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	 Background:	 Recently, the upregulation of LINC00963 expression has been reported in various cancer subtypes. LINC00963 
expression can promote cancer cell invasion and metastasis. However, the clinical significance of LINC00963 
in cervical and endocervical cancer (CESC) has remained relatively unexamined.

	 Material/Methods:	 We assessed the mRNA expression of LINC00963 in patients with CESC based on data acquired from The Cancer 
Genome Atlas (TCGA) to determine pathways involved in CESC pathogenesis with respect to LINC00963. We 
included 3 normal and 304 tumor samples in this study.

	 Results:	 The scatter plot and paired plot showed differences in LINC00963 expression between normal and tumor sam-
ples (P<0.01). Overall survival (OS) analysis revealed that CESC patients with high expression of LINC00963 
demonstrated worse prognosis than CESC patients with low expression of LINC00963 (P<0.01). Multivariate 
analysis with the Cox proportional hazards model indicated that the expression of LINC00963 (HR 0.297; 95% 
CI 0.115-0.776; P=0.012) and primary therapy outcome (HR 0.162; 95% CI 0.059-0.446; P=0.001) were inde-
pendent prognostic factors for patients with CESC. GSEA results showed that reactome biological oxidations, 
inflammasomes, apoptosis, toll-like receptor signaling pathway, JAK/STAT signaling pathway, and NF-kB acti-
vation were differentially enriched in CESC samples with the high LINC00963 expression phenotype.

	 Conclusions:	 Our results confirmed the association of significantly high levels of LINC00963 expression in CESC with sever-
al observed clinical features. LINC00963 may be a potentially useful prognostic molecular biomarker associat-
ed with poor survival in patients with CESC.
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Background

Cervical cancer has been ranked as the second leading cause 
of cancer-related mortality worldwide among women, with 
more than 500 000 cases diagnosed each year [1]. Cervical 
cancer comprises 4 main types: cervical squamous cell carci-
noma and adenocarcinoma, which account for approximate-
ly 95% of all cases, followed by adenosquamous carcinoma 
and adenoid basal cell carcinoma, which account for approx-
imately 5% of all cases. The incidence of cervical and endo-
cervical cancer (CESC) has increased markedly, becoming the 
most predominant subtype of cervical cancer detected among 
Chinese patients [2].

For the past decades, while many methods have been em-
ployed for cervical cancer screening, determining the progno-
sis of patients with cervical cancer remains difficult. Hence, 
there is an urgent need to determine the etiology of cervical 
cancer and consequently develop better preventive measures.

In cervical cancer, various biological and molecular factors 
within the tumor microenvironment are altered. Factors in-
cluding human papillomavirus infection posing a high and 
long-term sustained risk, epigenetic variation, and cellular mu-
tations have been identified as prognostic markers for cervi-
cal cancer [3]. Remarkably, cervical cancer studies have exam-
ined the integration of several strategies into clinical practice 
to predict the survival of cervical cancer patients, resulting in 
an extensive examination of the molecular pathology of cer-
vical cancer [4]. Several biomarkers have been reported to be 
correlated with cervical cancer, which are used in clinical prac-
tice. For instance, C-reactive protein and lactate dehydroge-
nase [5] are commonly used biomarkers; however, their reli-
ability remains debatable.

Long non-coding RNAs (lncRNAs) are a class of RNA transcripts 
with a length of more than 200 nucleotides. Such RNA mole-
cules do not code for proteins. LncRNAs can interact with DNA, 
RNA, and proteins in a variety of ways. Several studies have 
demonstrated abnormal regulation of lncRNAs in several dis-
eases, such as cardiovascular disease, familial genetic disease, 
nervous system disease, immune system disorders, and cancer. 
Based on the role of lncRNAs in the genome, they can be di-
vided into intragenic, intergenic, sense, and antisense lncRNAs. 
Based on the functions, they can be divided into signal, bait, 
guide, and skeleton lncRNAs. LncRNAs are primarily used as 
transcription factors in a variety of signaling pathways [6-8]. 
Accumulating evidence has revealed that lncRNAs play critical 
regulatory roles in many biological and pathological processes. 
Lately, efforts have been undertaken to identify lncRNA-based 
signatures to predict survival in cervical cancer patients [9]. 
However, the prognostic value of lncRNAs in predicting the risk 

of disease recurrence and identifying the high-risk subgroup 
of patients with early-stage CESC remain unclear.

LINC00963 is located on 9q34.11 and can act as a competing 
endogenous RNA. Its role as an oncogene has been demon-
strated in several human malignant tumors, including osteo-
sarcoma cancer, esophageal cancer, and hepatocellular car-
cinoma [10-12]. Some studies have demonstrated that the 
suppression of LINC00963 can be beneficial for inhibiting che-
moresistance and cancer relapse in oral cancer patients [13]. 
To date, the expression of LINC00963 and its potential prog-
nostic influence on CESC has not been examined.

Several lines of evidence have demonstrated an oncogenic 
role of LINC00963. Upregulation of LINC00963 expression has 
been examined in ovarian cancer compared with that in adja-
cent noncancerous tissues [14]. The knockdown of LINC00963 
was found to suppress the proliferation, motility, and inva-
sion ability of prostate cancer cells [15]. The overexpression of 
LINC00963 accelerates breast cancer cell migration and inva-
sion [16]. However, the expression and function of LINC00963 
in cervical cancer have not been explored yet.

Consequently, in this study, we investigated the expression 
and clinical relevance of LINC00963 in CESC. We examined the 
role of LINC00963 in the regulation of proliferation, tumorigen-
esis, and radiosensitivity of cervical cancer cells. In addition, 
we attempted to elucidate the mechanism associated with 
the LINC00963-dependent aggressive phenotype. We also in-
vestigated a reliable prognostic lncRNA signature that could 
identify patients with early-stage CESC who are at a high risk 
of disease recurrence.

Material and Methods

RNA Expression and Data Mining

Data related to 304 mRNA CESC samples, including survival 
data, and 3 normal samples were derived from the TCGA da-
tabase (https://tcga-data.nci.nih.gov/). The following keywords 
were used: CESC, program name, TCGA, project ID, gender, fe-
male, workflow type, HTseq-counts, data category, transcrip-
tome profiling, and data type. Gene expression quantification 
data were simultaneously retrieved. The clinicopathological 
data included age, height, weight, history of smoking, histo-
ry of birth control pill use, PIK3CA status, stage, grade, meno-
pause status, radiation therapy, and primary therapy outcome. 
As this was a bioinformatics study, the approval of the eth-
ics committee or institutional review board was not required. 
Our study was conducted in accordance with the publication 
guidelines provided by TCGA.
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Construction and Prediction of the Nomogram

To personalize the predicted life expectancy, a nomogram was 
evaluated to account for the outcomes of multivariate analy-
sis. The rms package in R was applied to create a nomogram 
that covered significant clinical characteristics and calibration 
plots. Calibration and discrimination are the most common-
ly used methods for evaluating the performance of models. 
The TCGA CESC data were classified into a LINC00963 high-
risk group and LINC00963 low-risk group based on the medi-
an value of the risk scores. The differences in overall survival 
(OS) between the high-risk and low-risk groups were exam-
ined by the Kaplan-Meier method with a 2-sided log-rank test. 
A calibration plot was constructed to evaluate the prediction 
accuracy of the nomogram based on the prognostic model.

Gene Set Enrichment Analysis

Gene set enrichment analysis (GSEA) was performed to cre-
ate a series of all genes indicated by their association with 
LINC00963 expression. The samples were divided into high 
and low LINC00963 expression groups and used as a training 
set to distinguish the potential function and elucidate the sig-
nificant survival differences. Annotated gene sets c2.cp.v7.0. 
in the msigdb collections [17] were selected as symbols.gmt 
(gene as a reference gene set, false discovery rate <0.25 and 
p.adjust <0.05) and considered to be significantly enriched 
(p.adjust=0.1 could be relaxed appropriately). Gene set per-
mutations were executed multiple times for each examina-
tion. The normalized enrichment score and adjusted P values 
were used to sort the pathways enriched for every phenotype.

Gene Ontology and Kyoto Encyclopedia of Genes and 
Genomes Enrichment Analyses for Identification of 
Differentially Expressed Genes

The clusterPorfiler R package [18] was applied to analyze sig-
nificant differentially expressed genes (DEGs) between CESC 
and normal samples. The DEGs were determined using an un-
paired t test. The threshold value, adjusted P£0.05 and |logFC| 
³1.5, was calculated by the Benjamini-Hochberg method. The 
Gene Ontology (GO) category showed that these genes were 
represented in a variety of functional categories including bi-
ological process, molecular function, and cellular component. 
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrich-
ment analysis and pathway analysis of DEGs were performed 
on the basis of the Database for Annotation, Visualization and 
Integrated Discovery (DAVID) online tools (https://david.ncif-
crf.gov/). The cut-off criterion was set as P<0.05.

Composition of Invasive Immune Cells in CESC

The marker gene of 24 immune cells was determined based 
on literature analysis [19]. The infiltration of these immune 
cells in CESC was analyzed by the single-sample Gene Set 
Enrichment Analysis (ssGSEA) method. The degree of correla-
tion of LINC00963 with immune cells was analyzed using the 
Spearman correlation method, and the infiltration of these 
cells between the high- and low-expression LINC00963 sam-
ples was compared using the Wilcoxon rank-sum test.

Protein–Protein Interaction Network Construction and 
Analysis

The protein-protein interaction (PPI) network was construct-
ed using the Search Tool for the Retrieval of Interacting Genes 
(STRING) database (http://string-db.org/). A score of >0.4 
demonstrated significance. Cytoscape (version 3.6.1), a soft-
ware platform for bioinformatics analysis, was used for visu-
alizing PPI.

Statistical Analysis

Associations between clinical factors and LINC00963 were an-
alyzed using the Wilcoxon rank-sum test and logistic regres-
sion. The chi-square test was used for categorical variables, 
and the t test was used for statistical analysis of numerical 
variables. In this study, P values <0.05 were considered sta-
tistically significant.

Results

Association of the Expression of LINC00963 and 
Clinicopathologic Factors

The TCGA dataset consisting of 304 tumor and the 3 normal 
samples is summarized in Table 1. Our study cohort includ-
ed 152 samples with a low expression of LINC00963 and 152 
samples with a high expression of LINC00963. The histogram 
showed the differences in LINC00963 expression between nor-
mal and tumor samples (P<0.01; Figure 1A). The expression of 
LINC00963 correlated significantly with the histological type 
and node (N) stage (P<0.05) of the adenosquamous subtype. 
Adenomas or adenocarcinomas were diagnosed in all patients. 
The outcomes suggested that the expression of LINC00963 
was significantly different between normal and tumor samples 
and may play a vital role in regulating cancer development. 
Univariate analysis utilizing logistic regression demonstrated 
that the expression of LINC00963, as a variable, was associat-
ed with clinicopathological factors used for determining a poor 
prognosis (Table 2). LINC00963 expression in CESC, remarkably 
associated with the tumor stage (odds ratio [OR] 0.66; 95% 
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Characters level
Low expression of 

LINC00963
High expression of 

LINC00963
p

n 152 152

T stage (%) T1 	 62	 (53.0%) 	 78	 (62.9%) 0.141

T2 	 36	 (30.8%) 	 35	 (28.2%)

T3 	 11	 (9.4%) 	 9	 (7.3%)

T4 	 8	 (6.8%) 	 2	 (1.6%)

N stage (%) N0 	 72	 (78.3%) 	 61	 (60.4%) 0.012

N1 	 20	 (21.7%) 	 40	 (39.6%)

M stage (%) M0 	 60	 (89.6%) 	 56	 (94.9%) 0.334

M1 	 7	 (10.4%) 	 3	 (5.1%)

Clinical stage (%) Stage I 	 74	 (50.3%) 	 88	 (58.7%) 0.401

Stage II 	 35	 (23.8%) 	 34	 (22.7%)

Stage III 	 25	 (17.0%) 	 20	 (13.3%)

Stage IV 	 13	 (8.8%) 	 8	 (5.3%)

Radiation therapy (%) No 	 61	 (40.1%) 	 61	 (40.1%) 1

Yes 	 91	 (59.9%) 	 91	 (59.9%)

Primary therapy outcome (%) CR 	 80	 (77.7%) 	 101	 (88.6%) 0.140

PD 	 15	 (14.6%) 	 7	 (6.1%)

PR 	 5	 (4.9%) 	 3	 (2.6%)

SD 	 3	 (2.9%) 	 3	 (2.6%)

Histological type (%) Adenosquamous 	 9	 (5.9%) 	 43	 (28.3%) <0.001

Squamous cell carcinoma 	 143	 (94.1%) 	 109	 (71.7%)

Histologic grade (%) G1 	 5	 (3.7%) 	 13	 (9.4%) 0.147

G2 	 71	 (53.0%) 	 64	 (46.4%)

G3 	 58	 (43.3%) 	 60	 (43.5%)

G4 	 0	 (0.0%) 	 1	 (0.7%)

Menopause status (%) Peri 	 12	 (11.0%) 	 13	 (10.7%) 0.921

Post 	 40	 (36.7%) 	 42	 (34.4%)

Pre 	 57	 (52.3%) 	 67	 (54.9%)

Birth control pill history (%) No 	 43	 (58.9%) 	 46	 (54.8%) 0.718

Yes 	 30	 (41.1%) 	 38	 (45.2%)

Keratinizing squamous cell 
carcinoma present (%)

No 	 64	 (42.1%) 	 55	 (36.2%) 0.347

PIK3CA status (%) Mut 	 38	 (26.2%) 	 44	 (31.2%) 0.422

WT 	 107	 (73.8%) 	 97	 (68.8%)

Age (median [IQR]) 	 47.00	 [40.00,60.00] 	 45.00	 [36.75,55.00] 0.168

Height (median [IQR]) 	 161.00	 [156.25,165.00] 	 160.00	 [157.00,165.00] 0.617

Weight (median [IQR]) 	 68.00	 [57.00,81.25] 	 72.00	 [60.50,84.00] 0.075

Table 1. Characteristics of patients with cervical and endocervical cancers in The Cancer Genome Atlas.
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CI 1.045-3.260, T2,T3, and T4 vs T1), N stage (OR 2.36; 95% 
CI 1.358-5.349, N1 vs N0), and primary therapy outcome (OR 
2.23; 95% CI 0.040-0.138, complete remission vs progressive 
disease, stable disease, and partial remission), indicated that 
patients with high mRNA expression of LINC00963 were in-
clined to advance to a further advanced stage than those with 
low LINC00963 mRNA expression. According to the data de-
rived from the TCGA database, LINC00963 expression in CESC 
tissues was remarkably upregulated compared with that in 
normal tissues (P<0.05). LINC00963 expression can be con-
sidered a discriminatory factor based on the receiver operat-
ing characteristic analysis, which showed that the area under 
the curve of LINC00963 expression CESC compared with that 
in the normal tissue was 0.821 (Figure 1B).

Survival Results and Multivariate Examination

OS analysis showed that patients with CESC demonstrating 
a high expression of LINC00963 showed a worse prognosis 
than those with low expression of LINC00963 (P<0.01). A no-
mogram was structured to account for LINC00963 expression 
and other predictor variables, including age and stage. A neg-
ative predictor was determined based on a higher total num-
ber of points on the nomogram (Figure 2A). A bias-corrected 
line in the calibration plot was constructed to approach the 
ideal curve (45-degree line), which showed full compliance 
between the prediction and the observation (Figure 2B). The 
univariate analysis suggested that LINC00963 was essential-
ly associated with the N stage (hazard ratio [HR] 2.695; 95% 
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Figure 1. �(A) Differences in LINC00963 expression between normal and tumor tissues. (B) Order of receiver operating characteristic 
curves for LINC00963 expression in normal and CESC tissues.

Characteristics
Odds Ratio in LINC00963 

expression
Odds ratio 

(OR)
P value

T stage (T2 & T3 & T4 vs T1) 241 	 0.66	 (0.40-1.11) 0.120

N stage (N1 vs N0) 193 	 2.36	 (1.26-4.52) 0.008

M stage (M1 vs M0) 126 	 0.46	 (0.10-1.74) 0.276

Clinical stage (Stage II & Stage III & Stage IV vs Stage I) 297 	 0.71	 (0.45-1.13) 0.150

Primary therapy outcome (CR vs PD & SD &PR) 217 	 2.23	 (1.08-4.80) 0.033

Histological type (squamous cell carcinoma vs 
adenosquamous)

304 	 0.16	 (0.07-0.33) <0.001

Histologic grade (G3 & G4 vs G1 & G2) 272 	 1.04	 (0.64-1.68) 0.879

PIK3CA status (Mut vs WT) 286 	 1.28	 (0.76-2.14) 0.350

Table 2. LINC00963 expression associated with clinicopathologic characteristics (logistic regression).
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CI 1.358-5.349; P<0.01), primary therapy outcome (HR 0.074; 
95% CI 0.040-0.138; P<0.001), and the expression of LINC00963 
(HR 0557; 95% CI 0.347-0.894; P=0.015). Multivariate analysis 
performed with the Cox proportional hazards model indicat-
ed that the expression of LINC00963 (HR 0.297; 95% CI 0.115-
0.776; P=0.012) and primary therapy outcome (HR 0.162; 95% 
CI 0.059-0.446; P=0.001) were separate prognostic factors for 
patients with CESC (Table 3).

GSEA Recognized LINC00963-Related Signaling Pathways

To elucidate whether LINC00963 played a role in the develop-
ment of CESC, an RNAseq gene expression analysis was per-
formed to compare the gene expression profiles of LINC00963 
high- and low-expression groups. We use a paired plot to dem-
onstrate the expression of LINC00963 between normal and 

tumor samples, and the results showed significant differences. 
A total of 542 upregulated genes (>1.5 fold) and 177 downreg-
ulated genes (>-1.5 fold) were detected in the LINC00963 high-
expression group (LINC00963 low-expression group was used 
as reference). The DEG expression is illustrated by a volcano 
plot (Figure 3). To gain further insight into the biological path-
ways involved in CESC pathogenesis stratified by LINC00963 ex-
pression level, GSEA was performed. Enrichment plots of GSEA 
also showed that the gene signatures corresponding to reac-
tome biological oxidations, inflammasomes, apoptosis, toll-like 
receptor signaling pathway, JAK/STAT signaling pathway, and 
NF-kB activation were enriched in patients with high expres-
sion of LINC00963 (Figure 4A). LINC00963 may act as a tumor 
promoter in CESC by activating multiple signaling pathways. 
The network of LINC00963 and its latent co-expression genes 
in LINC00963 relative DEGs is shown in Figure 5.
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Figure 2. �(A) Nomogram for predicting the 1-, 3-, and 5-year overall survival (OS) using the risk scores and clinical features in CESC. 
(B) Calibration curve predicting OS.
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GO and KEGG Enrichment Analysis of DEGs

Data from TCGA were analyzed using the clusterProfiler in R 
[20] (adjusted P value <0.05 and log2FC >1.5), and 719 DEGs 
(including 542 and 177 genes that were upregulated and down-
regulated, respectively) were identified. These data were applied 
to annotate the DEGs. The annotations included the results 
of GO function and KEGG pathway enrichment. The endings 
for the upregulated and downregulated genes are shown in 

Table 3. In the category ‘biological process’, the DEGs were en-
riched in ‘regulation of epithelial cell differentiation’, ‘endo-
crine hormone secretion’, ‘SMAD protein signal transduction’, 
‘phospholipase C-activating G protein-coupled receptor signal-
ing’, and ‘protein kinase C signaling’. In the category ‘molecu-
lar function’, the DEGs were clearly enriched in the categories 
of ‘DNA-binding transcription activator activity’, ‘growth fac-
tor activity’, and ‘clathrin binding’. In addition, in the category 
of ‘cytoplasm’, the DEGs were mainly enriched in ‘presynaptic 
membrane’, ‘presynapse’, and ‘synaptic membrane’. Moreover, 
a network of LINC00963 and its potential co-expression genes 
in LINC00963-related DEGs is shown in Figure 4B. GO analysis 
revealed changes in gene sets related to epidermal cell differ-
entiation, regulation of the endocrine process, and phospho-
lipase C-activating G protein-coupled receptor signaling path-
way in patients with high expression of LINC00963. Tumor cell 
proliferation mediated via the G protein-coupled receptor sig-
naling pathway and the activation of PI3K/AKT were crucial 
for the development of CESC. We plan to confirm these mech-
anisms in our future experiments.

Correlation Between LINC00963 Expression and Immune 
Infiltration

We analyzed the correlation between the expression of 
LINC00963 and immune cell enrichment (generated by ssG-
SEA) by Spearman correlation and found that the LINC00963 
expression was negatively correlated with the abundance of 
adaptive immune cells (eg, macrophages, neutrophils, Th1 cells, 
Tgd, and CD56dim NK cells), and positively correlated with the 
abundance of innate immunocytes (eg, pDCs, CD56bright NK cells, 
Tem, mast cells, and NK cells) (P<0.05; Figure 6).

Characteristics HR (95% CI) nnivariate analysis P value nnivariate analysis

A

T stage (T2&T3&T4 vs T1) 	 1.846	 (1.045-3.260) 0.035

N stage (N1 vs N0) 	 2.695	 (1.358-5.349) 0.005

Clinical stage (Stage II & Stage III & Stage IV vs Stage I) 	 1.429	 (0.896-2.280) 0.134

Primary therapy outcome (CR vs PD&SD&PR) 	 0.074	 (0.040-0.138) <0.001

Age (>50 vs £50) 	 1.317	 (0.825-2.101) 0.248

Height (>160 vs £160) 	 1.092	 (0.633-1.883) 0.752

Weight (>70 vs £70) 	 0.736	 (0.446-1.214) 0.230

LINC00963 (high vs low) 	 0.557	 (0.347-0.894) 0.015

B

N stage (N1 vs N0) 	 3.878	 (1.493-10.071) 0.005

Primary therapy outcome (CR vs PD&SD&PR) 	 0.162	 (0.059-0.446) <0.001

LINC00963 (high vs low) 	 0.297	 (0.115-0.766) 0.012

Table 3. �(A) Overall survival and clinicopathologic characteristics in patients from The Cancer Genome Atlas database evaluated using 
Cox regression. (B) Multivariate survival model after variable selection.
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Figure 4. �(A) Enrichment plots from gene set enrichment analysis (GSEA). (B) GO and KEGG analysis.
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Figure 5. �Visual map of the protein-protein interaction network for high- and low-expression LINC00963 groups.

Discussion

In this study, we conducted a comprehensive and detailed as-
sessment of LINC00963 expression in patients with CESC to 
examine its association with clinicopathological features and 
survival rates, as well as its function in cancer development. 
An overall understanding of the patterns of the expression 
of this biomarker in CESC-associated tumor cells enabled us 
to associate it with the clinical survival patterns. The interac-
tions between proteins may help to further the current un-
derstanding of the intricate mechanisms involved in cervical 
cancer development. Our results indicated that the expression 

of LINC00963 was prominent in healthy and tumor samples. 
Furthermore, LINC00963 may also regulate cancer progres-
sion. Therefore, LINC00963 could be a potential target for the 
development of diagnostic strategies for patients with CESC.

The results showed that the expression of LINC00963 in CESC 
was associated with advanced clinicopathological factors (clin-
ical stage, T classification, and N classification), which suggest-
ed that LINC00963 could participate in tumor migration and 
invasion. Survival analysis demonstrated that CESC patients 
with high LINC00963 expression may have a worse progno-
sis than patients with low LINC00963 expression (P<0.01). 

e935070-9
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Chang A. et al: 
LINC00963 expression in cervical cancer
© Med Sci Monit, 2022; 28: e935070

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



Univariate analysis utilizing logistic regression demonstrated 
that LINC00963 expression was linked to clinical and patho-
logical factors that indicated poor prognosis. We used univar-
iate and multivariate analysis to assess the impingement of 
LINC00963 expression in patients with CESC. Our results in-
dicated that LINC00963 kept freely contacting OS, which in-
dicated that LINC00963 could serve as a potential prognostic 
biomarker and therapeutic target in CESC. However, further 
study is necessary to reach a definite conclusion.

We also compared GSEA results between datasets with low 
and high LINC00963 expression to recognize differentially ex-
pressed signaling pathways in CESC. The results showed that 
reactome biological oxidations, inflammasomes, cytokine-cy-
tokine receptor interaction, toll-like receptor signaling path-
way, JAK/STAT signaling pathway, and NF-kB activation were 
differentially enriched in the high-expression LINC00963 phe-
notype of CESC. Furthermore, LINC00963 could be associat-
ed with cellular function, such as biological oxidations and in-
flammasomes, in addition to immune regulation and cancer 
progression [21-23]. Protective immune toll-like receptors can 
induce the secretion of inflammatory cytokines and induce lym-
phocytes to mediate an adaptive antigen-specific immune re-
sponse for eliminating invasive microorganisms [24]. In addi-
tion, signals generated by toll-like receptors can transform via 
the JAK/STAT and NF-kB signaling pathways, which enlist co-
stimulatory elements and proinflammatory factors. Such com-
plex interactions result in inflammation, autoimmune disor-
ders, and tumor development [25].

The negative correlation of LINC00963 expression with adap-
tive immune cells and the positive correlation with innate im-
munocytes indicates that innate immunocytes participate in 
the origin and development of cervical cancer and are similar 

to other malignant tumors. The composition of immune cells 
in cervical cancer tissue is specific, and hence, can be used for 
early screening of the disease. Such immune cells can mediate 
potent antitumor activity. These cells play different roles and 
can be used as a reference for the diagnosis of CESC.

Nevertheless, the role of LINC00963 in CESC remains to be 
elucidated. Hence, we assessed the mRNA expression of 
LINC00963 in CESC and found that LINC00963 played a criti-
cal role in CESC pathogenesis. Our study confirmed the asso-
ciation of the high expression of LINC00963 in CESC patients 
with several observed clinical features.

This study also has limitations that we need to address by ex-
panding the clinical data, and the association of important sig-
naling pathways with LINC00963 needs further evidence. We 
plan to examine these aspects in future experiments.

Conclusions

In summary, LINC00963 expression may be a potential prog-
nostic molecular marker of poor survival in cervical cancer. 
In addition, toll-like receptor, JAK/STAT, and NF-kB signaling 
pathways may be the key pathways regulated by LINC00963 
in CESC. Further experimental studies should be conducted to 
validate the biological impact of LINC00963 and the mecha-
nisms underlying this impact in CESC.
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Figure 6. �Correlation between LINC00963 expression and immune infiltration.
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