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AdipoQ receptor 4 (PAQR4) belongs to the family of progestin and AdipoQ receptors. PAQR4 plays an oncogenic role in lung
and breast cancer. However, systematic pancancer analyses of PAQR4 have not been performed. The purpose was to
investigate the prognostic and immunological significance of PAQR4 across 31 tumor types. Data were obtained from the
following sources: TCGA, GEO, UALCAN, TIMER, GEPIA2, KM plotter, and TISIDB databases. The results proved that
PAQR4 expression was significantly elevatory in most cancer types. We then explored the utility of PAQR4 as a prognostic
indicator across all cancers. Using Cox proportional risk regression models, it has been demonstrated that PAQR4 is an
independent risk factor in. High PAQR4 expression was not associated with other prognostic indicators, including overall
survival, disease-free interval, disease-specific survival, and progression-free period. Subsequently, we explored the
immunological value of PAQR4 and found that PAQR4 expression significantly correlated with tumor mutational burden,
microsatellite instability, neoantigen, and immune checkpoint genes in tumors. It also significantly negatively correlated with
most tumors’ ESTIMATE scores, indicating that PAQR4 can influence the cellular composition of the tumor
microenvironment. Our findings suggest the immunotherapeutic potential of PAQR4 in tumors. Finally, we explored the role
of PAQR4 in tumor drug resistance and found that PAQR4 expression affected the sensitivity to multiple chemotherapeutic
agents. A significant role for PAQR4 in tumor immunity is evident in these studies, as well as its potential role in cancer
diagnosis, prognosis, and treatment precision.

cantly improving the five-year survival rate of patients.
However, we still face many problems. Chemotherapy and

Malignant tumors have gradually become the most signifi-
cant factor affecting human life [1]. Due to the insidious
nature and the lack of clinical symptoms in early stage, it
is difficult to achieve early diagnosis and treatment during
the optimal window of tumor treatment [2]. In recent years,
tremendous advances have been made in the treatment of
tumors, with chemotherapy and radiation therapy signifi-

radiation therapy bring severe side effects, which prevent
patients from tolerating the intensity of treatment. This leads
to poor compliance, which seriously affects the efficacy of
the treatment. Immunotherapy represented by PD1 and
PDL1 has entered clinical practice, particularly immune
checkpoint blockade therapy, which has achieved outstand-
ing progress [3]. Due to the heterogeneity of malignant
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tumors, more immunotherapeutic targets need to be
explored, and the blueprint for tumor immunotherapy needs
to be expanded [4].

The next-generation sequencing and single-cell tran-
scriptome technologies allow us to explore the complex gene
regulatory network of tumors at the transcriptional level and
even at the single-cell level. The application of sequencing tech-
nology has improved clinical diagnosis and provided many
therapeutic options. Meanwhile, as on-limits databases such as
the Human Cancer Genome Atlas (TCGA) and GEO continue
to improve, transcriptomic data could be linked to different
clinical modules. Individual genes can be comprehensively ana-
lyzed for their broad role in different tumors [5]. Gene expres-
sion can be combined with a variety of factors such as patient
survival, treatment, and drug sensitivity. By analyzing genes
across cancer types, we can explore and evaluate their potential
for clinical prognosis and targeted therapy [6].

As an AdipoQ receptor, PAQR4 belongs to the family of
AdipoQ receptors [7]. This family encodes functional recep-
tors with broad ligand specificity and is involved in a variety
of biomodulatory processes, including hormone secretion
and tumor progression [8]. The PAQR4 protein consists of
seven transmembrane helices and is anchored within the
Golgi membrane [9]. A key role for PAQR4 in tumor devel-
opment has been demonstrated. An antagonistic crosstalk
between PAQR4 and SKP2 regulates the homeostatic level
of CDK4, which promotes cell proliferation and tumor reg-
ulation [10]. One study found that PAQR4 could activate
the PI3K/AKT pathway promoting hepatocellular carci-
noma development [11]. PAQR4 is also involved in the
malignant ability of NSCLC through the CDK4-pRB-E2F1
pathway and can promote chemotherapy resistance in
NSCLC by inhibiting Nrf2 protein degradation [12].
Research has shown that PAQR4 is highly expressed in
breast carcinoma and activates antiapoptotic ceramidase to
promote tumor proliferation [9]. Previous studies on
PAQR4 have shown that it promotes tumor metastasis,
which directly affects patient prognosis. Consequently, we
infer that PAQRA4 is a novel oncogene involved in multiple
pathways promoting cancer development and is a potential
prognostic and therapeutic pancancer biomarker.

However, current studies of PAQR4 in tumors have been
limited to a specific type of cancer. There has been no study
of the association between PAQR4 and pancancer. And, there
have also been no immunological studies of PAQR4, which is
necessary for further immunotherapy. We conducted a com-
prehensive and systematic study of PAQR4 using bioinfor-
matic methods, including expression profiles, prognostic
significance, and immunological values of PAQR4. Further-
more, PAQR4 expression was correlated with drug sensitivity.
Our analysis across pancancer provides new perspective into
the study of PAQR4 in cancer, uncovers immunological and
epigenetic mechanisms, and provides new strategies for the
early diagnosis and immunotherapy of tumors.

2. Materials and Methods

2.1. TIMER, GEPIA2, and CLLE. TIMER (https://cistrome
.shinyapps.io/timer/) is a webpage based on the TCGA,
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which calculates the abundance of immune cell infiltration
in different tumor tissues and gene expression differences
between tumor and normal tissues [13]. In this work, the
“DiftExp module” was used to explore differential PAQR4
expression between tumor and tumor-adjacent tissues across
different tumor types. The “Gene plate” was used to explore
the correlation between PAQR4 expression and immune
infiltration level.

GEPIA2 (http://gepia2.cancer-pku.cn/#index) combines
the TCGA and GTEx databases for differential analysis
[14] and uses log 2(TPM + 1) for logarithmic scaling. We
considered P < 0.01 to be statistically significant. The rela-
tionship between PAQR4 and overall survival (OS) and
disease-free survival (DFS) was calculated on GEPIA2, and
PAQR4 expression was cut off at the median.

Based on the CCLE dataset, the pancancer cell line
expression was calculated (https://portals.broadinstitute
.org/ccle/about) [15], and the expression matrix was con-
structed using the R studio (v4.2.0) and package ggplot2.

2.2. PrognoScan and KM Plotter. The PrognoScan (http://
dna00.bio.kyutech.ac.jp/PrognoScan/index.html) website is
used to explore the relationship between gene expression
and patient clinical prognoses, including OS and DES.

The KM plotter [16] was used to analyze the relationship
between PAQR4 and OS across pancancer. The log-rank test
was used for comparative analysis of survival in different
groups, and the significance level was set at P < 0.05.

2.3. TISIDB. In the TISIDB (http://cis.hku.hk/TISIDB/),
multiple data types are integrated to predict tumor-
immune interactions [17]. The correlation of PAQR4 with
the immune subtypes of most cancers was analyzed using
the TISIDB database. Pearson correlation was used, and
P value of 0.05 was set as the statistical significance level.

2.4. Sangerbox. Based on the TCGA and GTEx databases,
Sangerbox is an online analysis tool. The tool downloads
data from the UCSC (https://xenabrowser.net/) and analyzes
them online. A Sangerbox analysis was performed to assess
the correlation between PAQR4 expression and immune
checkpoint genes, tumor mutation burden, microsatellite
instability, neoantigens, and ESTIMATE in tumors.

To further confirm PAQR4’s prognostic value, Cox propor-
tional hazard risk regression models were employed, and the
association of PAQR4 expression with OS, disease-specific sur-
vival (DSS), disease-free interval (DFI), and progression-free
period (PFI) in different malignant tumor patients was observed
using the Sangerbox. The expression values were transformed
by log 2(x+ 0.001), and correlation analysis was performed
using the Pearson correlation coefficient.

2.5. UALCAN. UALCAN (http://ualcan.path.uab.edu) is a site
that provides comprehensive and interactive information. It
enables online analysis of different types of tumor data based
on the TCGA [18]. In our research, UALCAN was used to ana-
lyze differences in PAQR4 promoter methylation levels between
tumor and normal tissues. The promoter methylation levels
were expressed by beta values, and the Student ¢-test was used
for statistically significant comparisons.
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2.6. cBioPortal. cBioPortal (https://www.cbioportal.org) is a
platform for exploring multidimensional cancer genomic
data based on the TCGA. It was used to analyze mutations
in the PAQR4 gene in different cancers, including gene
mutation summary and pan-oncogene mutation mapping.

2.7. GSCA. GSCA (http://bioinfo.life.hust.edu.cn/GSCA/#/)
integrates the drug sensitivity and transcriptomics data of
cancer cell lines in GDSC (genomics of drug sensitivity in
cancer) and CTRP (the cancer therapeutics’ response portal)
[19]. In this study, GSCA was used to analyze the frequency
of harmful mutations in PAQR4 in kinds of cancer types and
to analyze the correlation between PAQR4 expression and
copy number variations (CNV). A Spearman correlation
coefficient was used to analyze the correlation between
PAQR4 expression level and drug sensitivity (including var-
ious chemotherapy drugs).

2.8. CellMiner. The CellMiner (https://discover.nci.nih.gov/
cellminer/home.do) is a tool for integrating and studying
pharmacological data of 60 tumor cell types [20]. Processed
RNA sequencing and Developmental Therapeutics Program
NCI-60 datasets were downloaded from CellMiner. The R
Studio software (v4.1.2) was used for statistical analysis
and mapping. The analysis focuses on FDA-approved or
clinically tested drugs. Then, the correlation of PAQR4 with
drug IC50 was analyzed using the “impute,” “limma,” R
packages.

3. Results

3.1. PAQR4 Expression Is Higher in Tumors than in Normal
Tissues. First, we investigated PAQR4 expression levels in
different tumor cell lines (Figure 1(a)). PAQR4 was differen-
tially expressed in tumor cell lines and was exceptionally
high in SCLC (small cell lung cancer) and low in MESO
(mesothelioma) cell lines.

Furthermore, we explored the differences in PAQR4
expression between tumor and normal tissues. GEPIA2 web-
site differential expression analysis showed that PAQR4 is
significantly overexpressed in 23 tumor types (Figure 1(c)),
and the full names and abbreviations of the 23 tumor types
are shown in Supplementary Table 1. To further detect the
pancancer PAQR4 expression level, we analyzed the TCGA
RNA sequencing data using the TIMER website and found
high PAQR4 expression in 17 tumor types (Figure 1(b)).
These data demonstrate that PAQR4 is significantly highly
expressed in most tumors.

3.2. The Pancancer Prognostic Value of PAQR4. To explore
the pancancer prognostic value of PAQR4, a series of analy-
ses were performed. Using GEPIA?2, as a risk factor, PAQR4
significantly affected OS and DFS in KIRP, LIHC, LUAD,
MESO, SARC, and SKCM (Figure 2), and the PAQR4 high
expression group showed worse OS, DFS, and shorter
median survival time. Using the Kaplan-Meier plotter, simi-
lar outcomes were found. OS was significantly worse in the
PAQR4 high expression group: BLCA, KIRC, KIRP, LIHC,
LUAD (lung adenocarcinoma), OV, and SARC, and PAQR4
was a risk factor affecting the prognosis of these tumors.

However, in HNSC and STAD, OS for the PAQR4 high
expression group was longer than that for the low expression
group, indicating that PAQR4 is a prognosis-affecting pro-
tective factor (Figure 3).

We then used the Sangerbox online tool, which uses the
R package surv’s Coxph function, to build Cox proportional
hazard risk regression models. In 44 tumors, we identified a
linkage between PAQR4 expression and OS, DSS, DFI, and
PFI. Poor OS occurred with high PAQR4 expression in 11
tumor types (LGG (brain lower grade glioma), LUAD, KIRP,
KIPAN (pankidney cohort), LIHC, BLCA, SKCM-M (skin
cutaneous melanoma-metastasis), MESO, PAAD, LAML
(acute myeloid leukemia), and ALL (acute lymphoblastic
leukemia)) (Figure 4(a)). Conversely, in STES (stomach
and esophageal carcinoma) and STAD tumors, PAQR4
was a protective factor. PAQR4 expression also affected
patient DSS, DFI, and PFI (Figures 4(b)-4(d)).

Additionally, PrognoScan was used to determine the
connection between PAQR4 expression and survival in the
GEO datasets. The high PAQR4 expression group had worse
OS in lung, bladder, and brain cancers (Figure SI).
Meanwhile, the PAQR4 high expression group showed
worse relapse-free survival in lung and breast cancers. The
PAQR4 high expression group had a worse DFS for breast
cancer. The comparisons were statistically significant; more
details are presented in Table 1. These results demonstrate
that PAQR4 expression affects the prognosis of patients in
multiple cancers.

3.3. PAQR4 Genetic Alterations Occur in Different Tumor
Tissues. PAQR4 alterations in different cancers were ana-
lyzed using cBioPortal. PAQR4 gene alterations occurred
in 1.1% of the patients with cancer (Figure 5(a)). Amplifica-
tion was the main type of PAQR4 alteration. Missense muta-
tions in PAQR4 gene also occurred in a patient subset. A
summary of pancancer PAQR4 mutations showed the high-
est frequency of PAQR4 amplifications in invasive breast
carcinoma (Figure 5(b)). The most frequent alteration in
cholangiocarcinoma was amplification, and amplification
occurred in diffuse large B-cell lymphoma and adrenocorti-
cal carcinoma (Figure 5(b)).

Using the GSCA website, we further examined the con-
nection between PAQR4 expression and CNV in other can-
cers. PAQR4 and CNV significantly correlated in 23 tumors
(Figure 5(c)). Concurrently, we analyzed the frequency of
SNV (single nucleotide variants) of PAQR4 in tumors.
SNV frequency was highest in STAD (Figure 5(d)). These
results demonstrated that PAQR4 alterations occur in differ-
ent tumor types and may regulate tumorigenesis and
proliferation.

3.4. Pancancer Analysis of PAQR4 Promoter Methylation.
DNA methylation is closely associated with tumor develop-
ment, metastasis, and progression [21]. Epigenetic methyla-
tion controls tumor proliferation and metastasis [22-24] and
can be used to monitor the effectiveness of tumor risk inter-
ventions [23]. Moreover, DNA methyltransferases are
important research targets for epigenetic tumor drug ther-
apy [25]. The UALCAN website was used to analyze PAQR4


https://www.cbioportal.org
http://bioinfo.life.hust.edu.cn/GSCA/#/
https://discover.nci.nih.gov/cellminer/home.do
https://discover.nci.nih.gov/cellminer/home.do

PAQR4 expression

Computational and Mathematical Methods in Medicine

* B % o
b4 o
. o f :
° .
N o
K ’ o .
2 - . . .e
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
PEZzAhRrRs  SE&E-"S H39g BEH STEES EEO
2
o) E
&} g
3
V1
£ SCLC B NB
3 COAD_READ 3 LUAD
=1 DLBC £=3 STAD
£ BLCA £ KIRC
£ SARC FJ NSC
£ MM B ALL
LAML LUSC
=1 SKCM 9 LGG
£ BRCA £ HNSC
£ LIHC £ THCA
£ MESO £ LCML
& oV &5 MB
£ ESCA F3 PRAD
£+ UCEC F+1 Ewings_sarcoma
GBM CESC
£ PAAD £ CLL

()

FiGgure 1: Continued.



Computational and Mathematical Methods in Medicine

8 kskk dkkk kskk kkk kkk kskk kkk kekk skoksk sk sckk skoksk dkk * dkkk kskk dkkk koksk
2 u
S 6 1
3 :
=2
s
2
g
2 4 ® 7o A
: - Ak
= ) .
L ‘.
<t
g H

2 »

z é ’
L)

O T TTrrTrrTrrrrrTrT1rr 1T 11 11— TrT1TrTrrrrT1rTrT1Tr 1T 17 1T 17 " T17T 17T 17 1T T T T T T T T T T T T T T T T T T T T T°T
55 E5E 55555 T 5T 55T 55 555 5 8 T555 55855555 85 554555 55E55
EEEECEEEEEEEEEEEEEEEEEEECEEEEEEEEEEEEEEEEEEEESEEEEEEEEEE
HH2&2&Ha;h£HES:2HSEHbHéaéﬁﬁgaaéﬁgaéaﬁﬁghéaéahg@éﬁaéhbébb
Ot X<V = .30~ ] ) 8T O U VO0UARYUGO>FA oAl nQ ARE<<4 QU9
C0C0C0TEE20035200532 A 00 ECEEEC0 82020805555 202322200528582

mém%;:é§00508QMSOEEEEM§MMMMA R R=RC RS R éﬂ«mmmﬁw%UWSHHEEDB =
SE< ) &
mmg 2%
& ZZ
T T
(b)

Expression-log, (TPM+1)

I— -
=

S

T T T
o, c A HNSC KICH
i 47<umm e3toum (1= 1340 (1

AC
o 7 (um 5; (o
o (0= 19, ()~ 57y (0= 286

<128

(1) = 3650
m (N)=9)

num (N) = 13) num (0 49 mum (4~

KIR
i (D 2523 1) < 386
o (302 160 (80— 60 s (= 1601

(0

(U m( H‘) HR( H')”HH (H 57;

He
e e nh- a8t i =461 (oum (1) = 408 o
(802555 80~ 21 80~ 169 30~ 35 i (3)231) o (3151

READ s
) = 92; (num (
(4085, mam (47— 70 ¢

m
am () = 318)

FIGURE 1: PAQR4 expression levels in human cancers. (a) PAQR4 expression in different cancer cell lines. It was exceptionally high in SCLC
cell lines and lower in MESO cell lines. (b) PAQR4 expression differences in tumors and normal tissues from the TCGA database analyzed
by the TIMER database, and PAQRA4 is significantly higher in 17 tumors. (*P < 0.05, **P < 0.01, and ***P < 0.001). (c) PAQR4 expression
differences in tumor and normal tissues in the GEPIA2 database, red is for tumor tissue and blue is for normal tissue. (*P < 0.05).

promoter methylation levels across tumors. PAQR4 pro-
moter methylation levels in COAD, ESCA, KIRC, KIRP,
LUAD, LUSC (lung squamous cell carcinoma), PRAD
(prostate adenocarcinoma), BRCA, READ, THCA (thyroid
carcinoma), and UCEC were substantially higher compared
to those in normal tissues, while the promoter methylation
levels in PCPG (pheochromocytoma and paraganglioma)
and TGCT were significantly lower than those in normal tis-
sues (Figure 6), suggesting that there are differences in
PAQR4 promoter methylation levels in different tumors.
Subsequently, the Sangerbox was used to analyze the corre-
lation of PAQR4 with three RNA modification (m1A, m5C,
and m6A) marker genes (Figure S2). Most of these genes’
expression and PAQR4 have a positive correlation. Based on
this data, we speculate that PAQR4 regulates tumorigenesis at
the epigenetic level and further influences tumor progression.

3.5. PAQR4 Expression Is Correlated with Pancancer
Immune Subtypes. Immune subtypes within tumors suggest

a cancer’s immune status. These subtypes represent the
tumor microenvironment characteristics of different tumor
types [26] and guide tumor immunotherapy. Immune sub-
types include six types. Cl (wound healing) type has
increased angiogenic gene expression, high proliferation
rate, and TH2 cell bias towards adaptive immune infiltra-
tion. The strongest M1/M2 macrophage polarization is
found in C2 (IFN-y-dominant), and it shows a high prolifer-
ation rate. C3 (inflammatory) has increased Th17 and Thl
gene expression. C4 (lymphocyte-depleted) showed more
macrophage characteristics: Thl inhibition and high M2
reactivity. C5 (immunologically quiet) showed the minimum
lymphocyte count and the highest macrophage response. C6
(TGF-p-dominant) cells showed the highest TGF-f signal
and high lymphocyte infiltration [27]. Using the TISIDB
immunological website, we examined the relationship
between PAQR4 and immune subtypes in several cancers.
(Figure 7). We found different PAQR4 expression levels of
different immune subtypes within the same tumor. For
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FIGURE 2: (a-i) Kaplan-Meier survival curve of human cancers with high and low PAQR4 expression group analyzed by the GEPAI2

database.
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FIGURE 3: Survival analyses of the PAQR4 in human cancers in the Kaplan-Meier plotter database. OS was significantly worse in the PAQR4
high expression group: (a) BLCA, (c) KIRC, (d) KIRP, (e) LIHC, (f) LUAD, (g) OV, (h) and SARC. In (b) HNSC and (i) STAD, PAQR4 is a

prognosis-affecting protective factor.

example, in BLCA, PAQR4 expression was higher in C2 and
C6 and lower in C3. In KIRP, PAQR4 expression was signif-
icantly higher in C1 than in other types. The findings above
show that PAQR4 is related to immune subtypes and may
regulate the tumor-immune environment.

3.6. Correlation of PAQR4 Expression Level with TMB, MSI,
NEO, Purity, and ICP Genes in Tumors. ICP genes are 60
genes representing the two immune checkpoint pathways
(inhibitory (24 genes) and stimulatory (36 genes)) [27].
TMB, MSI, and NEO are considered important biomarkers
of the tumor microenvironment [28, 29]. Cell-intrinsic fac-
tors and metabolites in the tumor microenvironment affect
the metabolism and behavior of cancer cells, which is a key
link in cancer development, progression, metastasis, and
drug resistance [30]. The tumor microenvironment directly
affects the efficacy of therapies including chemotherapy
and immunotherapy. A significant relationship between
TMB and the objective remission rate of anti-PD-1 or anti-
PD-L1 therapy has been reported for several cancers [31],
and MSI, a biomarker of PD-1 blockade, is strongly associ-
ated with tumor diagnosis and immunotherapy efficacy.

To explore the immune mechanism of PAQR4 in the
tumor microenvironment, the Pearson correlation coeffi-
cient was calculated between PAQR4 expression level and
TMB, MSI, NEO, and purity in pancancer using the Sanger-
box. PAQR4 was significantly positively correlated with
TMB in seven tumors (LUAD, STES, KIPAN, STAD, UCEC,
THYM, and KICH) (Figure 8(a)). PAQR4 was significantly
correlated with MSI, with a positive correlation in ten
tumors (GBMLGG (glioma), STES, KIPAN, STAD, UCEC,
THYM, TGCT, UVM, UCS, and KICH) and a negative cor-
relation in one tumor (DLBC) (Figure 8(b)). PAQR4 was
significantly correlated with NEO, including positive corre-
lations in three tumors (COADREAD (colon adenocarci-

noma/rectum adenocarcinoma esophageal carcinoma),
UCEC, and THYM) and negative correlations in two tumors
(GBM and PCPG) (Figure 8(c)).

Additionally, the relationship between PAQR4 expres-
sion and tumor purity was examined. There was a significant
correlation in 18 tumors, a positive correlation in GBM,
GBMLGG, CESC, BRCA, ESCA, STES, SARC, KIRP, etc.,
and a positive correlation in THYM and BLCA
(Figure 8(d)). Next, we analyzed the correlation between
ICP genes and PAQR4 and found that PAQR4 was signifi-
cantly positively correlated with CD276, VEGFA, and
HMGBI in most tumors and was also positively correlated
with most ICP genes in LIHC, OV, BLCA, and KIRC
(Figure S3). Thus, PAQR4 is associated with various
biomarkers of the tumor microenvironment and has the
potential to be a tumor immunotherapy target.

3.7. Correlation Analysis of PAQR4 Expression Level with
ESTIMATE in the Tumor Microenvironment. Researchers
can obtain ratings for tumor purity, the number of stromal
cells present, and the degree of immune cell infiltration in
tumor tissues utilizing the ESTIMATE. We looked further
at the relationship between stromal and immunological
scores as well as ESTIMATE scores and PAQR4
expression.

Among the 39 tumor types, we observed significant cor-
relations between PAQR4 expression and stromal scores in
23 tumor types, including 22 negative correlations
(Figure 9). PAQR4 was significantly correlated with the
immune scores for 19 cancer types, including 17 negative
correlations (Figure S4). PAQR4 expression level was
significantly correlated with the ESTIMATE scores among
23 cancers, including 20 negative correlations (Figure S5).
Next, we investigated the correlation between PAQR4
expression and the degree of infiltration of six immune
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Cancercode p value Hazard ratio (95% CI)
TCGA-LTHC (N = 341) 5.0e-5 1.28 (1.14, 1.45)
TCGA-MESO (N = 84) 6.7e-5 1.83 (1.36, 2.46)
TCGA-KIRP (N = 276) 1.5e-4 1.72 (1.30, 2.27)
TCGA-KIPAN (N = 855) 1.4e-3 1.24(1.09, 1.41)
TCGA-LAML (N = 209) 2.0e-3 1.24 (1.08, 1.43)
TCGA-LGG (N = 474) 6.9e-3 1.43 (1.10, 1.85)
TCGA-LUAD (N = 490) 0.02 1.18 (1.03, 1.36)
TARGET-ALL-R (N =99) 0.02 1.20 (1.03, 1.41)
TCGA-BLCA (N = 398) 0.03 1.16 (1.01, 1.32)
TCGA-SKCM-M (N = 347) 0.04 1.22 (1.01, 1.48)
TCGA-PAAD (N =172) 0.04 1.25(1.01, 1.55)
TCGA-KIRC (N =515) 0.08 1.17 (0.98, 1.40)
TCGA-ACC (N=77) 0.08 129 (0.97, 1.71)
TARGET-ALL (N = 86) 0.10 1.18 (0.97, 1.44)
TCGA-SKCM (N = 444) 0.11 1.16 (0.97, 1.38)
TCCIA-KICH (N = 64) 0.11 1.48 (0.92,2.39)
TCGA-GBMLGG (N = 619) 0.12 1.15 (0.97, 1.37)
TCGA-SARC (N =254) 0.22 1.10 (0.94, 1.29)
TCGA-PCPG (N = 170) 0.23 1.75 (0.71, 4.30)
TCGA-PRAD (N =492) 0.29 1.51 (0.70, 3.25)
TARGET-WT (N = 80) 0.33 1.18 (0.84, 1.64)
TCGA-COAD (N = 278) 0.43 1.15(0.82, 1.61)
TCGA-UCS (N = 55) 0.46 1.15 (0.79, 1.68)
TCGA-LUSC (N = 468) 0.59 1.04 (0.89, 1.22)
TCGA GBM (N = 144) 0.65 1.05 (0.85, 1.29)
TCGA-COADREAD (N = 368) 0.68 = —:.— =l 1.07 (0.79, 1.44)
TARGET-NB (N = 151) 0.69 1.07 (0.77, 1.49)
TCGA-CHOL (N = 33) 0.72 1.10 (0.66, 1.83)
TCGA-DLBC (N = 44) 0.73 1.13(0.57, 2.22)
TARGET-LAML (N = 142) 0.90 1.01 (0.89, 1.14)
TCGA CESC (N =273) 0.98 1.00 (0.74, 1.37)
TCGA-STAD (N = 372) 0.01 e 4: 0.82 (0.71,0.96)
TCGA-STES (N = 547) 0.02 (=L 2 0.86 (0.76, 0.98)
TCGA-UCEC (N = 166) 0.26 [k il 0.87 (0.68, 1.11)
TCGA-THCA (N = 501) 0.27 e JI - 0.71(0.39, 1.30)
TCGA-SKCM-P (N =97) 0.29 F——®-q-1 0.79 (0.50, 1.23)
TCGA-OV (N = 407) 0.32 0.95 (0.87, 1.05)
TCGA-THYM (N = 117) 0.43 0.73 (0.33, 1.60)
TCGA-READ (N = 90) 0.56 0.82 (0.41, 1.63)
TCGA-UVM (N =74) 0.57 0.84 (0.46, 1.54)
TCGA-ESCA (N =175) 0.64 0.94(0.73, 1.22)
TCGA-HNSC (N = 509) 0.73 0.97 (0.84, 1.13)
TCGA-TGCT (N = 128) O  [Poosoooooos=(dooosooooo oo | 0.86 (0.18, 4.06)
TCGA-BRCA (N = 1044) 0.88 ; ; - 0.99 (0.84, 1.16)
1.0 15 20
Log2 (hazard ratio (95% CI))
(@)

Cancercode p value Hazard ratio (95% CI)
TCGA-KIPAN (N = 840) 6.9e-6 : [a gl 1.45 (1.23,1.70)
TCGA-KIRP (N = 272) 7.1e-6 1 - —o -l 2.24(1.58,3.17)
TCGA-MESO (N = 64) 2.1e-5 I =0 =4 2.36 (1.59, 3.51)
TCGA-LIHC (N = 333) 5.5e-4 : - 1.31(1.12,1.52)
TCGA-KIRC (N = 504) 4.7e-3 el Al 1.37 (1.10, 1.70)
TCGA-THYM (N = 117) 0.01 | F————— - bl 5.83(1.43,23.71)
TCGA-LGG (N = 466) 0.02 :)— -1 1.37 (1.05, 1.80)
TCGA-LUAD (N = 457) 0.02 il gl 1.23(1.03, 1.47)
TCGA-BLCA (N = 385) 0.04 ol 1.18 (1.01, 1.38)
TCGA-SKCM-M (N = 341) 0.04 SO 1.23 (1.01, 1.50)
TCGA-PAAD (N = 166) 0.04 I‘ - 1.30 (1.01, 1.67)
TCGA-GBMLGG (N = 598) 0.08 Lol 1.18 (0.98, 1.43)
TCGA -ACC (N =75) 0.08 L-e-i 1.29 (0.96, 1.73)
TCGA-KICH (N = 64) 0.08 =@ —-—i 1.63 (0.94, 2.83)
TCGA-SKCM (N = 438) 0.11 @ 1 1.16 (0.96, 1.41)
TCGA-READ (N = 84) 0.11 L JI —————— O-————=—=-== 3.54(0.76, 16.42)
TCGA-PCPG (N = 170) 0.12 2.50 (0.83, 7.59)
TCGA-SARC (N = 248) 0.13 1.14 (0.96, 1.36)
TCGA-PRAD (N = 490) 0.15 2.25(0.74, 6.83)
TCGA-COADREAD (N = 347) 0.20 1.35(0.85, 2.12)
TCGA-COAD (N = 263) 0.38 1.23(0.77,1.97)
TCGA-UCS (N =53) 0.38 1.19 (0.81, 1.76)
TCGA-TGCT (N = 128) 0.60 1.64 (0.25, 10.55)
TCGA-GBM (N = 131) 0.61 1.07 (0.83, 1.37)
TCGA-CHOL (N = 32) 0.66 1.13 (0.66, 1.91)
TCGA-HNSC (N = 485) 0.78 1.03 (0.84, 1.25)
TCGA-LUSC (N = 418) 0.87 1.02 (0.81, 1.29)
TCGA-ESCA (N =173) 0.89 1.02 (0.75, 1.40)
TCGA-UCEC (N = 164) 0.03 0.75 (0.57, 0.98)
TCGA-STAD (N = 351) 0.03 0.81 (0.67, 0.98)
TCGA-STES (N = 524) 0.10 0.87 (0.74, 1.03)
TCGA-SKCM-P (N=97) 0.27 0.75 (0.44, 1.26)
TCGA-OV (N = 378) 0.34 0.95 (0.86, 1.05)
TCGA-THCA (N = 495) 0.47 0.71 (0.29, 1.77)
TCGA-DLBC (N = 44) 0.72 0.83 (0.30, 2.30)
TCGA-UVM (N = 74) 0.74 0.90 (0.47, 1.70)
TCGA-CESC (N = 269) 0.75 0.95 (0.67, 1.33)
TCGA-BRCA (N = 1025) 0.91 0.99 (0.80, 1.22)

T T T
-15-1.0-0.50.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Log?2 (hazard ratio (95%CI))

(®)

FiGure 4: Continued.
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Cancercode p value Hazard ratio (95% CI)
TCGA-LIHC (N = 294) 0.01 :P.* 1.15 (1.03, 1.29)
TCGA-SARC (N = 149) 0.02 o4 1.27 (1.04, 1.55)
TCGA-CESC (N =171) 0.03 I-= -0 —-- 1.78 (1.08, 2.92)
TCGA-THCA (N = 352) 0.03 -—0--- 1.94 (1.07, 3.53)
TCGA-KIRP (N = 177) 0.05 I— =C= 1.51(1.01,2.27)
TCGA-PRAD (N =337) 0.05 - 0-—i 1.57 (1.00, 2.47)
TCGA-LUSC (N = 292) 0.09 L e—i 1.27 (0.97, 1.68)
TCGA-COAD (N = 103) 0.11 )—: - —-—--4 2.05 (0.88, 4.76)
TCGA-LUAD (N = 295) 0.14 H@® 4 1.17 (0.95, 1.43)
TCGA-KIPAN (N = 319) 0.20 H-e—4 1.22(0.90, 1.64)
TCGA-MESO (N = 14) 0.23 == —:— coHooo=oo 1 2.12(0.60, 7.52)
TCGA-COADREAD (N =132) 0.27 - - - 1.49 (0.74, 2.97)
TCGA-PAAD (N = 68) 0.27 —Le--| 1.28 (0.82, 2.01)
TCGA-GBMLGG (N = 127) 029 - —:— rymp—— 1.41 (0.75, 2.65)
TCGA-LGG (N = 126) 0.33 EeEL === 1.38 (0.72, 2.63)
TCGA-UCS (N = 26) 0.39 F-d-@--=-=-| 1.41 (0.64, 3.13)
TCGA-TGCT (N = 101) 0.41 [= —:—.- == 1.25(0.73, 2.14)
TCGA-CHOL (N = 23) 0.50 F-—t+®—-—4 1.22 (0.68, 2.18)
TCGA-BLCA (N = 184) 0.52 - lo- - 1.11 (0.80, 1.54)
TCGA-ACC (N = 44) 0.63 [ —:. -4 1.10 (0.75, 1.61)
TCGA-PCPG (N = 152) 0.77 T T o 1.18 (0.38, 3.62)
TCGA-STAD (N = 232) 0.05 - o-| 0.77 (0.59, 1.01)
TCGA-STES (N = 316) 0.07 =L ] -i 0.81 (0.65, 1.02)
TCGA-KICH (N =29) 0.28 F_—————— L R | 0.51 (0.14, 1.83)
TCGA-HNSC (N = 128) 0.34 F-@44 0.82 (0.56, 1.22)
TCGA-ESCA (N = 84) 0.57 ! 0.87 (0.55, 1.39)
TCGA-DLBC (N = 26) 0.57 0.58 (0.08, 3.96)
TCGA-READ (N =29) 0.60 0.68 (0.16, 2.88)
TCGA-KIRC (N =113) 0.74 == —.-: ==l 0.91 (0.53, 1.57)
TCGA-UCEC (N = 115) 0.83 - -1 0.96 (0.66, 1.39)
TCGA-OV (N = 203) 0.90 o 0.99 (0.87, 1.12)
TCGA-BRCA (N = 904) 0.96 )—‘ - 0.99 (0.81, 1.22)

-3.5-3.0-2.5-2.0-15-1.0-0.5 0.0 0.5 1.0 1.5 2.0 2.5
Log2 (hazard ratio (95% CI))
(©
Cancercode p value Hazard ratio (95% CI)
TCGA-KIPAN (N = 845) 1.3e-4 : === 1.30 (1.14, 1.48)
TCGA-KIRP (N = 273) 5.5e-4 | - - - 1.59 (1.22, 2.06)
TCGA-LIHC (N = 340) 1.6e-3 e 1.18 (1.06, 1.30)
TCGA-MESO (N = 82) 3.3e-3 ! R 1.54(1.15,2.07)
TCGA-SARC (N = 250) 9.8e-3 : == =4 1.20 (1.05, 1.39)
TCGA-KIRC (N = 508) 0.01 I ] 1.27 (105, 1.52)
TCGA-ACC (N =76) 0.01 lNp=====] 1.34 (1.06, 1.70)
TCGA-LGG (N = 472) 0.02 : 1.26 (1.03, 1.55)
TCGA-THCA (N = 499) 0.03 I 1.59 (1.05, 2.41)
TCGA-CESC (N =273) 0.04 ! 1.40 (1.02,1.91)
TCGA-PRAD (N = 492) 0.05 1.30 (1.00, 1.69)
TCGA-BLCA (N = 397) 0.06 1.14 (1.00, 1.30)
TCGA-PAAD (N=171) 0.06 1.21 (0.99, 1.48)
TCGA-LUAD (N = 486) 0.07 1.13(0.99, 1.29)
TCGA-UCS (N = 55) 0.07 1.41 (0.98, 2.02)
TCGA-PCPG (N = 168) 0.07 1.67 (0.96, 2.88)
TCGA-LUSC (N = 467) 0.10 1.16 (0.97, 1.39)
TCGA-COADREAD (N = 363) 0.16 1.22(0.92,1.62)
TCGA-SKCM-M (N = 338) 0.17 1.12 (0.95, 1.31)
TCGA-CHOL (N = 33) 0.18 1.35(0.87, 2.10)
TCGA-COAD (N = 275) 0.19 1.23 (0.90, 1.66)
TCGA-KICH (N = 64) 0.21 1.31(0.86, 2.01)
TCGA-SKCM (N = 434) 0.28 1.09 (0.93, 1.26)
TCGA-GBMLGG (N = 616) 0.29 1.09 (0.93, 1.26)
TCGA-UVM (N =73) 0.35 1.26 (0.78, 2.04)
TCGA-THYM (N = 117) 0.43 1.23(0.73, 2.08)
TCGA-TGCT (N = 126) 0.43 1.21 (0.76, 1.94)
TCGA-ESCA (N=173) 0.54 1.08 (0.85, 1.38)
TCGA-DLBC (N = 43) 0.55 1.21 (0.65, 2.24)
TCGA-READ (N = 88) 0.66 1.18 (0.58, 2.39)
TCGA-BRCA (N =1043) 0.97 1.00 (0.86, 1.17)
TCGA-STAD (N = 375) 0.03 0.84 (0.71, 0.98)
TCGA-OV (N = 407) 0.07 0.93 (0.85, 1.01)
TCGA-UCEC (N = 166) 0.18 0.86 (0.69, 1.07)
TCGA-STES (N = 548) 0.20 0.92 (0.80, 1.05)
TCGA-GBM (N = 143) 0.32 0.91 (0.76, 1.09)
TCGA-SKCM-P (N = 96) 0.38 0.83 (0.54, 1.26)
TCGA-HNSC (N = 508) 0.84 = ==l 0.98 (0.84,1.15)

T L Tt T LI T T T
-0.8 -0.6-04 -02 0.0 02 04 06 08 1.0 12 14

Log2 (hazard ratio (95% CI))

(d)

FiGurk 4: Correlation analysis of PAQR4 expression with (a) OS, (b) DSS, (c) PFI, and (d) DFI. Data are shown as forest plots.

cells: B cells, CD8+T cells, CD4+T cells, neutrophils,
dendritic cells, and macrophages. The degree of infiltration
of different immune cells was significantly correlated with
PAQR4 expression in BLCA, BRCA, CESC, HNSC, KIRC,
LIHC, LUSC, STAD, THYM, KICH, and MESO
(Figure S6). Through the above series of immunological

studies, PAQR4 has been shown to
infiltration of different immune cells
regulate the immune microenvironment.

influence the
into tumors to

3.8. Correlation of PAQR4 Expression with Drug Sensitivity.
Chemotherapeutic agents remain the primary choice for
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FIGURE 5: (a, b) PAQR4 genomic alterations in pancancer analyzed by the cBioPortal database. PAQR4 gene alteration occurred in 1.1% of
cancer patients. (c) Analysis of the correction between PAQR4 expression and CNV in different tumors in the GSCA website. (d) The
frequency of SNV (single nucleotide variants) of PAQR4 in tumors in the GSCA website.

first-line treatment of many tumors [32]. The development
of tumor drug resistance may be associated with gene dys-
regulation [33]. Consequently, the efficacy of many therapies
is greatly compromised. Thus, we examined the connection
between medication sensitivity and PAQR4 expression using
the GSCA website to mine the GDSC and CTRP databases.
PAQR4 expression was significantly associated with multi-
drug sensitivity. The GDSC database results showed signifi-
cant positive correlations with sensitivity to bleomycin,
talazoparib, docetaxel, midostaurin, and trametinib
(Figure 10(a)). The CTRP database showed that PAQR4
was significantly negatively correlated with the sensitivity

to cytarabine hydrochloride, decitabine, fingolimod, mito-
mycin, panobinostat, and sirolimus (Figure 10(b)). Using
the CellMiner database to analyze PAQR4 and drug IC50s,
18 significant relationships were uncovered showing positive
PAQR4 association with the IC50 of most drugs, including
vorinostat, methylprednisolone, decitabine, vemurafenib,
karenitecin, 5-Flu, and dabrafenib (Figure 11). These drugs
are used in chemotherapy, endocrine therapy, and targeted
therapy for tumors. Some of these drugs are the most
recently approved novel drugs for oncology regimens, and
some are well-established for oncologic chemotherapy.
These results indicate that the development of drug
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FIGURE 7: (a-r) The relationship between PAQR4 expression and six immune subtypes across pancancer, including C1-C6 subtypes. In

different subtypes, PAQR4 expression is different.

resistance in different tumors may be related to the abnor-
mal expression of PAQR4 and provides an alternative diag-
nostic test for precision therapy.

4. Discussion

Cancer is a major disease that threatens billions of lives world-
wide [34]. It is difficult to diagnose in early stages, and late
stage metastasis makes it the number one killer of human
beings [35]. Research on cancer has gradually progressed from
the initial pathological diagnosis to the genetic level [36].
However, we find that the tumor is a multilevel regulated
genetic disease. The heterogeneity of tumors and the complex
immune microenvironment leave the pathogenesis of tumors
in an unclear position. New therapeutic tools for tumors have
also been discovered, although chemotherapy remains the
first-line treatment for most tumors [37]. However, there are
many problems in clinical practice including chemotherapeu-
tic drug side effects. Granulocytopenia and chemotherapeutic
resistance are observed in tumors with distant metastases [38].
These side effects expose patients to risks that are dispropor-
tionate to the benefits. With the identification of molecular
targets and their cellular functions, targeted therapies based
on antibodies and small-molecule inhibitors have begun to
be applied [39]. With the focus on tumor immunity research,
the regulation of tumors by the immune system provides new
hope for tumor treatment. More targets and mutation sites
have been identified, and drugs that are targeting genes such
as EGFR and HER2 have been shown to have definite antitu-
mor effects in breast and lung cancers [40]. However, the

development of small-molecule drugs is not perfect, and there
are still many challenges in the regulation of tumor metabo-
lism and inhibitors of tumor gene mutations [41]. Many
patients remain insensitive to the current small-molecule tar-
get drugs, and these small-molecule-targeted drugs based on
modulation of the innate immune system, its side effects,
and antitumor effects are still unclear [42]. Meanwhile,
numerous clinical trials demonstrated that immunotherapy
based on PD-1 and PD-L1 inhibitors significantly prolongs
patient survival [43]. Owing to the difficulty of early tumor
diagnosis and the complex immune environment, the current
therapeutic tools to treat tumors are far from sufficient, and
new targets are urgently needed to guide precision medi-
cine [44].

To discover more valuable targets and explore common-
alities in tumor development, we used bioinformatic tech-
niques to analyze individual gene expression differences
across cancers at the transcriptome level. In the analysis of
PAQR4 across pancancer, based on data from TCGA and
GTEx databases, we found that PAQR4 expression levels
were significantly upregulated in up to thirty tumors. Its
prevalent high levels are difficult to ignore. And its ability
to promote cell proliferation, which drives cellular carcino-
genesis and unlimited proliferation, has been well estab-
lished in existing studies on individual tumors. The
oncogenic role of PAQR4 in LIHC, NSCLC, and BRCA
has been demonstrated in experimental studies. Further,
we explored the prognostic value of PAQR4, and prognostic
indicators, such as OS, DSS, DFI, and PFI, are closely corre-
lated with PAQR4 expression. High PAQR4 expression is a
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FIGURE 8: The relationship between PAQR4 expression and (a) TMB, (b) MSI, (c) NEO, (d) purity. (*P < 0.05).

risk factor for most tumors, and its higher expression is asso-
ciated with shorter survival, which significantly affects
patient prognosis. These results indicated that PAQR4 pro-
motes oncogenesis and has the potential to be a pancancer
prognostic marker. Next, PAQR4 was investigated from a
genetic and epigenetic perspective. We found significantly
higher levels of PAQR4 promoter methylation in most of

tumors, and PAQR4 was significantly associated with most
of the RNA modification marker genes. These epigenetic
alterations may cause dysregulation of PAQR4 in many can-
cers and can act as risk markers for tumors [45].

The six immune subtypes characterize different immune
states within the tumor and are closely related to tumor
prognosis, genetics, and immune regulation. Our analysis
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FIGURE 9: The correlation between PAQR4 expression and stromal score. 22 of 23 tumors are negative correlations.

showed significant differences in PAQR4 expression among
different immune subtypes. PAQR4 is involved in immune
regulation of the tumor environment, causing tumors to
develop toward different immune subtypes. PAQR4 may
regulate the distribution as well as the ratio of different cell
subpopulations in the immune microenvironment and con-
tribute to changes in tumor purity. Next, we examined the

correlation between TMB, MSI, and NEO in the tumor
microenvironment. The total number of somatic genetic
coding mistakes, base substitutions, insertions, or deletions
found per million bases is known as TMB [46]. TMB is an
indicator of the efficacy of anti-PD1/PDL1 therapy in
tumors, and persistently high TMB improves efficacy of
immune checkpoint blockade therapy [29, 47]. Similarly,
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expression.

MSI significantly affects tumor prognosis [48]. TMB in
seven tumor types significantly positively correlated with
PAQR4 expression, and MSI of 10 types of tumors was sig-
nificantly correlated with PAQR4 expression, including a
significant negative correlation in DLBC. Thus, PAQR4
influences tumorigenesis by participating in multiple gene
alterations and has the potential to be an important marker
for cancer immunotherapy and prognosis. The tumor-
specific antigen NEO, which is produced by nonsynon-
ymous mutations, is a highly desirable target for tumor
immunotherapy. Numerous tumor cells express NEO, which
has a potent immunogenicity and a diverse range of tumor
types [49]. As a new approach to tumor immunotherapy,
vaccinations produced against NEO have been used in clin-
ical studies for several solid tumors [50], and the NEO of five
types of tumors was significantly associated with PAQR4 in
this study.. All above revealed that PAQR4 plays a complex
role in tumors and is a promising target.

In addition to tumor cells, there are nontumor cells such as
immune cells, stromal cells, and mesenchymal cells in tumor
tissues, and these different types of cells together constitute a
complex tumor microenvironment [51], which often limits or
poorly differentiates vasculature, creating inefficiencies in

nutrient and oxygen delivery as well as waste removal [52].
Metastasis depends on bidirectional interactions between can-
cer cells and their environment [53]. The tumor microenviron-
ment is closely related to patient clinical characteristics,
genomic expression, and biological properties [54]. Our
research provided a significant correlation between PAQR4
expression and the tumors purity in 18 cancers, especially in
THYM and BLCA, where higher PAQR4 was associated with
lower tumor purity. In the remaining 16 tumors, the higher
the PAQR4 expression, the higher the tumor purity. We also
correlated PAQR4 expression with the ESTIMATE score in
the tumor microenvironment and found that stromal, immu-
nological, and ESTIMATE scores were negatively correlated
with PAQR4 expression in more than 3/4 of tumors, which
was consistent with our previous analysis. Based on these
immunological studies, PAQR4 expression can significantly
affect the composition of different immune cells in the tumor
microenvironment and participate in different pathways to
modulate the immune response of the tumor, which may be
associated with poor prognosis in the high PAQR4 group.
Previous investigations revealed that PAQR4 is involved in
the regulation of chemotherapy resistance in NSLC [12], and
our analysis of drug databases revealed that PAQR4
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expression is significantly associated with sensitivity to multi-
ple chemotherapeutics. These drugs constitute the treatment
protocols for different oncology patients. We will further
explore the specific mechanisms underlying PAQR4 involve-
ment in chemotherapy resistance in different cancers, which
is important for guiding personalized clinical drug decisions.

While we extensively analyzed PAQR4 and cross-
validated with multiple databases, many limitations remained
in this study. First, biases in sequencing data from different
databases might have led to systematic errors. Second, further
cellular or animal models are required to validate the potential
PAQR4 functions. Although we concluded that PAQR4 can
influence tumor progression through the immune environ-
ment, the exact regulatory mechanisms remain unclear, and
there remain multiple avenues for PAQR4 research. In the
future, we will prospectively investigate PAQR4’s function
and attempt to develop and test novel antitumor immunother-
apeutic agents targeting PAQR4 to enable more precise treat-
ment of malignant tumor patients.

5. Conclusion

Transcriptomic data from different sources were analyzed at the
tissue and cellular levels to understand the differences in PAQR4
expression between tumor and normal groups. We found that
PAQR4 was significantly upregulated in tumors and affected
patient survival. We further investigated the correlation
between PAQR4 and infiltration of different lymphocyte sub-
populations and the IC50 of different drugs. These findings
suggest that PAQR4 is a potential immunomodulator with
important implications for tumor therapy. The above pancan-
cer studies of PAQR4 suggest that PAQR4 is a potential target
for tumor diagnosis and immunotherapy.

Data Availability

The datasets generated and analyzed during the current study
are available in the TCGA (https://www.cancer.gov/tcga), GTEx
(http://commonfund.nih.gov/GTEx/), and GEO (https://www
ancbi.nlm.nih.gov/geo/).

Conflicts of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

Ziyue Yang and Fang Peng had the idea and wrote the main
manuscript texts. Zhangya Pu and Zhenfen Li performed the
literature search and data analysis. Ying Lin, Ying Deng, and
Ning Li drafted and critically revised the work. All authors
contributed to the article and approved the submitted
version.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (81602572 and 81873574), the Natural
Science Foundation of Hunan Province, China (2020]J4905)
and the Scientific Research Project of Hunan Provincial

Computational and Mathematical Methods in Medicine

Health Commission, China (20200489). We thank all the
staff members of NHC Key Laboratory of Cancer Proteo-
mics for providing support on this work.

Supplementary Materials

A total of six supplementary images and one supplementary
table are included in this study, as described in the article. Fig-
ure S1: (a-i) survival analyses of the PAQR4 in human cancers
in the PrognoScan website. Figure S2: the correlation of
PAQR4 with three RNA modification (m1A, m5C, and m6A)
marker genes, including writers, readers, and erasers through
the Sangerbox web. Figure S3: the correlation between PAQR4
expression and ICP genes. PAQR4 was significantly positively
correlated with CD276, VEGFA, and HMGBI1 in most tumors
and was also positively correlated with most ICP genes in
LIHC, OV, BLCA, and KIRC. Figure S4: the correlation
between PAQR4 expression and immune scores. PAQR4 was
significantly correlated with the immune scores for 19 cancer
types, including 17 negative correlations. Figure S5: the corre-
lation between PAQR4 expression and ESTIMATE score.
PAQR4 expression was significantly correlated with the ESTI-
MATE scores in 23 cancers. Figure S6: the correlation between
PAQR4 expression and the infiltration degree of six immune
cells, including B cells, CD8 + Tcells, CD4+T cells, neutro-
phils, dendritic cells, and macrophages in BLCA, BRCA, CESC,
HNSC, KIRC, LIHC, LUSC, STAD, THYM, KICH, and
MESO. (Supplementary Materials)

References

[1] H. Sung, J. Ferlay, R. L. Siegel et al., “Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries,” CA: a Cancer Jour-
nal for Clinicians, vol. 71, no. 3, pp. 209-249, 2021.

[2] J. M. Kocarnik, K. Compton, F. E. Dean et al., “Cancer inci-
dence, mortality, years of life lost, years lived with disability,
and disability-adjusted life years for 29 cancer groups from
2010 to 2019: a systematic analysis for the global burden of dis-
ease study 2019,” JAMA Oncology, vol. 8, no. 3, pp. 420-444,
2022.

[3] G. Morad, B. A. Helmink, P. Sharma, and J. A. Wargo, “Hall-
marks of response, resistance, and toxicity to immune check-
point blockade,” Cell, vol. 184, no. 21, pp. 5309-5337, 2021.

[4] G. S. Kinker, A. C. Greenwald, R. Tal et al., “Pan-cancer
single-cell RNA-seq identifies recurring programs of cellular
heterogeneity,” Nature Genetics, vol. 52, no. 11, pp. 1208-
1218, 2020.

[5] W.M. Linehan and C. J. Ricketts, “The cancer genome atlas of
renal cell carcinoma: findings and clinical implications,”
Nature Reviews. Urology, vol. 16, no. 9, pp. 539-552, 2019.

[6] L. Nguyen, J. W. M. Martens, A. van Hoeck, and E. Cuppen,
“Pan-cancer landscape of homologous recombination defi-
ciency,” Nature Communications, vol. 11, no. 1, p. 5584, 2020.

[7] Q. Cao, X. You, L. Xu, L. Wang, and Y. Chen, “PAQR3 sup-
presses the growth of non-small cell lung cancer cells via mod-
ulation of EGFR-mediated autophagy,” Autophagy, vol. 16,
no. 7, pp. 1236-1247, 2020.

[8] L.J.Gbnez, G. Naselli, I. Banakh, H. Niwa, and L. C. Harrison,
“Pancreatic expression and mitochondrial localization of the


https://www.cancer.gov/tcga
http://commonfund.nih.gov/GTEx/
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://downloads.hindawi.com/journals/cmmm/2022/2528164.f1.zip

Computational and Mathematical Methods in Medicine

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

progestin-AdipoQ receptor PAQR10,” Molecular Medicine,
vol. 14, no. 11-12, pp. 697-704, 2008.

L. Pedersen, P. Panahandeh, M. 1. Siraji et al., “Golgi-localized
PAQR4 mediates antiapoptotic ceramidase activity in breast
cancer,” Cancer Research, vol. 80, no. 11, pp. 2163-2174, 2020.
L. Wang, R. Zhang, X. You et al., “The steady-state level of
CDK4 protein is regulated by antagonistic actions between
PAQR4 and SKP2 and involved in tumorigenesis,” Journal of
Molecular Cell Biology, vol. 9, no. 5, pp. 409-421, 2017.

G. Zhao, X. Shi, Z. Sun, P. Zhao, and Z. Lu, “PAQR4 promotes
the development of hepatocellular carcinoma by activating
PI3K/AKT pathway,” Acta Biochimica et Biophysica Sinica,
vol. 53, no. 12, pp. 1602-1613, 2021.

P. Xu, L. Jiang, Y. Yang et al., “PAQR4 promotes chemoresis-
tance in non-small cell lung cancer through inhibiting Nrf2
protein degradation,” Theranostics, vol. 10, no. 8, pp. 3767-
3778, 2020.

T. Li, J. Fu, Z. Zeng et al., “TIMER2.0 for analysis of tumor-
infiltrating immune cells,” Nucleic Acids Research, vol. 48,
no. W1, pp. W509-w514, 2020.

Z. Tang, B. Kang, C. Li, T. Chen, and Z. Zhang, “GEPIA2: an
enhanced web server for large-scale expression profiling and
interactive analysis,” Nucleic Acids Research, vol. 47, no. W1,
pp. W556-w560, 2019.

M. Ghandi, F. W. Huang, J. Jané-Valbuena et al., “Next-gener-
ation characterization of the cancer cell line encyclopedia,”
Nature, vol. 569, no. 7757, pp- 503-508, 2019.

A. Nagy, G. Munkdcsy, and B. Gyérfly, “Pancancer survival
analysis of cancer hallmark genes,” Scientific Reports, vol. 11,
no. 1, p. 6047, 2021.

B. Ry, C. N. Wong, Y. Tong et al., “TISIDB: an integrated
repository portal for tumor-immune system interactions,” Bio-
informatics, vol. 35, no. 20, pp. 4200-4202, 2019.

D. S. Chandrashekar, B. Bashel, S. A. H. Balasubramanya et al.,
“UALCAN: a portal for facilitating tumor subgroup gene
expression and survival analyses,” Neoplasia, vol. 19, no. 8,
Pp. 649-658, 2017.

C.J.Liu, F. F. Hu, M. X. Xia, L. Han, Q. Zhang, and A. Y. Guo,
“GSCALite: a web server for gene set cancer analysis,” Bioin-
formatics, vol. 34, no. 21, pp. 3771-3772, 2018.

A. Luna, F. Elloumi, S. Varma et al., “CellMiner Cross-
Database (CellMinerCDB) version 1.2: exploration of
patient-derived cancer cell line pharmacogenomics,” Nucleic
Acids Research, vol. 49, no. D1, pp. D1083-d1093, 2021.

S. Horvath and K. Raj, “DNA methylation-based biomarkers
and the epigenetic clock theory of ageing,” Nature Reviews.
Genetics, vol. 19, no. 6, pp. 371-384, 2018.

X. Hao, H. Luo, M. Krawczyk et al, “DNA methylation
markers for diagnosis and prognosis of common cancers,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 114, no. 28, pp. 7414-7419, 2017.

M. Widschwendter, A. Jones, I. Evans et al., “Epigenome-
based cancer risk prediction: rationale, opportunities and chal-
lenges,” Nature Reviews. Clinical Oncology, vol. 15, no. 5,
Pp. 292-309, 2018.

H. Qiu, A. Sarathy, K. Schulten, and J. P. Leburton, “Detec-
tion and mapping of DNA methylation with 2D material
nanopores,” npj 2D Materials and Applications, vol. 1, no. 1,
p. 1, 2017.

M. J. Topper, M. Vaz, K. B. Chiappinelli et al., “Epigenetic
therapy ties MYC depletion to reversing immune evasion

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

23

and treating lung cancer,” Cell, vol. 171, no. 6, pp. 1284-
1300.e21, 2017.

A. Bagaev, N. Kotlov, K. Nomie et al., “Conserved pan-cancer
microenvironment subtypes predict response to immunother-
apy,” Cancer Cell, vol. 39, no. 6, pp. 845-865.€7, 2021.

V. Thorsson, D. L. Gibbs, S. D. Brown et al., “The immune
landscape of cancer,” Immunity, vol. 48, no. 4, pp. 812-
830.e14, 2018.

P. S. Hegde and D. S. Chen, “Top 10 challenges in cancer
immunotherapy,” Immunity, vol. 52, no. 1, pp. 17-35, 2020.

T. A. Chan, M. Yarchoan, E. Jaffee et al., “Development of
tumor mutation burden as an immunotherapy biomarker:
utility for the oncology clinic,” Annals of Oncology, vol. 30,
no. 1, pp. 44-56, 2019.

I. Elia and M. C. Haigis, “Metabolites and the tumour micro-
environment: from cellular mechanisms to systemic metabo-
lism,” Nature Metabolism, vol. 3, no. 1, pp. 21-32, 2021.

M. Yarchoan, A. Hopkins, and E. M. Jaffee, “Tumor muta-
tional burden and response rate to PD-1 inhibition,” The
New England Journal of Medicine, vol. 377, no. 25, pp. 2500-
2501, 2017.

S. Yang, Z. Zhang, and Q. Wang, “Emerging therapies for
small cell lung cancer,” Journal of Hematology & Oncology,
vol. 12, no. 1, p. 47, 2019.

A.F. Aissa, A. Islam, M. M. Ariss et al., “Single-cell transcrip-
tional changes associated with drug tolerance and response to
combination therapies in cancer,” Nature Communications,
vol. 12, no. 1, p. 1628, 2021.

Y. Li, H. Zhang, Y. Merkher et al., “Recent advances in thera-
peutic strategies for triple-negative breast cancer,” Journal of
Hematology & Oncology, vol. 15, no. 1, p. 121, 2022.

C. A. Klein, “Cancer progression and the invisible phase of
metastatic colonization,” Nature Reviews. Cancer, vol. 20,
no. 11, pp. 681-694, 2020.

E. A. Sweet-Cordero and J. A. Biegel, “The genomic landscape
of pediatric cancers: implications for diagnosis and treatment,”
Science, vol. 363, no. 6432, pp. 1170-1175, 2019.

D. P. S. Sohal, E. B. Kennedy, A. Khorana et al., “Metastatic
pancreatic cancer: ASCO clinical practice guideline update,”
Journal of Clinical Oncology, vol. 36, no. 24, pp. 2545-2556,
2018.

E. Molden, “Therapeutic drug monitoring of clozapine in
adults with schizophrenia: a review of challenges and strate-
gies,” Expert Opinion on Drug Metabolism ¢ Toxicology,
vol. 17, no. 10, pp. 1211-1221, 2021.

P. L. Bedard, D. M. Hyman, M. S. Davids, and L. L. Siu,
“Small molecules, big impact: 20 years of targeted therapy
in oncology,” The Lancet, vol. 395, no. 10229, pp. 1078-
1088, 2020.

S.Wang, H. Yu, Y. Gan et al., “Mining whole-lung information
by artificial intelligence for predicting EGFR genotype and tar-
geted therapy response in lung cancer: a multicohort study,”
Lancet Digital Health, vol. 4, no. 5, pp. €309-e319, 2022.

J. Mo, C. Anastasaki, Z. Chen et al., “Humanized neurofibroma
model from induced pluripotent stem cells delineates tumor
pathogenesis and developmental origins,” The Journal of Clin-
ical Investigation, vol. 131, no. 1, 2021.

H. Wang, M. Guo, H. Wei, and Y. Chen, “Targeting MCL-1 in
cancer: current status and perspectives,” Journal of Hematol-
ogy & Oncology, vol. 14, no. 1, p. 67, 2021.



24

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

F. Skoulidis, M. E. Goldberg, D. M. Greenawalt et al., “STK11/
LKB1 mutations and PD-1 inhibitor resistance in KRAS-
mutant lung adenocarcinoma,” Cancer Discovery, vol. 8,
no. 7, pp. 822-835, 2018.

M. Liu, L. Li, D. Jin, and Y. Liu, “Nanobody—a versatile tool
for cancer diagnosis and therapeutics,” Wiley Interdisciplinary
Reviews. Nanomedicine and Nanobiotechnology, vol. 13, no. 4,
article e1697, 2021.

P. Zhang and M. Zhang, “Epigenetic alterations and advance-
ment of treatment in peripheral T-cell lymphoma,” Clinical
Epigenetics, vol. 12, no. 1, p. 169, 2020.

D. M. Merino, L. M. McShane, D. Fabrizio et al., “Establishing
guidelines to harmonize tumor mutational burden (TMB): in
silico assessment of variation in TMB quantification across
diagnostic platforms: phase I of the friends of cancer research
TMB harmonization project,” Journal for Immunotherapy of
Cancer, vol. 8, no. 1, p. €000147, 2020.

D. L. Jardim, A. Goodman, D. de Melo Gagliato, and
R. Kurzrock, “The challenges of tumor mutational burden as
an immunotherapy biomarker,” Cancer Cell, vol. 39, no. 2,
pp. 154-173, 2021.

M. J. M. van Velzen, S. Derks, N. C. T. van Grieken, N. Haj
Mohammad, and H. W. M. van Laarhoven, “MSI as a predic-
tive factor for treatment outcome of gastroesophageal adeno-
carcinoma,” Cancer Treatment Reviews, vol. 86, p. 102024,
2020.

N. McGranahan, A. J. Furness, R. Rosenthal et al., “Clonal
neoantigens elicit T cell immunoreactivity and sensitivity to
immune checkpoint blockade,” Science, vol. 351, no. 6280,
pp. 1463-1469, 2016.

L. Li, S. P. Goedegebuure, and W. E. Gillanders, “Preclinical
and clinical development of neoantigen vaccines,” Annals of
Oncology, vol. 28, suppl_12, pp. xiill1-xiil7, 2017.

J. E. Bader, K. Voss, and J. C. Rathmell, “Targeting metabolism
to improve the tumor microenvironment for cancer immuno-
therapy,” Molecular Cell, vol. 78, no. 6, pp. 1019-1033, 2020.

A. A. Al-Khami, P. C. Rodriguez, and A. C. Ochoa, “Metabolic
reprogramming of myeloid-derived suppressor cells (MDSC)
in cancer,” Oncoimmunology, vol. 5, no. 8, article 1200771,
2016.

O. Meurette and P. Mehlen, “Notch signaling in the tumor
microenvironment,” Cancer Cell, vol. 34, no. 4, pp. 536-548,
2018.

M. Fane and A. T. Weeraratna, “How the ageing microenvi-

ronment influences tumour progression,” Nature Reviews.
Cancer, vol. 20, no. 2, pp. 89-106, 2020.

Computational and Mathematical Methods in Medicine



	Pancancer Analysis of the Prognostic and Immunotherapeutic Value of Progestin and AdipoQ Receptor 4
	1. Introduction
	2. Materials and Methods
	2.1. TIMER, GEPIA2, and CLLE
	2.2. PrognoScan and KM Plotter
	2.3. TISIDB
	2.4. Sangerbox
	2.5. UALCAN
	2.6. cBioPortal
	2.7. GSCA
	2.8. CellMiner

	3. Results
	3.1. PAQR4 Expression Is Higher in Tumors than in Normal Tissues
	3.2. The Pancancer Prognostic Value of PAQR4
	3.3. PAQR4 Genetic Alterations Occur in Different Tumor Tissues
	3.4. Pancancer Analysis of PAQR4 Promoter Methylation
	3.5. PAQR4 Expression Is Correlated with Pancancer Immune Subtypes
	3.6. Correlation of PAQR4 Expression Level with TMB, MSI, NEO, Purity, and ICP Genes in Tumors
	3.7. Correlation Analysis of PAQR4 Expression Level with ESTIMATE in the Tumor Microenvironment
	3.8. Correlation of PAQR4 Expression with Drug Sensitivity

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials



