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Background. LINC00922 has been found to promote epithelial-mesenchymal transition (EMT) in a variety of tumors. But its
functions in gastric cancer (GC) remain unclear. We attempt to investigate the correlation between LINC00922 and GC via
bioinformatics analysis, in vitro and in vivo experiments. Methods. TCGA and GTEx databases were utilized to obtain the
RNAseq and clinical data of GC, and then, identified the correlation of LINC00922 with patients’ clinicopathological
characteristics and prognosis. GSEA and GO/KEGG enrichment analyses were performed to explore the potential functions or
signaling pathways that LINC00922 participated in GC. Infiltration levels of immune cells were employed by ssGSEA
algorithm, and then Wilcoxon rank sum test was applied to analyze their correlations with LINC00922. Scratch and transwell
assays were conducted to detect the invasion and migration abilities of GC cells. Western blot was performed to explore the
expression level of EMT-related proteins. Furthermore, we constructed the xenograft tumor model and metastatic tumor
model in nude mice to explore the effect of LINC00922 downregulating on metastasis of GC cells in vivo. Results. Compared
with normal tissues, LINC00922 was highly expressed in GC tissues and positively correlated with poor prognosis. The
correlation existed between LINC00922 and immune infiltration in GC. Downregulation of LINC00922 inhibited the EMT
process of GC cells. In addition, both in vitro and in vivo experiments showed that LINC00922 affects the invasion and
migration abilities of GC. Conclusions. LINC00922 promotes the migration, invasion, and EMT in GC and has the potential to
be used as a prognostic biomarker and therapeutic target for GC.

1. Introduction

Gastric cancer (GC) is the fifth most common malignancy
and the fourth leading cause of cancer-related death, and
more than one million cases newly diagnosed as GC world-
wide in 2020 [1]. Early-stage GC can be treated surgically
and patients have a high survival rate, while the outcome
of patients with advanced-stage is not satisfactory [2]. The
age-standardized 5-year overall survival (OS) rates for GC
are low in many countries, ranging from 20% to 40% [3].
Recent breakthroughs in omic technologies have permitted
unprecedented levels of cancer sequencing and characteriza-

tion, revealing novel growth pathways and disease genetic
drivers [4]. Although various treatment methods have
advanced, the prognosis of GC patients remains poor [5].
Therefore, searching for biomarkers for early diagnosis and
exploring the molecular carcinogenesis of GC are urgently
required to improve the prognosis of this cancerous disease.

Long noncoding RNAs (lncRNAs) are RNA transcripts
that are longer than 200 nucleotides in length and have no
or limited protein-coding potential [6]. lncRNAs can be clas-
sified into long intergenic ncRNA (lincRNA), antisense
lncRNA, sense lncRNA, and intronic lncRNA, of which
lincRNA and antisense lncRNA are the most common types
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[7]. lncRNAs are involved in regulating a variety of biologi-
cal functions and some of these functions depend on the
intracellular localization: the regulation of lncRNAs in the
nucleus involves chromatin interactions, transcription, and
RNA processing, while lncRNAs in the cytoplasm are
involved in regulating mRNA stability, translation, and cell
signaling [8]. Compared to transcripts encoding proteins,
lncRNAs usually exhibit a higher degree of temporal and
spatial specificity [9]. Therefore, identification of differential
lncRNA expression profiles in GC would aid in the diagnosis
and could serve as an effective therapeutic target [10].

Studies have illustrated a diverse range of biological pro-
cesses of lncRNAs in the regulation of the occurrence and
progression of various tumors, including GC [11]. Among
them, evidence has confirmed the involvement of lncRNAs
in the regulation of gene expression associated with GC
metastasis. For example, lncRNA SNHG11, as an oncogene,
mediates the proliferation and migration of GC cells by
binding miR-184, then weakening the inhibitory effect of
miR-184 on CDC25A [12]. Tumor-infiltrating immune cells
influence drug response in GC patients [13, 14]. So, the rela-
tionship between lncRNAs and tumor immunity has
received much attention. For example, lncRNA SNHG15
increases PD-L1 expression by suppressing miR-141, which
in turn promotes resistance to immune response and
immune escape of GC cells [15]. The involvement of
lncRNAs in immune regulation is currently considered to
be complex, and many key immunoregulatory lncRNAs
have not yet been identified [16].

LINC00922 (long intergenic nonprotein coding RNA
922), also known as lnc-LALC, is a lincRNA with a chromo-
somal localization of 16q21, and a full length of 1776 bp con-
taining nine exons. In normal human tissues, LINC00922
was detected in lung, spleen, whole blood, and testis with
high expression levels [17]. Previous studies reported that
the prognostic model consisting of six lncRNAs (SNHG12,
MAFG-DT, ASMTL-AS1, LINC02321, LINC01322, and
LINC00922) has shown the prognostic value of OS for blad-
der cancer patients, which reflects the prognostic potential of
LINC00922 [18]. During the epithelial-mesenchymal transi-
tion (EMT) process, epithelial cells lose cell polarity and cell-
cell adhesion and then acquire a mesenchymal stem cell phe-
notype with migratory and invasive properties [19]. EMT is
considered as the key event in the process of tumor metasta-
sis [20]. Previous studies showed that LINC00922 can regu-
late the proliferation, migration, invasion, and EMT process
of hepatocellular carcinoma cells as a sponge of miR-424-5p
[21]. Similarly, LINC00922 promotes EMT by binding miR-
361-3p in ovarian cancer [22]. In addition, LINC00922 can
also activate the Wnt signaling pathway by promoting meth-
ylation of promoter NKD2, which in turn promotes inva-
sion, migration, and EMT of breast cancer [23]. The above
results suggested LINC00922 can be involved in regulating
the EMT process as miRNA sponges or methylation
regulators.

Currently, although LINC00922 has been found to play
an oncogenic role in various tumors, its functions in GC
are still lacking. In this study, we investigated LINC00922
expression and its correlations with clinicopathological fea-

tures and clinical outcomes of GC patients. Then, its impact
on the EMT process and metastasis of GC was tested. Fur-
thermore, we discussed the potential association of
LINC00922 with tumor immune infiltrating cells. We aimed
to provide new insights into the prognostic biomarker and
treatment strategies for GC patients.

2. Materials and Methods

2.1. Data Processing and Differential Expression Analysis.We
extracted RNAseq data of TCGA and GTEx database in
transcripts per million reads (TPM) format from the UCSC
Xena database (https://xenabrowser.net/datapages/), which
had been uniformly processed by the Toil process and then
log2-transformed for further analysis [24]. Furthermore,
we obtained RNAseq data and clinical data in TCGA-
STAD project level 3 HTSeq-FPKM format from TCGA
database (https://portal.gdc.cancer.gov/), then FPKM format
RNAseq data were converted to TPM format and proceed-
ing log2-transformed. Finally, we collected a total of 407
GC projects, including 375 GC tissues and 32 adjacent nor-
mal gastric mucosa tissues. Among them, 27 pairs of cancer
tissues and paired adjacent normal tissues were contained.
The baseline data of GC patients were shown in Supplemen-
tary Table S1. Then, we analyzed the relationship between
LINC00922 expression and the clinicopathological
characteristics of GC through the Chi-square test,
Wilcoxon rank sum test, and logistic regression analysis
methods.

2.2. Survival Analysis. We performed receiver operating
characteristic (ROC) curve analysis of LINC00922 expres-
sion in GC samples. We used the “survival analysis” module
to analyze the correlation of LINC00922 with OS and
disease-free survival (DFS) in GC through the GEPIA2 tools
[25]. With the cutoff-high (50%) and cutoff-low (50%)
values as the expression threshold, the high and the low
expression group were divided. And log-rank test was used
for hypothesis testing. We used Kaplan-Meier Plotter data-
base (http://kmplot.com/analysis/) to evaluate the relation-
ship between LINC00922 and postprogression survival
(PPS) in GC patients [26]. Furthermore, we used this data-
base to perform prognostic analyses based on LINC00922
expression levels in GC cohort of specific immune cell sub-
sets. We used univariate and multivariate Cox regression to
analyze the prognostic factors related to GC, including the
clinicopathological features and the expression level of
LINC00922.

2.3. KEGG and GO Analysis. We obtained the top 100 genes
coexpressed with LINC00922 in GC from the GEIPA2 data-
base and used the R package ClusterProfiler [27] to conduct
KEGG pathway analysis and GO enrichment analysis.

2.4. Gene Set Enrichment Analysis (GSEA). We obtained
RNAseq data in Level 3 HTSEQ-Counts format from
TCGA-STAD project and removed the control/normal
items. Based on the median expression level of LINC00922,
patients were divided into high and low expression groups.
GSEA enrichment analysis and visualization were played
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Figure 1: Wilcoxon rank sum test was used to detect the LINC00922 expression levels in human cancers. (a) LINC00922 expression levels in
different cancer types from the UCSC Xena database. (b) The differential expression of LINC00922 in adjacent normal tissues and GC
tissues of GTEx combined with the TCGA database. (c) The differential expression of LINC00922 in GC tissues and adjacent normal
tissues of the TCGA database. (d) The differential expression of LINC00922 in GC tissues and adjacent normal tissues.
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Figure 2: Continued.
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via the cluster Profiler R package [27]. For enrichment anal-
ysis results, while the absolute value of normalized enrich-
ment score ðNESÞ > 1, P:adj < 0:05, and the false discovery
rate ðFDRÞ < 0:25, the enriched signaling pathways were
considered to be statistically significant.

2.5. Expression of LINC00922 and Analysis of Immune
Infiltration in GC. The immune infiltration analysis of GC
was performed through the single sample gene set enrich-
ment analysis (ssGSEA) in the GSVA R package, and the
degrees of the infiltration of 24 immune cells were quantified
based on gene expression profiles [28, 29]. Wilcoxon rank
sum test was used to analyze the correlation between the
degree of immune cell infiltration and LINC00922 expres-
sion level.

2.6. Materials. Fetal bovine serum was purchased from Ser-
ana (Germany), and RPMI-1640 medium was purchased
from Hyclone (Beijing, China). Puromycin and polybrene
were purchased from Beyotime (Shanghai, China). Total
RNA extraction kits were purchased from Tiangen (Beijing,
China). Reverse transcription kits and quantitative real-time
PCR kits were purchased from Vazyme (Nanjing, China).
LINC00922 siRNA lentivirus (si-LINC00922) and negative
control (NC) lentivirus (viral titer: 8 × 108TU/ml) were pur-
chased from GenePharma (Shanghai, China). The sequences
of siRNA were shown in Supplementary Table S2. The 24

well plates and the matrigel (356231) for transwell assay
were purchased from Corning Incorporated (USA). The
antibodies include GAPDH (60004-1-Ig), E-Cadherin
(20874-1-AP), N-Cadherin (22018-1-AP), and vimentin
(10366-1-AP) antibodies were purchased from Proteintech
(Hubei, China).

2.7. Cell Culture and Lentiviral Transfection. In this experi-
ment, human GC cell lines MGC-803, MKN-45, and
immortalized human gastric epithelial cell lines GES-1 were
selected for culture. All cells were kept in a humidified incu-
bator at 37°C with 5% CO2. Cells were cultured in RPMI
1640 medium supplemented with 10% fetal bovine serum
and 1% penicillin-streptomycin. When cells reached about
80% confluence, they were subcultured. And for lentiviral
transfection, an appropriate amount of polybrene and
siRNA lentivirus was added to transfect target cells. After
48 hours of transfection, puromycin was added for screen-
ing. After 7 days of continuous screening, stably transfected
cell lines were obtained.

2.8. Quantitative Real-Time PCR (qPCR). Total RNA in the
cells was extracted by using trizol reagent. And after RNA
was reverse-transcribed into cDNA, qPCR was accom-
plished using SYBR Green real-time PCR kit, where a 20μl
reaction system was set up according to the protocol. The
gene expression level was calculated by the 2-ΔΔCT method.
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Figure 2: Wilcoxon rank sum test was used to compare the relationship between the expression level of LINC00922 and age (a) of GC
patients in TCGA database. And did the same analysis with gender (b), race (c), T stage (d), N stage (e), M stage (f), pathological stage
(g), histologic grade (h), and H pylori infection (i).

Table 1: The expression of LINC00922 associated with clinicopathologic characteristics of GC by logistic regression analysis.

Characteristics Total (N) Odds ratio (OR) P value

T stage (T2&T3&T4 vs. T1) 367 8.900 (2.502-56.673) 0.004

N stage (N2&N3 vs. N0&N1) 357 0.900 (0.590-1.371) 0.623

M stage (M1 vs. M0) 355 1.821 (0.798-4.414) 0.164

Primary therapy outcome (SD&PR vs. CR&PD) 317 1.762 (0.721-4.569) 0.222

Race (Asian and Black or African American vs. White) 323 0.510 (0.305-0.841) 0.009

Histological type (papillary type and signet ring type and tubular type
vs. diffuse type and mucinous type and not otherwise specified)

374 0.327 (0.191-0.544) <0.001

Histologic grade (G3 vs. G1&G2) 366 1.677 (1.102-2.563) 0.016

CR: complete response; PD: progressive disease; SD: stable disease; PR: partial response.
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The GADPH served as the internal reference gene. The
primers used in this experiment were synthesized by Sangon
Biotech (Shanghai, China), and the primer sequences were
shown in Supplementary Table S2.

2.9. Transwell Migration/Invasion Assay. The wells were first
coated with 100μl matrigel. When cells reached 80-90%
confluence, they were digested. After centrifugation, resus-
pension, and density adjustment (1:0 × 104 cell/μl), 200μl
cell suspension was seeded to the upper chamber, and
600μl 1640 medium containing 10% fetal bovine serum
was added to the lower chamber. After 48 hours of incuba-
tion, the medium was removed and then cells were fixed in
absolute alcohol. After fixing, chambers were taken out of
the plate, and absolute alcohol was removed. Chambers were
then dyed in crystal violet. The inner side of the membrane
was wiped with cotton swabs, and the chambers were turned

upside down to get dry. Finally, cells were observed with an
inverted microscope. Five randomly selected fields of view
per sample were counted, and data obtained were then ana-
lyzed. The procedure for migration assay was the same as the
invasion assay except that matrigel was not used.

2.10. Western Blot. When the confluence of the cells reached
80% and grew well, total proteins were extracted. The pro-
tein concentration was determined via the BCA method.
After electrophoresis, proteins were transferred to polyviny-
lidene fluoride (PVDF) membranes. PVDF membranes were
then blocked with 5% skimmed milk for 2 hours and incu-
bated overnight at 4°C with primary antibodies. On the sec-
ond day, membranes were incubated with secondary
antibodies for 2 hours. All bands were detected using a
chemiluminescence ECL kit and quantified by ImageJ soft-
ware. The GADPH served as the internal reference protein.
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Figure 3: The prognostic analysis based on LINC00922 expression level in GC patients. (a) ROC curve of LINC00922 expression level in
patients with GC. (b) Correlation between LINC00922 expression level and OS of patients with GC. (c) Correlation between LINC00922
expression level and DFS of GC patients. (d) Correlation between LINC00922 expression level and PPS of patients with GC (n = 384).
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2.11. Construct Xenograft Tumor Model and Metastatic
Tumor Model in Nude Mice. Male athymic BALB/C nude
mice (5 weeks old, weight 16-20g) were purchased from Teng-
Xin Biotechnology Co. Ltd. (Chongqing, China). Then, they
were placed in a temperature-controlled environment (20-
22°C) with a relative humidity of 50-60% and circulated in light
and dark for 12 hours. Nudemice could freely use standard lab-
oratory food and drink tap water. And they were cared for in
accordance with the National Institutes of Health (NIH) guide-
lines for Laboratory Animals Care. All animal experiments were
approved by the Institutional Animal Care and Treatment
Committee of Southwest Medical University (Luzhou, China).
24 nude mice were randomly divided into four groups (6/
group). Xenografts were modeled by subcutaneous injection
of MKN-45 cells (1:0 × 106 cell/ml) into the right side of the

nudemice. Tumor volumes weremeasured at two-day intervals
beginning on day 7 and calculated as: 0:5 × length × width2.
The nude mice were sacrificed after 21 days, the tumor tissues
were fixed, and the expression levels of E-cadherin, vimentin,
and N-cadherin proteins were analyzed by IHC. To establish
metastatic tumor models, 100μl MKN-45 cells (5.0×106 cell/
mL) were injected into nude mice (3/group) through the caudal
vein. The nude mice were sacrificed after 30 days, and the lung
and liver tissues were fixed and analyzed for metastasis by H&E
staining.

2.12. Immunohistochemistry and H&E Staining. Tumors and
organs were fixed over 24 hours inside a 10% neutral buff-
ered formalin solution, then embedded in paraffin and cut
into 2-4μm thick slices. Hematoxylin and eosin (H&E)

Table 2: Univariate and multivariate Cox regression analysis of OS in patients with GC.

Characteristics Total (N)
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

T stage 362

T1 18 Reference

T2 78 6.725 (0.913-49.524) 0.061 4.366 (0.555-34.337) 0.161

T3 167 9.548 (1.326-68.748) 0.025 5.318 (0.610-46.393) 0.131

T4 99 9.634 (1.323-70.151) 0.025 4.643 (0.516-41.784) 0.171

N stage 352

N0 107 Reference

N1 97 1.629 (1.001-2.649) 0.049 1.291 (0.638-2.613) 0.477

N2 74 1.655 (0.979-2.797) 0.060 1.457 (0.613-3.467) 0.394

N3 74 2.709 (1.669-4.396) <0.001 2.058 (0.865-4.894) 0.103

M stage 352

M0 327 Reference

M1 25 2.254 (1.295-3.924) 0.004 1.197 (0.505-2.838) 0.683

Race 320

Asian 73 Reference

Black or African American 11 1.949 (0.808-4.698) 0.137

White 236 1.449 (0.873-2.405) 0.152

Age 367

≤65 163 Reference

>65 204 1.620 (1.154-2.276) 0.005 1.859 (1.278-2.704) 0.001

Gender 370

Female 133 Reference

Male 237 1.267 (0.891-1.804) 0.188

Pathologic stage 347

Stage I 50 Reference

Stage II 110 1.551 (0.782-3.078) 0.209 1.086 (0.383-3.075) 0.877

Stage III 149 2.381 (1.256-4.515) 0.008 1.080 (0.272-4.290) 0.913

Stage IV 38 3.991 (1.944-8.192) <0.001 2.044 (0.502-8.327) 0.318

Histologic grade 361

G1 10 Reference

G2 134 1.648 (0.400-6.787) 0.489

G3 217 2.174 (0.535-8.832) 0.278

LINC00922 370 1.694 (1.219-2.355) 0.002 1.619 (1.120-2.341) 0.010
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was used to stain the lung and liver tissue sections, which
were then blindly examined by two pathologists. Antihuman
E-cadherin, vimentin, and N-cadherin antibodies were used
to stain tumor tissue slices, and the slices were viewed under
the microscope (Olympus BX43, Tokyo, Japan) at ×400
magnification. E-cadherin, vimentin, and N-cadherin pro-
portions were tallied in five randomly selected fields for each
sample, then, mean values were determined.

2.13. Statistical Analysis. The raw data collected in the exper-
iment were statistically processed using SPSS 23.0 software
and GraphPad 9.0. The comparison between two groups
was done using an independent sample t-test, and
the comparison between numerous groups was done
with a one-way analysis of variance. In all statistical
analyses, P < 0:05 was the significance threshold (ns,
P ≥ 0:05; ∗, P < 0:05; ∗∗, P < 0:01; ∗∗∗, P < 0:001).
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Figure 4: GO/KEGG enrichment analysis and GSEA signaling pathway enrichment analysis. (a) The GO/KEGG enrichment analysis results
of LINC00922 coexpressed genes. The results of GSEA signaling pathway enrichment analysis: cell adhesion molecules pathway (b) and
ECM glycoproteins pathway (c). (NES: normalized NS; P:adj: adjust P value; FDR: false discovery rate).
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3. Results

3.1. The Expression of LINC00922 in Human Cancers. We
analyzed the expression of LINC00922 in human cancers
by analyzing the RNAseq data from UCSC Xena database.
The results showed that significantly higher expression of
LINC00922 in most tumor tissues compared with matched
normal tissues, and the GC tissues were no exception
(Figure 1(a)). In order to further clarify the expression dif-
ferences of LINC00922 in GC, we first compared the expres-
sion of LINC00922 in 210 samples of adjacent normal
tissues and 414 samples of GC tissues obtained from GTEx
and TCGA databases. We found that LINC00922 was signif-
icantly overexpressed in GC tissues (Figure 1(b)). Then, we
analyzed the expression level of LINC00922 in 375 samples
of GC tissues and 32 samples of adjacent normal tissues in
the TCGA database and found that LINC00922 was highly
expressed in tumor tissues (Figure 1(c)). We also analyzed
the expression of LINC00922 in 27 pairs of tumor tissues
and matched adjacent normal tissues, which showed higher
expression of LINC00922 in tumor tissues (Figure 1(d)).

3.2. The Correlations between LINC00922 and
Clinicopathological Characteristics of GC. The clinicopatho-
logical characteristics of GC patients were shown in Supple-
mentary Table S1. We collected 375 primary GC samples
with clinical and RNAseq data from the TCGA database,
then divided them into high (n = 188) and low expression
groups (n = 187) in accordance with the median value of
relative expression level of LINC00922. Then, we analyzed
the relationship between LINC00922 and

clinicopathological characteristics of GC by the Chi-square
test, except that Wilcoxon rank sum test was used for age.
The results showed that the expression of LINC00922 was
correlated with T stage (P = 0:004), race (P = 0:022),
histological type (P = 0:001), and histological grade
(P = 0:049) in GC patients (Supplementary Table S1).

Next, Wilcoxon rank sum test was used for further anal-
ysis. The results indicated that the expression level of
LINC00922 was correlated with race, T stage, M stage, histo-
logical grade, and pathological stage of GC patients, and the
difference was statistically significant (P < 0:05). In addition,
the correlation of LINC00922 with age, gender, N stage, and
H pylori infection was not statistically significant (Figure 2).
In addition, through the logistic regression analysis,
LINC00922 expression in GC was found to be positively
associated with T stage, RACE, histologic grade, and histo-
logical type, suggesting that patients with high LINC00922
expression are more likely to progress to a later stage than
those with low LINC00922 expression (Table 1).

3.3. The Prognostic Significance of LINC00922 in GC. By
drawing ROC curve, we analyzed whether LINC00922
had diagnostic efficacy. The area under the curve (AUC)
value of LINC00922 was 0.876 (CI 0.830-0.923)
(Figure 3(a)), which showed a certain accuracy, suggesting
that LINC00922 could be a potential diagnostic biomarker
in GC. Next, we analyzed the prognostic value of
LINC00922 in GC. Through the GEPIA2 database, the
survival analysis registered the high expression of
LINC00922 correlated with shorter OS and DFS in GC
(n = 357, OS: HR = 1:6, P = 0:0056; n = 357, DFS: HR =
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Figure 5: Correlation between the expression level of LINC00922 and infiltrating immune cells in GC. (a) The lollipop chart shows the
correlation between LINC00922 expression level and 24 immune cells; the size of dots indicates the absolute value of the Spearman
correlation coefficient. (b, c) Comparison of immune scores of GC infiltrating immune cells in a cohort of GC patients with high and
low expression of LINC00922. (d)–(g) Comparison of Kaplan-Meier survival curves of LINC00922 high and low expression in CD4+
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1:7, P = 0:01) (Figures 3(b) and 3(c)). Then analysis via
the Kaplan-Meier plotter database showed that the high
expression of LINC00922 often indicated worse PPS in
patients with GC (n = 384, HR = 1:34, P = 0:035)
(Figure 3(d)).

Meanwhile, we also performed univariate and multivari-
ate Cox regression analyses on the prognostic factors of GC.
The univariate Cox analysis pointed to the significant corre-
lation between the high expression of LINC00922 and poor
OS (HR = 1:694, 95%CI = 1:219 − 2:355, P = 0:002). Multi-
variate regression analysis further confirmed that the expres-
sion level of LINC00922 was an independent prognostic risk
factor of OS in GC patients (HR = 1:619, 95%CI = 1:120 −
2:341, P = 0:01) (Table 2).

3.4. The Analysis of LINC00922 Related Signaling Pathways.
The GO enrichment analysis showed that the genes coex-
pressed with LINC00922 were significantly enriched in two
cellular components, T cell receptor complex and plasma
membrane receptor complex. The significantly enriched
molecular functions were peptide antigen binding, MHC
protein binding, and antigen binding. Which suggested that
LINC00922 might be involved in the regulation of immune
infiltration (Figure 4(a)). Then, we used the GSEA enrich-
ment analysis to analyze the signaling pathways related to
LINC00922 in GC. The results showed that two pathways
related to cell adhesion (CELL_ADHESION_MOLE-
CULES_CAMS AND ECM_GLYCOPROTEINS) had higher
normalized enrichment scores (Figures 4(b) and 4(c)), sug-
gesting that the expression of LINC00922 may be correlated
with the migration and invasion of GC.

3.5. The Correlation between LINC00922 and Immune
Infiltration in GC. Afterward, we analyzed the correlation
between the expression of LINC00922 and immune infiltra-
tion by using the ssGSEA algorithm in the GSVA package.
The results showed that the expression of LINC00922 was
positively correlated with the infiltration of cytotoxic cells,
DC, immature DC, eosinophils, macrophages, mast cells,

neutrophils, NK cells, plasmacytoid DC, T follicular helper
cells, γδ T cells, Th1 cells, and Treg cells, while negatively
correlated with infiltration of Th17 cells (Figure 5(a)). No
correlation was found between LINC00922 expression and
other subgroups of immune cells (Supplementary
Table S3). Then, the differences of immune scores of 24
immune cells in LINC00922 high and low expression
groups were analyzed by Wilcoxon rank sum test. The
results showed that DC cells, immature DC cells,
plasmacytoid DC, NK cells, eosinophils, macrophages,
mast cells, neutrophils, T effector memory cells, T follicular
helper cells, γδ T cells, Th1 cells, Th17 cells, and cytotoxic
cells were significantly different in the high and low
expression groups of LINC00922 (P < 0:05) (Figures 5(b)
and 5(c)).

We utilized the Kaplan-Meier plotter to analyze the
prognostic value of LINC00922 in the specific immune
cell-enriched GC cohort. We found that in the cohort
enriched with memory CD4+ T cells, regulatory T cells,
and Th2 cells, GC patients with high expression of
LINC00922 had poor prognosis (Figures 5(d), 5(f), and
5(g)). However, no significant correlation was found
between LINC00922 and OS in NKT cells enrichment GC
cohort (Figure 5(e)). The analyses above suggested that
immune infiltration and the high expression of LINC00922
might jointly affect the prognosis of GC patients.

3.6. LINC00922 Promotes the Migration and Invasion of GC
In Vitro. We used qPCR to detect the expression level of
LINC00922 in different GC cell lines and normal gastric
mucosal cells. The expression levels of LINC00922 in
MGC-803 and MKN-45 GC cell lines were significantly
higher than that in normal mucosa GES-1 cell line (Supple-
mentary Figure S1), and the expression level in MKN-45 cell
line was particularly high. We, therefore, selected the MKN-
45 cell line for subsequent experiments. In order to verify the
effect of LINC00922 on the migration and invasion of GC
cells, we designed the siRNA to downregulate the
expression of LINC00922 in MKN-45 cells and then qPCR
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Figure 6: Downregulation of LINC00922 inhibited migration and invasion of GC cells. (a) qPCR analysis of LINC00922 expression. (b)
Images of MKN-45 cells’ healing of scored wounds. (c) The healing rate of MKN-45 cells scored wounds. (d) Migration and invasion
images of MKN-45 cells in Transwell assay. (e) The number of MKN-45 cells passing through the matrix membrane in the migration
assay. (f) The number of MKN-45 cells passing through the matrix membrane in the invasion assay. (g)–(j) Western blot validates the
effects of LINC00922 down-regulation on the expression of Vimentin, E-cadherin, and N-cadherin.
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was used for confirmation. The expression levels of
LINC00922 in siRNA interference groups were lower than
that in the negative control group (Figure 6(a)). We then
did scratch and transwell assays to evaluate the migration
and invasion abilities of these cells. The results showed
that compared with the control group, the downregulated
groups inhibited migration and invasion of GC cells
(Figures 6(b)–6(f)). Based on these results, we confirmed
that the expression of LINC00922 promotes the migration
and invasion of GC cells.

3.7. LINC00922 Promotes EMT of GC In Vitro. As was indi-
cated, LINC00922 promoted the migration and invasion of
GC cells, and based on previous studies, we hypothesized that
LINC00922 promotes EMT of GC. We then detected the
expression level of EMT-related proteins, including E-cad-
herin, vimentin, and N-cadherin. The detection showed that
after downregulating LINC00922, E-cadherin, an epithelial
cell marker protein, was upregulated, whereas N-cadherin
and vimentin, two mesenchymal cell marker proteins, were
downregulated (Figure 6(g)–6(j)). The above results indicated
that LINC00922 could promote EMT of GC cells.

3.8. LINC00922 Promotes the Growth, Migration, and
Invasion of GC In Vivo. In order to further explore the bio-
logical correlation of LINC00922 on the growth and metas-
tasis of GC in vivo, we constructed the xenograft tumor
model and metastasis tumor model in nude mice. We found
that the growth of tumors in the LINC00922 downregulated
groups was significantly delayed compared with the control
group and the negative control group (Figures 7(a) and
7(b)). Immunohistochemical staining showed that after the
downregulation of LINC00922, the expression level of E-
cadherin increased, while vimentin and N-cadherin
decreased (Figures 7(c) and 7(d)). It is worth noting that
downregulation of LINC00922 reduced the metastasis effi-
ciency of GC cells to lung in nude mice, but no liver metas-
tasis was detected in any group (Figures 7(e) and 7(f)). These
results suggested that LINC00922 can promote the growth,
EMT, and metastasis of GC in vivo.

4. Discussion

Gastric cancer is one of the most common malignancies of
the gastrointestinal tract, with high morbidity and mortality
[1]. The occurrence of GC is a multifactorial and multistep
complex process. Previous studies have shown that lncRNAs
are involved in gastric carcinogenesis and development by
exerting a regulatory role in gene expression at the epige-
netic, transcriptional, or posttranscriptional levels [30]. The
expression of lncRNA is tightly regulated, and its expression
patterns exhibit temporal and spatial specificity [31]. Dys-
regulated lncRNAs are considered to be a useful metric for
characterizing the molecular profile of GC, affecting
patients’ prognosis through multiple molecular pathways
[32, 33]. Therefore, exploring dysregulated molecular signa-
tures that are upregulated or downregulated in GC would be
available for diagnosis, treatment, and prognosis [34].

Increasing evidence has illustrated that LINC00922 was
highly expressed in various types of cancer, including ovarian
cancer [22] and colorectal cancer [35]. For example, Wang
et al. [36] found that LINC00922 was highly expressed in ovar-
ian cancer cell lines, while Zhang et al. [35] reported that
LINC00922 was highly expressed in colorectal tissues and cell
lines. These results are similar to the present study, and the
expression of LINC00922 was significantly higher in GC cell
lines. In addition, the prognostic significance of LINC00922
expression has been investigated in lung cancer [36], ovarian
cancer [22], and bladder cancer [18]. For instance, Liang
et al. revealed that patients with high LINC00922 expression
had unfavorable prognosis than those with low LINC00922
expression in lung cancer [36]. The prognostic significance
of LINC00922 expression in GC has remained unknown until
now. We first found LINC00922 expression was negatively
linked with clinical outcomes in GC patients in the TCGA
database or our investigation. These results suggested that
LINC00922 may function as an oncogene in the initiation
and progression of GC.

Metastasis to adjacent or distant organs is the primary
cause of mortality in patients with GC [10]. Cell motility
and invasive behavior of gastric cancer cells is the critical
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Figure 7: Downregulation of LINC00922 inhibited growth, migration, and invasion of GC in vivo. (a) Growth curves of xenograft tumors of
four groups. (b) Representative images of xenograft tumors of four groups. (c) Representative images of the expression levels of E-cadherin,
vimentin, and N-cadherin in each group were assessed by immunohistochemistry (×400). (d) The expression levels of E-cadherin, vimentin,
and N-cadherin were analyzed by one-way ANOVA in each group. (e) Representative images of lung metastasis and spleen in nude mice of
each group. (f) The lung and liver metastasis levels in nude mice of four groups were assessed by HE staining (×400).
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mechanism underlying cancer metastasis [37]. Previous
studies indicate that LINC00922 participates in metastasis
regulation of breast cancer [23] and colorectal cancer [35].
In this study, we designed short hairpin RNA to interfere
with the expression of LINC00922 in GC cells and per-
formed scratch and transwell assays. The results showed that
the downregulation of LINC00922 in GC cells reduced the
number of cells that migrated and invaded. It is worth not-
ing that the downregulation of LINC00922 decreased the
number and diameter of metastatic nodules colonized of
the lungs in the tumor metastasis model of nude mice.
Therefore, we obtained a direct indication that manipulation
of LINC00922 expression level affects the invasion and
migration abilities of GC cells.

EMT, a phenomenon in which epithelial cells lose cell
polarity and obtain a migratory mesenchymal phenotype,
is a vital biological process inducing tumor invasion and
metastasis [38]. Simultaneously, this cellular event is charac-
terized by loss of E-cadherin, an epithelial cell marker, and
increase of mesenchymal markers such as N-cadherin and
Vimentin [39]. Accumulating evidence demonstrated that
lncRNAs regulate GC cell invasion and metastasis by induc-
ing EMT process [40]. It has been proved that LINC00922
played an important role in promoting EMT in ovarian can-
cer [22], breast cancer [23], and liver cancer [21]. In the
present study, we found that the expression of E-cadherin
was upregulated by downregulating the expression of
LINC00922, while the expressions of the corresponding
mesenchymal cell markers vimentin and N-cadherin were
significantly decreased. Which indicated that the expression
of LINC00922 in GC cells could induce the EMT process.

However, the results of our study are limited to func-
tional studies. At present, further experiments are needed
to explore the specific molecular mechanism of LINC00922
regulating the invasion, migration, and EMT process of GC
cells.

In conclusion, the present study demonstrated that
LINC00922 was significantly upregulated in GC tissues and
cell lines, and high LINC00922 expression predicted the
much poorer prognosis of GC patients. In addition,
LINC00922 knockdown inhibited migration, invasion, and
EMT process of GC cells, suggesting that LINC00922 may
be used as a potential target for treating patients with GC.

Data Availability

The data used to support the bioinformatics analysis of this
study are available from the TCGA database (https://portal
.gdc.cancer.gov/) and UCSC Xena database (https://
xenabrowser.net/datapages/). The raw data of the experi-
ments are available from the corresponding author upon
request.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Authors’ Contributions

Xiaojing Chen and Lanxin Hu contributed equally to this
work.

Acknowledgments

We thank the TCGA database and UCSC Xena database for
providing the original study data. This work was supported
by a grant from Project of Department of Science and Tech-
nology Sichuan Province (2020JDTD0036).

Supplementary Materials

Supplementary Figure 1: expression of LINC00922 in GES-1,
MGC-803, and MKN-45 cell lines. Supplementary Table S1:
the correlation between LINC00922 expression and clinico-
pathological characteristics in GC. Supplementary Table
S2: the primers and siRNA sequences. Supplementary Table
S3: correlation between LINC00922 and infiltrating immune
cells in GC. (Supplementary Materials)

References

[1] H. Sung, J. Ferlay, R. L. Siegel et al., “Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries,” CA: a Cancer Jour-
nal for Clinicians, vol. 71, no. 3, pp. 209–249, 2021.

[2] J. Zhou, L. Wu, W. Li et al., “Long noncoding RNA
LINC01485 promotes tumor growth and migration via inhi-
biting EGFR ubiquitination and activating EGFR/Akt signal-
ing in gastric cancer,” OncoTargets and therapy, vol. Volume
13, pp. 8413–8425, 2020.

[3] C. Allemani, T. Matsuda, V. Di Carlo et al., “Global surveil-
lance of trends in cancer survival 2000-14 (CONCORD-3):
analysis of individual records for 37 513 025 patients diag-
nosed with one of 18 cancers from 322 population-based reg-
istries in 71 countries,” Lancet, vol. 391, no. 10125, pp. 1023–
1075, 2018.

[4] X. Feng, N. Arang, D. C. Rigiracciolo et al., “A Platform of Syn-
thetic Lethal Gene Interaction Networks Reveals that the
GNAQ Uveal Melanoma Oncogene Controls the Hippo Path-
way through FAK,” Cancer Cell, vol. 35, no. 3, pp. 457–472.e5,
2019.

[5] J. W. Lee, M.-S. Lee, I. K. Chung, M. W. Son, Y. S. Cho, and
S. M. Lee, “Clinical implication of FDG uptake of bone marrow
on PET/CT in gastric cancer patients with surgical resection,”
World Journal of Gastroenterology, vol. 23, no. 13, pp. 2385–
2395, 2017.

[6] M. Han, S. Wang, S. Fritah et al., “Interfering with long non-
coding RNA MIR22HG processing inhibits glioblastoma pro-
gression through suppression of Wnt/β-catenin signalling,”
Brain: A Journal of Neurology, vol. 143, no. 2, pp. 512–530,
2020.

[7] I. Tsagakis, K. Douka, I. Birds, and J. L. Aspden, “Long non-
coding RNAs in development and disease: conservation to
mechanisms,” The Journal of Pathology, vol. 250, no. 5,
pp. 480–495, 2020.

[8] A. M. Schmitt and H. Y. Chang, “Long noncoding RNAs in
cancer pathways,” Cancer Cell, vol. 29, no. 4, pp. 452–463,
2016.

16 Journal of Oncology

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
https://xenabrowser.net/datapages/
https://xenabrowser.net/datapages/
https://downloads.hindawi.com/journals/jo/2022/1608936.f1.zip


[9] Y. Wu, M. Ding, S. Wei et al., “The prognostic value of
long noncoding RNA ZEB1-AS1 on clinical outcomes in
human cancer,” Journal of Cancer, vol. 9, no. 20,
pp. 3690–3698, 2018.

[10] F. Kong, X. Deng, X. Kong et al., “ZFPM2-AS1, a novel
lncRNA, attenuates the p53 pathway and promotes gastric car-
cinogenesis by stabilizing MIF,” Oncogene, vol. 37, no. 45,
pp. 5982–5996, 2018.

[11] L. Yuan, Z. Y. Xu, S. M. Ruan, S. Mo, J. J. Qin, and X. D. Cheng,
“Long non-coding RNAs towards precision medicine in gas-
tric cancer: early diagnosis, treatment, and drug resistance,”
Molecular Cancer, vol. 19, no. 1, p. 96, 2020.

[12] D. Zhao, H. Chen, and B. Wang, “Assessing the regulatory
functions of LncRNA SNHG11 in gastric cancer cell prolifera-
tion and migration,” Frontiers in Cell and Development Biol-
ogy, vol. 9, p. 620476, 2021.

[13] J. Wu, Y. Xiao, W. Lu et al., “Correlation between tumor
microenvironment and immune subtypes based on CD8 T
cells enhancing personalized therapy of gastric cancer,” Jour-
nal of Oncology, vol. 2022, 2022.

[14] W. Zou, M.-L. Zhou, L.-Y. Zhang et al., “Immune score
predicts outcomes of gastric cancer patients treated with
adjuvant chemoradiotherapy,” Journal of Oncology,
vol. 2021, 2021.

[15] S. Dang, A. Malik, J. Chen et al., “LncRNA SNHG15 contrib-
utes to Immuno-escape of gastric cancer through targeting
miR141/PD-L1,” OncoTargets and therapy, vol. Volume 13,
pp. 8547–8556, 2020.

[16] H. Fan, Z. Lv, L. Gan et al., “A novel lncRNA regulates the toll-
like receptor signaling pathway and related immune function
by stabilizing FOS mRNA as a competitive endogenous
RNA,” Frontiers in Immunology, vol. 10, p. 838, 2019.

[17] L. Fagerberg, B. M. Hallström, P. Oksvold et al., “Analysis of the
Human Tissue-specific Expression by Genome-wide Integration
of Transcriptomics and Antibody-based Proteomics,” Molecular
& cellular proteomics, vol. 13, no. 2, pp. 397–406, 2014.

[18] L. Qing, P. Gu, M. Liu et al., “Extracellular matrix-related six-
lncRNA signature as a novel prognostic biomarker for bladder
cancer,” Oncotargets and Therapy, vol. Volume 13, pp. 12521–
12538, 2020.

[19] Y. Brill-Karniely, D. Dror, T. Duanis-Assaf et al., “Triangular
correlation (TrC) between cancer aggressiveness, cell uptake
capability, and cell deformability,” Science advances, vol. 6,
no. 3, p. eaax2861, 2020.

[20] Q. Li, X. Zhou, Z. Fang, and H. Zhou, “Knockdown of KLK12
inhibits viability and induces apoptosis in human colorectal
cancer HT-29 cell line,” International Journal of Molecular
Medicine, vol. 44, no. 5, pp. 1667–1676, 2019.

[21] Z. Ye, Q. He, Q. Wang, Y. Lin, K. Cen, and X. Chen,
“LINC00922 promotes the proliferation, migration, invasion
and EMT process of liver cancer cells by regulating miR-424-
5p/ARK5,” Molecular and Cellular Biochemistry, vol. 476,
no. 10, pp. 3757–3769, 2021.

[22] L. Wang, C. Ren, Y. Xu, L. Yang, Y. Chen, and Y. Zhu, “The
LINC00922 aggravates ovarian cancer progression via sponging
miR-361-3p,” Journal of ovarian research, vol. 14, no. 1, p. 77,
2021.

[23] Y. Wang, T. Dong, P. Wang et al., “LINC00922 regulates
epithelial-mesenchymal transition, invasive and migratory
capacities in breast cancer through promoting NKD2 methyl-
ation,” Cellular Signalling, vol. 77, p. 109808, 2021.

[24] J. Vivian, A. A. Rao, F. A. Nothaft et al., “Toil enables repro-
ducible, open source, big biomedical data analyses,” Nature
Biotechnology, vol. 35, no. 4, pp. 314–316, 2017.

[25] Z. Tang, B. Kang, C. Li, T. Chen, and Z. Zhang, “GEPIA2: an
enhanced web server for large-scale expression profiling and
interactive analysis,” Nucleic Acids Research, vol. 47, no. W1,
pp. W556–w560, 2019.

[26] A. M. Szász, A. Lánczky, Á. Nagy et al., “Cross-validation of
survival associated biomarkers in gastric cancer using tran-
scriptomic data of 1, 065 patients,” Oncotarget, vol. 7, no. 31,
pp. 49322–49333, 2016.

[27] G. Yu, L. G. Wang, Y. Han, and Q. Y. He, “clusterProfiler: an R
package for comparing biological themes among gene clus-
ters,” Omics, vol. 16, no. 5, pp. 284–287, 2012.

[28] S. Hänzelmann, R. Castelo, and J. Guinney, “GSVA: gene set
variation analysis for microarray and RNA-seq data,” BMC
Bioinformatics, vol. 14, no. 1, p. 7, 2013.

[29] G. Bindea, B. Mlecnik, M. Tosolini et al., “Spatiotemporal
dynamics of intratumoral immune cells reveal the immune
landscape in human cancer,” Immunity, vol. 39, no. 4,
pp. 782–795, 2013.

[30] E. C. Smyth, M. Nilsson, H. I. Grabsch, N. C. van Grieken, and
F. Lordick, “Gastric cancer,” The Lancet, vol. 396, no. 10251,
pp. 635–648, 2020.

[31] J.-W. Shih and H.-J. Kung, “Long non-coding RNA and tumor
hypoxia: new players ushered toward an old arena,” Journal of
Biomedical Science, vol. 24, no. 1, p. 53, 2017.

[32] Y. Liu, W. Ding, W. Yu, Y. Zhang, X. Ao, and J. Wang, “Long
non-coding RNAs: biogenesis, functions, and clinical signifi-
cance in gastric cancer,” Molecular Therapy-Oncolytics,
vol. 23, pp. 458–476, 2021.

[33] Z. Zhao and X. Liu, “LncRNA SNHG7 regulates gastric cancer
progression by miR-485-5p,” Journal of Oncology, vol. 2021,
2021.

[34] L. Wei, J. Sun, N. Zhang et al., “Noncoding RNAs in gastric
cancer: implications for drug resistance,” Molecular Cancer,
vol. 19, no. 1, p. 62, 2020.

[35] C. Zhang, L. Wang, C. Jin et al., “Long non-coding RNA Lnc-
LALC facilitates colorectal cancer liver metastasis via epigenet-
ically silencing LZTS1,” Cell Death & Disease, vol. 12, no. 2,
p. 224, 2021.

[36] T. Liang, B. Wang, J. Li, and Y. Liu, “LINC00922 accelerates
the proliferation, migration and invasion of lung cancer via
the miRNA-204/CXCR4 axis,”Medical Science Monitor: Inter-
national Medical Journal of Experimental and Clinical
Research, vol. 25, pp. 5075–5086, 2019.

[37] Z. Zhang and H. Ge, “Micrometastasis in gastric cancer,” Can-
cer Letters, vol. 336, no. 1, pp. 34–45, 2013.

[38] E. Xu, X. Xia, C. Jiang et al., “GPER1 silencing suppresses the
proliferation, migration, and invasion of gastric cancer cells
by inhibiting PI3K/AKT-mediated EMT,” Frontiers in Cell
and Development Biology, vol. 8, p. 591239, 2020.

[39] K. Hur, Y. Toiyama, M. Takahashi et al., “MicroRNA-200c
modulates epithelial-to-mesenchymal transition (EMT) in
human colorectal cancer metastasis,” Gut, vol. 62, no. 9,
pp. 1315–1326, 2013.

[40] Z. Li, M. Lü, Y. Zhou et al., “Role of long non-coding RNAs in
the chemoresistance of gastric cancer: a systematic review,”
OncoTargets and therapy, vol. Volume 14, pp. 503–518, 2021.

17Journal of Oncology


	Upregulated LINC00922 Promotes Epithelial-Mesenchymal Transition and Indicates a Dismal Prognosis in Gastric Cancer
	1. Introduction
	2. Materials and Methods
	2.1. Data Processing and Differential Expression Analysis
	2.2. Survival Analysis
	2.3. KEGG and GO Analysis
	2.4. Gene Set Enrichment Analysis (GSEA)
	2.5. Expression of LINC00922 and Analysis of Immune Infiltration in GC
	2.6. Materials
	2.7. Cell Culture and Lentiviral Transfection
	2.8. Quantitative Real-Time PCR (qPCR)
	2.9. Transwell Migration/Invasion Assay
	2.10. Western Blot
	2.11. Construct Xenograft Tumor Model and Metastatic Tumor Model in Nude Mice
	2.12. Immunohistochemistry and H&E Staining
	2.13. Statistical Analysis

	3. Results
	3.1. The Expression of LINC00922 in Human Cancers
	3.2. The Correlations between LINC00922 and Clinicopathological Characteristics of GC
	3.3. The Prognostic Significance of LINC00922 in GC
	3.4. The Analysis of LINC00922 Related Signaling Pathways
	3.5. The Correlation between LINC00922 and Immune Infiltration in GC
	3.6. LINC00922 Promotes the Migration and Invasion of GC In Vitro
	3.7. LINC00922 Promotes EMT of GC In Vitro
	3.8. LINC00922 Promotes the Growth, Migration, and Invasion of GC In Vivo

	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

