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Abstract

Background: The aberrant expression of long non-coding RNA (IncRNA) X inactivate-specific transcript (XIST) has
been demonstrated to be involved in the tumourigenesis and the development of various cancers. Therefore, we
conducted a meta-analysis to assess the prognostic role of INcRNA XIST expression in solid tumors.

Methods: The databases of PubMed, EMBase, Web of Science, Cochrane library (up to Dec 31, 2017) were searched
for the related studies and identified 15 eligible studies containing 1209 patients to include in the meta-analysis. Haz-
ards ratios (HRs) with corresponding 95% confidence intervals (Cls) were pooled to estimate the association between
INCRNA XIST expression and survival of cancer patients from Asian.

Results: The result showed that higher INCRNA XIST expression in cancer tissue was related to a worse overall survival
(0S) (HR=1.54,95% CI 1.07-2.23). In subgroup analysis, it revealed that INCRNA XIST overexpression was significantly
associated with worse OS in digestive system tumors (HR=1.67,95% CI 1.11-2.51, p=0.031). In addition, the associa-
tion between high IncRNA XIST expression and poor OS was also statistically significant in other subgroups, including
multivariate analysis (HR=2.39, 95% Cl 1.28-4.46, p =0.006, random-effect), patients'number was greater than 65
(HR=1.75,95% Cl 1.24-2.47, p=0.001, random-effect), and reported in text (HR=2.50, 95% C| 1.49-4.18, p =0.000,

random-effect).

Conclusions: The expression of INCRNA XIST could be regarded as a poor prognostic biomarker for solid tumors,
which might shed new light on epigenetic diagnostics and therapeutics in tumors.
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Background

Both the number of cancer patients and the mortality
rate are disturbingly increasing. Cancer has become a
common disease that is seriously detrimental to human
health, which is a significant cause of death in many
countries around the world. Despite the dramatic devel-
opments in the diagnosis and therapy of tumors over the
past few decades, the overall survival (OS) of patients
remains unsatisfactory. Tumor markers play a significant
role in monitoring and treating tumors. However, fewer
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tumor markers were used in clinical diagnosis. There-
fore, it is urgent need to discover molecular biomarkers
to improve the sensitivity and specificity for the detection
and prognosis for cancer.

With the development of high-throughput sequencing
technology, an increasing number of long non-coding
RNAs (IncRNAs) have been gradually discovered and
become the hotspot of research. LncRNAs, which can-
not encode proteins, are important members of the non-
coding RNA family. The biological functions of IncRNAs
are still in its infancy and no definitive conclusion has
been reached on its function and clinical significance of
IncRNA. Recently, accumulating evidences have indi-
cated that IncRNAs were closely related to initiation
and progression of human diseases, especially cancer.
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LncRNAs could be used as a carcinogen or suppressor
gene in the development and progression of cancer.

X-inactive specific transcript (XIST) is a kind of
IncRNA derived from XIST gene that only expressed
from the inactive X chromosome [1, 2]. Many clinical
studies have clarified that the expressions of IncRNA
XIST not only played an important role in the differentia-
tion, proliferation, and genome maintenance of cells, but
also with the development and progression of cancer [3].
For instance, the perturbation of IncRNA XIST expres-
sion related to metastasis and recurrence in a variety of
cancers, including bladder cancer [4], nasopharyngeal
carcinoma (NPC) [5], pancreatic cancer (PC) [6], colo-
rectal cancer (CRC) [7-9], glioma [10, 11], prostate can-
cer (PCa) [12], ovarian cancer, gastric cancer (GC) [13,
14], hepatocellular carcinoma (HCC) [15, 16], and non-
small cell lung cancer (NSCLC) [17, 18]. Nevertheless,
the consistency and magnitude of the prognostic impact
of IncRNA XIST remains enigmatic, and the prognos-
tic value of IncRNA XIST expression in different tumor
types remains still controversial. To verify its clinical rel-
evance, we integrated all published evidence systemati-
cally in this meta-analysis to reveal the prognostic value
of IncRNA XIST in various types of solid tumors.

Materials and methods

Search strategy

A systematic review of the literature was conducted
according to the PRISMA guidelines. PubMed, EMBase,
Web of Science, Cochrane library were searched to eval-
uate the impact of IncRNA XIST expression on survival
in solid tumors. The following search terms included:
“Long non coding RNA XIST” OR “Long Noncod-
ing RNA XIST” OR “long non-coding RNA XIST” OR
“IncRNA XIST” OR “X-inactive specific transcript” (all
fields) AND “Prognosis” OR “Prognoses” OR “Prognos-
tic” OR “Outcome” OR “survival” (all fields) AND “Neo-
plasia” OR “Neoplasias” OR “Neoplasm” OR “Tumor” OR
“Cancer” OR “tumour” OR “carcinoma” (all fields). More-
over, the literature has been tracked to determine more
relevant studies.

Selection criteria

All collected studies were included in this meta-analysis
according to the criteria as follows: (1) IncRNAncRNA
XIST expression was detected only in solid tumors, not
including hematologic malignancies; (2) investigation
of the association between IncRNA XIST expression
and survival outcome were represented in overall sur-
vival; (3) reporting sufficient data to estimate the hazard
ratio (HR) and 95% confidence interval (CI) according to
IncRNA XIST expression; (4) IncRNA XIST expression
was detected by quantitative reverse transcription PCR
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(gqRT-PCR) in OS tissues; (5) not a review, meta-analysis,
case reports, duplicate publications.

Data extraction and quality assessment

Data extraction of literature was as follows: first author,
publication year, country of origin, cancer type, sample
size, number of patients in high and low IncRNA XIST
expression groups, the detection method, and the cut-off,
survival analysis, the HR and 95% CI. If HR was provided
in the study, we extracted them directly. Otherwise, sur-
vival data were extracted from the original study data
(Kaplan—Meier curves or required data) using the soft-
ware Engauge Digitizer 4.1 and calculated by Tierney.
The quality of included studies was evaluated by two
investigators independently according to the Newcas-
tle—Ottawa Quality Assessment Scale (NOS). Further-
more, two investigators could resolve their differences by
consensus or in discussions with a third investigator. The
lowest and highest scores were scored at 0 and 9, respec-
tively, and a study with a score greater than 6 or higher
was considered a high-quality study.

Statistical analysis

HR with 95% CI was estimated to evaluate the effec-
tive value of IncRNA XIST expression on prognosis in
solid tumors. The high expression and low expression of
IncRNA XIST was defined according to the cut-off val-
ues provided in the article. The heterogeneity of pooled
results was evaluated using Cochran’s Q test and Higgins
I-squared statistic. A statistically significant heterogene-
ity was defined as p<0.10 or I?>50%, where a random-
effect was applied. Otherwise a fixed-effect model was
used. Subgroup analysis was used to further explore pos-
sible sources of heterogeneity. The stability of the results
was assessed using a sensitivity analysis. The possibility
of publication bias was also assessed using Begg’s test.
All data were analyzed using STATA software version
12.0 (Stata Corporation, College Station, TX, USA), and
a p value less than 0.05 was considered as statistically
significant.

Results

Study characteristics

A total of 171 related articles were retrieved, of which
169 articles were initially searched according to the crite-
ria described in “Materials and methods” and the other 2
articles were obtained by searching the references. After
screening the titles, abstracts, publication types and full
text, 25 articles investigated the correlation between
IncRNA XIST expression and patient survival in various
tumors were selected for the systemic review. Among
these, 10 articles were excluded (nine lacked some impor-
tant data and one detected IncRNA XIST not in tissue
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sample) (Fig. 1). The total number of patients was 1209
patients from China and Japan to include in the meta-
analysis, ranging from 41 to 145 patients (all considered
research refers to the Asian population). The category of
cancers included GC, NPC, NSCLC, HCC, cervical squa-
mous cell carcinoma (CSCC), esophageal squamous cell
carcinoma (ESCC), bladder cancer, PC, CRC, glioma,
PCa, and osteosarcoma. The expression levels of IncRNA
XIST was detected using qRT-PCR in all studies. OS was
reported in 15 studies, while disease-free survival (DFS)
had only one study. Therefore, we selected OS as the main
survival outcome of all eligible studies for our meta-anal-
ysis. HR was reported directly in 6 studies and estimated
indirectly in the other 9 studies. The cut-off estimates for
IncRNA XIST expression was different in these studies,
including the mean, median, or fold change. The detailed
information about the studies was shown in Table 1.
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Quality assessment

According to the NOS, each of the 15 eligible studies
included in our meta-analysis was assessed for quality.
Each one got a higher value, which indicated a better
methodology. Therefore, all 15 studies were included in
the subsequent analysis.

Meta-analysis results
The main results of the meta-analysis were shown in
Table 2. The heterogeneity of 15 studies was statistically
significant (I2=186.3%, »<0.001), and the random-effects
model was used to calculate the pooled HR and its 95%
CI, which was significantly different (HR=1.54, 95%
CI 1.07-2.23, p=0.021). The result showed that higher
IncRNA XIST expression in cancer tissue was related to
aworse OS (Fig. 2).

Subsequently, subgroup analysis was performed to fur-
ther explore the sources of heterogeneity among these
studies based on four main characteristics including

Records identified through database
searching (n=169)

Pubmed;Embase;Cochrance Library;Web of Science

Records after duplicates removed
(n=147)

I

|

Full-text reviewed for more detailed

evaluation (n=25)

Additional records identified through

reference (n=2)

122 articles excluded:
Revealed no relation, review, comment,

letters, case report, conference abstract

Studies eligible for inclusion in

meta-analysis (n=15)

Fig. 1 Flow diagram of the study selection process

10 articles excluded:

1 9 lacked some important data

1detected IncRNA XIST not in tissue sample
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Table 2 The pooled associations between LncRNA XIST expression and the prognosis of solid tumors

Outcome subgroup Number of patients Number of studies Random-effect model Heterogeneity
HR (95% Cl) p value 12 (%) p value
Overall survival 1209 15 1.54(1.07,2.23) 0.021 86.3 <0.001
Tumor type
Digestive system 630 7 167 (1.11,251) 0014 80.5 <0.001
Non-digestive system 579 8 1.39(0.71, 2.74) 0.339 90.1 <0.001
Patients’number
> 65 836 8 1.75(1.24,247) 0.001 78.2 <0.001
<65 373 7 1.26 (0.53,3.01) 0.598 914 <0.001
Analysis type
Univariate analysis 781 10 1.21(0.75, 1.95) 0436 84.8 <0.001
Multivariate analysis 428 5 2.39(1.28,4.46) 0.006 89.2 <0.001
HR obtained method
Reported in text 534 6 2.50(1.49,4.18) 0.000 87.5 <0.001
Data extrapolated 675 9 1.07 (0.66, 1.76) 0.774 82.2 <0.001
HR, hazard ratio; 95% Cl, 95% confidence interval; OS, overall survival
Study %
ID HR (95% Cl) Weight
Chen 2016 i 3.11(1.67,3.78) 7.38
Song 2016 —_—— 2.28(1.32,3.92) 6.90
1
Fang 2016 : —_— 6.29 (3.23,7.57) 7.32
1
Ma 20162 —_— ; 045(0.24,087) 650
Kobayashi 2016 + i 0.25(0.09, 0.70) 4.98
Ma 2016b — 1.91 (1.26, 2.89) 7.36
I
Zhang 2017 s 0.59(0.27,1.29) 5.94
1
Wu 2017 — 2.40 (1.44,4.01) 7.02
Hu 2017 ! 2.06(0.87,488) 562
I
Chen 2017 - 1.29(1.11, 1.96) 7.74
I
Du2017°€ —_—— 2.04 (1.08, 3.83) 6.55
Wei 2017 —%—0— 1.96 (1.10, 3.49) 6.76
Du 201 7d —_— : 0.55(0.30, 1.01) 6.65
I
Li 2017 —— 1.94(1.27,2.97) 7.33
I
Kong 2017 T 1.97 (0.90, 4.31) 5.94
Overall (I-squared = 86.3%, p = 0.000) <> 1.54(1.07,2.23) 100.00
NOTE: Weights are from random effects analysis E
I I
.09 1 1.1
Fig. 2 Forest plot for relationship between INcRNA XIST expression and OS. *Weijie Ma; °Lei Ma; “Peng Du; “Yang Du
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tumor type, patients’ number, analysis type, and HR
obtained method.

In the subgroup of tumor types, a few studies such as
NPC, NSCLC, bladder cancer, glioma, PCa, and osteo-
sarcoma were collectively classified as other tumors for
analysis, while more studies on the digestive system alone
as a type of analysis. The OS of tumor patients with high
expression of IncRNA XIST in digestive system tumors
was lower than that in low expression group (HR=1.67,
95% CI 1.11-2.51, p=0.014), but not statistically sig-
nificant in other tumors (HR=1.39, 95% CI 0.71-2.74,
p=0.339) (Table 2).

Overall, the relationship between high IncRNA XIST
expression and prolonged OS was also considered to
have statistical significance in other subgroups, includ-
ing patients’ number >65 (HR=1.75, 95% CI 1.24-2.47,
p=0.001), multivariate analysis (HR=2.39, 95% CI
1.28-4.46, p =0.006), reported in text (HR =2.50, 95% CI
1.49-4.18, p=0.000), respectively. However, it was not
statistically significant in subgroups including patients’
number <65 (HR=1.26, 95% CI 0.53-3.01, p=0.598),
univariate analysis (HR=1.21, 95% CI 0.75-1.95,
p=0.436), and data extrapolated (HR=1.07, 95% CI
0.66—1.76, p=0.774). Unfortunately, there was still sig-
nificant heterogeneity in these studies (I>>50%) (Table 2).
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Sensitivity analysis

Sensitivity analysis was performed to evaluate the results
of meta-analysis results. No significant change was found
in the results when any 1 study was excluded, confirm-
ing the robustness and reliability of meta-analysis results
(Fig. 3).

Publication bias

A funnel plot, with regard to the publication bias of all
studies, showed the basic symmetrical. All p<0.05 (two-
sided) were considered as significant. Begg’s test sug-
gested the publication bias was not significant (Begg’s
Test p=0.233) (Fig. 4).

Discussion

LncRNA XIST was a product of the XIST gene located
in the X inactivation center [14], which was the first
regulatory RNAs discovered to be involved in the for-
mation of the inactive X chromosome [19]. When an X
chromosome was inactivated in female animal, IncRNA
XIST diffuses throughout the X chromosome, ultimately
resulting in inactivation of the X chromosome [20].
Moreover, IncRNA XIST could play a dosage compensa-
tion role in female animal cells. In other words, the phe-
notypes determined by the gene on the X chromosome
were equally expressed in XY males and XX females [15].

Meta—analysis fixed—effects estimates (linear form)
Study ommited
Chen 2016 \ ) |
Song 2016 \ ©) |
Fang 2016 ©]
Ma 20162 | o \
Kobayashi 2016 | ) |
Ma 2016° o
Zhang 2017 O
Wu 2017 | o I
Hu 2017 | o \
Chen 2017 | 0
Du2017°¢ \ o |
Wei 2017 | ©) \
Du 20174 o
Li 2017 | ©) \
Kong 2017 \ O |
0.10 0.24 0.50 0.77 0.‘85
Fig. 3 Sensitivity analysis on the relationships between IncRNA XIST expression and overall survival in solid cancer patients. *Weijie Ma; "Lei Ma;
“Peng Du; %Yang Du
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Begg'’s funnel plot with pseudo 95% confidence limits
2 -
1 i —
= —
<
5 0 I
Re} —
-1
—2- -‘
0 2 4 6
s.e. of: log[hr]
Fig. 4 Funnel plots of publication biases on the relationships
between IncRNA XIST expression and overall survival in solid cancer
patients

Aberrant expression of IncRNA XIST has been
detected in many diseases. It played an important role
in proliferation, migration and invasion in cancer cells
in vitro and in vivo, which indicated that XIST exerted
an essential role on the occurrence and development of
various tumors. Differentially expressed IncRNAs could
act as oncogenes or tumor suppressors to improve can-
cer diagnosis, discover potential treatment targets, and
improve prognosis. Although many studies found that
the high expression of IncRNA XIST was closely related
to the prognosis of a variety of tumors, the results of
the studies were quite different. It was reported that the
high expression of IncRNA XIST was a risk factor for the
prognosis of cancers, while some reports indicated that
the high expression of IncRNA XIST was a beneficial fac-
tor in the prognosis of cancers.

For instance, Chen et al. and Wu et al. demonstrated
that knockdown of IncRNA XIST suppressed cells prolif-
eration, migration and invasion in vitro as well as tumo-
rigenesis and metastasis in vivo in GC (2016) and ESCC
(2017), respectively. Moreover, they all found that an
inverse relationship between IncRNA XIST and miR-101,
and knockdown of IncRNA XIST exerted its tumor-sup-
pressive effects at least in part through regulating miR-
101 to modulate EZH2 expression [14, 21]. Meanwhile,
a study from Ma et al. showed that IncRNA XIST pro-
moted cell cycle progression from the G1 phase to the S
phase and protected cells from apoptosis, which contrib-
uted to GC cell growth. XIST was responsible for GC cell
proliferation and invasion through the miR-497/MACC1
axis [13]. Furthermore, Temozolomide (TMZ) was the
most commonly used alkylating agent in glioma chem-
otherapy. The data from Du et al. revealed that XIST
knockdown could sensitize TMZ-resistant glioma cells to
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TMZ. XIST inhibited miR-29c expression by direct tar-
geting in TMZ-resistant glioma cells [11]. In summary,
it implicated that overexpression of IncRNA XIST was
associated with adverse prognosis and could be used as
an independent prognostic factor.

Contrary to the above tumors, increasing evidence
demonstrated that XIST could also act as tumor suppres-
sors, and played important roles in the initiation and pro-
gression of multiple cancers [12, 15, 22, 23]. For example,
Kobayashi et al. observed in 2016 that the 4-year overall
survival rates of patients with CSCC were 87.1 and 54.4%
in the high and low XIST expression groups, respectively
[22]. The results suggest that XIST could be a poten-
tial biomarker or therapeutic target for OS. However,
the effect aberrant XIST expression on the prognosis of
patients was still controversial in HCC and osteosarcoma.
Recently, a study from Ma et al. showed that patients with
JPX/XIST overexpression in HCC had longer survival
times than those with low expression [15], contrary to
previous research from Kong et al. [16]. Furthermore, a
study from Zhang et al. revealed that IncRNA XIST regu-
lated PDCD4 expression by interacting with miR-21-5p
and inhibits osteosarcoma cell growth and metastasis
[23]. While a study from Li et al. suggested that IncRNA
XIST had a tumor promoter effect, and thus, to be a pre-
dictor of outcome in patients with osteosarcoma [24].

To get more accurate evidence to prove the relation-
ship between the high expression of IncRNA XIST and
the prognosis of cancers, relevant studies have been com-
prehensively retrieved and analyzed. Furthermore, the
regulatory mechanism involved in IncRNA XIST was
complex. And there was a lack of systematic research for
effect of IncRNA XIST expression on tumor prognosis.
Therefore, we conducted a meta-analysis to evaluate the
potential value of IncRNA XIST as a novel biomarker for
predicting tumor prognosis, which provided a reference
for the follow-up study.

In this study, high expression of IncRNA XIST in can-
cer tissue was associated with poor prognosis in cancer
patients (HR=1.54, 95% CI 1.07-2.23, p=0.021), with
heterogeneity in the data (I*>50%). Numerous studies
have shown that IncRNAs were involved in the regulation
of protein-coding genes at the transcriptional and post-
transcriptional levels, and it also influenced the signaling
pathway pathways both intracellular as well as in organ-
ism development, thus affecting cell growth, apoptosis,
and metastasis. Based on the above, deregulations of
IncRNA could be a major cause of disease in human-
complex diseases, including tumors. It indicated that
it might serve as a negative prognostic marker for solid
tumors.

Subgroup analysis and sensitivity analysis were used to
investigate whether the heterogeneity of the data affected



Mao et al. Cancer Cell Int (2018) 18:34

the interpretation of the analysis results. The association
between IncRNA XIST overexpression and worse OS
was statistically significant in digestive system tumors
(HR=1.67, 95% CI 1.11-2.51, p=0.014, random-effect).
These results indicated that the adverse prognostic effect
of high IncRNA XIST remained substantial in digestive
system cancers. In the meantime, IncRNA XIST over-
expression was associated with a poor prognosis, which
was statistically significant when the patients’ number
is greater than 65 [patients’ number>65 (HR=1.75,
95% CI 1.24-2.47, p=0.001, random-effect)], multi-
variate analysis (HR=2.39, 95% CI 1.28-4.46, p =0.006,
random-effect), and reported in text (HR=2.50, 95% CI
1.49-4.18, p=0.000, random-effect).

However, there were several limitations in this paper.
First of all, the different thresholds of IncRNA XIST
expression were different in different studies that could
not reach a uniform standard. Second, HR and 95% CI
in some studies could not be obtained directly from the
original literature, but HR estimates were derived from
their survival curves, which might affect the results of
this study. Furthermore, the limited number of included
studies, all from Asians, and the small sample size (1290
cases in total) might diminish the reliability of the results.
In the future, the studies of high-quality samples needed
to be further confirmed.

Conclusion

In conclusion, the high expression of IncRNA XIST was
a close associate to the poor prognosis of cancer patients.
LncRNA XIST overexpression might be a new unfavora-
ble prognostic biomarker helpful for the clinical deci-
sion-making process. Considering the limitations of this
analysis, this conclusion should be viewed with caution.
In the future, larger sample sizes were require to confirm
the prognostic value of IncRNA XIST in cancer patients
and to explore more effective treatment strategies.
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