Neoplasma 2022; 69(5): 1217-1227

doi:10.4149/neo_2022_220329N352
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Long non-coding RNA (IncRNA) X inactivate-specific transcript (XIST) has been found dysregulated in a variety of
human tumors and influenced the clinicopathologic characteristics in cancer patients. Therefore, we systematically searched
relevant literature that has identified the correlation of IncRNA XIST expression and clinical outcomes of tumor patients
and conducted this meta-analysis to elucidate the clinical prognostic value of long noncoding RNA XIST in human tumors.
A comprehensive literature search was performed from PubMed, Web of Science, EMBASE, and Cochrane library databases
up to August 1, 2019. Pooled hazard ratios (HRs) or odds ratios (ORs) with a 95% confidence interval (95% Cl) were calcu-
lated to evaluate the prognosis, as well as the clinicopathological parameters of XIST, respectively. We also further validated
this meta-analysis using The Cancer Genome Atlas (TCGA) dataset. The outcome revealed that XIST overexpression in
tumor tissue was interacted to a poor overall survival (OS) (HR=0.52, 95% CI: 0.44-0.61, p<0.0001), disease-free survival
(DES) (HR=0.50; 95% CI: 0.36-0.69, p<0.0001), tumor type (digestive system malignancies, HR=0.53; 95% CI: 0.44-0.63,
p<0.0001); nondigestive system malignancies, HR=0.48; 95% CI: 0.34-0.67, p<0.0001), lymph node metastasis(LNM)
(OR=0.61, 95% CI: 0.37-1.00; p=0.048), differentiation (OR=1.46; 95% CI: 0.94-2.29; p=0.096), distant metastasis (DM)
(OR=0.48, 95% CI: 0.31-0.75; p=0.001), tumor size (OR=0.59, 95% CI: 0.38-0.92; p=0.019), and tumor stage (OR=2.36;
95% CI: 1.62-3.43; p<0.001). XIST could have potential value in early diagnosis and result in prediction and provide a novel

view for the therapeutic target in clinical application.
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In the past decade, malignant tumor has become a
primary cause of morbidity and mortality for human health
throughout the world [1]. According to 2019 Cancer Statis-
tics, 1,762,450 new tumor cases and 606,880 tumor deaths
were expected to happen in the United States in 2019 [2].
Despite the effective advances in tumor diagnosis and treat-
ment over the past couple of years, the OS of patients remains
far from satisfactory. Tumor biomarkers play an important
effect in the occurrence and progression of various tumors [3,
4]. However, there is a dearth of effective tumor biomarkers in
clinical diagnosis. Consequently, it is an urgent requirement
to identify a novel biomarker to improve early diagnosis,
more accurate prognosis, and new therapeutic target.

With advancements in sequencing methodologies, a
majority of IncRNAs have increasingly received positive
attention and turned into a hot topic of research [5]. LncRNA

is a new type of noncoding RNA that is identified as more
than 200 nucleotides in length and lacks the ability of protein-
coding. According to the actual emerging evidence, cancer-
related IncRNAs play crucial roles in tumor oncogenes
or suppressor genes via regulating gene expression at the
epigenetic, transcriptional, and posttranscriptional levels [6].
Up to now, growing evidence has certified that abnormally
expressed IncRNAs are correlated with the development and
progression of the tumor [7, 8]. Therefore, IncRNAs may
serve a role as novel biomarkers and therapeutic strategies
for tumors.

XIST, transcribed from the inactive X chromosome, is a
kind of IncRNA that is derived from the XIST gene [9]. It was
shown in recent studies that IncRNA XIST has been found
abnormally expressed in a large of human tumors and influ-
enced clinicopathologic characteristics in cancer patients,
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such as non-small cell lung carcinoma (NSCLC) [10], gastric
carcinoma [11], pancreatic cancer [12], and so on. However,
biological behavior and potential pathogenesis mechanisms
of XIST in human tumorigenesis keep enigmatic due to
relatively small sample sizes and some results are debatable.
Therefore, we systematically searched relevant literature that
has identified the correlation between XIST expression and
clinical consequences of tumor patients and conducted this
meta-analysis to elucidate the clinical prognostic value of
long noncoding RNA XIST in human tumors.

Materials and methods

Publication search. Studies in English were systematically
searched in four electronic databases including PubMed,
Web of Science, EMBASE, and Cochrane library databases
by the end of August 1, 2019. The following keywords were
searched: (“IncRNA XIST” OR “long non-coding RNA,
human” OR “XIST” OR “X-inactive specific transcript”) and

“cancer*” OR “tumor*” OR “tumour*” OR “carcinoma*” OR
“neoplas*” OR “malignan”). PRISMA registration number is
CRD42020151210.

Data inclusion and exclusion criteria. Eligible studies
were extracted met the following conditions: a) all studies
were published in English; b) studies have basic informa-
tion such as the first author, year of publication, and so on;
¢) studies contained related clinicopathological features;
d) sufficient datum of HR and 95% CI for OS or DFS were
reported. Exclusion criteria met the following conditions:
a) studies without meeting the inclusion criteria; b) animal
trails, letters, reviews, and case reports; c) unavailable data
to extract.

Publication identified

through database search (n=1068)
PubMed, Web of Science, EMBASE, and Cochrane library

—————————— ~ Duplication (n=344)

A4
Titles and abstracts reviews (n=724) 1

Excluded reasons (n=679)
» Revealed no relation, review,
comment, case report, letter

v
Full-text articles reviews (n=45) ‘

) 16 articles excluded:
lacked some important data

v
Studies included in this
meta-analysis (n=29)

Figure 1. The flow diagram of the process for the literature identification
and selection.

Ethical approval. All procedures performed in the study
were in accordance with the ethical standards of the Institu-
tional and National Research Committee and with the 1964
Helsinki Declaration and its later amendments or compa-
rable ethical standards.

Data extraction and quality assessment. All data were
extracted independently by two individuals (Zhang Meijing
and Qin Jing) from the included studies. If the datum
contained both univariate and multivariate analyses, we
choose the latter. Then, the Engauge Digitizer v.4.1 software
and Tierney’s spreadsheet were utilized to get the HR from
Kaplan-Meier survival curves when it was not getting data
directly [13]. The quality of eligible studies was assessed in
conformity to the Newcastle-Ottawa quality assessment
scale (NOS) (http://www.ohri.ca/programs/clinical_epide-
miology/oxford.asp) [14]. The total scores were from 0
(lowest) to 9 (highest). If the scores were higher or equal to 6
we considered the studies were high quality. Disagreements
were discussed with other independent investigators.

Statistical analysis. Statistical calculation was using Stata
SE15.1 (software Corp, College Station, TX, USA). The OR
with 95% CI was pooled to estimate the correlation between
XIST expression and the clinicopathological features. The
HR and 95% CI were merged to estimate the prognostic value
of XIST expression on OS. The I 2 statistics and chi-square-
based Q test was used to estimate the heterogeneity. If there
was no significant heterogeneity (I’<50% and p>0.05), the
fixed-effect model was chosen; otherwise, the random-effect
model was adopted to enhance the stability of the meta-
analysis. A single study removal analysis was performed to
estimate the sensitivity. Publication bias was estimated by
Begg’s test and Egger’s test, respectively. A p-value <0.05 was
considered statistically significant.

Bioinformatics analysis. The Kaplan-Meier Plotter
online database was used to assess the OS of the core genes.
GEPIA [15] was used to determine overall survival related to
the core genes which is an online tool that speedily achieves
characteristic functionalities based on TCGA and GTEx
data. The hazard ratio (HR) with 95% confidence intervals
and log-rank p-value were computed and revealed on the
plot.

Results

Characteristics of the included studies. The relevant
literature search and selection detailed process is shown in
Figure 1. A total of 1,068 pieces of literature were retrieved
depending on the inclusion and exclusion criteria. After
carefully reviewing, 29 of the pieces of literature and 2,710
patients matched to the inclusion criteria were eligible for
this meta-analysis.

The detailed information of the 29 studies is presented
in Table 1. Among the 29 studies, 28 came from Asians and
1 study came from Ukraine. The 29 studies contained 11
different types of tumor, including 5 studies on colorectal
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%

Time and Study 1D HR (5% CI) Weight
Function as oncogene
Peng Song 2016 —_— 0.31(0.13,075) 312
Chen 2016 —-‘-:— 0.41 (020, 0.86) 4.50
G-LL2017 —..—- 059 (0.30,1.17) 517
Qinglel Kong 2017 > 037 (0.09, 1.55) 118
‘Yang Xiao 2017 —-:‘—— 085 (0.31,1.36) 438
Yangyang Hu 2017 —_— 0.71(0.19, 2.59) 1.40
Shuai Liang 2017 — 043 (0.19,097) 360
WelWei 2017 — 0.40 (0.19,0.99) 3.91
Xiaoliang Wu 2017 —— 0.55 (0.30, 1.02) 639
Lei Ma 2017 — 0.39 (0.22, 0.68) 7.52
Peng Du 2017 —— 050 (022, 1.14) 354
Dong-liang Chen 2017 —_—— 0.40 (0.20, 0.78) 517
Ningning Sun 2018 —_ 0.81(0.42,1.56) 556
Hong Zhu 2018 ———t 0.36 (0.12,1.06) 202
ZHIXIA SUN 2018 _0-;—— 043 (0.15.1.25) 213
Hua Liu 2016 —P—— 064 (0.03,1.74) 0.58
Chao Yang 2018 — 0.21 (0.06, 0.80) 1.43
Shengzhong Y 2018 —— 062 (0.37, 1.04) 8.96
Ruijuan Zhang 2019 —— 0.59 (0.39, 0.89) 14.06
WEIWANG 2019 ——— 0.80 (0.26, 2.43) 192
Jinglu Wang 2019 —_— 0.58 (0.26, 1.29) 373
JLi 2019 _:0—_ 0.70 (0.18, 2.76) 128
Subgroup, IV (I = 0.0%, p = 0.968) L3 052 (0.44,061) 9113
\
1
Function as tumor suppressor :
KOBAYASHI 2016 | T 3.03 (0.85. 10.86) 147
Yang Du 2017 : —1T— 1.48 (0.69,3.13) 419
RUI ZHANG 2017 —_— 1.68 (0.39,7.26) 112
Weijie Ma 2017 | T 222 (077, 6.44) 212
Subgroup, IV (I = 0.0%, p=0.792) < 187 (1.11, 3.14) 8.87
1
1
Heterogeneity between groups: p = 0.000 1
Overall, IV (I = 24 8%, p = 0.125) Lo3 058 (0.49,0.67)  100.00
T T
03 1 33.3

Figure 2. Forest plot for the association between XIST (X inactive-specif-
ic transcript) expression levels with OS.

%

Time and Study ID HR (95% CI) Weight

Non-Digestive system carcinoma
Peng Song 2016 —0—;— 0.31(0.13,0.75) 3.42
G-L L2017 — 0.59(0.30, 1.17) 5.67
Peng Du 2017 —_— 0.50(0.22, 1.14) 3.88
Hong Zhu 2018 —_— 0.36(0.12,1.06)  2.21
Hua Liu 2018 — 0.64(0.03,1.74) 0.64
Chao Yang 2018 — 021(006,080) 157
WEI WANG 2019 — 0.80(0.26, 2.43) 210
Jinglu Wang 2019 —_— 058(0.26,129) 409
Subgroup, IV (I° = 0.0%, p = 0.751) d? 0.48(0.34,067) 2358
'
Digestive system carcinoma l
Chen 2016 —0':— 0.41(0.20, 0.86) 4.94
Qinglei Kong 2017 —_——— 037(009,155) 130
Yang Xiao 2017 —_— 0.65(0.31,1.36) 480
Yangyang Hu 2017 —_— 0.71(0.19,259) 154
Shuai Liang 2017 —_— 043(0.19,097) 395
Wei Wei 2017 —— 040(019,099) 385
Xiaoliang Wu 2017 —— 055(0.30,1.02)  7.01
Lei Ma 2017 —0—:— 0.39(0.22, 0.68) 8.25
Dong-liang Chen 2017 — 0.40(0.20,0.78) 5.67
Ningning Sun 2018 +0-— 0.81(0.42,1.56) 6.10
ZHIXIA SUN 2018 —_— 0.43(0.15, 1.25) 234
Shengzhong Y 2018 — 0.62(0.37,1.04)  0.83
Ruijuan Zhang 2019 —— 059(039,089) 1543
JLi 2019 —_— 070(0.18,276)  1.41
Subgroup, IV (I° = 0.0%, p = 0.937) < 0.53(0.44,063) 76.42
]
Heterogeneity between groups: p = 0619 1
Overall, \V(\z =0.0%, p=0.968) o 0.52(0.44, 0.61) 100.00
T T
03 1 333

Figure 3. Forest plot for the association between XIST (X inactive-specif-
ic transcript) expression levels with tumor types.

cancer [16-20], 1 study on glioma [21], 2 studies on gastric
cancer [11, 22], 1 study on thyroid cancer [23], 1 study on
nasopharyngeal carcinoma [24], 1 study on prostate cancer
[25], 3 studies on osteosarcoma [26-28], 3 studies on hepato-
cellular carcinoma [29-31], 3 studies on pancreatic cancer
[12, 32, 33], 2 studies on cervical squamous cell carcinoma

%

Study ID HR (95% Cl) Weight
Yichao Mo 2017 —o—— 0.31(0.14, 0.67) 17.66
Shuai Liang 2017 —o— 0.44 (0.19, 1.05) 14.81
Xiaoliang Wu 2017 — 0.56 (0.31, 1.01) 31.02
Hui Song 2017 —0—'—— 0.40 (0.1, 1.49) 6.37
Jinglu Wang 2019 —.—4—— 0.64 (0.35, 1.16) 30.14
Overall, IV (I° = 0.0%, p = 0.659) <> 0.50 (0.36,0.69)  100.00
T T
Rl 1 9.09

Figure 4. Forest plot for the association between XIST (X inactive-specif-
ic transcript) expression levels with DFS.

%

Study ID R (95% Cl) Weight
Age: 260 vs. <60
Chen 2016 —_— 0.61(0.27, 1.42) 7.64
YYichao Mo 2017 o s 1.98 (0.84, 4.67) 7.16
Qinglei Kong 2017 0.73 (0.24, 2.20) 429
Yangyang Hu 2017 1.17 (0.38, 3.63) 4.14
Shuai Liang 2017 - 1.18 (0.47,2.97) 6.20
Xiaoliang Wu 2017 —_— 1.51(0.75, 3.06) 10.65
Hui Song 2017 1.73 (0.55, 5.45) 4.00
Lei Ma 2017 —_— 1.74 (0.78, 3.89) 8.16
Shengzhong Y 2018 —_— 0.94 (0.49, 1.83) 1213
Ruijuan Zhang 2019 —_—— 0.67 (0.42, 1.06) 24.58
JLi2019 —_— 0.87 (0.44, 1.75) 11.05
Overall, IV (I = 12.2%, p = 0.328) <> 1.00(0.80,1.26)  100.00
T T
184 1 545

Figure 5. Meta-analysis for the relationship between XIST (X inactive-
specific transcript) expression and age.

[34, 35], 2 studies on non-small cell lung cancer [10, 36],
1 study on nasopharyngeal carcinoma [24], 3 studies on
esophageal squamous cell carcinoma [37, 38], and 1 study on
bladder cancer [39]. 26 studies in total described the OS and
5 studies described the DFS. All patients in the articles were
separated into two groups: a high XIST expression group and
a low XIST expression group depending on RT-qPCR results.
25 of the 29 studies described that the expression level of
XIST was upgraded in tumor tissues and cell lines, and the
others found that XIST expression levels were downgraded.
The NOS scores of all contained researches were from 6 to 8
[14].

Relationship of XIST expression and OS. The correla-
tion between XIST expression and OS were estimated in 26
studies, and 22 of them act as oncogenes. Therefore, all the
information from these 22 studies was gathered and merged
for re-analysis. Because there appeared to be no heteroge-
neity among the studies (I’=0%; p=0.968), the fixed-effects
model was used to assess the merged HR and its 95% CI. The
results of the merged HR implied that XIST overexpress was
significantly correlated with a worse OS (HR=0.52, 95% CI:
0.44-0.61, p<0.0001; Figure 2).

Then we gathered and re-analyzed the research depending
on XIST serving as the cancer inhibitor. There was no statis-
tical heterogeneity between trials (I1>=0%; p=0.792), so the
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% %
Study ID OR (@5%Cl)  Weight Study ID OR (95% Cl) Weight
Gender: male vs. female Distant metastasis: presence vs. absence
Jing Fang 2016 ————4———1 030(008,1.10) 212 Chen 2016 —_— 0.31(0.12,0.79) 853
| :
Chen 2016 — 120(054,265 577 G.-LLI2017 — 038 (0.18,0.79) 9.97
G-LLi2017 _‘!_ 003 (048, 179) 842 Yang Du 2017 ' ———+———— 608(1.98,1867)  7.38
Yichao Mo 2017 o 087(037.204 501 Shuai Liang 2017 —_ 0.85 (0.34, 2.12) 8.72
Qinglei Kong 2017 —_— 065(0.18, 2.38) 219 o H
] Wei Wei 2017 R 0.41(0.15,1.12) 8.11
Yangyang Hu 2017 —_—t— 1.17(0.38, 3.63) 2.86 '
1 i —_—
Wei Wei 2017 ] 060023 162 383 Hui Song 2017 ; 0.61(0.20, 1.89) 7.37
Xiaoliang Wu 2017 — 151 (0.66, 3.41) 541 Ningning Sun 2018 —— 0.42 (0.20, 0.88) 9.97
1 |
Hui Song 2017 — - 045(012.169) 209 Hong Zhu 2018 _— 0.25 (0.07, 0.87) 6.58
Lei Ma 2017 —_— 121(054,271) 56 Shengzhong Y 2018 —_— 026(0.13,055)  10.11
1 !
Peng Du 2017 — 135(052,349) 403 Ruijuan Zhang 2019 —— 067(0.34,134)  10.37
Ningning Sun 2018 — 0.76(0.37.156) 705 WEI WANG 2019 ————+——— 0.19(0.05, 0.75) 6.09
1 T
Hua Lu2018 * 071027, 101 381 Jinglu Wang 2019 _— 0.27 (0.08, 0.92) 6.80
Chao Yang 2018 —_— 0.83 (0.24, 2.90; 235
a0 Yana ; ¢ ) Overall, DL (° = 63.5%, p = 0.002) <> 0.48(031,0.75)  100.00
Shengzhong Y 2018 — 084 (0.43, 1.64) 814
- T T
Ruijuan Zhang 2019 —— 1.11(0.70, 1.76) 1717
‘ 0477 1 21
WEI WANG 2019 —_—r 1.88(0.70, 5.07) 372
1
Jinglu Wang 2019 —— 078(0.35,174) 567 Figure 8. Meta-analysis for the relationship between XIST (X inactive-
JLi2019 —— 144(060,346) 475 specific transcript) expression and distant metastasis. Note: Weights are
Overall, IV (I° = 0.0%, p = 0.838) <> 0.97 (0.80, 1.17)  100.00 from the random-effect model.
T T
0848 1 1.8

Figure 6. Meta-analysis for the relationship between XIST (X inactive-
specific transcript) expression and gender.

%

Study ID OR (95% Cl) Weight
Lymph node metastasis: positive vs. negative
Jing Fang 2016 R P 1.50 (0.45, 5.05) 6.14
KOBAYASHI 2016 —O—E—— 0.37 (0.11, 1.26) 6.10
Chen 2016 —0—5— 0.34 (0.14,0.81) 7.44
Yangyang Hu 2017 —0—5— 0.14 (0.03, 0.72) 4.84
Shuai Liang 2017 — 0.61(0.24, 1.53) 7.25
Wei Wei 2017 —0—5—— 0.46 (0.17,1.27) 6.93
Lei Ma 2017 —O—i 0.26 (0.11, 0.61) 7.53
Ningning Sun 2018 —o—o— 0.45 (0.2, 0.95) 8.02
Hong Zhu 2018 N S 2.41(0.76, 7.63) 6.35
Hua Liu 2018 —_— i 0.17 (0.06, 0.47) 6.84
|
Shengzhong Y 2018 —— 0.73 (0.36, 1.47) 8.13
Ruijuan Zhang 2019 + 0.56 (0.35, 0.90) 8.94
Jinglu Wang 2019 —:»—— 0.65 (0.29, 1.47) 7.70
JLi 2019 E —_— 6.17 (2.80, 13.60) 7.79
Overall, DL (I” = 77.3%, p = 0.000) <> 0.61(0.37,0.99)  100.00
.02‘83 1 35‘.3

Figure 7. Meta-analysis for the relationship between XIST (X inactive-
specific transcript) expression and lymph node metastasis. Note: Weights
are from the random-effect model.

fixed-effects model was assessed in the research. The results
indicated a conspicuous interrelation of lower expression of
XIST and shorter OS (HR=1.87; 95% CI: 1.11-3.14, p=0.019;
Figure 2).

Relationship of XIST expression and tumor classifi-
cation. Among the oncogene, researchers categorized the
digestive system malignancies and the non-digestive system
malignancies and estimated the correlation between XIST
expression levels and OS. There was no statistical heteroge-
neity between trials (I>’=0%) so the fixed-effects model was
assessed in the studies. The results showed that among tumor
patients, digestive system malignancies patients (HR=0.53;

95% CI: 0.44-0.63, p<0.0001; Figure 3) showed worse
prognosis than non-digestive system malignancies patients
(HR=0.48; 95% CI: 0.34-0.67, p<0.0001; Figure 3).

Relationship of XIST expression and DFS. Four studies
estimated the correlation between IncRNA XIST expres-
sion and DFS. Therefore, all the data was gathered from
the 4 studies and merged for reanalysis. There was no
statistical heterogeneity (I’=0%), so the fixed-effects model
was assessed in the studies. The results of the pooled HR
demonstrated that patients with XIST overexpression were
correlated with a worse DFS (HR=0.50; 95% CI: 0.36-0.69,
p<0.0001; Figure 4).

Relationship of XIST with clinicopathological charac-
teristics. There are 11 and 19 studies representing tumor
patients of age and gender, respectively. There was no statis-
tical heterogeneity between trials (I’=0%), so the fixed
effects model was assessed in the analysis. The pooled results
showed that XIST expression did not significant associa-
tion with age (Figure 5) and gender (Figure 6). There are
14 studies that estimated LNM. A random-effect model
was used in the studies due to having significant hetero-
geneity (I°=77.3%; p<0.0001). Overall, the expression of
IncRNA XIST was correlated with LNM (OR=0.61, 95% CI:
0.37-0.99; p<0.0001; Figure 7). A total of 12 studies assessed
DM depending on XIST expression. There was no statistical
heterogeneity (I*>=63.5%; p=0.002), so a random-effect model
was used in the analysis of the pooled OR. These aggregated
results indicated that tumor patients with XIST overexpres-
sion were more inclined to DM (OR=0.48, 95% CI: 0.31-0.75;
p=0.001; Figure 8). Moreover, we discovered that in patients,
XIST overexpression was positively correlated with tumor
size (OR=0.59, 95% CI: 0.38-0.92; p=0.001; Figure 9), differ-
entiation (OR=1.46; 95% CI: 0.93-2.34; p=0.006; Figure 10),
and clinical stage (OR=2.36; 95% CI: 1.62-3.43; p<0.001;
Figure 11). Due to the limitations of the data, more research
was needed to draw conclusive conclusions.
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%
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Tumor size: >5cm vs. S 5cm

KOBAYASHI 2016 —5—0— 0.91(0.29, 2.82) 7.19
Chen 2016 —0—;— 0.36 (0.15, 0.88) 8.86
Yichao Mo 2017 —0—% 0.25(0.10, 0.61) 8.73
Qinglei Kong 2017~ —+—— 0.24 (0.07, 0.82) 6.65
Xiaoliang Wu 2017 —_— 0.54 (0.20, 1.48) 8.06
Hui Song 2017 —0—5 0.22(0.07, 0.75) 6.90
Peng Du 2017 —0—§ 0.22(0.08, 0.60) 8.01
Ningning Sun 2018 —5—0— 0.92 (0.45, 1.90) 10.08
Chao Yang 2018 R NE— 1.05 (0.29, 3.80) 6.34
Ruijuan Zhang 2019 —o— 0.61(0.38,0.98)  11.90
WEI WANG 2019 E —_— 1.91(0.70, 5.22) 8.03
Jinglu Wang 2019 A S — 2.20 (0.96, 5.06) 9.25
Overall, DL (I = 64.1%, p = 0.001) <> 0.59 (0.38,0.92) 100.00

T T
0677 1 14.8

Figure 9. Meta-analysis for the relationship between XIST (X inactive-
specific transcript) expression and tumor size. Note: Weights are from
the random-effect model.
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Study ID OR (95% CI) Weight
Diferentiation: well, moderate vs. poor
Jing Fang 2016 i—o— 3.85(1.08, 13.63) 7.25
Chen 2016 ——:-0— 1.58 (0.73, 3.41) 11.41
Qinglei Kong 2017 —0——: 0.41(0.11, 1.58) 6.83
Yangyang Hu 2017 ——%—0— 2.20(0.70, 6.96) 8.09
Xiaoliang Wu 2017 —0——% 0.89 (0.38, 2.09) 10.61
Hui Song 2017 —0——:’— 0.74 (0.24, 2.28) 8.26
Ningning Sun 2018 —o—— 0.87 (0.42, 1.79) 11.88
Shengzhong Y 2018 : ———  542(2.49,11.81) 11.34
Ruijuan Zhang 2019 —10— 1.86 (1.00, 3.47) 12.93
JLi 2019 0—%— 1.08 (0.50, 2.34) 11.40
Overall, DL (I2 =60.8%, p = 0.006) <® 1.46 (0.93, 2.29) 100.00
T T
0733 1 136

Figure 10. Meta-analysis for the relationship between XIST (X inactive-
specific transcript) expression and differentiation. Note: Weights are
from the random-effect model.
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Ningning Sun 2018 —;0— 2.87 (1.36,6.07) 6.34
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Ruijuan Zhang 2019 - 150 (0.94,2.40) 7.49
Jinglu Wang 2019 —_— : 0.47 (0.21, 1.06) 6.08
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Overall, DL (I° = 69.6%, p = 0.000) <> 2.36(1.63,3.43)  100.00
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016 1 625

Figure 11. Meta-analysis for the relationship between XIST (X inactive-
specific transcript) expression and clinical stage. Note: Weights are from
the random-effect model.

Publication bias and sensitivity analysis. Begg’s funnel
plot and Egger’s linear regression test were used for assessing
the publication bias. No evidence of publication bias was not
displayed in obvious asymmetry (Egger’s test: p=0.76 and
Begg’s test: p=0.553; Figure 12 and Figure 13). Furthermore,
sensitivity analysis evaluated the stability and reliability
of the results. After removing those documents that led to
heterogeneity, the overall HR did not change significantly,
so the current meta-analysis results were relatively stable
(Figure 14).

Bioinformatics analysis. To further gain insight into
the clinical relevance of our work and XIST importance,
we performed the bioinformatics analysis for the functional
impact of the XIST expression on various cancers. Firstly,
we estimated the expression of XIST in various cancers via
data from GEPIA. As shown in Figure 15, it was found that
XIST overexpression was significant in lymphoid neoplasm
diffuse large B-cell lymphoma (DLBC), testicular germ cell
tumors (TGCT), and thyroid carcinoma (THCA). Then,
to validate the results of our meta-analysis, Kaplan-Meier
Plotter Database was used to determine the association
between the expression of XIST and the OS. Same results
as our meta-analysis, it was found that higher expression
of XIST was significantly related to worse OS in cervical
squamous cell (CESC), kidney renal papillary cell (KIRP),
and skin cutaneous melanoma (SKCM) (log-rank p<0.05)
(Figure 16).

Discussion

In recent years, the tumor is the primary cause of mortality
throughout the world and clinical treatment remains limited.
Because of the asymptomatic characteristics of all types
of tumors in the early stage, most patients are diagnosed
as advanced, missing the best time for surgical resection,
which is the only way to cure patients [40]. Despite thera-
peutic chemotherapy and radiotherapy advances, the 5-year
survival of patients with tumors remains unsatisfactory.
Consequently, new molecular biomarkers for diagnosing
advanced cancer conditions and prognosis are in need.
Recently, several studies have evidenced that IncRNAs are
abnormally expressed in diverse types of human tumors;
moreover, a correlation between IncRNA expression, patho-
physiological features, and patient survival has also been
indicated, making IncRNAs promising biomarkers for tumor
prognosis [41-44]. Because of high sensitivity, specificity, and
convenient detection, IncRNAs have focused on their role in
cancer pathogenesis and prognosis, providing a novel view
into tumor therapeutic strategy. LncRNA XIST is derived
from the XIST gene that is only expressed from the forma-
tion of the inactive X chromosome in mammals. After more
than 20 years of extensive research, much clinical research
has demonstrated that aberrant expression of IncRNA XIST
not only played a significant role in the proliferation and
invasion; but also, in the occurrence and progression of
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Figure 12. Funnel plot for identifying publication bias for OS. A) Begg’s funnel plot analysis for publication bias. B) Egger’s funnel plot analysis for
publication bias. Each point represents a separate study. Abbreviations: OS-overall survival; HR-hazard ratio; s.e.-standard error.
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Figure 13. Funnel plot for identifying publication bias for DFS. A) Begg’s funnel plot analysis for publication bias. B) Egger’s funnel plot analysis for
publication bias. Each point represents a separate study. Abbreviations: DFS-disease-free survival; HR-hazard ratio; s.e.-standard error.
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Figure 14. Sensitivity analysis. A) OS; B) DFS. Abbreviations: DFS-disease free survival; OS-overall survival

various tumors [45, 46]. However, due to a lack of systematic ~ explore the correlation between IncRNA XIST expression
research, the mechanism underlying the correlation between  and OS in tumor patients.

IncRNA XIST and tumor consequence is unclear. Given the In this study, we pooled data from a total of 29 retrospec-
above consequences, this is a significant meta-analysis to  tive eligible studies with 2,710 tumor patients. Our datum
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Figure 15. The expression levels of XIST in three kinds of cancer tissues and normal tissues. “*”: |[Log 2 FC| > 1 and p<0.01. Abbreviations: DLBC-
lymphoid neoplasm diffuse large B-cell lymphoma; TGCT-testicular germ cell tumors; THCA-thyroid carcinoma
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Figure 16. The association between the expression of XIST and the OS. A) The survival curve of patients with CESC. B) The survival curve of patients
with KIRP. C) the survival curve of patients with SKCM. Abbreviations: CESC-cervical squamous cell; KIRP-kidney renal papillary cell; SKCM-skin

cutaneous melanoma

implied that IncRNA XIST overexpression was interre-
lated with a poor prognosis. Furthermore, we perceived the
remarkable clinical value of XIST in digestive system tumors
more than in non-digestive system tumors by subgroup
analysis. Also, the high expression of IncRNA XIST was
interrelated with poor DFS. The clinicopathological param-
eters analysis revealed that increased XIST expression
was a significant correlation with easier LNM, DM, larger
tumor size, poor tumor differentiation, and higher clinical
stage. However, no considerable interrelation was perceived
between the expression of IncRNA XIST and gender, as well
as age. Moreover, we further confirmed the results of our

meta-analysis via bioinformatics methods. Same results as
our meta-analysis, it was found that higher expression of
XIST was significantly related to worse OS in CESC, KIRP,
and SKCM.

The mechanisms underlying the correlation between
high XIST expression and poor outcome of tumor patients
is uncertain. Evidence of this study suggests that XIST
may act as an oncogene in several malignant tumors. Long
non-coding RNA XIST regulates gastric cancer progression
by acting as a molecular sponge of miR-101 to modulate
EZH2 expression or regulate the miR-497/MACCI1 axis
individually. Moreover, in non-small cell lung cancer IncRNA
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XIST inhibits cell proliferation via regulating the miR-744/
RINGTI axis or repressing KLF2 expression. Meanwhile, long
noncoding RNA XIST promotes malignancies via regulating
miR-101/EZH2 in esophageal squamous cell carcinoma.
Long non-coding RNA XIST exerts oncogenic functions via
miR-34a-5p or miR-140/miR-124/iASPP or miR133a/EGFR
axis in pancreatic cancer. However, there are different study
outcomes in cervical squamous cell carcinoma, osteosar-
coma, and hepatocellular carcinoma. One revealed that XIST
expression was significantly downgraded, while the other
revealed that XIST was upgraded in tumor tissues and cell
lines [26, 31, 34]. The abnormal phenomena symbolize those
inconsistent outcomes that can increase our understanding
of the underlying molecular mechanisms of IncRNA XIST
and require rigorous experimental design and repetitive
experiments in the future.

In spite of it all, the present study was limited in several
aspects that should be further emphasized: 1) among all
included studies, most studies came from Asians. Therefore,
the results of our data are not adequately the prognosis of
global representative; 2) several HRs in some studies could
not be calculated directly from the primary data, which the
inaccuracy might add the potential bias; 3) potential biases
might exist because of studies with positive results were more
likely to be published. Thus, our results might overvalue the
predictive significance of IncRNA XIST in the prognosis of
human tumors to some extent.

In summary, the current analysis had a large number
of studies, and the number of samples exceeded 2,000,
achieving specific stable results. Our results clarify the signif-
icance of IncRNA XIST as a potential clinical indicator of
poor prognosis and adverse pathological features in tumor
patients. These outcomes also could have potential value in
early diagnosis and result in prediction, and provide a novel
view for the therapeutic target in clinical treatment. Consid-
ering the localization of this analysis, further comprehen-
sive, large-scale, and good-quality clinical research should
be required to clarify the accuracy of the prognostic value of
IncRNA XIST in tumor patients and to improve more reliable
clinical applications.
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