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Abstract: A comprehensive study focusing on immune-related long non-coding RNAs (lncRNAs) in cervical cancer 
(CC) was performed. Through the integration of TCGA data, a total of 266 immune-related lncRNAs were obtained. 
We defined all samples as an entire set, and randomly divided them into train set and test set at a ratio of 1:1. 
Univariate, LASSO and multivariate Cox regression analyses were carried out based on train set for key lncRNAs 
(UBL7-AS1, AC083809.1, LIPE-AS1, PCED1B-AS1, ELFN1-AS1 and NCK1-DT) to construct a prognostic model, while 
the others were used for validation. The overall survival (OS) suggested that we may have longer survival expecta-
tions for patients classified into the low-risk group. The P values of risk score in univariate analysis and multivariate 
analysis were all less than 0.05, indicating the ability of risk score to independently assess the prognosis of pa-
tients. For clinical application, a nomogram with a high degree of agreement between the predicted curve and the 
actual curve was constructed. Subsequently, immune status and chemotherapy response were investigated in two 
prognostic subtypes. The associations between risk score and immune cell were estimated, in which CD8+ T cells 
showed the highest positive correlation and activated mast cell showed the highest negative correlation. In addition, 
checkpoint proteins (CTLA4, LAG3, PD-1, and TIGIT) showing negative correlation with risk score were found to be 
upregulated in low-risk group. A total of 3 chemotherapy drugs including paclitaxel, vinorelbine and methotrexate 
were considered effective in patients of high-risk group. Using 6 key immune-related lncRNAs, we identified two 
prognostic subtypes and provided new insights for CC immunotherapy.
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Introduction

Among women, cervical cancer (CC) is the 
fourth common cancer, which accounts for 
12160 new cases in United States in 2019 [1]. 
Presumably, less developed countries are 
experiencing a higher cervical cancer burden 
[2]. Recently, the HPV vaccines have been dis-
tributed worldwide, which may lead to a 
decrease in HPV infection and finally a reduced 
number of cervical cancer cases, however, the 
severe implication of cervical cancer still can-
not be ignored. The research spotlights of ther-
apeutic research for cervical cancer have been 
developed from DNA vaccines [3-5] to gene 

silencing in oncoproteins like CRISPR/cas9 sys-
tems [6] and gene silencing operated by microR-
NA [7-9] or regulated by lncRNA [10].

Long noncoding RNA (lncRNA) has become one 
of the hotspots in cancer research in recent 
years. RNAs with transcripts ≥200 bp and 
mostly without protein-coding capacity are 
defined as lncRNA. Many scholars have reached 
a consensus on the importance of lncRNAs in 
organisms, and lncRNAs play a regulatory role 
in multiple biological processes such as inflam-
mation, immune response, and tumorigenesis. 
Recently, several oncogenic lncRNAs (lncRNA-
CCDST [11], lncRNA-CTS [12], and lncRNA-
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NEAT1 [13]) in CC were reported. Meanwhile, 
immunotherapy has been applied for virally 
associated cancers including CC [14]. Ste- 
vanović et al. reported that metastatic CC asso-
ciated with papillomavirus showed complete 
regression after treated by the adoptive T cell. 
Berger et al. [15] conducted a comprehensive 
pan-cancer molecular study in CC to identify 
patients suitable for immunotherapy. However, 
there was still no comprehensive analysis of 
immune-related lncRNAs in CC. Hence, we 
endeavored to search for the molecular mecha-
nisms under immune-related lncRNAs, which 
may provide new therapeutic strategies for CC.

Material and methods

Data collection

The mRNA expression profiles of cervical can-
cer (TCGA-CESC) normalized by FPKM and cor-
responding clinical messages were download-
ed from the TCGA database (https://cancerge-
nome.nih.gov). Overall survival (OS), referred to 
the time from randomization to death due to 
any cause, was used as the observation end-
point in this study. After clinical information was 
integrated, 257 samples were defined as an 
entire set, which was divided into a train set 
and a test set randomly at a 1:1 ratio. We used 
the 128-sample train set for calculations, while 
129-sample test set and the entire set were 
used to verify the results of the train set.

Definition of immune-related lncRNA

First of all, two gmt files including “Immune sys-
tem process M13664” and “Immune response 
M19817” were downloaded from Molecular 
Signatures Database v4.0 [16] (http://www. 
broadinstitute.org/gsea/msigdb/index.jsp). 
Genes included in these two files were consid-
ered as immune-related genes. Second, the list 
of lncRNAs was determined based on the 
Ensembl IDs from GENCODE (http://www.gen-
codegenes.org). Subsequently, corresponding 
profiles of lncRNAs were separated from mRNA 
expression data. Finally, based on the results 
of Pearson correlation analysis using the mRNA 
expression level of immune genes and lncRNAs, 
266 immune-related lncRNAs were screened 
out with standards of |R|>0.5 and P<0.01.

Construction of a prognostic model

In this paper, a prognostic model was estab-
lished by the train set, and verified by the test 

and entire set. The transcript levels of immune-
related lncRNAs in the train set were calculated 
by univariate Cox regression analysis for prog-
nosis-related lncRNAs. The result was subse-
quently submitted to the LASSO Cox regression 
and multivariate Cox regression analysis to 
identify candidate lncRNAs and finally con-
struct a risk linear model. These candidate 
lncRNAs were attributes with high prognostic 
values and inapparent correlations. And this 
model presents patients’ prognostic situation 
by risk score. Risk score = (β1* expression level 
of gene 1) + (β2* expression level of gene 2) 
…+ (βn* expression level of gene n). β was the 
regression coefficient assessed by the multi-
variate regression analysis. The tissue samples 
were divided into high-risk and low-risk groups 
based on the median risk score.

The prognostic ability of this model was validat-
ed by the Kaplan-Meier curve and ROC curve 
analysis. Principal component analysis (PCA) 
was employed to observe the expression pat-
tern of two subgroups. Univariate and multivari-
ate analyses were performed to incorporate 
risk scores and clinical characteristics to dem-
onstrate the independence of the model. These 
methods have been described previously [17].

Construction of lncRNA-mRNA co-expression 
network

The potential co-expression relationships 
between six prognostic lncRNAs and related 
mRNAs were calculated by Pearson’s correla-
tion analysis (|R|>0.5, P<0.0001). Then, we 
mapped the lncRNA-mRNA interaction network 
using Cytoscape visualization software.

Construction and validation of a predictive no-
mogram

By combining all clinical features (age, stage, 
grade, and histological type) and risk score, we 
constructed a nomogram. The nomogram can 
be used to evaluate the three-year and five-
year survival of CC. A calibration plot was used 
to test the effectiveness of the nomogram, in 
which predicted probabilities against the actual 
rates were considered.

Evaluations between immune-related lncRNAs 
and immune system

The infiltration of 22 types of immune cells in 
CC was deduced by CIBERSORT [18], a robust 
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method designed for the estimation of the cell 
composition of complex tissues based on their 
gene expression profiles. The fractions of 
immune cells in CC were assessed. For one 
thing, the correlations between immune-relat-
ed lncRNAs and the fraction of immune cells 
were calculated. For another, the immune infil-
tration between high-risk and low-risk sub-
groups was evaluated.

Gene set enrichment analysis (GSEA) of im-
mune-related lncRNAs

Gene set enrichment analysis (GSEA) (http://
software.broadinstitute.org/gsea/index.jsp) was 
conducted for the identification of potential 
functions in six screened lncRNAs. The specific 
methods for performing GSEA were reported 
previously [19].

Chemotherapeutic response prediction

Since chemotherapy was commonly used to 
treat CC, the chemotherapeutic response of 
each patient, which was determined by the 
half-maximal inhibitory concentration (IC50), 
was estimated by R package “pRRophetic” 
based on the Genomics of Drug Sensitivity in 
Cancer (GDSC) (https://www.cancerrxgene.
org/) [20].

Statistical analysis

All statistical analyses were conducted by R 
version 4.0.5 environment (R package: ggplot2, 
glmnet, forest plot, rms, survminer, survival 
ROC, pheatmap, pRRophetic). Two-tailed P≤ 
0.05 was regarded as statistical significance if 
not noted otherwise.

Results

Definition of immune-related lncRNAs

Based on two gmt files (“Immune system pro-
cess M13664” and “Immune response M19- 
817”) from Molecular Signatures Database 
v4.0, 331 immune-related genes were deter-
mined. Based on the results of Pearson coeffi-
cient between immune genes and lncRNAs, a 
total of 266 lncRNAs with standards of |R|>0.5 
and P<0.0001 were defined as immune-related 
lncRNAs.

Construction of a six-lncRNA immune-related 
model for CC patients

In recent years, people have been trying to con-
structe prognosis models based on univariate 

Cox regression analysis and LASSO Cox regres-
sion. However, the results were random and 
require independent verification. To make the 
calculated results more universal, the entire 
set (n=257) was randomly divided into a train 
set and a test set at a 1:1 ratio. Subsequently, 
univariate Cox regression analysis (Supple- 
mentary Table 1), LASSO Cox regression (Figure 
1A, 1B) and multivariate Cox regression analy-
sis (Figure 1C) were performed based on the 
train set, from which six key lncRNAs (UBL7-
AS1, AC083809.1, LIPE-AS1, PCED1B-AS1, 
ELFN1-AS1, and NCK1-DT (also known as 
NCK1-AS1)) were screened out. In GEPIA, UBL7-
AS1, LIPE-AS1, PCED1B-AS1 and NCK1-DT 
were upregulated in tumors (Supplementary 
Figure 1A). In addition, the Kaplan-Meier sur-
vival analysis base on GEPIA showed that UBL7-
AS1, LIPE-AS1, and PCED1B-AS1 were associ-
ated with patients’ survival, but NCK1-DT was 
not (Supplementary Figure 1B). Immune-related 
genes that showed high correlations with six 
key lncRNAs were plotted by Cytoscape 
(Supplementary Figure 2).

The risk score of an individual patient = 
(-0.516* expression value of UBL7-AS1) + 
(0.16645* expression value of AC083809.1) + 
(-0.5085* expression value of LIPE-AS1) + 
(-0.3332* expression value of PCED1B-AS1) + 
(0.09857* expression value of ELFN1-AS1) + 
(-0.1387* expression value of NCK1-DT).

The risk score in train group ranges from 
0.0084 to 73.4069.

Evaluations of the prognostic model

The risk score for all CC patients was calculated 
according to the formula mentioned above and 
ranked in ascending order. The median risk 
score for the train set was 1.02964. Patients 
were divided into low-risk and high-risk groups 
based on this value (Figure 2A). Patients’ sur-
vival status in each subgroup was displayed by 
dot plot (Figure 2D), from which we can con-
clude that the survival status of patients in the 
low-risk group is better than that in the high-
risk group. The Kaplan-Meier survival analysis 
also indicated that the OS of patients in low-
risk subgroup was prolonged compared with 
that in the high-risk subgroup (Figure 2G). The 
stratified analysis showed that two prognostic 
subtypes can be distinguished in patients with 
Age ≤50, with squamous histological type, 
stage I & II, and grade 3 & 4 (Supplementary 
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Figure 3). The ROC curves based on the train 
set showed that this model could predict 
patients’ 1-year survival with AUC value at 
0.775, 3-year at 0.748, and 5-year at 0.746 
(Figure 2J). Besides, there was a clear separa-
tion between low-risk and high-risk subgroups 
when principal components analysis was per-
formed based on six key lncRNAs (Figure 2M). 
The verification was then conducted on the test 
set (Figure 2B, 2E, 2H, 2K, 2N) and the entire 
set (Figure 2C, 2F, 2I, 2L, 2O). In Kaplan-Meier 
survival analysis, this model separated patients 
with different prognosis. In the ROC curve, this 
model also showed high accuracy. In PCA, the 
results also suggested heterogeneity between 

high- and low-risk subgroups. These results 
guarantee the credibility and practicality of our 
data.

To explore whether risk score is an indepen-
dent predictor for patient prognosis, the uni-
variate analysis and multivariate analysis incor-
porating clinical factors were conducted. The 
results based on the train (Figure 3A), test 
(Figure 3B), and entire set (Figure 3C) all 
revealed that risk score could be independent 
of other clinical factors and effectively predict 
the prognosis of patients (P<0.05). Meanwhile, 
the multi-factors ROC (Figure 4A, 4B) curve 
was performed integrating clinical factors. 

Figure 1. Construction of a six-lncRNA immune-related model for CC patients. A, B. LASSO Cox regression analysis 
with 10-fold cross-validation was implemented based on minimum criteria. C. The forest plot of 6 immune-related 
lncRNAs screened by multivariate Cox regression analysis based on train set.
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Figure 2. An overview of the prognostic model. Rank of risk score and distribution of train set (A), test set (B) and entire set (C). CC samples were divided into low- 
and high-risk subgroups based on the median value of the risk score calculated in train set (D). Samples in test set (E) and entire set (F) were also divided based 
on the median value calculated in train set. The survival status and survival time of patients with CC ranked by risk score. (A-F) Green dots represent patients with 
a low level of risk score and red dots represent patients with a high level of risk score. The Kaplan-Meier survival analysis based on the median value of the risk 
score in train set (G), test set (H) and entire set (I). The ROC analysis of risk score in 1-, 3-, and 5-year survival in train set (J), test set (K) and entire set (L). Principal 
components analysis (PCA) showed different distributions in high- and low-risk group, suggesting a distinct transcript composition in two prognostic subtypes in 
train set (M), test set (N) and entire set (O).
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Comparing with clinical factors, risk score 
showed higher prediction accuracy in 3 years 
(AUC=0.722) and 5 years (AUC=0.727). A nomo-
gram (Figure 4C) containing risk score and clini-
cal factors was constructed. The C-index of this 
nomogram was 0.67, which indicated accept-
able predictive ability. What’s more, the predict-
ed survival was close to the actual survival situ-
ation in the 3-year (Figure 4D) and 5-year 

(Figure 4E) calibration curve. Taking together, 
these results indicated that this nomogram 
shows good performance in predicting the OS 
of CC patients.

Gene set enrichment analyses

According to the median risk score, patients 
were divided into high-risk and low-risk groups, 
and GSEA (Figure 5) was performed between 

Figure 3. The univariate analysis and multivariate analysis incorporating clinical factors (age, stage, grade and his-
tological type) based on train (A), test (B) and entire set (C).
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two groups to explore possible pathway expla-
nations in CESE. And GSEA (Figure 5) was per-
formed to explore potential pathways account 
in CESE. Representative KEGG pathways in 
low-risk group were “B cell receptor signaling 

pathway”, “chemokine signaling pathway”, 
“intestinal immune network for IgA production”, 
“natural killer cell mediated cytotoxicity”, “pri-
mary immunodeficiency”, “T cell receptor sig-
naling pathway”, and “Toll-like receptor signal-

Figure 4. A nomogram constructed for clinical application. The multi-factors ROC curve was performed integrating 
clinical factors and risk score based on 3 (A) and 5 (B) year OS. (C) The nomogram for predicting patients’ survival 
condition in 3 or 5 years. There were five factors containing age, stage, grade, histological type and risk score in the 
nomogram. Each of them generates points according to the line drawn upward. And the total points of the seven 
components of an individual patient lie on “Total Points” axis which corresponds to the probability of 1-year, 3-year 
and 5-year OS rate plotted on the two axes below. (D, E) The calibration plots for predicting patients’ 3- or 5- year OS.
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ing pathway”. Immune-related pathways were 
enriched in the low-risk group. Meanwhile, rep-
resentative KEGG pathways in the high-risk 
group were “ECM receptor interaction” and 
“focal adhesion”, which were frequently dysreg-
ulated pathways in cancer [21, 22].

Exploration of immune status and chemo-
therapeutic response in high- and low-risk 
subgroups

We developed a robust prognostic model based 
on the immune-related lncRNAs. Based on this 
model, we tried to explore the main immune 
cells that function in tumors. Using CIBERSORT, 
the infiltration fractions of immune cells in CC 
were first estimated. Spearman’s rank correla-
tion coefficients between risk score and 
immune infiltration in CC (Figure 6A) were cal-
culated, in which CD8+ T cells showed the most 
positive correlation (Figure 6B) and activated 
mast cell showed the most negative correlation 
(Figure 6C). Other figures revealing the associa-
tion between risk score and immune cells were 
shown in Supplementary Figure 4. Meanwhile, 
we compared the infiltration fractions of im- 
mune cells in the high-risk and low-risk groups. 
Dendritic cells, macrophages, T cells and mast 
cells demonstrated significant differences 
between high- and low-risk groups (Figure 6D). 
Among which, gamma delta T cells, CD8+ T 
cells, Tregs, resting dendritic cells, and resting 
mast cells revealed higher fraction in low-risk 

patients; while activated dendritic cells, acti-
vated mast cells, CD4+ memory resting T cells 
and M0 macrophages account for a higher pro-
portion of high-risk patients. Subsequently, the 
Pearson correlation coefficient was calculated 
between six key lncRNAs and the infiltration 
fractions of 22 types of immune cells (Figure 
6E). NCK1-DT showed frequent contact with 
immune cells, suggesting an important role 
that this lncRNA played in biological progress.

Immune checkpoint proteins were reported to 
function in immune response, and 7 molecules 
(including CTLA4, IDO1, LAG3, PD-1, PD-L1, 
PD-L2, and TIGIT) played the main role in bio-
logical progress [23]. The Spearman’s rank cor-
relation coefficients showed negative correla-
tions between immune checkpoint modulators 
and risk score (Figure 7A). CTLA4, LAG3, PD-1, 
and TIGIT were found to be upregulated in the 
low-risk patients (Figure 7B).

Cisplatin and paclitaxel are the first-line chemo-
therapy for CC. Hence, we tried to investigate 
the chemotherapeutic responses between 
high-risk and low-risk patients to provide 
patients with more appropriate treatment strat-
egies. High-risk patients showed increased 
sensitivity to three of ten conventional chemo-
therapeutic drugs (paclitaxel, vinorelbine and 
methotrexate) (Figure 8). These results can be 
helpful for the precise treatment of CC.

Figure 5. Gene set enrichment analysis showing the significantly enriched KEGG pathways in TCGA based on six 
immune-related lncRNAs.
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Discussion

Over the past decades, the exploration of can-
cer therapy mainly focused on two distinct 
ways. For one thing, efforts were taken to 
understand the underlying genetic drivers of 
tumorigenesis, which promotes the develop-
ment of clinically important targeted drugs. For 
another, the attempt to activate or guide the 
protective tumor immunity to correctly identify 

tumor cells in the human body also provides 
new therapeutic strategies, for example, using 
the immune checkpoint antibodies to reverse 
the negative regulators of T cell function. 
Hence, we endeavored to search for new thera-
peutic strategies for CC based on “genetic 
code” and “immunity”.

Meanwhile, with the increasing development of 
high-throughput sequencing, various non-cod-

Figure 6. Exploration of immune status and chemotherapy response in high- and low-risk group. A. The Spearman’s 
rank correlation coefficients between risk score and immune infiltration of 22 types of immune cells in CC. B. The 
Spearman’s rank correlation coefficients between risk score and CD8+ T cells. C. The Spearman’s rank correlation 
coefficients between risk score and activated mast cells. D. The distributions of risk score in 22 types of immune 
cells calculated by Student’s t test. Blue represents the low-risk group, red represents the high-risk group. E. The 
Pearson correlation coefficient was calculated between six key lncRNAs and the infiltration fractions of 22 types of 
immune cells.
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Figure 7. Seven immune checkpoint immunomodulators and risk score. A. The Spearman’s rank correlation coefficients between 7 immune checkpoint modula-
tors (CTLA4, IDO1, LAG3, PD-1, PD-L1, PD-L2, and TIGIT) and risk score. B. CTLA4, LAG3, PD-1, and TIGIT were found to be upregulated in low-risk group (P<0.05).
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Figure 8. The chemotherapeutic responses of two prognostic subtypes to ten conventional chemotherapy drugs. Three chemotherapy drugs including paclitaxel, 
vinorelbine and methotrexate were considered effective in patients of high-risk group.



A novel immune-related lncRNA signature in CC

11782 Am J Transl Res 2021;13(10):11771-11785

ing RNAs like lncRNA and circRNA [24] were 
found to enroll in the biological pathways. 
Heretofore, certain miRNAs and mRNAs show-
ing tumor specificity in CC have been reported. 
However, there was still no bioinformatics 
researches in CC based on immune-related 
lncRNAs.

In this paper, we tried to identify the pathoge- 
nic mechanisms of CC from immune-related 
lncRNAs. And a prognostic model integrating 
six immune-related lncRNAs (UBL7-AS1, AC08- 
3809.1, LIPE-AS1, PCED1B-AS1, ELFN1-AS1, 
and NCK1-DT) was deemed as a prognostic ref-
erence factor for CC. The expression of six 
immune-related lncRNAs could be converted by 
this model through a specific formula to pres-
ent the prognosis of CC patients, which was 
quantified by risk score. Based on this innate 
characteristic, each patient could be discrimi-
nated with a favorable or poor prognosis (Figure 
2). Patient with high-risk score means unfavor-
able result. The PCA suggested that our prog-
nosis model was effective in distinguishing the 
high-risk group from the low-risk group. 
Besides, mostly immune checkpoint proteins 
were upregulated in the low-risk group (Figure 
7B). Therefore, this grouping method may help 
patients choose whether to carry out immuno-
therapy in the future. The univariate analysis 
and multivariate analysis indicated that risk 
score was an independent factor to forecast 
the overall survival. The forest plot of HR value 
(HR>1) also informed that the risk score is rep-
resentative of a harmful factor (Figure 3). 
What’s more, compared with conventional clini-
cal factors, this prognostic model showed high-
er prediction accuracy.

This prognostic model was constructed follow-
ing the expression of six lncRNAs, among which, 
UBL7-AS1, LIPE-AS1, PCED1B-AS1, and NCK1-
DT were upregulated in tumors (Supplementary 
Figure 1A). In addition, UBL7-AS1, LIPE-AS1, 
and PCED1B-AS1 were associated with pa- 
tients’ survival. We searched for previous 
research foundations of these lncRNAs. The 
joining of UBL7-AS1 to RUNX1 happens in 
patients with myelodysplasia [25]. The lncRNA 
LIPE-AS1 was downregulated after exposure to 
DNA damage in lung and liver cancer cells [26]. 
PCED1B-AS1 was mainly reported to be associ-
ated with glioma [27, 28]. Surprisingly, a study 
reported that upregulated PCED1B-AS1 could 
lead to apoptosis and autophagy of macro-

phages in active tuberculosis [29]. In our analy-
sis (Figure 6B), there was a negative correlation 
between PCED1B-AS1 and M1 macrophages 
(Compared with M2 macrophages, it has  
a higher tumor-suppressing effect). Does 
PCED1B-AS1 also play a role in CC through M1 
macrophages? This may be an idea worth 
studying. ELFN1-AS1 was associated with the 
proliferation and migration of colon adenocarci-
noma [30-32]. NCK1-DT has the most complex 
relationship with immune cell infiltrations in our 
study (Figure 6B). It is currently reported that 
the up-regulated NCK1-DT can promote tumor 
development through the mechanism of ceRNA 
[33-35]. What’s more, high levels of NCK1-DT 
can lower the sensitivity of cervical cancer cells 
to cisplatin chemotherapy [36]. However, there 
was no report of AC083809.1. Most of these 
lncRNAs were upregulated in tumors, which 
suggested that the high expression of these 
LncRNAs may have caused the imbalance of 
the intracellular environment.

We also paid attention to the correlation 
between infiltrating immune cells and lncRNAs 
in CC. NCK1-DT was the most active lncRNA in 
the prognostic model, showing the most posi-
tive correlation with CD8+ T cells and negative 
correlation with mast cells in CC. The fraction of 
CD8+ T cells was upregulated in the low-risk 
group, which indicated the protective effect of 
this cell. Human papillomaviruses (HPVs) are 
the primary etiologic agents of cervical cancer, 
which progress with persistent expression of 
the oncoproteins E6 and E7. Çuburu et al. [37] 
designed an adenovirus vector-based prime-
boost vaccination to induce cervicovaginal 
CD8+ T cell responses against corresponding 
oncoproteins. Meanwhile, the role of mast cell 
functions in cancer is still controversial. In our 
analysis, activated mast cells occupied a high-
er proportion in the high-risk group, and resting 
mast cells showed the opposite result. 
Therefore, it is worth talking about the role of 
mast cells in CC.

Finally, we endeavored to estimate the chemo-
therapeutic response of each patient based on 
IC50. A total of 3 chemotherapy drugs including 
paclitaxel, vinorelbine, and methotrexate were 
considered effective for patients in the high-
risk group.

Limitations can be seen in our research and 
our results should be treated with caution. 
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First, although we performed in-group verifica-
tions in the test and entire groups, an indepen-
dent database for external validation is 
required. Second, the efficiency of the prognos-
tic model and conjecture based on results has 
yet to be resolved.

Conclusion

A prognostic model with robust forecasting abil-
ity for CC patients was constructed based on 
six immune-related lncRNAs. This may provide 
a new treatment strategy for the immunological 
treatment of CC.

Acknowledgements

This study was funded by grants from Key 
Scientific and Technological Projects in Nantong 
City, Jiangsu, China (No. MS22018001, MS22- 
019015) and Jiangsu Post-doctoral Foundation 
Research Project, China (No. 2019Z142).

Disclosure of conflict of interest

None.

Abbreviations

CC, cervical cancer; OS, overall survival; PCA, 
principal component analysis; GSEA, gene set 
enrichment analysis; GDSC, the Genomics of 
Drug Sensitivity in Cancer; IC50, the half maxi-
mal inhibitory concentration; LASSO, the least 
absolute shrinkage and selection operator; 
HPVs, human papillomaviruses.

Address correspondence to: Dr. Hongjun Zhu, 
Department of Oncology, The Third People’s Hospital 
of Nantong, No. 99 Qingnian Middle Road, Nantong 
226001, Jiangsu, China. Tel: +86-513-85051875; 
E-mail: zhj28254282@163.com; Dr. Yifei Liu, De- 
partment of Pathology, Affiliated Hospital of Nantong 
University, No. 20 Xisi Road, Nantong 226001, 
Jiangsu, China. Tel: +86-513-85051875; E-mail: 
ntdxliuyifei@sina.com

References

[1] Siegel RL, Miller KD and Jemal A. Cancer sta-
tistics, 2019. CA Cancer J Clin 2019; 69: 7-34.

[2] Ferlay J, Colombet M, Soerjomataram I, 
Mathers C, Parkin DM, Pineros M, Znaor A and 
Bray F. Estimating the global cancer incidence 
and mortality in 2018: GLOBOCAN sources 
and methods. Int J Cancer 2019; 144: 1941-
1953.

[3] Kim TJ, Jin HT, Hur SY, Yang HG, Seo YB, Hong 
SR, Lee CW, Kim S, Woo JW, Park KS, Hwang 
YY, Park J, Lee IH, Lim KT, Lee KH, Jeong MS, 
Surh CD, Suh YS, Park JS and Sung YC. 
Clearance of persistent HPV infection and cer-
vical lesion by therapeutic DNA vaccine in 
CIN3 patients. Nat Commun 2014; 5: 5317.

[4] Samuels S, Marijne Heeren A, Zijlmans H, 
Welters MJP, van den Berg JH, Philips D, 
Kvistborg P, Ehsan I, Scholl SME, Nuijen B, 
Schumacher TNM, van Beurden M, Jordanova 
ES, Haanen J, van der Burg SH and Kenter GG. 
HPV16 E7 DNA tattooing: safety, immunoge-
nicity, and clinical response in patients with 
HPV-positive vulvar intraepithelial neoplasia. 
Cancer Immunol Immunother 2017; 66: 1163-
1173.

[5] Trimble CL, Peng S, Kos F, Gravitt P, Viscidi R, 
Sugar E, Pardoll D and Wu TC. A phase I trial of 
a human papillomavirus DNA vaccine for 
HPV16+ cervical intraepithelial neoplasia 2/3. 
Clin Cancer Res 2009; 15: 361-367.

[6] Zhu D, Shen H, Tan S, Hu Z, Wang L, Yu L, Tian 
X, Ding W, Ren C, Gao C, Cheng J, Deng M, Liu 
R, Hu J, Xi L, Wu P, Zhang Z, Ma D and Wang H. 
Nanoparticles based on poly (beta-amino es-
ter) and HPV16-targeting CRISPR/shRNA as 
potential drugs for HPV16-related cervical ma-
lignancy. Mol Ther 2018; 26: 2443-2455.

[7] Wei Q, Li YX, Liu M, Li X and Tang H. MiR-17-5p 
targets TP53INP1 and regulates cell prolifera-
tion and apoptosis of cervical cancer cells. 
IUBMB Life 2012; 64: 697-704.

[8] Fan Z, Cui H, Xu X, Lin Z, Zhang X, Kang L, Han 
B, Meng J, Yan Z, Yan X and Jiao S. MiR-125a 
suppresses tumor growth, invasion and metas-
tasis in cervical cancer by targeting STAT3. 
Oncotarget 2015; 6: 25266-25280.

[9] Van Durme JP, Heyndrickx G, Snoeck J, 
Vermeire P and Pannier R. Diagnosis of myo-
cardial perforation by intracardiac electro-
grams recorded from the indwelling catheter. J 
Electrocardiol 1973; 6: 97-102.

[10] Casarotto M, Fanetti G, Guerrieri R, Palazzari E, 
Lupato V, Steffan A, Polesel J, Boscolo-Rizzo P 
and Fratta E. Beyond microRNAs: emerging 
role of other non-coding RNAs in HPV-driven 
cancers. Cancers (Basel) 2020; 12: 1246.

[11] Ding X, Jia X, Wang C, Xu J, Gao SJ and Lu C. A 
DHX9-lncRNA-MDM2 interaction regulates cell 
invasion and angiogenesis of cervical cancer. 
Cell Death Differ 2019; 26: 1750-1765.

[12] Feng S, Liu W, Bai X, Pan W, Jia Z, Zhang S, Zhu 
Y and Tan W. LncRNA-CTS promotes metasta-
sis and epithelial-to-mesenchymal transition 
through regulating miR-505/ZEB2 axis in cer-
vical cancer. Cancer Lett 2019; 465: 105-117.

[13] Xu D, Dong P, Xiong Y, Yue J, Konno Y, Ihira K, 
Kobayashi N, Todo Y and Watari H. MicroRNA-



A novel immune-related lncRNA signature in CC

11784 Am J Transl Res 2021;13(10):11771-11785

361-mediated inhibition of HSP90 expression 
and EMT in cervical cancer is counteracted by 
oncogenic lncRNA NEAT1. Cells 2020; 9: 632.

[14] Stevanovic S, Pasetto A, Helman SR, Gartner 
JJ, Prickett TD, Howie B, Robins HS, Robbins 
PF, Klebanoff CA, Rosenberg SA and Hinrichs 
CS. Landscape of immunogenic tumor anti-
gens in successful immunotherapy of virally 
induced epithelial cancer. Science 2017; 356: 
200-205.

[15] Berger AC, Korkut A, Kanchi RS, Hegde AM, 
Lenoir W, Liu W, Liu Y, Fan H, Shen H, 
Ravikumar V, Rao A, Schultz A, Li X, Sumazin P, 
Williams C, Mestdagh P, Gunaratne PH, Yau C, 
Bowlby R, Robertson AG, Tiezzi DG, Wang C, 
Cherniack AD, Godwin AK, Kuderer NM, Rader 
JS, Zuna RE, Sood AK, Lazar AJ, Ojesina AI, 
Adebamowo C, Adebamowo SN, Baggerly KA, 
Chen TW, Chiu HS, Lefever S, Liu L, MacKenzie 
K, Orsulic S, Roszik J, Shelley CS, Song Q, 
Vellano CP, Wentzensen N, Cancer Genome 
Atlas Research N, Weinstein JN, Mills GB, 
Levine DA and Akbani R. A comprehensive 
pan-cancer molecular study of gynecologic 
and breast cancers. Cancer Cell 2018; 33: 
690-705, e699.

[16] Subramanian A, Tamayo P, Mootha VK, 
Mukherjee S, Ebert BL, Gillette MA, Paulovich 
A, Pomeroy SL, Golub TR, Lander ES and 
Mesirov JP. Gene set enrichment analysis: a 
knowledge-based approach for interpreting 
genome-wide expression profiles. Proc Natl 
Acad Sci U S A 2005; 102: 15545-15550.

[17] Meng H, Liu J, Qiu J, Nie S, Jiang Y, Wan Y and 
Cheng W. Identification of key genes in associ-
ation with progression and prognosis in cervi-
cal squamous cell carcinoma. DNA Cell Biol 
2020; 39: 848-863.

[18] Newman AM, Liu CL, Green MR, Gentles AJ, 
Feng W, Xu Y, Hoang CD, Diehn M and Alizadeh 
AA. Robust enumeration of cell subsets from 
tissue expression profiles. Nat Methods 2015; 
12: 453-457.

[19] Liu J, Meng H, Li S, Shen Y, Wang H, Shan W, 
Qiu J, Zhang J and Cheng W. Identification of 
potential biomarkers in association with pro-
gression and prognosis in epithelial ovarian 
cancer by integrated bioinformatics analysis. 
Front Genet 2019; 10: 1031.

[20] Geeleher P, Cox NJ and Huang RS. Clinical drug 
response can be predicted using baseline 
gene expression levels and in vitro drug sensi-
tivity in cell lines. Genome Biol 2014; 15: R47.

[21] Bao Y, Wang L, Shi L, Yun F, Liu X, Chen Y, Chen 
C, Ren Y and Jia Y. Transcriptome profiling re-
vealed multiple genes and ECM-receptor inter-
action pathways that may be associated with 
breast cancer. Cell Mol Biol Lett 2019; 24: 38.

[22] Sulzmaier FJ, Jean C and Schlaepfer DD. FAK 
in cancer: mechanistic findings and clinical ap-
plications. Nat Rev Cancer 2014; 14: 598-610.

[23] Lim S, Phillips JB, Madeira da Silva L, Zhou M, 
Fodstad O, Owen LB and Tan M. Interplay be-
tween immune checkpoint proteins and cellu-
lar metabolism. Cancer Res 2017; 77: 1245-
1249.

[24] Tornesello ML, Faraonio R, Buonaguro L, 
Annunziata C, Starita N, Cerasuolo A, Pezzuto 
F, Tornesello AL and Buonaguro FM. The role of 
microRNAs, long non-coding RNAs, and circu-
lar RNAs in cervical cancer. Front Oncol 2020; 
10: 150.

[25] L’Abbate A, Tolomeo D, De Astis F, Lonoce A, Lo 
Cunsolo C, Muhlematter D, Schoumans J, 
Vandenberghe P, Van Hoof A, Palumbo O, 
Carella M, Mazza T and Storlazzi CT. t(15;21) 
translocations leading to the concurrent down-
regulation of RUNX1 and its transcription fac-
tor partner genes SIN3A and TCF12 in myeloid 
disorders. Mol Cancer 2015; 14: 211.

[26] Goyal A, Fiskin E, Gutschner T, Polycarpou-
Schwarz M, Gross M, Neugebauer J, Gandhi M, 
Caudron-Herger M, Benes V and Diederichs S. 
A cautionary tale of sense-antisense gene 
pairs: independent regulation despite inverse 
correlation of expression. Nucleic Acids Res 
2017; 45: 12496-12508.

[27] Yang J, Yu D, Liu X, Changyong E and Yu S. 
LncRNA PCED1B-AS1 activates the prolifera-
tion and restricts the apoptosis of glioma 
through cooperating with miR-194-5p/PCE- 
D1B axis. J Cell Biochem 2020; 121: 1823-
1833.

[28] Yao Z, Zhang Q, Guo F, Guo S, Yang B, Liu B, Li 
P, Li J, Guan S and Liu X. Long noncoding RNA 
PCED1B-AS1 promotes the Warburg effect and 
tumorigenesis by upregulating HIF-1alpha in 
glioblastoma. Cell Transplant 2020; 29: 
963689720906777.

[29] Li M, Cui J, Niu W, Huang J, Feng T, Sun B and 
Yao H. Long non-coding PCED1B-AS1 regu-
lates macrophage apoptosis and autophagy by 
sponging miR-155 in active tuberculosis. 
Biochem Biophys Res Commun 2019; 509: 
803-809.

[30] Liu JX, Li W, Li JT, Liu F and Zhou L. Screening 
key long non-coding RNAs in early-stage  
colon adenocarcinoma by RNA-sequencing. 
Epigenomics 2018; 10: 1215-1228.

[31] Dong L, Ding C, Zheng T, Pu Y, Liu J, Zhang W, 
Xue F, Kang P, Ma Y, Wang X and Mao C. 
Extracellular vesicles from human umbilical 
cord mesenchymal stem cells treated with 
siRNA against ELFN1-AS1 suppress colon ad-
enocarcinoma proliferation and migration. Am 
J Transl Res 2019; 11: 6989-6999.

[32] Lei R, Feng L and Hong D. ELFN1-AS1 acceler-
ates the proliferation and migration of colorec-
tal cancer via regulation of miR-4644/TRIM44 
axis. Cancer Biomark 2020; 27: 433-443.

[33] Huang L, Li X, Ye H, Liu Y, Liang X, Yang C, Hua 
L, Yan Z and Zhang X. Long non-coding RNA 



A novel immune-related lncRNA signature in CC

11785 Am J Transl Res 2021;13(10):11771-11785

NCK1-AS1 promotes the tumorigenesis of glio-
ma through sponging microRNA-138-2-3p and 
activating the TRIM24/Wnt/beta-catenin axis. 
J Exp Clin Cancer Res 2020; 39: 63.

[34] Cheng Y, Shen X, Zheng M, Zou G and Shen Y. 
Knockdown of lncRNA NCK-AS1 regulates cis-
platin resistance through modulating miR-137 
in osteosarcoma cells. Onco Targets Ther 
2019; 12: 11057-11068.

[35] Li H, Jia Y, Cheng J, Liu G and Song F. LncRNA 
NCK1-AS1 promotes proliferation and induces 
cell cycle progression by crosstalk NCK1-AS1/
miR-6857/CDK1 pathway. Cell Death Dis 
2018; 9: 198.

[36] Zhang WY, Liu YJ, He Y and Chen P. Suppression 
of long noncoding RNA NCK1-AS1 increases 
chemosensitivity to cisplatin in cervical cancer. 
J Cell Physiol 2019; 234: 4302-4313.

[37] Cuburu N, Khan S, Thompson CD, Kim R, 
Vellinga J, Zahn R, Lowy DR, Scheper G and 
Schiller JT. Adenovirus vector-based prime-
boost vaccination via heterologous routes in-
duces cervicovaginal CD8(+) T cell responses 
against HPV16 oncoproteins. Int J Cancer 
2018; 142: 1467-1479.



A novel immune-related lncRNA signature in CC

1 

Supplementary Table 1. The result of univariate Cox regression analysis
id HR HR.95L HR.95H P value
AF064858.3 1.151095 1.067677 1.241032 0.000246
AC105277.1 1.585508 1.218889 2.062398 0.000592
AL365226.2 1.048037 1.01765 1.079332 0.001776
AC083809.1 1.202275 1.054623 1.370599 0.005861
NCK1-DT 0.776593 0.646792 0.932443 0.006737
UBL7-AS1 0.590379 0.385596 0.903921 0.015319
AC090948.3 0.426119 0.208989 0.868834 0.018937
AL158166.1 1.603252 1.073203 2.395089 0.02117
LIPE-AS1 0.457964 0.226087 0.927654 0.030122
AL365203.2 1.081491 1.007496 1.160921 0.030273
AL513304.1 1.009225 1.000704 1.017819 0.033782
ELFN1-AS1 1.080254 1.004512 1.161708 0.037404
AC114488.1 1.298068 1.010954 1.666723 0.040817
AC008972.2 0.430155 0.187218 0.988328 0.046853
PCED1B-AS1 0.810616 0.657969 0.998677 0.048564
TRG-AS1 0.487235 0.237502 0.99956 0.04986
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Supplementary Figure 1. An overview of six immune-related lncRNAs in CC. The expression (A) and corresponding significant OS analysis (B) of UBL7-AS1, LIPE-AS1, 
PCED1B-AS1 and NCK1-DT downloaded from GEPIA.
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Supplementary Figure 2. The mRNA-lncRNA co-expression networks based on six immune-related lncRNAs.

Supplementary Figure 3. Two prognostic types could be distinguished in patients with age ≤50, squamous histologi-
cal type, stage I & II, and grade 3 & 4.
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Supplementary Figure 4. The Spearman’s rank correlation coefficients between risk score and immune cells (activated dendritic cells, eosinophils, M0 macro-
phages, resting mast cells, activated NK cells, activated memory CD4+ T cells, resting memory CD4+ T cells and Tregs) in CC.


