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Abstract
Background: Cervical cancer (CC) represents a major gynecologic health problem, accounting for the
fourth most widespread cancer in women. A factor that may contribute to the occurrence and
development of CC is involving disorders of long noncoding RNAs (lncRNAs). The current study aimed to
isolate immune-related lncRNA signatures capable of predicting CC prognosis and identify targets for
immunotherapy.

Methods: RNA-seq data and clinical characteristic information of CC were acquired from The Cancer
Genome Atlas (TCGA) database and immune-related genes were downloaded from ImmPort Shared
Data. Prognostic genes were screened via using univariate, LASSO, and multivariate Cox regression
analysis. Receiver operating characteristic (ROC) analysis was performed to assess the prognostic
signature. The association between risk score and immune cell in�ltration or antiviral genes was
evaluated by CIBERSORT and Pearson correlation analysis.

Results: In this study, we constructed a prognostic risk signature model comprising 20 immune-related
lncRNAs. With this model, patients in the high-risk group showed a poorer prognosis than those in the
low-risk group. Results from univariate and multivariate Cox regression analyses demonstrated that this
risk model was an independent prognostic factor. According to CIBERSORT algorithm results, we found
different tumor microenviroment immune cell in�ltration levels in the low- and high-risk groups and
antiviral genes were closely associated with 20 immune-related lncRNAs, while further analysis showed
that lower expressions of these genes were present in the high-risk group.

Conclusions: Our study shows immune-related lncRNAs can serve as effective agents for the prognosis
of CC and offer the potential for immunotherapy targets. 

Background
Cervical cancer (CC) is the fourth most common type of malignant tumors, with a high incidence and
mortality rate among women [1]. Survey results reveal that an estimated 266,000 women die annually
from CC, and this number is anticipated to double by 2035 [2], with of 90% of these deaths occurring in
developing countries. As one example, in China, the incidence and mortality rates of CC are showing a
signi�cant increase, especially in young women [3]. Persistent high-risk human papillomavirus (HPV) is
considered a leading factor involved with the development and progression of CC [4]. At present,
treatments for CC include surgery, radiotherapy, chemotherapy, and more recently use of potential
targeted and biological therapies based on speci�c molecular features [5]. Apart from these, the use of
immunotherapy targeted production of HPV antigens or adoptive T-cell transfer therapy offer a novel and
promising opportunity for recurrent or metastatic patients. However, even with these advances in CC
treatment, the prognosis remains rather dismal, with 5-year overall survival (OS) rates for stage  patients
being only 65%, and this percent that gradually drops to 40% for more severe patients [6]. Given these
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current conditions, there is an urgent need to identify the prognostic biomarkers which can promptly and
accurately predict the clinical outcomes and provide personalized treatment regimens.

Long non-coding RNAs (lncRNAs), a type of non-coding RNA with a sequence of over 200 nucleotides,
have been shown to exhibit multiple biological activities. Emerging studies have revealed that lncRNAs
participate in the regulation of chromatin remodeling, levels of transcriptional and post-transcriptional
activity, as well as splicing and epigenetics [7]. Disorders in lncRNAs can lead to increase in the
occurrence of cancer, and are related to tumor immunity, immune cell migration and in�ltration, antigen
release and presentation, as well as immunotherapy [8, 9]. It has been reported that immune-related
lncRNAs could be considered as prognostic biomarkers for melanoma, breast cancer, bladder cancer,
hepatocellular carcinoma, lung adenocarcinoma, and renal cell carcinoma, however, related research on
immune-related lncRNA signatures in CC remains lacking [10–15]. With regard to immune-related lncRNA
signatures in CC, previous studies have focused on a single abnormal expression of lncRNA, such as
XLOC_006390, as being involved in multiple facets to facilitate CC tumorigenesis and metastasis [16].
However, joint multiple immune-related lncRNAs in CC have not yet been investigated.

Therefore, considering the predictive value of multiple immune-related lncRNAs as a promising
prognostic biomarkers, we conducted a signature model comprising 20 immune-related lncRNAs by
univariate and LASSO Cox regression analysis as related to CC. In addition, samples were further divided
into low- and high-risk groups as based on the median risk score. Finally, the proportion of 22 immune
cells via CIBERSORT algorithms were calculated as a means to assess the associations between risk
scores and differential proportions of immune cells or antiviral genes.

Methods

Patients and datasets
The genomic data and corresponding clinical information were acquired from The Cancer Genome Atlas
(TCGA) database (https://portal.gdc.cancer.gov/repository). In total, 254 CC samples and 3 adjacent
normal tissue samples were included in this research. The detailed clinical data including age, survival
stage, survival time, T stage, lymph node status and metastasis at the time of diagnosis were recorded
(Table 1). Patients with a survival time less than 30 days were not included in the study.
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Table 1
Clinical characteristics of cervical cancer patients

Clinical Characteristics   Total %

Age   254  

  47.96 (20–88)  

Grade 16 6.30

112 44.09

Ш 100 39.37

1 0.39

GX 23 9.06

Unknow 2 0.79

T classi�cation T1 118 46.46

T2 58 22.83

T3 16 6.30

T4 9 3.54

Tis 1 0.39

TX 15 5.91

Unknow 37 14.57

M classi�cation M0 98 38.58

M1 10 3.94

MX 107 42.13

Unknow 39 15.35

N classi�cation N0 109 42.91

N1 50 19.69

NX 58 22.83

Unknow 37 14.57

Survival status Survival 190 74.80

Death 64 25.20

Distinction of immune-related lncRNAs



Page 5/20

Immune-related genes (IRGs) were downloaded from the Immport Shared Data. Pearson’s correlation
analyse was use to differentiate between expressed IRGs and lncRNAs to identify immune-related
lncRNAs in CC samples (correlation coe�cient > 0.6, p < .001)[13]. Finally, 286 immune-related lncRNAs
were identi�ed by constructing an immuno-lncRNAs co-expression network. Expression levels of these
immune-related lncRNAs were then applied to further build the prognostic model.

Construction and validation of the immune-related lncRNAs
signatures associated with prognosis
According to univariate Cox regression analysis, the independent prognostic predictors among immune-
related lncRNAs were selected based on the “survival” package. LASSO analysis and the stepwise Cox
proportional hazards regression model were used to construct the immune-related lncRNA prognostic
model [13]. The formula for calculating the risk scores was: ∑ coe�cient (lncRNA )×expression
(lncRNA ). As based on the median risk score, patients were divided into either high- or low-risk groups.

Immune and stromal scores
Immune and stromal scores were calculated as based on the “ESTIMATE” package.

Potential regulatory pathways analysis
Gene set enrichment analysis (GSEA) was used to quantify normalized enrichment scores between the
low- and high-risk score groups [17].

Evaluation of the immune-related lncRNAs signatures as
independent prognostic factors in CC
Both uni- and multi-variate Cox regression analysis were performed to assess the clinical information,
including risk score, age, and stage of disease [18].

Comparisons of the 22 immune cell subtypes in the two risk
groups
The CIBERSORT package was applied to estimate the proportion of 22 immune cell subtypes in the two
risk groups as based on the expression pro�les [13]. The number of permutations was set at 1000.
Samples with a p < 0.05 in the CIBERSORT analysis were used for further analysis. Associations between
risk scores and immune cell subtypes were assessed with use of Pearson’s correlation.

Statistical analysis
All statistical analyses were performed using R software (version 4.1.1, https://www.r-project.org/). A p-
value of < 0.05 was regarded as statistically signi�cant.

Results
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Identi�cation of immune-related lncRNAs
A total of 14086 lncRNAs were identi�ed from the TCGA database, and 2579 IRGs from the Immport
database were downloaded. The immune-related lncRNAs were identi�ed by constructing a co-expression
network of immunogenic genes and lncRNAs, with a �nal number of 286 immune-related lncRNAs being
extracted (Fig. 1a).

Construction and validation of immune-related lncRNAs
signatures
Univariate Cox regression analysis was used to determine whether any

associations were present between the 286 immune-related lncRNAs and OS of CC samples. From this
analysis, we identi�ed 41 survival associated immune-related lncRNAs (Fig. 1b). Then, 20 immune-related
lncRNAs were utilized to build the prognostic model by stepwise LASSO regression analysis (Fig. 1c-d).
Risk score of each patient was calculated according to the expression levels of the 20 lncRNAs and their
corresponding coe�cients (Fig. 1e). Risk score= (-0.1518*AC100847.1) + (-0.1755*LINC01943) +
(0.8935*AP001528.1) + (0.0161*AP001527.2) +

(-0.1930*AP001318.2) + (-0.0715*AC008035.1)+ (-0.2153*AC108134.3) +

(0.5749*ac007998.3) + (0.2186*ac008429.1) + (0.0183*miat) +

(0.0780*AC008687.3) + (-0.1504*AC243829.4) + (0.0147*MEG3) + (0.0179

*AC002401.4) + (-0.2278*AC009097.2) + (-0.0865*AL109811.2) +

(-0.5642*AC007728.2) + (-0.1477*AC008124.1) + (-0.0017*USP30-AS1) +

(0.0875*DNM3OS).

Based on the median risk score as a cutoff, patients were further divided into either high- or low-risk
groups, with each patient’s survival outcome and lncRNA expression levels presented in Fig. 2a. Results
from Kaplan-Meier (K-M) survival curves indicated that the OS of patients in the high-risk group was
signi�cantly lower than that of patients in the low-risk group (Fig. 2b). In addition, areas under the
receiver-operating characteristic curves (ROC) were 0.801, 0.800, and 0.789 at 1, 3, and 5 years post
diagnosis, respectively, indicating that these 20 immune-related lncRNAs exhibited a reliable capacity for
predicting the OS of CC (Fig. 2c).

Prognostic analysis of risk models in different subgroups of CC patients
To further clarify the role of these 20 immune-related lncRNAs signatures in CC progression, data
obtained between the signature and clinical features were subjected to correlational analysis. It was
found that elderly patients (age > 50), high Grade (3/4), and a poor pathological stage were signi�cantly
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Discussion

correlated with a high risk score, while low risk scores were signi�cantly associated with a good
prognosis. These �ndings provide support for the accuracy of this risk models (Fig. 3).
Enrichment Analysis Based on Risk Score
We investigated the different functions of immune-related lncRNAs in high- and low-risk groups. Figure 4
contained the top 10 most highly enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene
Ontology (GO) items within the high risk group as compared with that of the low risk group. Among the
top 10 KEGG pathways, ECM receptor interaction and focal adhesion were signi�cantly related to the
progression of CC. The top 10 most highly enriched molecular functions, cellular components and
biological processes included oxidative phosphorylation, oxidoreductase activity, and other energy
metabolism-related activities, all of which were signi�cant factors linked to the tumorigenesis and
progression of CC.
Identi�cation of Independent Prognostic Factors
Both uni- and multi-variate Cox regression analysis were performed to investigate the independence of
the prognostic signatures. Results showed that both risk score and pathological N stage were related to
the prognosis of CC (Fig. 5). Taken together, these results illustrated that the risk score value served as an
independent factor for the prognosis of CC.
Correlation Between Risk Models and Immune Status
The patients were divided into two groups (high-risk and low-risk) based on the median risk score. Clinical
information recorded on these patients included age, immune score, grade of disease, tumor invasion (T),
lymph node (N), and metastasis (M). Differences observed between the low- versus high-risk groups
tended to be in pathological T stage and immune score (Fig. 6a). Further analysis revealed that the high-
risk group had lower ESTIMATE scores but no difference of stromal score were found between the two
groups (Fig. 6b-d). Given the above results, we further analyzed the immune components and relationship
between the signature and immune cell subtype in�ltration of CC. The in�ltration of 22 types of immune
cells in the low- and high-risk groups were determined (Fig. 7a). The results demonstrated that T cells
CD8, T cells follicular helper, T cells regulatory, as well as mast cells resting were negatively correlated
with risk scores, while macrophages M0, dendritic cell activated, mast cells activated, along with
neutrophils were signi�cantly increased in the high-risk group (Fig. 7b). These results suggested that the
signature was related to the immune states of CC, while high risk scores were associated with lower
immune cell compositions in the CC microenvironment.
Correlation Between Differential Antiviral Genes and Immune-related LncRNAs in the Two Groups
Persistent infections with high-risk HPVs are the major causative factor for the development of CC and it
has been reported that HPV infects approxiamately 100 million women around the world [19]. We
analyzed the association between the 20 immune-related lncRNAs and antiviral genes, with the results
that antiviral genes, including APOBEC3G, PML, MX1, TLR3, TRAIL, and XAF1 were all correlated with at
least 6 of the 20 immune-related lncRNAs. In addition, compared with that of the low-risk group, the high-
risk group showed lower expressions of antiviral genes (Fig. 8). These results further demonstrated that
these 20 lncRNAs signatures affected the existence of HPV and progression of CC.
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CC is one of the most prevalent cancers, producing malignant tumors of genital tract, and a high
mortality rate among females. Accordingly, this condition represents a prominent public health issue [20].
HPV infection is considered an indispensable factor involved with the development and progression of
CC. Findings from epidemiological studies indicate that 80% of sexually active women have at least one
opportunity HPV infection within their lifetime [21]. As most cases of high-risk HPV experience a self-
limiting clinical course of approximately 1–2 years, leaving few cases progressing to precancer or cancer
[22]. It should be noted that although prophylactic vaccines against HPV have shown promising results in
recent years, the implementation of an universal HPV vaccination program is not realistic in developing
countries. The 5-year survival rate of patients diagnosed with stage B decreases from 50–60% to 30–
40% in stage ШB [23], therefore, a clear need exists for the development of an effective prognostic model
that offers novel therapeutic targets for CC. Importantly, we found that this risk predication model can not
only judge the prognosis, but also provide a better index of the immune status and antiviral ability of
these CC patients.

Emerging studies, which demonstrate the existence of viral antigens in CC, suggest that immunotherapy
can serve as a promising treatment option. ADXS11-011, a live attenuated bioengineered molecule, could
promote the differentiation of cytotoxic T-lymphocytes to kill cancer cells by targeting HPV transformed
cells and results from a phase  clinical trial study have demonstrated that ADXS11-011 achieved a 36%
rate of 12-month survival in recurrent or persistent CC [24]. Additional evidence from a comprehensive
serial study have demonstrated that anti-PD1/PD-L1 agents produce an overall response rate of
13.3%-26% [5]. And adoptive T-cell transfer therapy targeting E7 T-cell receptors has emerged as a
promising therapy that could provide durable responses in a number of patients with advanced CC [25].
Importantly, immunotherapy has proved to exert a vital role in the treatment of CC and cell immune
responses are potential factors that can in�uence tumor progression and prognosis [26, 27]. Related
studies have provided evidence that dendritic cells may play an immunosuppressive role thereby enabling
a host tolerance to HPV antigens [28]. Moreover, CD8 T cells and resting mast cells were found to be
associated with an overall better survival rate, while activated mast cells are related with poorer survival
[29]. In our current study, we also found that dendritic cell activated and mast cells activated were
positively correlated with the risk score, while T cells CD8 and mast cells resting were negatively
associated with the risk score. Such results may provide a partial explanation for the poor prognosis at
the level of tumor immunity.

LncRNAs have been involved with human disease pathogenesis and are recognized as biomarkers and
therapeutic targets. Recent studies have provided compelling evidence that lncRNAs act as vital
regulators in immune response processes, including T cell development, immune escape [30], antiviral
innate immunity [31], macrophage M2 polarization [32], and maintenance of epidermal homeostasis [33].
In addition, the predictive value of lncRNA PCA3 has been shown to be greater than that of the prostate-
speci�c antigen for prostate cancer [34]. Similarly, HULC, MALAT1 and HOTAIR are novel prognostic
markers signi�cantly associated with survival in osteosarcoma, non-samll-cell lung cancer and some
gastroenteric tumor [35–37]. As therapeutic agents, lncRNAs can regulate post-transcriptional
degradation, antisense pairing, or drug delivery [38–40]. Despite these exciting results regarding the roles
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of immune-related lncRNAs as effective biomarkers, their capacity for predicting survival and relative
mechanisms as involved with CC are still lacking. To our knowledge, this report provides the �rst evidence
for the prognostic value of a model for CC.

Our established model indicates that the risk score is an independent prognostic factor in CC as
demonstrated from results obtained with uni- and multi-variate Cox regression analysis. We divided the
patients into two groups as based on their median risk score, and further study was to analyze the
association between immune-related lncRNA signatures and clinical characteristics of CC. The results
strongly indicated that the risk score was associated with the progression of CC. Importantly, a signi�cant
correlation was obtained between the 20 immune-related lncRNA signatures and the expression of
antiviral genes, which provides an explanation for the prognostic outcome at the level of antiviral ability.
Based on these results, the underlying mechanism of regulation in CC development and treatment will
require further exploration.

This study strongly indicates that the immune-related lncRNAs show a notable prognostic value for CC
patients and offer the potential immunotherapy targets. Despite these promising results, there remain
some limitations regarding this study that need to be addressed. First, the amount of data available was
only validated in the TCGA dataset, therefore additional patient datasets will be required to corroborate
these �ndings. In addition, further analyses and experiments will be needed to substantiate our results
before the immune-related lncRNAs can be applied in the clinic.

In summary, we present the �rst evidence for construction and validation of a novel prognostic immune-
related lncRNA in CC. We also report that the risk score-based groups have different immune states and
antiviral ability. Collectively, our data provide new insights into the prognostic and therapeutic evaluation
of CC and offer the foundation for further investigations into the regulatory mechanisms involved with
CC.
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Figure 1

Distinction of immune-related lncRNAs correlated with CC prognosis. (a) Construction of a co-expression
network between immunogenic genes and lncRNAs. (b) Immune-related lncRNAs in combination of
survival time and survival status evaluated by Univariate cox regression analysis. (c-e) LASSO model and
LASSO coe�cient pro�les to identify the immune-related lncRNAs correlated with prognosis.
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Figure 2

Risk score and survival analysis. (a) Risk scores, survival status and expression of the 20 immune-related
lncRNAs. (b) Kaplan-Meier analysis of the OS in the high- and low-risk groups. (c) Time-dependent ROC
curves at 1, 3, and 5 years post diagnosis of immune-related lncRNA signatures in CC.

Figure 3

Prognostic signi�cance of the high-and low-risk groups with different clinical features. Age<=50 (a), Age
>50 (b), Grade 1-2 (c), Grade 3-4 (d), M0 (e), M1 (f), N0 (g), N1 (h), T1-2 (i), T3-4 (j).
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Figure 4

Different enrichment of immune-related lncRNAs between high- and low-risk groups. Kyoto Encyclopedia
of Genes and Genomes (KEGG) (a), Gene ontology (GO) Molecular function (b), cellular component (c),
and biological process (d).
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Figure 5

Univariate and multivariate cox analysis of risk score, age, tumor grade and stage as independent
predictors. Univariate Cox analysis (a), Multivariate Cox analysis (b).
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Figure 6

Relationships between risk scores and clinical characteristics of CC. (a) Association between immune-
related lncRNA signatures and clinical features. The analysis of immune in�ltration between the low- and
high-risk groups in Immune score (b), Stromal score (c), and ESTIMATE score (d).
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Figure 7

The comparison of 22 immune cells between low- and high-risk groups. (a) The proportion of 22
subpopulations of immune cells in two groups. (b) Association between the 20 immune-related lncRNA
signatures and the in�ltration of immune cell subtypes.
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Figure 8

Correlation analysis of immune-related lncRNA signatures and antiviral genes. APOBEC3G (a), PML (b),
MX1 (c), TLR3 (d), TRAIL (e), XAF1 (f).


