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ABSTRACT
Background: Cervical cancer is the fourth most common gynecological tumor in
terms of both the incidence and mortality of females worldwide. Cervical squamous
cell carcinoma (CSCC) accounts for 70–80% of cervical cancers, and endocervical
adenocarcinoma (EAC) accounts for 20–25%. Unlike CSCC, EAC has worse
clinical outcomes and prognosis. In this study, we explored the relationship between
various types of long noncoding RNAs (lncRNAs) and pathological types of cervical
cancer.
Methods: RNA sequencing (RNA-Seq) and clinical data from The Cancer Genome
Atlas (TCGA) were used in this study. A single-sample gene set enrichment analysis
(ssGSEA) and the ESTIMATE package were used to assess lncRNA activity and
immune responses, respectively. RT-qPCR was performed to verify our findings.
Results: We explored the relationship between various types of lncRNAs and
pathological types of cervical cancer. A series of long intergenic noncoding RNAs
(lincRNAs) and antisense RNAs, which are the major types of lncRNAs, were
identified to be specifically expressed in EAC and associated with a poor recurrence
prognosis in patients with cervical cancer, suggesting that they might serve as
independent prognostic markers of recurrence in patients with cervical cancer.
RT-qPCR was performed to verify the 10 EAC-specific lncRNAs in cervical cancer
samples we collected. Furthermore, the overexpression of these lncRNAs was
positively correlated with EAC pathology levels but negatively correlated with
immune responses in the microenvironment of cervical cancer.
Conclusions: These lncRNAs potentially represent new biomarkers for the
prediction of the recurrence prognosis and help obtain deeper insights into potential
immunotherapeutic approaches for treating cervical cancer.
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INTRODUCTION
Cervical cancer is the fourth most common gynecological tumor in terms of both the
incidence and mortality of females worldwide, with an estimated 570,000 cases and
311,000 deaths occurring in 2018 (Bray et al., 2018; Vu et al., 2018). Cervical squamous
cell carcinoma (CSCC) accounts for 70–80% of cervical cancers, and endocervical
adenocarcinoma (EAC) accounts for 20–25% (Tsikouras et al., 2016). Unlike CSCC, the
differential diagnosis of early invasive adenocarcinoma from EAC in situ to show the
relatively complex architecture can be difficult to achieve (Ronnett, 2016). EAC has worse
clinical outcomes and prognoses, although some studies have reported no differences in
survival between patients with EAC and CSCC (Marth et al., 2017). Although EAC
accounts for a lower proportion of cervical cancer cases, it causes a disproportionate
number of deaths because of its aggressive behavior. Accordingly, the pathological types of
cervical cancer and strategies to improve the prognosis of patients with EAC should be
identified.

In humans, protein-coding genes account for less than 2% of the total genome.
However, 70% of the human genome is transcribed into RNA, generating thousands of
noncoding RNAs (Yan et al., 2015). The broad term long noncoding RNAs (lncRNAs)
refers to transcripts >200 nt in length that do not contain a protein-coding sequence
(Mattick & Rinn, 2015). Based on the genome position, lncRNA genes are further
grouped into subclasses, including long intergenic noncoding RNAs (lincRNAs), natural
antisense RNA transcripts, sense intronic RNAs, sense overlapping RNAs and processed
transcripts (Jadaliha et al., 2018). LincRNAs are considered the largest class of lncRNA
molecules. LincRNAs retain exon-intron structures and are located in highly regulated
regions of the genome (Talyan, Andrade-Navarro & Muro, 2018). Natural antisense
transcripts have been defined as overlapping antisense noncoding RNAs that regulate the
expression of their opposite coding gene (Ounzain et al., 2015). Prior studies revealed
tumor-suppressive or tumor-promoting roles for lncRNAs. For instance, lncRNAs
correlated with cervical cancer include TERRA, HOTAIR, H19 and PVT1 (Bhan,
Soleimani & Mandal, 2017; Gao et al., 2017; Guo et al., 2019; Oh et al., 2017; Ou et al.,
2018). LncRNAs serve as vital regulators of gene expression in the immune response.
According to a previous study, lncRNAs control the differentiation and function of innate
and adaptive cell types (e.g., T cells and CD8 T cells) (Chen, Satpathy & Chang, 2017).
To the best of our knowledge, no studies have reported the relationship among lncRNAs,
different cervical cancer pathological types and immune responses.

Here, RNA sequencing (RNA-Seq) data from The Cancer Genome Atlas (TCGA)
were employed to explore the association between various types of lncRNAs and the
pathological types of cervical cancer. A group of lncRNAs, including lincRNAs and
antisense RNAs, specifically overexpressed in EAC was identified. Furthermore, clinical
data from TCGA were used to analyze the survival and recurrence of these lncRNAs.
Finally, lncRNA overexpression was shown to be associated with immune responses in the
cervical cancer microenvironment, particularly in EAC. This study may provide new
prognostic markers and explain the mechanisms of lncRNA function in cervical cancer.
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MATERIALS AND METHODS
Raw data
RNA-Seq and clinical data from TCGA were downloaded from https://portal.gdc.cancer.
gov/. The RNA-Seq data were reported as fragments per kilobase million (FPKM) (Cui
et al., 2020; Gibb et al., 2015; Tang et al., 2021). The genotype classification was based on
the Ensemble dataset (http://asia.ensembl.org/index.html).

Definitions of clinical survival and recurrence types
Four clinical survival and recurrence types were selected here, namely, overall survival
(OS), progression-free survival (PFS), disease-free survival (DFS) and disease-specific
survival (DSS). These categories were defined as follows: OS was defined as the period from
the date of diagnosis until death from any cause, DSS was the period from the date of the
initial diagnosis until the date of last contact or death from another cause, PFS was the
period from the date of diagnosis until the date of the first occurrence of a new tumor
event, and DFS was the PFS of patients after their initial diagnosis and treatment (Liu et al.,
2018; Wang, Yan & Ye, 2020).

LncRNA score, tumor purity and immune score
A single-sample gene set enrichment analysis (ssGSEA) was conducted to assess the
lncRNA (lincRNA and antisense RNA) scores based on expression (Hanzelmann, Castelo
& Guinney, 2013). The ESTIMATE package was used to assess tumor purity and the
immune score (Yoshihara et al., 2013). All these analyses were conducted using R software
4.0.3.

Identification of target genes and enrichment analysis
Gene set enrichment analyses (GSEAs) were performed to identify the extent of the
enrichment of the immune response in cervical cancer based on fold changes (FCs) in
lncRNA expression (Long et al., 2019). Genes were arranged from large to small based on
their FCs compared with the high and low expression groups. Subsequently, genes and FC
values were listed and a gene ontology (GO) enrichment analysis was performed with
GSEA in clusterProfiler (Yu et al., 2012). Target genes of lncRNAs were identified in
ENCORI (http://starbase.sysu.edu.cn/index.php). Enrichment analysis of target genes
were performed by Metascape (https://metascape.org/).

Analyses of populations and subpopulations of infiltrating immune
cells
T cell, B cell, CD8 T cell and NK cell molecular markers were built by a research group
using genes specific for these immune cells (Bindea et al., 2013). T cell, B cell, CD8 T cell
and NK molecular markers are as follows in Table S1. All these analyses were conducted
using R software 4.0.3. Besides, TIMER and EPIC immune infiltrating data were
downloaded from http://timer.cistrome.org/.
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RT-qPCR
Twelve groups of cervical cancer tissues and normal tissues were obtained from 12 patients
who underwent radical resection at Suizhou Hospital, Hubei University of Medicine
between June 2020 and September 2020. The clinical cases information was showed in
Table S2. The expression levels of lncRNAs were examined using RT-qPCR. Total RNA
was extracted by trozil, RNA was converted into cDNA using cDNA Synthesis Kit
(TaKaRa, Shiga, Japan). Quantification of the cDNA template was performed with
RT-qPCR using SYBR green as a fluorophore. All experimental procedures were approved
by the Ethics Committee of Suizhou Hospital, Hubei University of Medicine. Written
informed consent was provided by all patients prior to the study.

Statistical analysis
The Mann–Whitney test was performed to assess the significance of differences in
expression level between any two types of samples. The overlapping analysis was
conducted using Venny 2.1 (http://bioinfogp.cnb.csic.es/tools/venny/index.html). Other
analyses and plots were generated with GraphPad Prism 9 or R software 4.0.3.

RESULTS
LincRNAs and antisense RNAs specifically expressed in EAC rather
than other types of LncRNAs
The expression of lncRNAs was profiled in a cohort of 299 cervical cancer samples
(including 252 CSCC and 47 EAC samples) from TCGA datasets to identify lncRNAs that
are dysregulated in the pathology of cervical cancer. Notably, lincRNAs and antisense
RNAs, namely, the main types of lncRNAs, were significantly overexpressed in EAC
samples compared with CSCC samples (Figs. 1A and 1B). However, processed transcripts,
snoRNAs and snRNAs were not significantly differentially expressed in any type of CSCC
or EAC sample (Fig. 1B). Thus, lincRNAs and antisense RNAs, but not other types of
lncRNAs, were specifically expressed in serous EAC.

Numerous lncRNAs are expressed at very low levels or are not detected in cancer samples.
The number of EAC and CSCC samples whose expression of lncRNAs was not zero was
counted to reduce background noise and detect specific lincRNAs and antisense RNAs in
EAC (Fig. 1C and Table S3). The expression of 304 lincRNAs and 381 antisense RNAs was
nonzero only in EAC samples. These upregulated lncRNAs were defined as EAC lncRNAs.
Twenty-seven lincRNAs and 41 antisense RNAs were not zero only in CSCC samples,
and these lncRNAs were defined as CSCC lncRNAs. The expression of 343 lincRNAs and
693 antisense RNAs was not zero in both EAC and CSCC samples.

EAC LncRNAs were differentially expressed in EAC and CSCC
According to the principal component analysis (PCA), the correlation between EAC and
CSCC samples was verified based on the expression of lincRNAs and antisense RNAs
(Fig. 2). EAC samples were separate from CSCC samples in terms of the expression of EAC
lncRNAs (Figs. 2C and 2D), especially lincRNAs. EAC and CSCC samples were clustered
together in terms of the lncRNAs that were expressed in both EAC and CSCC samples
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(Figs. 2E and 2F). For CSCC lncRNAs, EAC samples were separate from CSCC samples in
terms of the expression of antisense RNAs were clustered together in the expression of
lincRNAs (Figs. 2A and 2B). Based on these results, EAC lncRNAs and antisense RNAs
were differentially expressed in EAC and CSCC.

EAC LncRNAs were significantly overexpressed in EAC but not CSCC
A differential expression analysis was conducted using EAC and CSCC samples to clarify
the dysregulation of these lncRNAs in the pathology of cervical cancer. The analysis here
revealed that most CSCC lncRNAs were not dysregulated in any pathological type of
cervical cancer (lincRNAs: 48.15%; antisense RNAs: 53.66%), and half of the remaining
lncRNAs were upregulated in EAC and CSCC (Figs. 3A and 3B). Interestingly, most EAC
lncRNAs were significantly upregulated in EAC (lincRNAs: 60.86%; antisense RNA:
62.20%) (Figs. 3C and 3D). These upregulated lncRNAs were defined as lncRNAs
specifically expressed in EAC. Although lncRNAs that were expressed in both EAC and

Figure 1 Landscape of LncRNAs expression in cervical cancer. (A) Pie plot of types of LncRNAs.
(B) Bar plot vary of LncRNAs expression level in different types of pathology in cervical cancer. Statistics
originate from Mann–Whitney test. �P < 0.05, ����P < 0.0001. (C) Venn plot of the LincRNAs and
antisense whose expression level was not zero in EAC and CSCC samples in cervical cancer.

Full-size DOI: 10.7717/peerj.12116/fig-1
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CSCC samples were upregulated in EAC (lincRNAs: 55.99%; antisense RNA: 54.40%),
the proportion of the group in which the FC > 2 was much lower in CSCC lncRNAs than in
EAC lncRNAs (lincRNAs: 5.07%: 22.04%, antisense RNA: 5.05%: 18.37%) (Figs. 3E and
3F).

We randomly chose 10 lncRNA candidates with an FC > 1 (Table 1) and validated their
expression in 12 paired cervical cancer samples, including 12 normal, 6 CSCC and 6 EAC
samples, we collected from the hospital to verify the expression of the EAC lncRNAs
identified above. RT-PCR revealed that these lncRNAs were upregulated in cervical cancer
samples, particularly in EAC samples (Fig. 3G). Thus, EAC lncRNAs were significantly
overexpressed in EAC but not in CSCC.

Overexpression of LncRNAs specifically expressed in EAC was
associated with an unfavorable recurrence prognosis
OS is considered a vital endpoint, yet the exclusive use of OS as an endpoint may weaken a
clinical study as deaths may occur. When OS and DSS are used, longer follow-up will be

Figure 2 Landscape of LncRNAs differentially expressed between EAC and CSCC. (A–F) PCA plot
showing the difference in expression of LncRNAs between EAC and CSCC samples in cervical cancer.

Full-size DOI: 10.7717/peerj.12116/fig-2
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required. Thus, DFS and PFS are used in many clinical trials and serve as composites of
tumor progression and death (Johnson, Liauw & Lassere, 2015; Punt et al., 2007). OS and
DSS are associated with survival, and DFS and PFS are associated with recurrence. OS,
DSS, DFS and PFS analyses were conducted to test whether the expression of lncRNAs
specifically expressed in EAC represents a group to predict patient survival and the
recurrence of cervical cancer. A ssGSEA was performed to assess the expression of all
lncRNAs specifically expressed in EAC. The Z-score-transformed ssGSEA value served as

Figure 3 EAC LncRNAs were significantly overexpressed in EAC. (A–F) Volcano plot showing the
significant dysregulation of lncRNAs. Pie plot of lncRNAs dysregulated to different extents. Statistical
analyses were performed using the Mann–Whitney U test. (G) Boxplot showing the expression of ten
lncRNAs in normal, CSCC and EAC samples determined using RT-qPCR. Statistical analyses were
performed using the Kruskal–Wallis test. Full-size DOI: 10.7717/peerj.12116/fig-3
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the lincRNA score or antisense RNA score. Our analysis revealed that high lincRNAs
and antisense RNA expression were associated with a poor recurrence prognosis rather
than shorter survival (Fig. 4A). DFS and PFS analyses were conducted in patients stratified
by clinical stage, histological grade and pathological type to investigate whether the levels
of lincRNAs and antisense RNAs specifically expressed in EAC are independent factors
predicting recurrence in patients with cervical cancer (Figs. 4B and 4C). The clinical stage
(PFS: HR = 1.864, P = 0.0151; DFS: HR = 0.5484, P = 0.4065), histological grade (PFS:
HR = 1.615, P = 0.0585; DFS: HR = 1.853, P = 0.1163) and pathological type (PFS:
HR = 1.272, P = 0.4287; DFS: HR = 1.89, P = 0.1422) were not significantly or P value
more than lincRNAs (PFS: HR = 2.084, P = 0.0099; DFS: HR = 6.719, P = 0.0027) or
antisense RNAs (PFS: HR = 1.953, P = 0.0073; DFS: HR = 3.097, P = 0.0023). Furthermore,
the levels of lincRNAs (P = 0.021) or antisense RNAs (P = 0.003) specifically expressed in
EAC are still significantly associated with poor PFS in patients with cervical cancer
according to Multivariate Cox regression analysis (Table 2). Based on these results, the
expression levels of lincRNAs and antisense RNAs that are specifically expressed in EAC
potentially represent independent prognostic factors for recurrence in patients with
cervical cancer.

LncRNAs specifically expressed in EAC are involved in the immune
response and cancer-related pathway
GSEA was performed in the GO term database to identify whether immune pathways
correlated with the lncRNAs that were specifically overexpressed in EAC. Overexpression
of lincRNAs specifically in EAC resulted in the enrichment of gene sets related to
negative regulation of B cell-mediated immunity. Conversely, negative enrichment of
natural killer cell-mediated immunity and CD8-positive alpha-beta T cell activation was
observed after lincRNA overexpression (Fig. 5A). Similarly, genes involved in these
three immune responses were enriched or negatively enriched in cervical cancer samples
with overexpression of EAC-specific antisense RNAs (Fig. 5B). Furthermore, genes

Table 1 Information of selected genes.

Gene stable ID Gene name Gene type

ENSG00000280109.1 PLAC4 Antisense

ENSG00000223823.1 LINC01342 LincRNA

ENSG00000245750.6 DRAIC LincRNA

ENSG00000278811.3 LINC00624 Antisense

ENSG00000259439.2 LINC01833 LincRNA

ENSG00000262585.1 LINC01979 LincRNA

ENSG00000227695.4 DNMBP-AS1 Antisense

ENSG00000280924.1 LINC00628 LincRNA

ENSG00000267128.1 RNF157-AS1 Antisense

ENSG00000250986.1 LINC02600 LincRNA
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involved in T cell-mediated immunity and B cell-mediated immunity were negatively
enriched in cervical cancer samples overexpressing EAC-specific antisense RNAs.
Therefore, EAC-specific lncRNA overexpression may affect immune cell infiltration in
cervical cancer. Furthermore, we selected top 10 EAC-specific lincRNA and antisense
RNAs to analyze their target mRNA in ENCORI dataset. A total of six of them were
matched with ENCORI dataset and 83 target genes were identified (Fig. S1). These target
genes were dysregulated in multiple cancer types and associated with cancer-related
pathway, such as “KEGG pathway in cancer” and “Reactome signaling by TGFB family

Figure 4 LncRNAs specifically expressed in EAC might serve as independent factors predicting the recurrence prognosis. (A) Dot plot showing
the OS, DSS, DFS and PFS based on the expression of lncRNAs specifically expressed in EAC (lincRNAs and antisense RNAs) in patients with
cervical cancer. (B) Kaplan–Meier plot showing the DFS and PFS of patients with cervical cancer stratified by the clinical stage, histological grade and
pathological type. (C) Top panel: Kaplan–Meier plot showing the DFS and PFS of lncRNAs specifically expressed in EAC in patients with cervical
cancer. Bottom panel: Heatmap showing the rates of different types of pathology (EAC and CSCC) among patients with cervical cancer.

Full-size DOI: 10.7717/peerj.12116/fig-4
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members”. These results suggest that EAC-specific lncRNAs were associated with
cancer-related pathway.

EAC-specific LncRNA overexpression inhibits immune responses in
the cervical cancer microenvironment, particularly in EAC
ESTIMATE and ssGSEA were used to assess the tumor purity, immune score, and T cell,
B cell, CD8 T cell and NK cell molecular marker activities and to identify immune cells that
infiltrated into the cervical cancer microenvironment of patients with EAC-specific
lncRNA overexpression. Our analysis revealed that lincRNA expression and tumor purity

Table 2 Multivariate Cox regression analysis of PFS based on lincRNAs/antisense RNAs, stage,
grade and pathology types.

Multivariate Cox Groups P HR 95% CI

LincRNAs High vs. low 0.021 2.038 [1.112–3.736]

Stage III/IV vs. I/II 0.006 2.072 [1.230–3.490]

Grade G3 vs. G1/G2 0.302 1.299 [0.791–2.133]

Pathology Adenocarcinoma vs. squamous 0.607 1.184 [0.621–2.258]

Multivariate Cox Groups P HR 95% CI

Antisense RNAs High vs. low 0.003 2.787 [1.408–5.515]

Stage III/IV vs. I/II 0.009 1.998 [1.188–3.362]

Grade G3 vs. G1/G2 0.257 1.335 [0.810–2.199]

Pathology Adenocarcinoma vs. squamous 0.295 0.639 [0.276–1.478]

Figure 5 EAC Specifically expressed LncRNAs are involved in immune response. (A, B) GSEA
demonstrating the enrichment of immune cells infiltration signature in the ranked gene list of EAC
specifically expressed LincRNAs (A) and antisense (B) fold change with high and low group.

Full-size DOI: 10.7717/peerj.12116/fig-5
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increased with an increasing lincRNA score. The EAC pathological type was associated
with a high lincRNAs score. In contrast, the immune score and T cell, B cell, CD8 T cell
and NK cell molecular marker activities decreased with an increasing lincRNA score
(Fig. 6A, top panel). Antisense RNAs produced similar results to lincRNAs (Fig. 6A,
bottom panel). A correlation analysis was conducted based on the lincRNA score,
antisense RNA score, and immune score, and T cell, B cell, CD8 T cell and NK cell
molecular marker activities to further determine the correlation between immune cell
infiltration and the expression of EAC-specific lncRNAs (Figs. 6B and 6C). We also
analyzed in robust methods, such as TIMER, EPIC and CIBERSORT (Fig. S2).
Our analysis revealed that tumor purity was positively correlated with the lincRNAs
score and antisense RNA score, particularly in EAC samples. The immune score and T cell
and B cell molecular marker activities were negatively correlated with the lincRNA
score and antisense RNA score, particularly in EAC samples. The activity of CD8 T cell
and NK cell molecular markers was negatively correlated with the lincRNA score and
antisense RNA score only in EAC samples. Notably, the correlation in CSCC samples was
not significant. Based on these findings, the overexpression of lncRNAs specifically
expressed in patients with EAC affected immune cell infiltration in the cervical cancer
microenvironment, particularly in EAC.

DISCUSSION
Cervical cancer is now the fourth most common cancer in females worldwide. EAC, a
pathological type of cervical cancer, has caused many deaths because of its aggressive
behavior (Bray et al., 2018; Marth et al., 2017). Early studies revealed that lncRNAs
were correlated with cervical cancer (Bhan, Soleimani & Mandal, 2017). The present study
is the first to identify the expression levels of various types of lncRNAs in different
pathological types of cervical cancer. LincRNAs and antisense RNAs were overexpressed in
EAC, but not in other types (Fig. 1B), and lincRNAs and antisense RNAs accounted
for the majority of the lncRNAs (44.94% and 33.78%, respectively) (Fig. 1A). Thus,
lincRNAs and antisense RNAs are specific types of lncRNAs correlated with EAC. Next,
304 lincRNAs and 381 antisense RNAs were identified, of which the expression level
was greater than zero only in EAC samples (Fig. 1C). Most of these lncRNAs were
upregulated in EAC (Figs. 3C and 3D). These overexpressed lncRNAs were defined as
lncRNAs specifically expressed in EAC. Notably, lncRNAs whose expression level was
greater than zero only in CSCC samples or in both EAC and CSCC samples were not
significantly differentially expressed in any pathological type of cervical cancer.
The lncRNA score was calculated to assess its activity in OS, DSS, DFS and PFS analyses
and to verify whether EAC-specific lncRNAs serve as a group marker to predict
survival and recurrence in patients with cervical cancer. Interestingly, high lncRNA
expression was associated with a poor recurrence prognosis (DFS and PFS) rather than
shorter survival (OS and DSS) (Fig. 4A). In addition, EAC-specific lncRNA expression
may represent an independent prognostic factor for recurrence, and the high expression
group had a higher rate of EAC samples in patients with cervical cancer (Figs. 4B and 4C).
In summary, we identified lncRNAs specifically expressed in EAC that were associated
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Figure 6 EAC specifically expressed LncRNAs overexpression inhibit the immune responses in the cervical cancer microenvironment,
particularly in EAC. (A) Heatmap showing the correlation among expression of EAC specifically expressed LncRNAs (up: LincRNAs, bottom:
antisense), pathology types, tumor purity, immune score, T cell, B cell, CD8 T cell and NK cell molecular markers activity. (B, C) Dot plot showing
the correlation between LncRNAs (B: LincRNAs, C: antisense) and tumor purity, immune score, T cell, B cell, CD8 T cell and NK cell molecular
markers activity, respectively. Full-size DOI: 10.7717/peerj.12116/fig-6
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with the pathological type, and the expression of these lncRNAs was an independent
prognostic biomarker of recurrence in patients with cervical cancer.

The immune response is vital for the development and progression of cervical cancer
(Cui et al., 2018; Heeren et al., 2015; Punt et al., 2015). Based on accumulating evidence,
lncRNAs also serve as vital regulators of gene expression in the immune response
(Atianand, Caffrey & Fitzgerald, 2017; Chen, Satpathy & Chang, 2017; Peng et al., 2020;
Robinson, Covarrubias & Carpenter, 2020). According to GSEA, negative enrichment of
immune cell infiltration signatures, such as T cells and B cells, were observed after the
EAC-specific overexpression of lncRNAs (Fig. 5). Furthermore, the correlation analysis
showed that overexpression of these lncRNAs was significantly positively correlated with
tumor purity and the EAC pathological type and negatively correlated with the CSCC
pathological type, immune score, and T cell, B cell, CD8 T cell and NK cell molecular
marker activities.

Some lncRNAs specifically expressed in EAC have been reported to have vital functions as
oncogenesis and in tumor progression and are associated with unfavorable recurrence
outcomes (Ding et al., 2020). Dudek identified that long intergenic nonprotein coding
RNA 857 (LINC00857) was upregulated in tumors and was correlated with shorter
recurrence-free survival in patients with bladder cancer (Dudek et al., 2018). Li et al. (2017a)
identified the upregulation of FOXP4 antisense RNA 1 (FOXP4-AS1) in CRC tissues and
cell lines, and its overexpression was positively correlated with advanced pathological
stages and a larger tumor size. Li et al. (2017b) identified the upregulation of prostate
androgen-regulated transcript 1 (PART1) in tumors, and high PART1 expression indicated
shorter DFS in patients with non-small cell lung cancer. Our study also has several
limitations. Although we selected some of these lncRNAs to analyze their target genes, we
did not explore all these lncRNAs. More and deeper biological mechanisms of these lncRNA
markers in cervical cancer need to be further addressed by analyses and experiments.

CONCLUSIONS
In summary, lincRNAs and antisense RNAs were overexpressed in EAC. LncRNAs were
upregulated in EAC, and they might represent independent prognostic markers of
recurrence in patients with cervical cancer. High expression of these lncRNAs was
associated with EAC pathology and a low immune response, thereby resulting in a
significantly shorter time to recurrence. Low expression of these lncRNAs correlated
with CSCC pathology and an increased immune response, thereby resulting in a
significantly longer time to recurrence. Furthermore, most of these lncRNAs have not been
reported. These lncRNAs could be considered new targets in the treatment of cervical
cancer. These findings may help us obtain deeper insights into potential immunotherapy
approaches for cervical cancer.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Song et al. (2021), PeerJ, DOI 10.7717/peerj.12116 13/17

http://dx.doi.org/10.7717/peerj.12116
https://peerj.com/


Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Yong Song conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, and approved the final draft.

� Long Nie conceived and designed the experiments, performed the experiments, prepared
figures and/or tables, and approved the final draft.

� Yu-ting Zhang analyzed the data, authored or reviewed drafts of the paper, and approved
the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The medical ethics committee of Suizhou Hospital, Hubei University of Medicine
approved this research.

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.12116#supplemental-information.

REFERENCES
Atianand MK, Caffrey DR, Fitzgerald KA. 2017. Immunobiology of long noncoding RNAs.

Annual Review of Immunology 35(1):177–198 DOI 10.1146/annurev-immunol-041015-055459.

Bhan A, Soleimani M, Mandal SS. 2017. Long noncoding RNA and cancer: a new paradigm.
Cancer Research 77(15):3965–3981 DOI 10.1158/0008-5472.CAN-16-2634.

Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner M, Obenauf AC, Angell H,
Fredriksen T, Lafontaine L, Berger A, Bruneval P, Fridman WH, Becker C, Pages F,
Speicher MR, Trajanoski Z, Galon J. 2013. Spatiotemporal dynamics of intratumoral immune
cells reveal the immune landscape in human cancer. Immunity 39(4):782–795
DOI 10.1016/j.immuni.2013.10.003.

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. 2018. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer Journal for Clinicians 68(6):394–424 DOI 10.3322/caac.21492.

Chen YG, Satpathy AT, Chang HY. 2017. Gene regulation in the immune system by long
noncoding RNAs. Nature Immunology 18(9):962–972 DOI 10.1038/ni.3771.

Cui JH, Lin KR, Yuan SH, Jin YB, Chen XP, Su XK, Jiang J, Pan YM, Mao SL, Mao XF, Luo W.
2018. TCR repertoire as a novel indicator for immune monitoring and prognosis assessment of
patients with cervical cancer. Frontiers in Immunology 9:2729 DOI 10.3389/fimmu.2018.02729.

Cui K, Liu C, Li X, Zhang Q, Li Y. 2020. Comprehensive characterization of the rRNA
metabolism-related genes in human cancer. Oncogene 39(4):786–800
DOI 10.1038/s41388-019-1026-9.

Song et al. (2021), PeerJ, DOI 10.7717/peerj.12116 14/17

http://dx.doi.org/10.7717/peerj.12116#supplemental-information
http://dx.doi.org/10.7717/peerj.12116#supplemental-information
http://dx.doi.org/10.7717/peerj.12116#supplemental-information
http://dx.doi.org/10.1146/annurev-immunol-041015-055459
http://dx.doi.org/10.1158/0008-5472.CAN-16-2634
http://dx.doi.org/10.1016/j.immuni.2013.10.003
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.1038/ni.3771
http://dx.doi.org/10.3389/fimmu.2018.02729
http://dx.doi.org/10.1038/s41388-019-1026-9
http://dx.doi.org/10.7717/peerj.12116
https://peerj.com/


Ding H, Xiong XX, Fan GL, Yi YX, Chen YR, Wang JT, Zhang W. 2020. The new biomarker for
cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC) based on public
database mining. BioMed Research International 2020:1–9 DOI 10.1155/2020/5478574.

Dudek AM, van Kampen JGM, Witjes JA, Kiemeney L, Verhaegh GW. 2018. LINC00857
expression predicts and mediates the response to platinum-based chemotherapy in
muscle-invasive bladder cancer. Cancer Medicine 7(7):3342–3350 DOI 10.1002/cam4.1570.

Gao YL, Zhao ZS, Zhang MY, Han LJ, Dong YJ, Xu B. 2017. Long noncoding RNA PVT1
facilitates cervical cancer progression via negative regulating of miR-424. Oncology Research
25(8):1391–1398 DOI 10.3727/096504017X14881559833562.

Gibb EA, Warren RL, Wilson GW, Brown SD, Robertson GA, Morin GB, Holt RA. 2015.
Activation of an endogenous retrovirus-associated long non-coding RNA in human
adenocarcinoma. Genome Medicine 7(1):22 DOI 10.1186/s13073-015-0142-6.

Guo X, Xiao H, Guo S, Li J, Wang Y, Chen J, Lou G. 2019. Long noncoding RNA HOTAIR
knockdown inhibits autophagy and epithelial-mesenchymal transition through the Wnt
signaling pathway in radioresistant human cervical cancer HeLa cells. Journal of Cellular
Physiology 234(4):3478–3489 DOI 10.1002/jcp.26828.

Hanzelmann S, Castelo R, Guinney J. 2013. GSVA: gene set variation analysis for microarray and
RNA-seq data. BMC Bioinformatics 14(1):7 DOI 10.1186/1471-2105-14-7.

Heeren AM, Koster BD, Samuels S, Ferns DM, Chondronasiou D, Kenter GG, Jordanova ES,
de Gruijl TD. 2015. High and interrelated rates of PD-L1+ CD14+ antigen-presenting cells and
regulatory T cells mark the microenvironment of metastatic lymph nodes from patients with
cervical cancer. Cancer Immunology Research 3(1):48–58 DOI 10.1158/2326-6066.CIR-14-0149.

Jadaliha M, Gholamalamdari O, Tang W, Zhang Y, Petracovici A, Hao Q, Tariq A, Kim TG,
Holton SE, Singh DK, Li XL, Freier SM, Ambs S, Bhargava R, Lal A, Prasanth SG, Ma J,
Prasanth KV. 2018. A natural antisense lncRNA controls breast cancer progression by
promoting tumor suppressor gene mRNA stability. PLOS Genetics 14(11):e1007802
DOI 10.1371/journal.pgen.1007802.

Johnson KR, Liauw W, Lassere MN. 2015. Evaluating surrogacy metrics and investigating
approval decisions of progression-free survival (PFS) in metastatic renal cell cancer: a systematic
review. Annals of Oncology 26(3):485–496 DOI 10.1093/annonc/mdu267.

Li J, Lian Y, Yan C, Cai Z, Ding J, Ma Z, Peng P, Wang K. 2017a. Long non-coding RNA FOXP4-
AS1 is an unfavourable prognostic factor and regulates proliferation and apoptosis in colorectal
cancer. Cell Proliferation 50(1):e12312 DOI 10.1111/cpr.12312.

Li M, Zhang W, Zhang S, Wang C, Lin Y. 2017b. PART1 expression is associated with poor
prognosis and tumor recurrence in stage I–III non-small cell lung cancer. Journal of Cancer
8(10):1795–1800 DOI 10.7150/jca.18848.

Liu J, Lichtenberg T, Hoadley KA, Poisson LM, Lazar AJ, Cherniack AD, Kovatich AJ, Benz CC,
Levine DA, Lee AV, Omberg L, Wolf DM, Shriver CD, Thorsson V, Cancer Genome Atlas
Research N, Hu H. 2018. An integrated TCGA pan-cancer clinical data resource to drive
high-quality survival outcome analytics. Cell 173:400–416.e411 DOI 10.1016/j.cell.2018.02.052.

Long J, Xiong J, Bai Y, Mao J, Lin J, Xu W, Zhang H, Chen S, Zhao H. 2019. Construction and
Investigation of a lncRNA-Associated ceRNA regulatory network in Cholangiocarcinoma.
Frontiers in Oncology 9:649 DOI 10.3389/fonc.2019.00649.

Marth C, Landoni F, Mahner S, McCormack M, Gonzalez-Martin A, Colombo N. 2017. Cervical
cancer: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Annals of
Oncology 28(Suppl 1):iv72–iv83 DOI 10.1093/annonc/mdx220.

Song et al. (2021), PeerJ, DOI 10.7717/peerj.12116 15/17

http://dx.doi.org/10.1155/2020/5478574
http://dx.doi.org/10.1002/cam4.1570
http://dx.doi.org/10.3727/096504017X14881559833562
http://dx.doi.org/10.1186/s13073-015-0142-6
http://dx.doi.org/10.1002/jcp.26828
http://dx.doi.org/10.1186/1471-2105-14-7
http://dx.doi.org/10.1158/2326-6066.CIR-14-0149
http://dx.doi.org/10.1371/journal.pgen.1007802
http://dx.doi.org/10.1093/annonc/mdu267
http://dx.doi.org/10.1111/cpr.12312
http://dx.doi.org/10.7150/jca.18848
http://dx.doi.org/10.1016/j.cell.2018.02.052
http://dx.doi.org/10.3389/fonc.2019.00649
http://dx.doi.org/10.1093/annonc/mdx220
http://dx.doi.org/10.7717/peerj.12116
https://peerj.com/


Mattick JS, Rinn JL. 2015. Discovery and annotation of long noncoding RNAs. Nature Structural
& Molecular Biology 22(1):5–7 DOI 10.1038/nsmb.2942.

Oh BK, Keo P, Bae J, Ko JH, Choi JS. 2017. Variable TERRA abundance and stability in cervical
cancer cells. International Journal of Molecular Medicine 39(6):1597–1604
DOI 10.3892/ijmm.2017.2956.

Ou L, Wang D, Zhang H, Yu Q, Hua F. 2018. Decreased expression of miR-138-5p by lncRNA
H19 in cervical cancer promotes tumor proliferation. Oncology Research 26(3):401–410
DOI 10.3727/096504017X15017209042610.

Ounzain S, Burdet F, Ibberson M, Pedrazzini T. 2015. Discovery and functional characterization
of cardiovascular long noncoding RNAs. Journal of Molecular and Cellular Cardiology
89(4):17–26 DOI 10.1016/j.yjmcc.2015.09.013.

Peng YX, Yu B, Qin H, Xue L, Liang YJ, Quan ZX. 2020. EMT-related gene expression is
positively correlated with immunity and may be derived from stromal cells in osteosarcoma.
PeerJ 8(3):e8489 DOI 10.7717/peerj.8489.

Punt CJ, Buyse M, Kohne CH, Hohenberger P, Labianca R, Schmoll HJ, Pahlman L, Sobrero A,
Douillard JY. 2007. Endpoints in adjuvant treatment trials: a systematic review of the literature
in colon cancer and proposed definitions for future trials. JNCI Journal of the National Cancer
Institute 99(13):998–1003 DOI 10.1093/jnci/djm024.

Punt S, Houwing-Duistermaat JJ, Schulkens IA, Thijssen VL, Osse EM, de Kroon CD,
Griffioen AW, Fleuren GJ, Gorter A, Jordanova ES. 2015. Correlations between immune
response and vascularization qRT-PCR gene expression clusters in squamous cervical cancer.
Molecular Cancer 14(1):71 DOI 10.1186/s12943-015-0350-0.

Robinson EK, Covarrubias S, Carpenter S. 2020. The how and why of lncRNA function: an innate
immune perspective. Biochimica et Biophysica Acta (BBA)-Gene Regulatory Mechanisms
1863(4):194419 DOI 10.1016/j.bbagrm.2019.194419.

Ronnett BM. 2016. Endocervical adenocarcinoma: selected diagnostic challenges. Modern
Pathology 29(S1):S12–S28 DOI 10.1038/modpathol.2015.131.

Talyan S, Andrade-Navarro MA, Muro EM. 2018. Identification of transcribed protein coding
sequence remnants within lincRNAs. Nucleic Acids Research 46(17):8720–8729
DOI 10.1093/nar/gky608.

Tang R, Liu X, Wang W, Hua J, Xu J, Liang C, Meng Q, Liu J, Zhang B, Yu X, Shi S. 2021.
Identification of the roles of a stemness index based on mRNA expression in the prognosis and
metabolic reprograming of pancreatic ductal adenocarcinoma. Frontiers in Oncology 11:643465
DOI 10.3389/fonc.2021.643465.

Tsikouras P, Zervoudis S, Manav B, Tomara E, Iatrakis G, Romanidis C, Bothou A, Galazios G.
2016. Cervical cancer: screening, diagnosis and staging. Journal of Buon 21:320–325.

Vu M, Yu J, Awolude OA, Chuang L. 2018. Cervical cancer worldwide. Current Problems in
Cancer 42(5):457–465 DOI 10.1016/j.currproblcancer.2018.06.003.

Wang H, Yan C, Ye H. 2020.Overexpression of MUC16 predicts favourable prognosis in MUC16-
mutant cervical cancer related to immune response. Experimental and Therapeutic Medicine
20(2):1725–1733 DOI 10.3892/etm.2020.8836.

Yan X, Hu Z, Feng Y, Hu X, Yuan J, Zhao SD, Zhang Y, Yang L, Shan W, He Q, Fan L,
Kandalaft LE, Tanyi JL, Li C, Yuan CX, Zhang D, Yuan H, Hua K, Lu Y, Katsaros D,
Huang Q, Montone K, Fan Y, Coukos G, Boyd J, Sood AK, Rebbeck T, Mills GB, Dang CV,
Zhang L. 2015. Comprehensive genomic characterization of long non-coding RNAs across
human cancers. Cancer Cell 28(4):529–540 DOI 10.1016/j.ccell.2015.09.006.

Song et al. (2021), PeerJ, DOI 10.7717/peerj.12116 16/17

http://dx.doi.org/10.1038/nsmb.2942
http://dx.doi.org/10.3892/ijmm.2017.2956
http://dx.doi.org/10.3727/096504017X15017209042610
http://dx.doi.org/10.1016/j.yjmcc.2015.09.013
http://dx.doi.org/10.7717/peerj.8489
http://dx.doi.org/10.1093/jnci/djm024
http://dx.doi.org/10.1186/s12943-015-0350-0
http://dx.doi.org/10.1016/j.bbagrm.2019.194419
http://dx.doi.org/10.1038/modpathol.2015.131
http://dx.doi.org/10.1093/nar/gky608
http://dx.doi.org/10.3389/fonc.2021.643465
http://dx.doi.org/10.1016/j.currproblcancer.2018.06.003
http://dx.doi.org/10.3892/etm.2020.8836
http://dx.doi.org/10.1016/j.ccell.2015.09.006
http://dx.doi.org/10.7717/peerj.12116
https://peerj.com/


Yoshihara K, Shahmoradgoli M, Martinez E, Vegesna R, Kim H, Torres-Garcia W, Trevino V,
Shen H, Laird PW, Levine DA, Carter SL, Getz G, Stemke-Hale K, Mills GB, Verhaak RG.
2013. Inferring tumour purity and stromal and immune cell admixture from expression data.
Nature Communications 4(1):2612 DOI 10.1038/ncomms3612.

Yu G, Wang LG, Han Y, He QY. 2012. ClusterProfiler: an R package for comparing biological
themes among gene clusters. OMICS—A Journal of Integrative Biology 16(5):284–287
DOI 10.1089/omi.2011.0118.

Song et al. (2021), PeerJ, DOI 10.7717/peerj.12116 17/17

http://dx.doi.org/10.1038/ncomms3612
http://dx.doi.org/10.1089/omi.2011.0118
http://dx.doi.org/10.7717/peerj.12116
https://peerj.com/

	LncRNAs specifically overexpressed in endocervical adenocarcinoma are associated with an unfavorable recurrence prognosis and the immune response ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


