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Abstract: Cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC) is one of the most common
tumors among females worldwide. RILPL2 was recently reported to be a promising biomarker for the treatment
of breast cancer. This study aimed to investigate the potential role of RILPL2 in CESC. Totally 302 CESC patients’
data were downloaded from The Cancer Genome Atlas database. All patients were divided into high or low RILPL2
groups according to the median expression of RILPL2. Subsequently, survival analysis, multivariate Cox regression,
and experimental validation were performed on all CESC patient data. The Ualcan database was used to analyze
the expression level and prognostic value of RILPL2 in pan-cancer. The Gene Set Cancer Analysis database was
used for drug sensitivity analysis. Functional KEGG pathways were analyzed using gene set enrichment analysis.
RILPL2 was generally down-regulated in a variety of tumors, and a high level of RILPL2 was associated with a bet-
ter prognosis in CESC patients. Immunohistochemistry, western blotting, and qRT-PCR results showed that RILPL2
was significantly down-regulated in CESC cells and tissues. Besides, along with the increase of TNM Stage, the
RILPL2 expression tended to decrease gradually. Patients with high RILPL2 expression showed lower resistance to
small molecule drugs used in CESC progressions, such as Methotrexate, AZD7762, and Vinblastine, and a higher
response rate to immunotherapy. Additionally, we identified 267 co-expressing genes of RILPL2, all of which jointly
affected CESC progression through 15 complex pathways. Low RILPL2 expression was closely associated with the
onset, progression, and poor prognosis of CESC. RILPL2 might be a promising optional biomarker for CESC patients’
diagnosis and prognosis.
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Introduction ma and invasion [5]. Despite the fact that sev-

eral HPV vaccinations provide an essential pre-

Cervical squamous cell carcinoma and endo-
cervical adenocarcinoma (CESC) is one of the
most prevalent tumors among females world-
wide [1], and it is the second most common
type of gynecological cancer [2]. Annually, over
300,000 deaths result from CESC, about 85%
of which occur in developing countries, accord-
ing to a recent report [3]. Most CESC cases
originate from persistent human papillomavi-
rus (HPV) infection [4], and CESC progression is
usually developed from a complex multistep
process, including oncogenic HPV infection,
squamous cervical intraepithelial lesion (CIN),
carcinoma in situ to the expansion of carcino-

vention strategy for CESC, it is invalid in HPV-
infected patients [4]. It is feasible to many CESC
cases at this time by treating precancerous
lesions at an early stage [4]. However, this is
hard to achieve. Unfortunately, many CESC
patients are diagnosed at an invasive stage,
during which treatments are less effective than
early interventions, and their prognoses are
worse [6-8]. Consequently, early detection and
timely diagnosis, in addition to necessary pre-
vention, are the most effective approaches to
improve the prognosis of CESC patients. Some
previous studies attempted to find reliable
novel biomarkers for CESC, for example, PDE2A
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Table 1. Clinicopathological characteristics of cervical
squamous cell carcinoma and endocervical adenocar-

cinoma (CESC)

tions between RILPL2 and CESC to provide
more reference information for further
CESC exploration.

Patients (283)

Herein, through a series of comprehensive

Characteristics o
NO. %
Age <46 (Median) 147  51.94%
> 46 (Median) 136 48.06%
Grade 1 18 6.36%
2 126 44.52%
3 112 39.58%
Unknown 27 9.54%
Pathologic stage | 157 55.48%
Il 64 22.61%
1 41 14.49%
v 21 7.42%
Survival time Long (> 5 years) 41 14.49%
Short (< 5years) 242 85.51%
Overall survival status  Dead 70 24.73%
Alive 213 75.27%

analyses of mMRNA expression data and
clinical data of CESC patients downloaded
from The Cancer Genome Atlas (TCGA)
database, we aimed to evaluate the diag-
nostic and prognostic value of RILPL2
expression in CESC patients. Our research
is expected to provide further insight into
the possible mechanisms of RILPL2 in
CESC and more options for biomarkers in
the clinical treatment of CESC.

Materials and methods
Data acquisition

We downloaded the mRNA expression and

[9] and Klotho [1]. However, it is far from meet-
ing CESC clinical requirements. Therefore, the
continuous exploration of novel biomarkers
would provide more options for early diagnosis
of CESC.

Rab interacting lysosomal protein like 2
(RILPL2), also nhamed RLP2, was initially found
in ciliated mouse tracheal epithelial cells [10].
RILPL2 encodes a protein like Rab interacting
lysosomal protein (RILP), and RILP has been
indicated to serve as a tumor suppressor in
lung cancer cells [11]. RILPL2 contains a con-
served RILP homology domain, which is a
Rab36 binding domain [12]. Inhibiting Rab36
expression was reported to be indirectly
involved in suppressing bladder cancer [13].
Moreover, it has been suggested that RILPL2
was involved in hepatitis C virus (HCV) replica-
tion and could be a possible target for HCV
treatment [14]. Besides, RILPL2 has been
recently studied in breast cancer, and it has
been demonstrated that low RILPL2 expression
was observed in breast cancer tissues com-
pared with adjacent tissues [15]. Not only that,
RILPL2 could regulate the proliferation, metas-
tasis, and chemoresistance of breast cancer
via the TUBB3/PTEN pathway [15]. However,
few other studies have focused on RILPL2 and
cancer. To the extent of our knowledge, RILPL2
has never been systematically studied in CESC.
Thus, we expected to find potential associa-
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clinical data of CESC patients from TCGA

(https://tcga-data.nci.nih.gov/tcga/) data-
base. Totally 302 CESC patient mRNA expres-
sion profiles and corresponding clinical data
were obtained, which included 306 tumor tis-
sues and 3 paired adjacent tissues. Moreover,
283 CESC patients with complete survival data
were further analyzed. Additionally, all CESC
patients were divided into a high RILPL2 expres-
sion group and a low RILPL2 expression group,
according to the median expression of RILPL2.
The detailed clinical data of 283 CESC patients
were summarized in Table 1. We also down-
loaded the data of anti-PD-1 immunotherapy
cohort GSE91061 (lllumina Genome Analyzer)
from the GEO database, which contains 109
samples (51 pre-treatment samples and 56
post-treatment samples) for immunotherapy
analysis.

Expression of RILPL2 in pan-cancer and its
transcriptional regulation in cervical cancer
samples

The Ualcan database (http://ualcan.path.uab.
edu/) was used to analyze the expression
of RILPL2 in pan-cancer [16]. The Cancer Cell
Line Encyclopedia (CCLE, https://portals.bro-
adinstitute.org/ccle) was utilized to verify the
expression of RILPL2 in CESC cell lines. In addi-
tion, we used the Gene Set Cancer Analysis
(GSCA) database (http://bioinfo.life.hust.edu.
cn/GSCA) to explore the potential regulations
for the low expression of the RILPL2 gene in
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CESC, including DNA methylation, copy number
variation (CNV), and target-regulatory miRNAs.
GSCA has integrated the mRNA expression,
mutation, immune infiltration, methylation data
from TCGA database and the drug resistance
data from Genomics of Drug Sensitivity in
Cancer (GDSC) database (www.cancerRxgene.

org).

Survival analysis

The overall survival (0OS) of the high RILPL2
expression group and low RILPL2 expression
group CESC patients was estimated by the sur-
vival package and survminer package (https://
CRAN.R-project.org/package=survminer) in R
software based on the Kaplan-Meier method.
The log-rank test determined the significance
of the OS difference between the two groups.

Gene set enrichment analysis (GSEA)

The GSEA analysis was performed after ranking
according to the Fold Change value, which uti-
lized GSEA (version: #4.0) software based on
the gene set c2.cp.kegg.v7.0.symbols (as the
preset functional gene subset) in the Molecular
Signatures Database (MSigDB). The P < 0.05
was taken as the threshold to screen the signifi-
cantly enriched KEGG pathways.

Immunohistochemical (IHC) method

For clinical validation, a cervical cancer tissue
microarray (F541301, Zhongke Guanghua,
Shanxi, China) was used in the present study,
which contained 11 cervical squamous cell car-
cinoma specimens, 2 cervical adenosquamous
carcinoma specimens, 5 cervical adenocarci-
noma specimens, and the 18 corresponding
adjacent normal specimens. Subsequently,
the chip was combined with the primary anti-
body (Anti-RILPL2 antibody, ab153717, 1:500,
Abcam, UK) and incubated overnight at
4°C. Then corresponding secondary antibody
(cat#SE134, Solarbio, 1:150, Beijing, China)
was added to the reaction system, incubating
under room temperature for 35 min. Finally, the
chip was stained for further observation.

Co-expressing genes network establishment of
RILPL2 and functional enrichment analysis

Taking the expression matrix file as the input
file, the co-expressing genes of RILPL2 in TCGA-
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CESC were screened by R software package
(Psych and Hmisc). The correlation between
RILPL2 expression level and co-expressing
genes was screened by Pearson correlation
coefficient (|Pearson correlation coefficient| >
0.5) and Z test (P < 0.05). The protein-protein
interactions network (PPl) was constructed
using the STRING database (v11.5, https://
www.string-db.org/), which could identify the
closely interactive proteins based on the exper-
iment data, database data, gene adjacency,
gene fusion, and gene co-expression. The clus-
terProfiler of R software was used for GO and
KEGG pathways enrichment analysis. The P <
0.05 was applied to screen significantly
enriched GO terms and KEGG pathways.

Significance of RILPL2 expression in drug
therapy

We first used the GSCA database to perform
drug sensitivity analysis on RILPL2 and the PPI
network to identify the most closely interacting
proteins of RILPL2. Then, we also used the
GEO database PD-1 immunotherapy cohort
GSE91061 to explore the relationship between
RILPL2 expression and anti-PD-1 response rate
and survival time.

Cell culture

Human cervical epithelial cell line H8 was pur-
chased from Shanghai Baiye Biotechnology
(Shanghai, China). Human cervical cancer cell
lines, Hela and Ca Ski, were purchased from
Wuhan University Cell Bank (Wuhan, China).
Cell lines H8 and Ca Ski were cultured in RPMI-
1640 medium (GIBCO, Cat#31800022). MEM
medium (GIBCO, Cat#41500034) was used for
Hela culture. All cells were cultured in 90%
medium and 10% FBS at 37°C and 5% CO,,.

qRT-PCR

The TRIZOL reagent (Thermo, Cat#15596018,
New York, USA) was used for total RNA ex-
traction. The concentration and purity of the
total RNA were measured by Nanodrop lite
spectrophotometer (Thermo, New York, USA).
Reverse transcription was conducted using a
reverse transcription kit (Tiangen Biochemical,
Cat#KR118, Beijing, China). Then qPCR was
performed on a ROCHE fluorescent quantita-
tive PCR machine with a SYBR detection kit
(Tiangen, cat#FP205, Beijing, China). The pro-
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cedure is as follows: 95°C, 15 min denatur-
ation; 95°C, 10 sec; 60°C, 20 sec; 72°C, 20
sec; 40 cycles. The internal reference gene
was B-actin. The primer: B-actin, Fwd: 5-CC-
TGGCACCCAGCACAAT-3’; Rev: 5-GGGCCGGA-
CTCGTCATAC-3’; RILPL2, Fwd: 5-CAAAATGGT-
GGTTGACCTGACA-3’; Rev: 5-GGAGCTGCGACT-
TGAGT-3. Three wells were used for each sam-
ple. The mRNA expression level was calculated
based on the formula 2247,

Western blot

Total protein was extracted from the cell lines.
The BCA protein concentration detection kit
(Solarbio, cat#PC0020, Beijing, China) and the
ultra-micro spectrophotometer were used to
determine the protein concentration and purity.
The western blot method was consistent with
the previous method [17]. The reagents used
included the primary antibody Anti-RILPL2
antibody (ab153717, 1:1000, Abcam, UK), the
internal reference GAPDH (cat#bs-2188R,
1:2000, Bioss, Beijing, China), and the se-
condary antibody IgG-HRP (cat#bs-0295G-
HRP, 1:3000, Bioss, Beijing, China). The optical
density analysis of all results was conducted
via Gelpro32 software.

Statistical analysis

The differences in RILPL2 expression levels
between tumor tissues and adjacent tissues
and several other various clinicopathological
characteristics were compared using the
Wilcoxon rank sum test. Multivariate Cox
regression proportional hazard model was
used to determine the effect of RILPL2 expres-
sion and clinicopathological characteristics
(Age, Grade, Stage, etc.) on the OS of CESC
patients. A statistically significant difference
was defined as P < 0.05. All statistical analyses
were performed using R software (version
v3.5.2).

Results

Low RILPL2 expression was associated with
the occurrence of CESC

In the Ualcan database, we found that RILPL2
was lowly expressed in a variety of tumors but
highly expressed in CHOL (cholangiocarcino-
ma), COAD (colon adenocarcinoma), ESCA
(esophageal carcinoma), HNSC (head and neck
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squamous cancer), KIRC (kidney renal clear cell
carcinoma), PCPG (pheochromocytoma and
paraganglioma), SARC (sarcoma), and STAD
(stomach adenocarcinoma), indicating that
RILPL2 expression was tumor-specific (Figure
1A). In the survival analysis, RILPL2 was signifi-
cantly associated with the prognosis of CESC,
BRCA (breast cancer), HNSC, KIRC, LUAD (lung
adenocarcinoma), SARC, SKCM (skin cutane-
ous melanoma), and UCEC (uterine corpus
endometrial carcinoma), and high expression of
RILPL2 indicated a better prognosis (Figure
1B-1). Furthermore, significantly lower RILPL2
expression was also observed in all CESC
samples when compared to all adjacent normal
tissues (P = 0.0037, Figure 1J). In the Cancer
Cell Line Encyclopedia (CCLE) database, the
expression of RILPL2 in the CESC cell line was
notably lower than that in the normal cell line
(Figure 1K). In addition, we also used IHC, west-
ern blot, and gRT-PCR to verify the abnormal
reduction of RILPL2 expression in CESC tis-
sues/cells (Figures 1L, S1 and 2A, 2B). Pre-
vious studies suggested that RILPL2 could
inhibit breast cancer cell proliferation and
migration by downregulating TUBB3 stability,
suggesting that RILPL2 might be a suppressor
regulating tumorigenesis [15]. In the present
study, abnormally low expression of RILPL2 in
CESC tissues might contribute to tumorigene-
sis, and the lower the expression of RILPL2, the
worse the prognosis of patients.

The expression of RILPL2 might be regulated
by hsa-miR-1237

Our above study suggested that the expression
of RILPL2 was down-regulated in CESC. To fur-
ther explore the underlying cause of RILPL2
down-regulation, we used the TCGA-CESC data-
set in the GSCA database to analyze the rela-
tionship between RILPL2 expression and meth-
ylation, CNV and target-regulatory miRNAs.
As shown in Figure 2C, the mutation rate of
RILPL2 was low, and the correlation between
RILPL2 expression level and CNV was extreme-
ly weak (Figure 2D). Then we analyzed the rela-
tionship between RILPL2 expression and
methylation levels. The results showed that
RILPL2 only had a weak negative correlation
with cg04781075 (R = -0.19, Figure 2E). The
methylation level of RILPL2 was not associated
with disease-free interval (DFIl), disease-specif-
ic survival (DSS), progression-free survival
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Figure 1. Expression of RILPL2 in pan-cancer and its prognostic value for cervical squamous cell carcinoma and
endocervical adenocarcinoma (CESC). A. Expression levels of RILPL2 in 24 types of cancer. B-l. High expression of
RILPL2 was associated with a better prognosis for CESC, BRCA (breast cancer), HNSC (head and neck squamous
cancer), KIRC (kidney renal clear cell carcinoma), LUAD (lung adenocarcinoma), SARC (sarcoma), SKCM (skin cuta-
neous melanoma), and UCEC (uterine corpus endometrial carcinoma) patients, respectively. J. RILPL2 was signifi-
cantly down-regulated in CESC in the TGCA database. K. RILPL2 was significantly down-regulated in CESC cell lines
in the Cancer Cell Line Encyclopedia (CCLE) database. L. Immunohistochemistry representation of RILPL2 expres-
sion in normal cervix and CESC tissue. Scale bar = 50 um.
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Figure 2. Exploration of CNV level, methylation level, and target-regulatory miRNAs of RILPL2. A, B. The expression
of RILPL2 in the CESC cell lines Hela and Ca Ski was determined by western blot and gRT-PCR. ***P < 0.001 vs.
H8 group. C. Histogram of RILPL2 CNV mutations. D. Correlation between RILPL2 mRNA expression and CNV. E.
Correlation between RILPL2 mRNA expression and methylation. F-I. There was no significant difference in the sur-
vival curves of DFI, DSS, OS, and PFS between CESC patients with high and low methylation levels of RILPL2. J. The
expression level of target-regulatory miRNAs of RILPL2.

including hsa-miR-216a, hsa-
hsa-miR-124-2, hsa-miR-124-3,

(PRS), and OS (Figure 2F-I). In addition, we pre-
dicted several miRNAs that regulate RILPL2

expression,
miR-124-1,
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hsa-miR-1237, hsa-miR-224, hsa-miR-323b,
hsa-miR-876, hsa-miR-622, and hsa-miR-197
(Figure S2). Notably, we found that the target-
regulatory miRNA of RILPL2, hsa-miR-1237
(Figure 2J), was highly expressed in CESC, sug-
gesting that the high expression of hsa-
miR-1237 might down-regulate the expression
of RILPL2 in CESC tissue.

The association between RILPL2 expression
with stage, grade, and age of CESC patients

The association between RILPL2 mRNA expres-
sion and several clinicopathological character-
istics of CESC patients was determined using
the Wilcoxon rank sum test. The results indi-
cated that with the increase of TNM stage, the
expression level of RILPL2 gradually decreas-
ed, and there were significant statistical differ-
ences in Stage | vs. Stage Il, Stage | vs. Stage
Ill, and Stage | vs. Stage IV (P < 0.05, Figure
3A). However, there was no significant differ-
ence in RILPL2 expression in CESC patients of
different grades or ages (P > 0.05, Figure 3B,
3C). To determine whether RILPL2 was an inde-
pendent prognostic indicator, we included age,
grade, stage, and RILPL2 in a multivariate Cox
regression analysis. The results showed that
RILPL2 expression was still significantly associ-
ated with OS, and samples with low RILPL2
expression had a higher risk of death (HR =
0.74, 95% Cl: 0.56-0.99, P = 0.045) (Figure
3D).

The GSEA results based on the RILPL2 expres-
sion

As mentioned above, high expression of RILPL2
was associated with better prognosis, suggest-
ing that RILPL2 might be involved in inhibiting
tumor progression. To further understand the
potential tumor suppressor mechanism of
RILPL2, we divided the patients in the TCGA-
CESC cohort into the high RILPL2 expression
group and the low RILPL2 expression group
according to the median RILPL2 expression.
Then GSEA enrichment analysis was used to
identify significantly activated signaling path-
ways between the two groups. We found that
compared with the low RILPL2 expression
group, there were a total of 17 KEGG pathways
significantly activated in the high RILPL2
expression group, such as CELL_ADHESION_
MOLECULES_CAMS, ALDOSTERONE_REGULA-
TED_SODIUM_REABSORPTION. Among these,
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the most significant 5 pathways were displayed
in Figure 3E-I, and the detailed information of
17 pathways was listed in Table S1. These acti-
vated pathways indicated that the effects of
RILPL2 on tumor progression were multi-facet-
ed and multi-pathways.

Co-expressing genes network establishment
for RILPL2

To further investigate the genes closely related
to RILPL2 in CESC, R software packages (Psych
and Hmisc) were used to screen RILPL2 co-
expressed genes in TCGA-CESC. Subsequently,
a total of 267 related genes were screened
(Table S2). Then, we constructed a PPl network
for RILPL2 and 267 genes. Of note, the results
showed that RILPL2 had the strongest interac-
tion with RAB36, TCTN2, TCTN1, TCTN3,
VPS33A, ARL1, COG7, SYS1, BOD2, and BBS12
(Figure 4A). Moreover, KEGG and GO enrich-
ment analyses were performed on these co-
expressed genes. KEGG enrichment analysis
indicated that 15 pathways were significan-
tly activated, including lysosome, leukocyte
transendothelial migration, cytokine-cytokine
receptor interaction, and cell adhesion mole-
cules (Figure 4B). GO analysis showed that 31
biological processes were significantly activat-
ed, including cytokine binding, guanyl ribonu-
cleotide binding, guanyl nucleotide binding,
and GTP binding (Figure 4C).

High expression of RILPL2 might have a higher
response rate to drug therapy

Whether the expression of RILPL2 could indi-
cate the choice of drug therapy for patients was
of interest to us. Therefore, we performed a
drug sensitivity analysis on RILPL2 using the
GSCA database. We found that RILPL2 was
negatively correlated with most drugs (such as
Methotrexate, AZD7762, and Vinblastine,
Figure 5A), indicating that high expression of
PILPL2 was not the cause of resistance to
these drugs. However, publicly available datas-
ets of CESC patients receiving immunotherapy
were lacking. Therefore, a dataset of malignant
melanomas treated with anti-PD-1 and anti-
CTLA4 (GSE91016) was used to assess the
rate of response of high RILPL2 expression to
anti-PD-1 [18]. The results showed that the
ratio of partial response/complete response
(PR/CR) in the low RILPL2 expression group
was 7.14% and that in the high RILPL2 expres-
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Figure 3. Relationship between RILPL2 and clinicopathological features. A. The expression level of RILPL2 at differ-
ent TNM stages. B. The expression level of RILPL2 at different grades. C. The expression level of RILPL2 at different
ages. D. In the multivariate Cox regression analysis forest map, the sample with a Hazard ratio greater than 1 had a
higher risk of death, and the sample with a Hazard ratio less than 1 had a lower risk of death. E-I. The GSEA results
based on RILPL2 expression.

sion group was 39.29%, indicating that the high
RILPL2 expression group had a higher response
rate to anti-PD-1 treatment (chi-square test P =
0.01134, Figure 5B).

Discussion

As far as we know, this is the first study on the
role of RILPL2 in CESC. In the present study,
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Figure 4. Co-expressing genes network establishment of RILPL2 and functional enrichment analysis. A. The PPI
network of RILPL2 and 267 co-expressing genes. B, C. The results of KEGG pathway analysis and GO analysis.

we downloaded the public CESC patient data
from the TCGA database, and further analysis
and experimental validation were conducted.
Subsequently, we found that low RILPL2 expres-
sion was closely correlated with the occurrence
of CESC. In addition, we found that compared
with patients with high RILPL2 expression,
CESC patients with low RILPL2 expression had
a poorer prognosis.

As early detection showed a crucial effect on
the prognosis of CESC patients, significant
efforts have been devoted to exploring novel
biomarkers for CESC [19, 20]. First, the RILPL2
expression levels in CESC tissues and adjacent
tissues were compared to confirm whether
RILPL2 was related to the occurrence of CESC.
Subsequently, compared with adjacent tis-
sues, there was a significantly lower RILPL2
expression in CESC tissues, which indicated
that low RILPL2 expression was closely corre-
lated with the occurrence of CESC. Our results
were consistent with previous similar research
in breast cancer. There was lower RILPL2
expression in breast cancer tissues than that in
adjacent tissues [15]. Additionally, the associa-
tion between RILPL2 expression and the clini-
copathological characteristics of CESC was
also investigated. Along with the increase in
TNM stage, RILPL2 expression tended to
decrease gradually. This finding reminded us
that decreased RILPL2 expression probably
influenced the proliferation, migration, and
invasion of CESC cells, either directly or indi-
rectly [21, 22]. However, the exact mechanism
should be further explored in the future.

Better prognosis has been the ultimate aim of
CESC research, and earlier diagnosis is a prac-
tical way to realize it [23]. Based on the results
of survival analysis and multivariate Cox regres-
sion analysis, RILPL2 expression was an inde-
pendent prognostic indicator of CESC. CESC
patients with low RILPL2 expression had
a poorer prognosis than high RILPL2 expres-
sion ones, implying that RILPL2 might be a
potential prognostic biomarker for CESC.
RILPL2 encodes a protein like Rab interacting
lysosomal protein (RILP), and RILP has been
indicated to serve as a tumor suppressor in
lung cancer cells [11]. In a recent breast cancer

1081

study, RILPL2 was reported to be a tumor sup-
pressor in breast cancer as RILPL2 overexpres-
sion inhibited breast cancer cell proliferation
and metastasis [15]. However, the study did not
clarify the direct relationship between the
RILPL2 and the prognosis of breast cancer
prognosis. At this point, we have first demon-
strated the association between RILPL2
expression and the prognosis of CESC.

To lay the foundation for further exploration of
the role of RILPL2 in CESC, the significantly dif-
ferential functional KEGG pathways between
high and low RILPL2 expression CESC patients
were also enriched in our study. A total of 17
differential KEGG pathways were found, in-
cluding Cell Adhesion Molecules (CAM) and
Aldosterone Regulated Sodium Reabsorption.
Regarding the CAM pathway, the pivotal role of
CAM in the development of various tumors has
been widely reported, for instance, in recurrent
and distant metastasis of cancer [24]. De
Méndez et al. documented that three CAMs
(E-cadherin, CD44s, and CD44v3) significantly
differed in cervical cancer and normal tissues.
These CAMs could be potential biomarkers for
invasive cervical neoplasia [25]. Furthermore,
we noticed that several distinct pathways were
associated with the immune response, includ-
ing primary immunodeficiency [26], leukocyte
transendothelial migration [27], systemic lupus
erythematosus [28], and complement and
coagulation cascades [29, 30], most of which
were evidenced to be significantly responsible
for CESE or other cancers. Collectively, although
the exact mechanisms behind RILPL2 in CESC
are not evident in the present research, we will
further investigate the role of RILPL2 in CESC
based on the results of differential functional
KEGG pathways.

In addition, the study also investigated the rela-
tionship between the expression level of RILPL2
and drug treatment. The results suggested that
RILPL2 expression was negatively correlated
with a variety of small molecule drugs, which
indicated that patients with high RILPL2 expres-
sion might have a lower probability of resis-
tance to these drugs and more significant ben-
efit from the treatment. Due to the lack of pub-
licly available immunotherapy datasets for
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Figure 5. Analysis of drug sensitivity and anti-
PD-1 treatment response. A. Drug sensitivity
analysis of RILPL2 and its highly related co-
expressing genes based on GDSC database. B.
The CR/PR response rate difference between
the high RILPL2 expression group and the low
RILPL2 expression group to anti-PD-1 treat-
ment.
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CESC patients, we used immunotherapy data
from melanoma patients to analyze the differ-
ences in CR/PR between high-and low-expres-
sion subgroups defined based on RILPL2 lev-
els. As we mentioned above, patients in the
high-expression group had a higher CR/PR
ratio. These data provided a reference for drug
selection for the clinical treatment of CESC
patients. However, our findings have yet to be
validated in clinical trials, which will be the
focus of our future research.

Conclusions

In summary, our study, for the first time,
explored the potential role of RILPL2 expres-
sion in CESC based on a series of comprehen-
sive analyses of CESC patient data and further
validation experiments. Our findings indicated
that low RILPL2 expression was closely associ-
ated with the onset, progression, and poor
prognosis of CESC. RILPL2 might be a promis-
ing optional biomarker for CESC patients’ diag-
nosis and prognosis.
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Figure S1. IHC of RILPL2 expression in normal cervix and CESC tissue. Scale bar = 50 ym.
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