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Background: Cervical cancer (CC) is one of the most common malignant tumors in

women, and its treatment is often accompanied by high recurrence. We aimed to identify

the long non-coding RNAs (lncRNAs) associated with CC recurrence.

Methods: We downloaded lncRNAs expression data of CC patients from The Cancer

Genome Atlas (TCGA) dataset and used Cox regression models to analyze the lncRNAs

relationship with CC recurrence. The significantly associated lncRNAs were utilized to

construct a recurrence risk score (RRS) model. Bioinformatics analyses were used to assess

the potential role of the critical lncRNAs in CC recurrence. The effect of critical lncRNAs on

CC phenotype was determined by in vitro experiments.

Results: Using Cox regression analysis, four lncRNAs, ie, HCG11, CASC15, LINC00189, and

LINC00905, were markedly associated with worse recurrence-free survival (RFS) of CC,

whereas three lncRNAs, including HULC, LINC00173, and MIR22HG, were the opposite.

After constructing the RRS model, Kaplan-Meier analysis revealed that patients with high

RRS had significantly increased risk of recurrence. Among the 20 types of tumors in the

TCGA database which all had adjacent normal tissues, MIR22HG and HCG11were significantly

downregulated in 18 and 10 types of tumors including CC, respectively. Increased MIR22HG

was significantly relevant to decreased risks of recurrence among the subgroups of age at

diagnosis < 45 (Hazard Ratio (HR) = 0.26), stage I/II (HR = 0.33), T stage I/II (HR = 0.30),

chemotherapy (HR = 0.18), and molecular therapy (HR = 0.16). Functionally, elevated

MIR22HG expression could suppress CC cell proliferation, migration and invasion.

Conclusion: MIR22HG has a fundamental role in CC recurrence and could be served as

a potential prognostic biomarker.
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Introduction
Cervical cancer (CC) is one of the most common malignant tumors in women. The

global cancer statistics demonstrate that CC is the fourth most common cancer in

females, with an annual incidence of about 530,000 new cases and a death toll of

270,000.1 With the development of the prophylactic HPV vaccination and CC

screening, the 5-year overall survival (OS) rate of CC has been prolonged.2

However, in many developing countries, the 3- to 5-year OS rate of CC is less

than 50%; especially in patients with advanced disease, the recurrence rate of CC is

as high as 70%.3,4 The cure rate for recurrent CC is very low, and the 5-year

survival rate for relapsed patients is less than 5%. According to the International
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Federation of Obstetrics and Gynecology (FIGO), the

recurrence rate of CC is 11% to 22% and 28% to 64%

for the FIGO stage IB-IIA and IIB-IVA, respectively.5 The

prognosis of recurrent CC is poor, the treatment time is

limited and the quality of life deteriorates rapidly. The

treatment of recurrent CC remains challenging.6

Therefore, it is necessary to find new biomarkers related

to CC recurrence and provide evidence for prevention and

personalized treatment of CC recurrence.

Long non-coding RNAs (lncRNAs) are a kind of long

RNA transcripts, which are longer than 200 nucleotides and

unable to encode proteins.7 With the development of bioin-

formatics and the application of a series of new experimen-

tal methods such as high throughput sequencing, gene chip,

and genome enrichment analysis, more and more lncRNAs

have been found.8 Some of the dysregulated lncRNAs,

involving the regulation of multiple cellular pathways,

have revealed oncogenic and tumor-suppressive roles in

cancer development, progression, and metastasis.9

Accumulating evidence has demonstrated that some speci-

fic lncRNAs are abnormally expressed in CC cells and

participate in gene regulation, such as reducing or enhan-

cing the expression of target genes in the process of carci-

nogenesis at the transcriptional level, and blocking or

promoting the development of cancer.10 Much work so far

had reported that lncRNAs can be used as biomarkers for

CC invasion, metastasis and prognosis.11 Some lncRNAs

were significantly associated with CC recurrence, such as

HOTAIR, snaR and MEG3.12–14 LncRNAs provide new

insights into the molecular mechanisms and treatments of

cancer, and thus lay the ground work for the clinic.

In this study, we used The Cancer Genome Atlas

(TCGA) data to identify lncRNAs associated with CC

recurrence by a variety of data mining and bioinformatics

methods. The identified lncRNAs have the potential to be

biomarkers for the prediction of CC recurrence.

Materials and Methods
TCGA Database and Patient Information
The expression and clinical data of 310 CC patients were

downloaded from TCGA database (up to December 18,

2018). The inclusion criteria were as follows: 1) patients

with pathological diagnosis of primary CC; 2) patients with

gene expression and clinical features; 3) patients with infor-

mation of recurrence outcomes. Overall, a total of 211 CC

patients with corresponding clinical features such as diagnos-

ing age, metastasis, lymph node status, stage, T stage, and

histological type were enrolled in this study. Data processing

procedures also complied with TCGA data and human subject

protection policies (www.cancer.gov/about-nci/organization/

ccg/research/structural-genomics/tcga).

Differential Analysis of Expressed lncRNAs
To investigate the role of lncRNAs in CC recurrence, we

searched the annotated lncRNAs on the website of HUGO

gene nomenclature committee (HGNC), and a total of 4072

lncRNAs were obtained from the HGNC database (http://

www.genenames.org/cgi-bin/statistics, up to February 19,

2019). The 4072 lncRNAs were searched for expression data

in cervical squamous cell carcinoma (CSCC) (TCGA provi-

sional) using the geno/transcriptomic analyses tool of the

online bioinformatics website the cBioPortal for Cancer

Genomics (hereinafter referred to as cBioPortal; http://www.

cbioportal.org/);15 finally, there were 471 known lncRNAs

with copy number variations in more than 1% of queried

patients. Of the 471 lncRNAs, 248 lncRNAs met the criterion

of Z-score with a threshold of ±2 and expression alteration in

more than 1% CC patients. Genome-wide lncRNAs expres-

sion profiles were obtained from the RNA sequencing (RNA-

seq) dataset of TCGA. The differentially expressed lncRNAs

(DELs) were analyzed by R program (https://www.r-project.

org/) using the limma package (http://www.bioconductor.org/

packages/release/bioc/html/limma.html. org/packages/release/

bioc/html/limma.html website). The fold change (FC) in the

expression of individual lncRNAs was calculated and DELs

with log2|FC| > 1.0 and P < 0.05 were selected.

Identifying lncRNAs Predictive of

Recurrence-Free Survival (RFS)
To identify lncRNAs predictive of RFS, univariate and

multivariate Cox regression analyses were performed to

assess the relationship between expression of lncRNAs

level and RFS. Then, we constructed a prognostic risk

score, ie, recurrence risk score (RRS), for predicting RFS

by using the regression coefficient (β) from the multivari-

ate Cox regression model as following:

RRS ¼ ∑
n

i¼ 1
EXP ið Þ�β ið Þð Þ

where n is the number of selected lncRNAs and EXP is

the expression level of individual lncRNAs.16

According to the above formula, RRS of each patient

was calculated, and patients were divided into high- and

low-risk groups based on the median of RRS. Kaplan-

Meier (K-M) analysis was applied to evaluate the different
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survival rates between patients with low- and high-RRSs,

and Log rank test was used to evaluate the differences

between them. The sensitivity and specificity of the RRS

were estimated by time-dependent receiver operating char-

acteristic (ROC) curves. To further analyze the association

between RFS and clinical features, we carried out sub-

group survival analyses to estimate the influence of clin-

ical parameters on the RFS of CC patients.

Functional Enrichment Analysis
To investigate the biological roles of the candidate lncRNAs

signature in CC, we obtained potential co-expressed genes

of selected lncRNAs using circlncRNAnet (http://app.cgu.

edu.tw/circlnc/).17 Gene ontology (GO) term and Kyoto

Encyclopedia of Genes and Genomes (KEGG) pathway

enrichment of co-expressed genes were analyzed by

STRING (https://string-db.org/cgi/input.pl). The P value

< 0.05 and gene count � 3 were set as the cut-off criteria.

Plasmid Transient Transfection,

Quantitative Real-Time PCR (qRT-PCR),

Cell Counting Kit-8 (CCK-8) Assay, and

Transwell Assay
These methods were performed as described previously

and are detailed in Supplementary Material (Table S7).

Statistical Analysis
All the analyses, including the heatmap, Cox regression

analyses, K–M survival curves, and ROC curves were

performed by the R statistical software and SPSS 24.0

software. The P-value less than 0.05 was considered sig-

nificant. Values are expressed as the mean ± standard error

of the mean (SEM) from three separate experiments,

except for a special annotation.

Table 1 Demographic and Clinical Characteristics of CC

Patients and Their Relationship with RFS of CC

Variables Case (n%) Relapse Free Survival

HR (95% CI) P value

Age at diagnosis

<45 105 (49.8%) Reference

≥ 45 106 (50.2%) 1.70 (0.73–3.94) 0.216

Number of pregnancies

≤ 3 109 (51.7%) Reference

>3 81 (38.4%) 0.87 (0.38–2.02) 0.752

NA 21 (9.9%)

Smoking status

No 104 (49.3%) Reference

Yes 91 (43.1%) 0.73 (0.31–1.70) 0.461

NA 16 (7.6%)

Histological type

Cervical Squamous Cell

Carcinoma

177 (83.9%) Reference

Others 34 (16.1%) 1.10 (0.38–3.22) 0.858

Neoplasm histologic grade

G1/G2 111 (52.6%) Reference

G3/G4 81 (38.4%) 1.47 (0.67–3.22) 0.340

GX 17 (8.1%)

NA 2 (0.9%)

Stage

I/II 167 (79.1%) Reference

III/IV 39 (18.5%) 0.62 (0.19–2.0709) 0.436

NA 5 (2.4%)

T stage

T1/T2 149 (70.6%) Reference

T3/T4 12 (5.7%) 1.28 (0.30–5.54) 0.739

TX 16 (7.6%)

NA 34 (16.1%)

Lymph node metastasis

N0 99 (46.9%) Reference

N1 41 (19.4%) 3.47 (1.32–9.13) 0.012

NX 37 (17.5%)

NA 34 (16.1%)

Metastasis

M0 87 (41.2%) Reference

M1 9 (4.3%) 0.05 (0.00–3429.88) 0.589

MX 80 (37.9%)

NA 35 (16.6%)

Chemotherapy

NO 110 (52.1%) Reference

YES 101 (47.9%) 1.01 (0.46–2.23) 0.968

Radiation therapy

NO 61 (28.9%) Reference

YES 136 (64.5%) 1.00 (0.42–2.39) 0.997

NA 14 (6.6%)

(Continued)

Table 1 (Continued).

Variables Case (n%) Relapse Free Survival

HR (95% CI) P value

Molecular_therapy

NO 56 (26.5%) Reference

YES 101 (47.9%) 0.72 (0.31–1.67) 0.439

NA 54 (25.6%)

Notes: Bold numbers indicate statistically significant differences between groups,

with a p value < 0.05.

Abbreviations: CC, cervical cancer; RFS, relapse-free survival; NA, non-available.
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Figure 1 Differentially expressed lncRNAs in CC. The rows show 248 DELs, while the columns show 211 samples. The red dot represents up-regulated lncRNAs, and blue

dot represents down-regulated lncRNAs.
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Results
Association of Demographic and Clinical

Characteristics with RFS
Based on the inclusion criteria, we screened 210 patients

from the TCGA database at an age of 47.175 ± 13.209

years. Among them, there were 167 CC subjects (79.1%)

with tumor stage I and II, and 39 CC subjects (18.5%)

with tumor stage III and IV. Meanwhile, we examined the

association of RFS and clinical features in CC patients by

the univariate Cox regression analysis. The results sug-

gested that lymph node metastasis (Hazard Ratio

(HR) = 3.47, P = 0.012) was associated with RFS of CC

patients (Table 1).

Identification of DELs Associated with

CC Recurrence
A total of 4072 lncRNAs were extracted from the HGNC

database (Table S1). The OncoPrint from the cBioPortal

showed 248 lncRNAs with expression alteration in more

than 1% CC patients based on Z-score with a threshold of

± 2 (Table S2). Moreover, the expression alteration fre-

quency of the 248 lncRNAs ranged from 1.4% to 16% in

the CC patients with RNA-seq data (Figure 1).

Univariate Cox regression analysis revealed that 14

DELs, ie, LINC00905, LINC00173, LINC00189, HULC,

CASC15, MIR22HG, HCG11, MIR924HG, LINC00852,

FAM95B1, SNHG9, MALAT1, H19, and ARRDC1-AS1,

among the 284 DELs had prominent prognostic values for

CC recurrence (Table 2). Afterward, the relationship

between the 14 DELs and RFS was calculated by multi-

variate Cox regression analysis, and the results showed that

four lncRNAs, ie, HCG11, CASC15, LINC00189, and

LINC00905, were markedly associated with worse RFS of

CC, whereas three lncRNAs, including HULC,

LINC00173, and MIR22HG, were the opposite (Table 2

and Figure 2A–G). In addition, according to the

cBioPortal, there were 61 (29%) patients with altered

expression of any one of the 7 DELs, including amplifica-

tion, deep deletion, mRNA up-regulation and mRNA down-

regulation (Figure 3A). The genomic information of the 7

DELs is shown in Figure 3B. When all the 7 DELs were

combined, their changes were also significantly associated

with disease/progression-free survival and OS, respectively

(P = 0.040 and P = 0.007; Figure 3C and D).

Prediction of CC Recurrence Risk by the

RRS Based on DELs
RRS was established to predict the recurrence risk of

CC patients and defined as: RRS = (1.152*EXPHCG11)

+ (1.339*EXPCASC15) + (1.646*EXPLINC00189) +

(3.939*EXPLINC00905) + (−1.669*EXPHULC) +

(−1.982*EXPLINC00173) + (−1.446*EXPMIR22HG). To

evaluate the predictive power of the risk model, CC

patients were classified into the low and high RRS

groups based on the median RRS value (Figure 4A).

Figure 4B shows the RFS time and disease prognosis

Table 2 Prognostic Significance of DELs from Univariate and Multivariate Cox Regression Analysis

Gene Name Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value β

HCG11 2.59 (1.08–6.20) 0.033 3.16 (1.12–8.91) 0.029 1.152

CASC15 2.38 (1.05–5.93) 0.038 3.82 (1.39–10.45) 0.009 1.339

LINC00189 2.32 (1.02–5.25) 0.044 5.19 (1.84–14.60) 0.002 1.646

LINC00905 4.77 (1.41–16.17) 0.012 51.36 (8.79–300.29) 0.000 3.939

HULC 0.32 (0.13–0.81) 0.016 0.19 (0.056–0.63) 0.007 −1.669

LINC00173 0.32 (0.13–0.77) 0.011 0.15 (0.05–0.46) 0.001 −1.928

MIR22HG 0.32 (0.13–0.80) 0.015 0.23 (0.07–0.75) 0.015 −1.466

MIR924HG 2.47 (1.03–5.92) 0.043 2.37 (0.82–6.85) 0.110 0.864

LINC00852 0.37 (0.16–0.87) 0.022 0.45 (0.15–1.36) 0.156 −0.795

FAM95B1 0.32 (0.14–0.78) 0.011 0.50 (0.17–1.47) 0.205 −0.700

SNHG9 0.33 (0.14–0.79) 0.013 0.51 (0.17–1.52) 0.228 −0.671

MALAT1 0.30 (0.12–0.76) 0.011 0.68 (0.24–1.92) 0.468 −0.383

H19 2.49 (1.04–5.97) 0.040 1.46 (0.48–4.47) 0.509 0.377

ARRDC1-AS1 0.42 (0.18–0.97) 0.043 0.89 (0.35–2.26) 0.809 −0.115

Note: Bold numbers indicate statistically significant differences with a p value < 0.05.

Abbreviations: HR, Hazard Ratio; CI, confidence interval; β, regression coefficient.
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for different RRS groups in CC patients. Furthermore,

the expression pattern of the 7 DELs between the

low and high RRS groups is shown in Figure 4C.

The levels of HCG11, CASC15, LINC00189, and

LINC00905 were remarkably higher in the high RRS

group than that in the low RRS group, whereas three

DELs, including HULC, LINC00173, and MIR22HG,

were the opposite. K-M analysis revealed that the

RFS time of the low RRS group was predominantly

longer than that of the high RRS group (P < 0.001;

Figure 2 Identification of the 7 DELs associated with the recurrence of CC. (A–G) Kaplan–Meier survival curves of RFS in the TCGA cohort are shown according to

HCG11, CASC15, LINC00189, LINC00905, HULC, LINC00173, and MIR22HG expression, respectively.

Figure 3 Identification of the 7 DELs signature associated with survival by cBioPortal. (A) The genetic expression alterations of the lncRNAs in CC. (B) Organizations of

these 7 DELs and chromosome locations. (C) Kaplan–Meier curve for disease/progression-free survival based on alterations of the 7 DELs. (D) Kaplan–Meier curve for OS

based on alterations of the 7 DELs.
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Figure 4D). Meanwhile, the 7 DELs exhibited

a well-predicted power of RFS for the CC patients,

with an AUC value of 0.739 (P < 0.001; Figure 4E).

MIR22HG as a Key Recurrence-Related

lncRNAs in CC
We further investigated the difference of each lncRNA

expression between the CC and matched normal tissues

using the circlncRNAnet website, and found only the

difference in HCG11 and MIR22HG expression between

the tumors and controls was statistically significant,

respectively (P = 0.028 and P = 0.029; Figure 5A and

Table S3). To gain more insight, we analyzed the

expression of the HCG11 and MIR22HG in 20 cancers

which had adjacent normal tissues (Figure 5B and C and

Table S4). The results showed that MIR22HG was sig-

nificantly downregulated in 18 types of tumors while

HCG11 downregulated in 10 and upregulated in one

type of tumors. Therefore, we mainly focus on the

fundamental role of MIR22HG.

Figure 4 Prognostic value of the RRS constructed from 7 DELs in CC. (A) 7 DELs expression and RRS distribution by z-score. (B) Patients’ recurrence status and RFS time; (C)

Heatmap of the lncRNA expression profiles. Rows represent lncRNAs, and columns represent patients. The red dot represents up-regulated lncRNA, and blue dot represents

down-regulated lncRNA. (D) Kaplan-Meier analysis of the RFS between high/low RRS groups. (E) Prognostic value of the RRS displayed as a time-dependent ROC curve for

predicting the survival status. AUC, area under curve; CI, confidence interval.
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To examine the association of the HCG11 andMIR22HG

signature with clinical parameters, CC patients were divided

into low- and the high-expression group using the median of

HCG11 or MIR22HG expression level as the cutoff value.

Subgroup analysis demonstrated that increased MIR22HG

was significantly relevant to decreased risks of recurrence

among the subgroups of age at diagnosis < 45 (HR = 0.26,

P = 0.044), stage I/II (HR = 0.33, P = 0.028), T stage I/II

(HR = 0.30, P = 0.032), chemotherapy (HR = 0.18,

P = 0.024), and molecular therapy (HR =0.16, P = 0.018),

suggesting it as a potential prognostic indicator of CC

(Table 3). However, there was no marked correlation

between HCG11 and clinical features (Table S5).

Functional Enrichment Analysis of

MIR22HG
To acquire more information about the molecular func-

tions and signal pathways of the lncRNAs that had been

selected, the co-expressed genes of MIR22HG were

predicted by circlncRNAnet. Online website STRING

was used to analyze the GO term and KEGG pathway

enrichment of the co-expressed genes. We selected the

top 5 most significantly enriched GO terms (biological

process (BP), cellular component, and molecular func-

tion) (according to the P-value) and the top 15 most

significantly enriched KEGG pathways (Figure 6 and

Table S6). The enrichment results indicated the involve-

ment of MIR22HG in the regulation of cell cycle since

the most significant BP term and KEGG pathway were

“cell cycle G1/S phase transition” and “Cell cycle”,

respectively.

Effects of MIR22HG on CCCell Phenotypes
To further investigate the biological function of

MIR22HG in CC, we transfected the GV146/

MIR22HG vector into HeLa and SiHa cells, respec-

tively (Figure 7A). Compared with the negative control

(NC), HeLa and SiHa cells overexpressing MIR22HG

had the lower proliferation (P < 0.05; Figure 7B and

C). Transwell assays revealed that migration and inva-

sion ability were suppressed in CC cells transfected

with MIR22HG (P < 0.05; Figure 7D and E). In addi-

tion, to rule out the possibility that the inhibitory effect

Figure 5 Relative expression of candidate lncRNAs from circlncRNAnet data. (A) The expression of DELs in tumor and adjacent tissues in CC. (B) Expression levels of

HCG11 in tumor and adjacent tissues in 20 cancers. (C) Expression levels of MIR22HG in tumor and adjacent tissues in 20 cancers. ***<0.001; **<0,01; *<0.05.

Abbreviations: BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL,

cholangiocarcinoma; COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC,

kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell

carcinoma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; STAD,

stomach adenocarcinoma; THCA, thyroid carcinoma; UCEC, uterine corpus endometrial carcinoma.
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of MIR22HG on CC cell phenotype is dependent on

HPV infection, similar experiments with C-33 A cell,

an HPV-cervical cancer cell line, were performed and

led to similar conclusions (Figure S1A–D).

Discussion
Recurrent CC is almost always incurable and has no typical

symptoms.18 Considering the highmortality rate among recur-

rent CC patients, it is necessary to develop suitable prognosis

biomarkers with the potential to predict tumor progression.

The ability to predict which patients have a high risk of

recurrence would empower clinicians to better patient

therapy.19 LncRNAs have been reported as key regulators in

the progression and metastasis of cancer.20 Compared with

mutations or aberrant expression in protein-coding genes, the

expression of lncRNAs was more tissue-specific.20,21 Given

that many lncRNAs were critical for cancer progression and

prognostic, we needed to deeply investigate that lncRNAs

may possess an unknown function in cancer.22

In this study, we analyzed the lncRNAs expression

profiles of patients with CC downloaded from TCGA and

identified seven DELs (HCG11, CASC15, LINC00189,

LINC00905, HULC, LINC00173, and MIR22HG) signa-

ture associated with RFS. Among the 7 DELs, the potential

of some lncRNAs as prognostic-associated biomarkers for

cancer has been demonstrated in many cancers. CASC15

was up-regulated in CC, and its overexpression associated

with lymph node metastasis and FIGO stage, indicating

a poor prognosis for CC.23 HULC was abnormally upregu-

lated in a variety of cancers and meta-analysis indicated that

overexpression of HULC was associated with metastasis

and a poor OS in cancer.24 Zhang et al25 presented that low

expression HCG11 in tissues was associated with poor

survival of prostate cancer patients. Likewise, in our

study, downregulation of HCG11 expression was associated

with shorter RFS of CC patients. However, HCG11 was

down-regulated in CC compared to adjacent normal tissues,

which meant that our findings of HCG11 needed further

study.

In addition to HCG11, the comparison of the 7 DELs

expression between tumor and adjacent normal tissues in

TCGA suggested that only MIR22HG could act as

a suppressor gene in CC. Decreased MIR22HG expression

also significantly increased the risk of recurrence among the

subgroups of age at diagnosis < 45, stage I/II, T stage I/II,

chemotherapy, and molecular therapy while HCG11 failed to

correlate with these clinicopathological features of CC accor-

dantly. Emerging evidence suggested that MIR22HG was

a tumor suppressor gene, which contributed to the initiation

and progression of many cancers. Highly expressed

MIR22HG inhibited cancer cell growth, migration and

Table 3 Subgroup Survival Analyses for Correlation of

Clinicopathological Characteristics and MIR22HG Expression in

CC Patients

Variable MIR22HG

Expression

(Patients/

Recurrence)

HR (95% CI) P value

Low High

Age at diagnosis

<45 41/8 58/3 0.26 (0.07–0.96) 0.044

≥ 45 57/10 43/4 0.53 (0.17–1.69) 0.282

Number of pregnancies

≤ 3 52/11 53/3 0.29 (0.80–1.03) 0.055

>3 36/5 37/4 0.76 (0.20–2.82) 0.675

Smoking status

No 48/9 50/4 0.41 (0.13–1.33) 0.136

Yes 42/7 43/2 0.26 (0.05–1.26) 0.095

Neoplasm histologic

grade

G1/G2 47/10 56/3 0.29 (0.08–1.05) 0.059

G3/G4 41/8 36/4 0.53 (0.16–1.77) 0.304

Stage

I/II 80/17 77/5 0.33 (0.12–0.89) 0.028

III/IV 17/1 20/2 1.18 (0.10–13.42) 0.897

T stage

T1/T2 70/14 70/4 0.30 (0.10–0.90) 0.032

T3/T4 7/1 4/1 1.53 (0.10–24.58) 0.765

Lymph node metastasis

N0 44/5 46/2 0.42 (0.08–2.16) 0.297

N1 19/7 22/3 0.34 (0.09–1.34) 0.124

Metastasis

M0 48/5 34/2 0.32 (0.07–1.51) 0.150

M1 3/0 5/0

Chemotherapy

NO 51/7 51/5 0.74 (0.23–2.33) 0.607

YES 47/11 50/2 0.18 (0.04–0.79) 0.024

Radiation therapy

NO 23/5 32/2 0.31 (0.06–1.60) 0.162

YES 67/13 63/5 0.41 (0.15–1.14) 0.086

Molecular therapy

NO 24/4 25/5 1.50 (0.40–5.60) 0.546

YES 46/11 52/2 0.162 (0.036–0.73) 0.018

Note: Bold numbers indicate statistically significant differences with a p value < 0.05.

Abbeviations: HR, Hazard Ratio; CI, confidence interval.
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Figure 6 Enrichment of GO terms and KEGG pathways for co-expressed mRNAs of MIR22HG. (A and B) KEGG and GO analysis of the related genes.

Abbreviations: GO, gene ontology; KEGG, kyoto encyclopedia of genes and genomes; BP, biological process; CC, cellular component; MF, molecular function.

Figure 7 MIR22HG overexpression inhibited CC cells proliferation. (A) qRT-PCR determined expression efficiency of transfection with MIR22HG in HeLa and SiHa cells.

Quantitative normalization of MIR22HG was performed in each sample using GAPDH expression as an internal control. (B and C) The CCK-8 assay was conducted to

measure cell proliferation in HeLa and SiHa cells after transfection with MIR22HG. (D and E) Transwell assays were used for testing the migration and invasion ability of

HeLa and SiHa cells after transfection with MIR22HG (10X). ***P<0.001, **P<0.01, *P<0.05.
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invasion, and overexpression MIR22HG had a better prog-

nosis in HCC patients.26 The pathways that MIR22HG may

mediate in CC remain unclear, so we performed functional

enrichment analysis to identify MIR22HG-associated biolo-

gical signaling pathways. The GO BP term and KEGG path-

way most significantly associated with MIR22HGwere “cell

cycle G1/S phase transition” and “Cell cycle”, respectively.

Functionally, elevated MIR22HG expression could suppress

CC cell proliferation, migration and invasion. Those data

indicated that MIR22HG could play important roles in CC

recurrence. Cell-cycle dysregulation was an important indi-

cator of tumor development. Cui et al27 reported that

MIR22HG was downregulated in endometrial cancer,

which inhibited endometrial cancer cell proliferation and

arrested cells in G0/G1 phase to promote apoptosis by reg-

ulating miR-141-3p/DAPK1 axis. The role of MIR22HG in

the recurrence of CC warrants further investigation. Except

for those lncRNAs mentioned above, LINC00189,

LINC00905 and LINC00173 are currently less studied,

which imply that the biological functions of these lncRNAs

remain to be explored.

Thus far, the studies on the role of lncRNAs in the

recurrence of CC were limited and our findings may have

some clinical implications. However, there were some limita-

tions in this study. First, only a few lncRNAs (4072 lncRNAs

extracted from the HGNC database) were investigated this

time, so many lncRNAs which are not received in the HGNC

database are not determined in the present study; second, the

demographic data of patients in the TCGA may not represent

those of other patient populations; third, we were not capable

to validate the findings using our patients' cohort due to

insufficient follow-up information; finally, the molecular

mechanisms of the 7 DELs were unclear and further func-

tionality studies were needed to better understand the roles of

7 DELs in the recurrence of CC.

In summary, this study reported a seven-lncRNA sig-

nature to predict recurrence in CC patients by comprehen-

sive analysis of lncRNAs expression profiles in the TCGA

database. Especially, MIR22HG might be a potential prog-

nostic indicator for CC. We have shown that MIR22HG

could suppress CC cells proliferation, metastasis and inva-

sion. However, future functional investigations are

required to further explore the mechanisms underlying

the roles of these lncRNAs in CC recurrence.
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