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Retinoid X receptor y predicts the prognosis 2
and is associated with immune infiltration

in kidney renal clear cell carcinoma: a gRT-

PCR, TCGA and in silico research

Jianda Dong'", Lailai Fan?!, Qiaolin Wu? and Zhouci Zheng"

Abstract

Background Kidney clear cell carcinoma (KIRC) stands as one of the most prevalent primary malignant tumors,
showcasing significant heterogeneity within the urological system. However, the precise molecular mechanisms
underpinning tumorigenesis in KIRC remain elusive. While Retinoid X receptor y (RXRG) has been implicated in various
diseases and human cancers, its specific role in KIRC remains undetermined. This research aimed to investigate the
involvement of RXRG in KIRC pathogenesis.

Methods Quantitative real-time polymerase chain reaction was performed to evaluate the expression levels of RXRG
in KIRC. Utilizing RNA-seq data and corresponding clinicopathological information from The Cancer Genome Atlas
(TCGA) database, we embarked on an analysis to ascertain the prognostic significance of RXRG in KIRC. Furthermore,
bioinformatics analyses were employed to delineate the preliminary molecular mechanisms through which RXRG
operates in KIRC tumorigenesis.

Results Our findings revealed a significant downregulation of RXRG in KIRC tumor tissues compared to normal
kidney tissues, as evidenced in local and TCGA cohorts. Diminished RXRG expression correlated with adverse
clinicopathological characteristics, including larger tumor size, higher clinical stage, and advanced histologic grade.
Cox regression analyses unveiled that reduced RXRG expression was associated with poorer overall survival (OS) and
disease-free survival (DFS) rates in KIRC patients. Bioinformatics analyses indicated that the RXRG-related differentially
expressed genes (DEGs) were involved in tumorigenesis and metabolism by regulating a series of signaling pathways.
Using ssGSEA, we found that RXRG expression was significantly associated with NK cells and macrophages.

Conclusion Our study provides new insights and evidence that RXRG is involved in the tumorigenesis of KIRC and
may be a suitable target for immunotherapy in KIRC.
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Introduction

Renal cell carcinoma (RCC) stands as the most preva-
lent carcinoma affecting the urological system globally,
comprising 2-3% of adult malignant tumors [1]. In
2022, approximately 77,410 cases of renal cell cancer
were diagnosed in China, and approximately 46,345
patients succumbed to the disease [2]. Approximately
81,800 estimated new cases and 14,890 estimated
deaths from this cancer occurred in American in 2024
[3]. Kidney renal clear cell carcinoma (KIRC) emerges
as the predominant subtype of RCC, constituting over
80% of all RCC cases [4].

Although most patients are diagnosed at the early
stages, about one-third of patients present with metas-
tases at the time of initial diagnosis [5]. Despite sub-
stantial research and advancements in KIRC-targeted
therapies [6], improving the overall survival (OS) and
disease-free survival (DFS) of patients remains a par-
amount clinical task [7, 8]. Therefore, the quest for
novel potential markers within KIRC may offer fresh
insights into prognostic forecasting and personalized
therapeutic interventions.

Retinoic acid receptors (RARs) and retinoid X recep-
tors (RXRs) are members of the nuclear receptor
superfamily. By acting via retinoids, they can regulate
cell differentiation and proliferation [9, 10]. RXRA,
RXRB, and RXRG are subtypes of RXRs, which can
subdue cancer progression and disturb cellular pro-
liferation [11, 12]. Abnormal expression of RXRG can
lead to certain diseases [13—16]; however, the role of
RXRG in KIRC prognosis remains ambiguous.

This study aims to evaluate the relationship between
RXRG expression and clinicopathological factors in
KIRC by utilizing a large-scale sample cohort. Fur-
thermore, the prognostic significance of RXRG in
KIRC patients will be scrutinized, alongside a pre-
liminary exploration of the potential molecular
mechanisms underlying RXRG’s involvement in KIRC
tumorigenesis.

Materials and methods

Clinical samples

A total of 14 tissues from clinical cases of KIRC
tumors and matched noncancerous kidney tissues
were procured during surgeries from February 2019
to June 2019 at the Second Affiliated Hospital of Wen-
zhou Medical University. All samples were promptly
snap-frozen after resection and stored at —80 °C for
subsequent RNA isolation. Histological diagnosis con-
firmation was carried out by two senior pathologists
utilizing a double-blind method. All participants pro-
vided informed consent for the scientific utilization
of biological material before sample collection. This
research protocol was reviewed and approved by the
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Ethics Committee of the Second Affiliated Hospital of
Wenzhou Medical University.

Detection of RXRG expression by quantitative real-time
polymerase chain reaction (qRT-PCR)

Total RNA extraction from the paired KIRC tumors
and noncancerous kidney tissues was performed
using TRIzol reagent (Life Technologies, Carlsbad,
CA). The cDNA synthesis was carried out using the
ReverTra Ace qPCR RT Kit (Toyobo, Osaka, Japan).
Subsequently, qRT-PCR analysis of RXRG expression
was conducted in triplicate utilizing the Thunderbird
SYBR qPCR Mix (Toyobo, Osaka, Japan), with GAPDH
expression serving as the internal control.

Dataset source

The clinical data and corresponding RNA-seq data
of RXRG, including 541 KIRC tumors and 72 normal
kidney tissues, were downloaded from the Cancer
Genome Atlas (TCGA) database. The E-MTAB-1980
dataset [17] was obtained from the EMBL-EBI data-
base (https://www.ebi.ac.uk/).

Prognostic analysis of RXRG in KIRC

Univariate Cox regression analysis was conducted
to assess the association between RXRG expression
and the prognosis of KIRC patients using the survival
package. Kaplan—Meier (KM) survival curves were
plotted to compare the prognosis of patients with
different RXRG expression levels. Visualization was
accomplished with the ggplot2 package and survminer
package in R software version 3.6.4.

Gene Ontology (GO), Kyoto Encyclopedia of Genes and
Genomes (KEGG), and Protein-Protein Interaction (PPI)
analyses

GO and KEGG analyses of RXRG in KIRC were per-
formed with the clusterProfiler package, and a P-value
of less than 0.05 was considered statistically signifi-
cant. PPI analyses were performed in STRING [18]
(version 12.0) to explore protein interactions and pro-
pose potential pathways through which RXRG may be
involved in KIRC. Cytoscape version 3.9.1 was used
for hub gene analysis. With|NES| > 1 and a P-value of
less than 0.05 as the threshold for gene set enrichment
analysis (GSEA), the pathways were considered signifi-
cantly enriched when they met the sub-conditions.

Tumor immune infiltration analysis

The data of KIRC immune infiltration was downloaded
from the TCGA database. The single-sample gene set
enrichment analysis (ssGSEA) from the R package
was used to evaluate the correlation between RXRG
expression and immune cells.
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Statistical analysis

Differences in expression between KIRC tumor tissues
and noncancerous kidney tissues were assessed using
the Mann-Whitney U test. The relationship between
clinicopathological characteristics and RXRG expres-
sion was assessed using the chi-square test or Fisher’s
exact test. All P-values were two-sided, and a P-value
of less than 0.05 was considered statistically signifi-
cant. The statistical analysis was conducted using SPSS
version 20.0 (Chicago, IL, USA).

Results

Clinicopathological factors of local patients with KIRC

This study involved 14 patients, including 8 men
(57.1%) and 6 women (42.9%) (male-to-female
ratio = 1.33). The patients were 34—74 years of age at
diagnosis with a mean age of 56.1 years. Among them,
three patients suffered from lymph node metastasis
(LNM), and none had distant metastasis (DM) (Sup-
plementary Table 1). No significant difference was
observed between the local and TCGA cohorts due to
the small case series of the former.

RXRG expression was downregulated in KIRC

The expression pattern of RXRG was examined in
14 pairs of KIRC tumors and matched normal kid-
ney tissues. As shown in Fig. 1A, RXRG expression
was significantly downregulated in the tumor sam-
ples compared with that in normal samples (P<0.01).
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This result was consistent with the TCGA data, where
RXRG expression was lower in KIRC samples than in
normal kidney samples (P <0.01, Fig. 1B).

Relationship between RXRG expression and
clinicopathological features in KIRC

The relationship between RXRG expression and clini-
copathological factors in KIRC was analyzed. The
541 patients with KIRC from the TCGA database
were divided into low (n=270) and high (n=271)
RXRG expression groups on the basis of the median
value. The results revealed that low RXRG expres-
sion was significantly associated with larger tumor
size (P<0.001), high clinical stage (P=0.011), and
advanced histologic grade (P=0.003) (Table 1). How-
ever, no significant difference was observed between
RXRG expression and age, gender, race, pathologic N
stage, or pathologic M stage (P> 0.05).

Low RXRG expression was associated with worse prognosis
in KIRC

The prognostic role of RXRG in KIRC patients was
investigated through Cox regression analyses. The
results revealed that age (HR=1.791, 95% CI=1.319-
2.432, P<0.001), pathologic T stage (HR=3.210,
95% Cl=2.373-4.342, P<0.001), pathologic N
stage (HR=3.422, 95% CI=1.817-6.446, P<0.001),
pathologic M stage (HR=4.401, 95% CI=3.226—
6.002, P<0.001), histologic grade (HR=2.665, 95%
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Fig. 1 RXRG expression was significantly downregulated in KIRC samples compared with normal kidney tissues in local and TCGA cohorts. Notes: (A)
In the local cohort, RXRG expression was examined by gRT-PCR in 14 paired KIRC samples and adjacent normal tissues (P<0.01). (B) The TCGA cohort

contained 541 tumor samples and 72 normal tissue samples (P<0.01)
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Table 1 The relationship between RXRG expression and
clinicopathological features in the TCGA cohort

Clinicopathological Low expres- High Pvalue
features sion of RXRG  expression
(n=270) of RXRG
(n=271)
Race, n (%) 0.668
Asian & Black or African 34 (6.4%) 31 (5.8%)
American
White 232 (43.4%) 237 (44.4%)
Gender, n (%) 0.062
Female 83 (15.3%) 104 (19.2%)
Male 187 (34.6%) 167 (30.9%)
Age, n (%) 0.898
<=60 135 (25%) 134 (24.8%)
>60 135 (25%) 137 (25.3%)
Pathologic T stage, n (%) <0.001
T 118 (21.8%) 161 (29.8%)
T2 45 (8.3%) 26 (4.8%)
T3&T4 107 (19.8%) 84 (15.5%)
Pathologic N stage, n (%) 0.185
NO 125 (48.4%) 117 (45.3%)
N1 11 (4.3%) 5(1.9%)
Pathologic M stage, n (%) 0.066
MO 207 (40.7%) 222 (43.7%)
M1 47 (9.3%) 32 (6.3%)
Pathologic stage, n (%) 0.011
Stage | & Stage |l 151(28.1%) 181 (33.6%)
Stage Il & Stage IV 117 (21.7%) 89 (16.5%)
Histologic grade, n (%) 0.003
G1&G2 108 (20.3%) 142 (26.6%)
G3&G4 159 (29.8%) 124 (23.3%)

CI=1.898-3.743, P<0.001), and RXRG expression
(HR=0.617, 95% CI=0.457-0.834, P=0.002) were
significant variables for overall survival (OS) in KIRC
(Table 2). Meanwhile, the significant variables for
disease-free survival (DFS) in KIRC were pathologic
T stage (HR=5.606, 95% CI=3.697-8.502, P<0.001),
pathologic N stage (HR=3.864, 95% CI=1.831-
8.157, P<0.001), pathologic M stage (HR=9.219,
95% CI=6.294-13.504, P<0.001), histologic grade
(HR=4.850, 95% CI=2.925-8.043, P<0.001), and
RXRG expression (HR=0.492, 95% CI=0.333-0.729,
P<0.001) (Table 2). The KM curves showed that low
RXRG expression was significantly associated with
worse OS and DFS in KIRC patients (Fig. 2A and B).
The data analysis results from E-MTAB-1980 dataset
also demonstrated the same trend, showing that low
RXRG expression was significantly associated with
worse OS (P=0.018, Supplementary Fig. 1). Moreover,
time-dependent receiver operator characteristic (time-
ROC) curves demonstrated a protective prognostic
value of RXRG, with the area under the curve (AUC)
values of 0.398 for OS and 0.402 for DFS (Fig. 2C and

Page 4 of 10

Table 2 Univariate Cox regression analyses for prognosis in KIRC

Clinicopatho- os Pvalue DFS Pvalue
logical features  Hazard ratio Hazard ratio
(95% Cl) (95% Cl)
Race
Asian & Black or Reference Reference
African American
White 1.233 0.485 1378 0413
(0.685-2.221) (0.640-2.970)
Gender
Female Reference Reference
Male 0924 0613 1.183 0420
(0.679-1.257) (0.786-1.781)
Age
<=60 Reference Reference
>60 1.791 <0.001 1.351 0.118
(1.319-2432) (0.926-1.971)
Pathologic T stage
T1&T2 Reference Reference
T3 &T4 3210 <0.001 5606 <0.001
(2.373-4.342) (3.697-8.502)
Pathologic N
stage
NO Reference Reference
N1 3422 <0.001 3.864 <0.001
(1.817-6.446) (1.831-8.157)
Pathologic M
stage
MO Reference Reference
M1 4401 <0.001 9.219 <0.001
(3.226-6.002) (6.294-13.504)
Histologic grade
G1&G2 Reference Reference
G3&G4 2.665 <0.001 4850 <0.001
(1.898-3.743) (2.925-8.043)
RXRG expression
Low Reference Reference
High 0617 0.002 0.492 <0.001

(0.457-0.834) (0.333-0.729)

D). Taken together, these results indicate that RXRG
may be a potential prognostic biomarker for KIRC.

RXRG-related differentially expressed genes and
bioinformatic analyses

The RXRG-related differentially expressed genes
(DEGs) were investigated between low and high
RXRG expression groups. A total of 3,778 genes were
obtained by excluding the genes with P>0.0001. GO
and KEGG analyses were performed to determine
the biological processes involved in KIRC tumorigen-
esis. The results of the GO term analyses revealed that
the genes are involved in the following: (1) biological
processes, including acute inflammatory response,
endothelium development, and endothelial cell differ-
entiation; (2) cellular components, such as collagen-
containing extracellular matrix, vesicle lumen, and
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Fig. 2 Low RXRG expression was associated with worse prognosis in KIRC. Notes: (A) Low RXRG expression was significantly associated with worse OS of
KIRC patients (P=0.002). (B) Low RXRG expression was significantly associated with worse DFS of KIRC patients (P<0.001). (C) time-ROC curve for RXRG
expression in OS of KIRC patients (AUC=0.398). (D) time-ROC curve for RXRG expression in DFS of KIRC patients (AUC=0.402)

cytoplasmic vesicle lumen; and (3) molecular func-
tions, such as enzyme inhibitor activity, peptidase
inhibitor activity, and endopeptidase inhibitor activ-
ity (Table 3). The results of the KEGG pathway analy-
ses showed that RXRG participated in the functional
regulation of several signaling pathways (Table 3). As
the most enriched pathway, the protein interactions
of genes enriched in “Transcriptional misregulation in
cancer” were investigated by PPI analyses (Fig. 3). The
top ten hub genes in “Transcriptional misregulation in

cancer” were further analyzed (Fig. 4). According to
the TCGA database, the results of Pearson’s correla-
tion analyses demonstrated that RUNX2, CEBPB, and
MMP9 exhibited a potential negative correlation with
RXRG expression, whereas NFKB1 exhibited a pos-
sible positive correlation with RXRG (P <0.05). How-
ever, no significant correlation was found between
RXRG expression and H3C12, H3C13, SPL1, CEBPA,
IL6, or RUNX1 (P >0.05).
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According to the GSEA analysis, we found these
DEGs were involved in senescence-related pathways
(Supplementary Table 2). In the low expression area
of RXR@G, the enrichment scores of these pathways
reached the lowest levels (Supplementary Fig. 2).

The relationship between RXRG expression and tumor
immune infiltration in KIRC

The findings from the immune infiltration analyses
suggest a correlation between RXRG expression and
immune infiltration patterns in KIRC. The results
indicate a significant relationship between RXRG
expression levels and various immune cell popula-
tions, including macrophages, Treg, dendritic cells,
neutrophils, Th17 cells, Tem, T helper cells, NK
CD56dim cells, Tgd, Mast cells, CD8 T cells, and NK
cells (Fig. 5A). Specifically, there was a positive asso-
ciation between RXRG expression and NK cells, while

Table 3 The top 5 most significant item of GO and KEGG
analyses of the DEGs of RXRG in KIRC

Category Term Count Pvalue
Biological GO:0002526 acute inflamma- 53 1.9795E-12
processes tory response
G0:0003158 endothelium 54 1.0493E-09
development
GO:0045446 endothelial cell 49 1.7696E-09
differentiation
GO:0006953 acute-phase 27 34707E-09
response
GO:0010466 negative regula- 84 3.0086E-08
tion of peptidase activity
Cellular G0:0062023 collagen-contain- 140 4.5996E-13
components ing extracellular matrix
GO:0031983 vesicle lumen 112 3.3025E-12
G0:0060205 cytoplasmic 111 5.0586E-12
vesicle lumen
GO:0034774 secretory granule 110 6.2054E-12
lumen
G0:0005788 endoplasmic 105 4.1311E-11
reticulum lumen
Molecular GO:0004857 enzyme inhibitor 122 2.5599E-09
functional activity
G0:0030414 peptidase inhibi- 67 3.6757E-08
tor activity
G0:0004866 endopeptidase 65 4.1428E-08
inhibitor activity
GO:0061135 endopeptidase 67 1.8356E-07
regulator activity
GO:0005178integrin binding 56 4.367E-07
KEGG Complement and coagulation 37 0.00012538
pathways cascades
Transcriptional misregulation 61 0.00049868
in cancer
Axon guidance 56 0.00059401
Lysosome 43 0.00098402
Mineral absorption 23 0.00117849
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a negative association was observed with macrophages
(Fig. 5B and C). Furthermore, the enrichment score
for NK cells was significantly higher in the high RXRG
expression group compared to the low RXRG expres-
sion group, whereas the enrichment score for mac-
rophages was significantly lower in the high RXRG
expression group (Fig. 5D, P<0.001). These results
suggest that RXRG expression may influence KIRC
tumorigenesis by modulating immune infiltration
within the tumor microenvironment.

Discussion

Renal cell carcinoma, a prevalent urological malig-
nancy, poses a significant burden on patients glob-
ally [2, 3]. KIRC is the most common subtype of
RCC, characterized by remarkable heterogeneity and
metastatic capacity [17, 19]. Despite the progress of
early diagnosis and individualized treatment, which
has improved the survival of KIRC patients recently
[5, 7], the prognosis of KIRC patients with advanced
clinical stages remains unsatisfactory. Therefore, iden-
tifying potential prognostic biomarkers could help
clinicians in selecting optimal treatment strategies.
To our knowledge, this is the first research to com-
prehensively assess the gene expression, functional
implications, and prognostic value of RXRG in KIRC
by integrating data from bioinformatics analysis and
clinical tumor sample validation.

RXRG has been implicated in the progression of var-
ious diseases. The single nucleotide polymorphism of
RXRG rs3753898 may correlate with genetic suscep-
tibility to type 2 diabetes [20]. Moreover, RXRG may
co-express with genes linked to psychiatric disorders
and could influence intercellular signaling in the stria-
tum [21]. Besides, aberrant RXRG expression has also
been linked to several cancer types. In thyroid cancer,
RXRG overexpression has been shown to promote
tumor cell dedifferentiation and lymph node metas-
tasis [16, 22]. Conversely, low RXRG expression could
provide mechanistic benefits for transformed cells to
acquire resistance to hallmarks of apoptosis in epithe-
lial ovarian cancer [13]. In non-small cell lung cancer
(NSCLC), RXRG methylation status significantly asso-
ciated with worse survival of never-smokers in NSCLC
[15]. In breast cancer, high RXRG expression was an
independent predictor of longer cancer-specific sur-
vival and distant metastasis-free survival in estrogen
receptor-positive patients [14]. However, the role of
RXRG in KIRC tumorigenesis remains unclear and
needs to be further studied.

In the present study, we first report that RXRG
may serve as a novel prognostic factor in KIRC. The
expression of RXRG was verified using qRT-PCR
detection and TCGA RNA-Seq data, which indicated
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a significant downregulation of RXRG in KIRC tumor
tissues compared to normal kidney tissues. In addi-
tion, this downregulation of RXRG was found to be
correlated with unfavorable clinicopathological fea-
tures, such as large tumor size, high clinical stage, and
advanced histologic grade. Cox regression analyses
and time-dependent ROC curves demonstrated that
high RXRG expression was a protective factor for both
OS and DEFS in KIRC patients. KM curves also illus-
trated a significant association between high RXRG

expression and a favorable prognosis in KIRC patients.
These results provide strong evidence that RXRG acts
as a tumor suppressor gene in KIRC.

The potential molecular mechanisms of RXRG
in KIRC were also preliminarily evaluated in our
research. GO and KEGG analyses were used to con-
firm the enrichment of RXRG-related DEGs in KIRC
patients. The results of GO analyses suggested that the
DEGs participate in various biological processes, cel-
lular components, and molecular functions. In KEGG
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Fig. 4 The relationship between RXRG expression and hub genes in pathway of “Transcriptional misregulation in cancer”. Notes: (A) The top ten hub
genes in pathway of “Transcriptional misregulation in cancer”. (B to D) RXRG expression was negatively correlated with RUNX2, CEBPB, and MMP9. (E)

RXRG expression was positively correlated with NFKB1

analyses, the DEGs were found to be engaged in a
series of signaling pathways crucial for cancer progres-
sion and metabolism. RXRG may participate the path-
way of “Transcriptional misregulation in cancer” by
regulating the expression of RUNX2, CEBPB, MMP9,
and NFKB1.

In investigating the correlation between RXRG
expression and tumor immune infiltration levels in
KIRC, a significant association was found between
RXRG expression and NK cells and macrophages. Pre-
vious research has demonstrated that higher levels
of NK cells can enhance the innate immune response
against tumor development, leading to improved prog-
noses for cancer patients [23]. Additionally, elevated
levels of TRAF2 have been linked to the polarization
of M2 macrophages, which can contribute to the pro-
gression, migration, and angiogenesis of KIRC through
an autophagy-dependent pathway [24]. These find-
ings suggest that RXRG may play a role in modulat-
ing the immune response to malignancies, though
further research is needed to elucidate the underlying
mechanisms.

Despite the substantial findings, this research still
includes some limitations. First, the findings are
mainly derived from multiple online databases and

need to be validated through in vitro and in vivo
experiments. Second, the prospect of RXRG in KIRC
immunotherapy and molecular targeted therapy war-
rants further exploration.

In conclusion, RXRG expression was downregulated
in KIRC tissues. The low expression of RXRG is associ-
ated with an increased risk of poor prognosis in KIRC.
RXRG may function as a novel tumor suppressor gene
by regulating cancer transcription and metabolism.
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