
this meta-analysis.

Association between HOTAIR and DM. Six studies
reported the number of patients with DM based on different

0.1

HOTAIR expression levels in a total of 616 patients. The
fixed-effects model was adopted as the significant hetero-
geneity (I’=45%, p=0.11). Analysis showed a pooled OR of
3.93 with 95% CI 2.39-6.47 (p<0.00001, Figure 6). Through
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High Low

Study or Subgrou Events Total Events Total Weight
2.1.1 China

Chen2013 18 27 8 51 5.4%
Ge2013 51 103 13 34 6.7%
He2014 11 63 0 24 1.7%
Huang2014 41 109 6 109 6.2%
Lv2013 29 48 17 45 6.5%
Nie2013 76 91 58 69 6.4%
Qiu2014 20 32 4 32 4.8%
Wu J2015 14 25 8 25 5.2%
Wu YS2015 26 38 8 38 5.7%
Wu ZH2014 28 40 32 80 6.6%
Xu2013 52 56 17 27 4.8%
Subtotal (95% ClI) 632 534 60.0%
Total events 366 171

Heterogeneity: Tau? = 0.55; Chi? = 30.90, df = 10 (P = 0.0006); I> = 68%

Test for overall effect: Z = 5.18 (P < 0.00001)

2.1.2 others

Endo2013 29 43 10 25 5.7%
Kim2014 32 89 3 22 4.8%
Kogo2011 10 20 32 80 5.9%
Lee2014 18 28 7 20 5.1%
Nakagawa2013 7 17 10 60 5.1%
Okugawa2014 59 77 46 73 7.0%
Yesim2014 13 47 19 47 6.4%
Subtotal (95% CI) 321 327 40.0%

Total events 168 127
Heterogeneity: Tau? = 0.23; Chi2 = 11.47, df =6 (P = 0.07); I = 48%
Test for overall effect: Z = 2.55 (P = 0.01)
953

Total (95% CI) 861 100.0%

Total events 534 298

M-H, Random, 95% CI
10.75 [3.58, 32.29]

10.73[0.61, 189.63]
10.35 [4.17, 25.71]

11.67 [3.28, 41.49]

Odds Ratio
M-H, Random, 95% CI

Odds Ratio

1.58 [0.72, 3.50]

2.51[1.09, 5.80]
0.96 [0.41, 2.25]

2.70 [0.85, 8.57]
8.13 [2.88, 22.93]
3.50 [1.56, 7.87]
7.65 [2.12, 27.57]
4.29 [2.47, 7.45]

3.11[1.12, 8.65]
3.56 [0.98, 12.95]
1.50 [0.56, 4.01]
3.34[1.01, 11.11]
3.50 [1.07, 11.40]
1.92[0.95, 3.91]
0.56 [0.24, 1.34]
1.98 [1.17, 3.35]

¢

3.18 [2.10, 4.81]

Heterogeneity: Tau? = 0.51; Chi? = 50.51, df =17 (P < 0.0001); I> = 66% . y ! !

Test for overall effect: Z = 5.45 (P < 0.00001)

0.01 0.1

-
-
o

Test for subaroup differences: Chi? = 3.96. df =1 (P = 0.05). I?=74.8%

Figure 3. Forest plot for subgroup analysis of country (China and other countries).

comparing the incidence of distant metastasis between high
HOTAIR expression group and low HOTAIR expression
group, we found that there was a significant difference in the
incidence of distant metastasis between the two groups. We
used funnel plots to evaluate potential publication bias of
the studies. As illustrated in Figure 7, the shape of the funnel
plots was symmetrical which meant no apparent publication
bias in this meta-analysis.

Discussion

HOTAIR is one of the well-studied long non-coding RNA.
It interacts on 5 end with polycomb repressive complex 2
(PRC2) to remodel chromatin and silence HOX genes during
embryonic development, whereas on 3’ end HOTAIR inter-
acts with histone demethylase [31-33]. HOTAIR affects
the expression of genes through these functions. Previous

studies have shown that HOTAIR expression was upregu-
lated in cancerous tissues of different types of cancers, and
overexpression of HOTAIR was associated with poor overall
survival in cancer patients. Zhang et al. in a meta-analysis
surveyed a total of 2033 patients from 19 studies [34]. This
meta-analysis showed that HOTAIR was a predictive factor
for poor prognosis in numerous cancers. Moreover, HOTAIR
plays an important role in proliferation, invasiveness and
metastasis of tumorigenic process.

In this meta-analysis, we found that high HOTAIR expres-
sion in tumor tissues was significantly correlated with LNM,
and analysis showed a pooled OR of 3.18 (95%CI: 2.10-4.81,
p<0.00001). Heterogeneity of the included 18 studies was
significant (I>=66%, p<0.0001), so the random-effects model
was adopted. Moreover, sensitivity analysis and subgroup
analyses including country and cancer type were performed.
Heterogeneity didn’t change significantly when we removed
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Experimental Control Odds Ratio Odds Ratio
r I Even Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
3.1.1 gastrointestinal
Endo2013 29 43 10 25 5.7% 3.11[1.12, 8.65]
Kogo2011 10 20 32 80 5.9% 1.50 [0.56, 4.01] ]
Lee2014 18 28 7 20 5.1% 3.34[1.01, 11.11]
Okugawa2014 59 77 46 73 7.0% 1.92[0.95, 3.91]
Wu ZH2014 28 40 32 80 6.6% 3.50[1.56, 7.87]
Xu2013 52 56 17 27  4.8% 7.65[2.12, 27.57]
Subtotal (95% Cl) 264 305 35.1% 2.73 [1.83, 4.08]
Total events 196 144

Heterogeneity: Tau? = 0.02; Chi? =5.36, df =5 (P =0.37); = 7%
Test for overall effect: Z = 4.92 (P < 0.00001)

3.1.2 others

Chen2013 18 27 8 51 5.4%
Ge2013 51 103 13 34 6.7%
He2014 11 63 0 24 1.7%
Huang2014 41 109 6 109 6.2%
Kim2014 32 89 3 22 4.8%
Lv2013 29 48 17 45 6.5%
Nakagawa2013 7 17 10 60 5.1%
Nie2013 76 91 58 69 6.4%
Qiu2014 20 32 4 32 4.8%
Wu J2015 14 25 8 25 5.2%
Wu YS2015 26 38 8 38 5.7%
Yesim2014 13 47 19 47 6.4%
Subtotal (95% CI) 689 556 64.9%
Total events 338 154

Heterogeneity: Tau? = 0.86; Chiz = 45.11, df = 11 (P < 0.00001); I = 76%

Test for overall effect: Z = 3.90 (P < 0.0001)

Total (95% ClI) 953 861 100.0%

Total events 534 298

10.75 [3.58, 32.29]
1.58 [0.72, 3.50]
10.73[0.61, 189.63]
10.35 [4.17, 25.71]
3.56 [0.98, 12.95]
2.51 [1.09, 5.80]
3.50 [1.07, 11.40]
0.96 [0.41, 2.25]
11.67 [3.28, 41.49]
2.70 [0.85, 8.57]
8.13 [2.88, 22.93]
0.56 [0.24, 1.34]
3.42 [1.84, 6.33]

3.18 [2.10, 4.81]

Heterogeneity: Tau? = 0.51; Chi? = 50.51, df = 17 (P < 0.0001); I> = 66% : : y :

Test for overall effect: Z = 5.45 (P < 0.00001)
Test for subaroup differences: Chi2 = 0.35. df =1 (P = 0.55). 2= 0%

0.01 0.1

-
-
o

Figure 4. Forest plot for subgroup analysis of cancer type (gastrointestinal cancer and others).
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Figure 5. Funnel plots of the publication bias for 18 studies which re-
ported HOTAIR and LNM.

each study. Subgroup analysis showed that different countries
and different types of cancer didn't change the overall result,
and the predictive significance of HOTAIR in LNM was more
significant in patients with gastrointestinal cancers than in
those with other types of cancer. HOTAIR might be used as
an independent diagnostic factor for lymph node metastasis
of gastrointestinal cancers without heterogeneity.

Meanwhile, we found high HOTAIR expression was signif-
icantly correlated with DM, and analysis showed a pooled
OR of 3.93 (95%CI: 2.39-6.47, p<0.00001) without obvious
heterogeneity (I’=45%, p=0.11). Therefore, the expression
levels of HOTAIR can serve as a potential diagnostic factor
for a variety of cancers.

Nevertheless, there were several limitations in our meta-
analysis: 1) all of the included studies were retrospective
studies, and it is necessary to conduct larger-size and better
designed studies to confirm the results; 2) there was not a
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High Low Odds Ratio Odds Ratio

Even Even | Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% Cl
Gao2016 12 36 0 24 23% 25.00][1.40, 446.09] >
Kogo2011 5 20 3 80 52% 8.56[1.84,39.69] S —
Lv2013 10 48 4 45 18.7% 2.70[0.78, 9.33] T
Nie2013 32 91 13 69 55.0% 2.34[1.11, 4.90] ——
Wu ZH2014 12 40 2 80 53% 16.71[3.52,79.38] s —
Xu2013 7 56 2 27 135% 1.79[0.35, 9.24] I B —
Total (95% Cl) 291 325 100.0%  3.93 [2.39, 6.47] A
Total events 78 24
Heterogeneity: Chiz = 9.02, df = 5 (P = 0.11); 2 = 45% ’0.0 . 0? p : 1’0 p 00’

Test for overall effect: Z = 5.40 (P < 0.00001)

Figure 6. Forest plot for the association between HOTAIR expression levels and DM.
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Figure 7. Funnel plots of the publication bias for 6 studies which reported
HOTAIR and DM.

unified criterion for the cut-off value of HOTAIR expression;
3) patients included in our study were all Asians. Because of
this, our finding may just represent patients from Asia. The
study may achieve different outcomes from other continents;
4) we only included English language articles.

To sum up, our meta-analysis showed that the incidence
of lymph node metastasis and distant metastasis in cancer
patients with high HOTAIR expression was higher than
that in those with low HOTAIR expression. HOTAIR could
become a novel diagnostic biomarker for cancer metastasis.
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