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ABSTRACT
Aims: This study aimed to determine the expressions of TGR5 (G protein-coupled bile acid receptor 1) and NADPH oxidase 5 
(NOX5) in renal cancer subtypes.
Methods: In formalin-fixed, paraffin-embedded tissue sections of renal tumor subtypes, TGR5 and NOX5 protein expressions 
were measured by immunohistochemical staining and mRNA expressions were measured by RT-PCR.
Results: Our results showed that TGR5 and NOX5 exhibited differences in their expression levels in renal cell carcinoma (RCC) 
subtypes, and that TGR5 expression was upregulated in papillary RCC (r=0.53, p<0.01). A positive correlation of TGR5 with 
NOX5 was detected in the same subtype (r=0.49, p<0.01). After COCOR analysis, a statistically significant difference was 
found in the TGR5-NOX5 correlation between papillary RCC and clear cell RCC subtypes (z=1.92, p=0.02). At the same time, 
expression profiles showed that TGR5 was highly expressed in all groups except clear cell RCC compared to normal kidney 
tissue, but among these, TGR5 had the diagnostic power to distinguish papillary RCC from other groups (AUC=0.94, 95% CI: 
0.64-0.95, p=0.005).
Conclusion: The present findings indicate the potential of TGR5 as a diagnostic biomarker for papillary RCC, while suggesting 
that it may have a functional role in regulating the tumor microenvironment together with NOX5.
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INTRODUCTION
Renal cell carcinoma (RCC) is the most prevalent malignant 
tumor of the kidney, accounting for approximately 90% of 
kidney cancer cases.1 RCC is the most aggressive and lethal 
cancer of the urologic system.2,3 RCCs are divided into 
subtypes. The most common subtype is clear cell RCC, which 
accounts for 75% of all RCCs. RCCs are divided into subtypes. 
Other subtypes include papillary (10-15%), chromophobe (5%) 
and rare and unclassified (less than 1%).4-6 The second most 
common renal cancer is urothelial carcinoma (UC) of the 
renal pelvis, accounting for 5-10% of all cases.7 Renal cysts, 
angiomyolipomas, oncocytomas and metanephric adenomas 
are benign renal tumors.8 There is currently no treatment 
that can reliably cure RCCs and metastatic forms of UC of 
the renal pelvis.7 In this context, it is important to investigate 
the molecular targets that support the pathogenesis and 
progression of renal cancer types.9-12

One of the molecules that has been shown with increasing 
evidence to play a role in the progression of various cancers 
is TGR5 (GPBAR1). TGR5 is a G-protein-coupled membrane 
receptor that mediates many cellular events.13,14 It has been 
reported that it is expressed in all tissues of the human 
body,15,16 and that it activates various signaling pathways in the 

cell as a result of its interaction with its ligands.17 However, the 
roles of TGR5 in cancer may vary depending on the tissue and 
cell. It has been suggested that they play a tumor suppressor 
role in some cancers and that they exhibit oncogenic activity 
in others.18 In addition, it has been emphasized that their 
expression levels vary in different cancers. High expression 
in many types of cancer and low expression in others, is 
associated with poor prognosis.19 Its role and expression 
pattern in renal neoplasms have not yet been characterized.

Some studies report that TGR5 activation induces ROS 
formation.20-25 ROS are thought to play oncogenic roles by 
contributing to the upregulation of proto-oncogenes and 
inactivation of tumor suppressor genes, altering signaling 
pathways that play a role in promoting malignancy.26 NADPH 
oxidase (NOX) enzymes play roles in ROS production by 
oxidizing NADPH to NADP+. In previous studies have 
shown that NOXs mediate tumorigenesis and that members 
of the NOX family are closely associated with cancer cell 
proliferation. NOX5 is the most recently discovered member 
of this family. A relationship between NOX5 expression and 
tumor formation has been reported in some cancers. However, 
information on the roles and regulation of NOX5 in different 
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tumors is very limited.27,28 The expression of NOX5 in renal 
tumor types has also not been investigated previously. Also, 
the correlation between TGR5 and NOX5, which mediates 
ROS formation, remains unclear in renal tumors. In light 
of this information, in this work, we aimed to research the 
expression of TGR5 and NOX5 in different renal tumor 
subtypes.

METHODS
Study Method
Ethics committee approval of the study were obtained from 
the Sakarya University Clinical Researches Ethics Committee 
(Approval Date: 05.09.2022, Decision No: 161889-109). All 
procedures were achieved within the framework of the ethical 
rules and the principles of the Declaration of Helsinki.

Sample size was determined using G*power 3.1.9.7. Based on 
these values, the calculated effect size (Cohen’s D) was 1.33, 
targeting 80% power (1-β=0.80) and a significance level of 5% 
(α=0.05). Analysis indicated that a minimum of 7 individuals 
per group was sufficient to assess TGR5 expression. For 
NOX5, the effect size was calculated as f=0.456, and it was 
anticipated that a minimum of 14 individuals per group 
would be required to achieve similar power. The significance 
level was set at α=0.05 in the calculations.

Case Selection and Sample Collection 
Renal biopsy materials accepted between January 2019-March 
2022 were scanned in the archives of the Department of 
Pathology of Sakarya University Training and Research 
Hospital. A total of 90 of these biopsy materials; 15 clear 
cell RCC, 15 papillary RCC, 15 chromophobe RCC, 15 
oncocytoma, 15 urothelial carcinoma and 15 normal kidney 
tissue samples for control were used for the study. Patients 
were randomly assigned. Formalin-fixed paraffin-embedded 
tissue blocks of the determined samples were obtained 
from the archive. The paraffin blocks were examined by the 
pathologist to confirm the diagnosis and the adequacy of the 
material and also to identify and mark carcinomatous areas in 
the paraffin blocks. 

Inclusion and Exclusion Criteria
Paraffin blocks of patients with kidney tumors over the age of 
18 were included in the study. Those under the age of 18, those 
who refused to participate in the study and those with another 
type of cancer were not included in the study. 

Immunohistochemical (IHC) Staining
Immediately before neoadjuvant chemotherapy, 3-micron 
sections were taken from tissue blocks of renal tumor samples 
and deparaffinized at 37°C for 24 h. After deparaffinization, 
the sections were rehydrated using xylene and alcohol series 
without waiting. Then, they were incubated with 0.3% H2O2. 
Before immunostaining, the samples were boiled with Tris-
EDTA buffer (pH 9.0) at 120°C for 15 min to reveal antigen 
epitopes, depending on the relevant antibody. After washing, 
the sections were incubated in blocking buffer containing 
5% normal goat serum (brand) for 60 min. After removal of 
the blocking buffer, the slides were incubated with rabbit-
polyclonal anti-TGR5 antibody (DF14067; Affinity Biosciences, 
USA) and rabbit-monoclonal anti-NOX5 (MB97044016, 
Affinity Biosciences, USA) antibodies overnight at 4°C. And 
afterwards, the samples were treated with HRP-conjugated 
goat anti-rabbit secondary antibody (bs-0295G-HRP; 

Biossusa, USA) for 1 h, away from direct light. Peroxidase 
activity was revealed with diaminobenzidine substrate kit 
(DAB; Genetex, USA) and then the slides were counterstained 
with hematoxylin (Dako, Glostrup, Denmark).

Immunohistochemical Scoring System
TGR5 and NOX5 staining of tumor tissues was scored using a 
4-group scale. Cells with weak staining for TGR5 and NOX5 
were scored as +1, those with moderate staining as +2 and 
those with strong staining as +3. The degree of staining was 
scored as 0 (<5%), 1+ (5-25%), 2+ (26-50%) and 3+ (51-100%). 
IHC was performed using cytoplasmic and nuclear staining. 
Scoring was done by two pathologists who were blinded to 
clinicopathological features and results. 

RNA Extraction from Paraffin-Embedded Tissue 
Samples
Approximately 5 μm sections were taken from each of the 
paraffin-embedded tissue samples taken in the study and 
placed in sterile eppendorfs. Paraffin was removed by adding 
xylene to each section and rehydrolysis of the tissue was 
ensured. Then, proteinase K (Genaxxon Bioscience™, Ulm, 
Germany) was added to the tissue pieces washed with pure 
ethanol and incubated overnight at 55°C in a heat block. 
Then, the samples were kept at 90°C for 30 min to ensure 
proteinase K inactivation. TriGent reagent was added to 
the suspension according to the kit protocol and 200 μl of 
chloroform (Sigma™, USA) was added for each 1 ml of reagent 
and centrifuged at 12,000 rpm for 15 min. Subsequently, 
the supernatant containing RNA was taken and RNA was 
precipitated with isopropyl alcohol. Then, it was centrifuged 
again at 12,000 rpm for 10 min to obtain the RNA pellet. The 
resulting RNA pellet was treated with 70% ethanol and the 
alcohol was removed. Then, water was added to each pellet 
and dissolved at 65°C for 15 min. RNA samples were removed 
at -80 °C. RNA concentration measurements of the samples 
to be studied were determined with ThermoFisher Nanodrop.

Quantitative Real-Time PCR
TGR5 and NOX5 mRNA expression was detected by RT-
PCR analysis. The primers were as follows: TGR5 sense 
(5’- CTTCCTGAGCCTACTGCTGG-3’), TGR5 antisense 
(5’- GACTGAGAGGAGCAGTGTGG-3’), NOX5 sense 
(5’-CGTCTGCAGGTACAGAGTGG-3’), NOX5 antisense 
(5’- AGTCGAAGTTGAGGCACTGG-3’), GAPDH sense (5’- 
CTTCCTGAGCCTACTGCTGG-3’) and GAPDH antisense 
(5’- AGTCGAAGTTGAGGCACTGG-3’). The following 
concentrations were used for each sample: 4 µL of cDNA, 
0.8 µL of each reverse/forward primer, 10 µL of SensiFAST™ 
SYBR® No-ROX Kit (BioLine, USA), and 4.4 µL of DEPC 
water. qPCR was performed with the CFX Connect™ Real-
Time system (Bio-Rad, Germany) and PCR profiles were as 
follows: 1 cycle at 95°C for 2 min, 40 cycles at 95°C for 5 sec, 
65°C for 10 sec and 72°C for 2 min. The transcript level of 
each specific gene was normalized to GAPDH amplification. 
Relative gene expressions were measured using the 2−ΔΔCt 
method. GraphPad Prism 9.0.0 was used to graph the relative 
expressions of relevant genes in the experimental groups. 

Statistical Analysis
Data differences between two groups were tested using 
student’s T test and differences between multiple groups were 
tested using analysis of variance (ANOVA). Statistical analyses 
were performed using SPSS Version 21.0 and GraphPad Prism 
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6.0 statistical software packages. According to the results, 
p-values of <0.05 were considered.

RESULTS
Immunohistochemical analyses showed that in normal kidney 
tissue, NOX5 was expressed more strongly than TGR5 in the 
loop of Henle, distal tubules and collecting ducts (Figure 1A, 
B). However, TGR5 showed focal weak staining in proximal 
tubular cells, whereas NOX5 expression was increased there. 
TGR5 expression wasn’t determined in the glomerulus, but 
focal immunoreactivity of NOX5 was determined in parietal 
epithelial cells (Figure 1A-C).

Immunohistochemical scoring results of TGR5 in renal cell 
carcinomas is presented in Table 1. All oncocytomas showed 
weak (13/15) to moderate (2/15) staining for TGR5 (Figure 
2A). While 20% (3/15) of clear cell RCCs were negative for 
TGR5, 73% (11/15) showed weak membranous staining 
(Figure 2B). The majority of papillary RCCs (10/15) showed 
moderate to strong staining, while 5/10 had weak staining 
(Figure 2C). All chromophobes were positive for TGR5 with 
moderate (11/15) to strong (4/15) staining (Figure 2D). All 
cases of renal pelvic urothelial carcinoma showed strong and 
widespread TGR5 positivity (Figure 2E).

Table 1. TGR5 expression in RCCs

Tumor subtypes Number of cases Negative Weak Moderate Strong

Clear cell RCC 15 3 (20%) 11 (73%) 1 (7%) 0

Papillary RCC 15 0 5 (34%) 7 (46%) 3 (20%)

   Type I 9 0 0 6 (67%) 3 (33%)

   Type II 6 0 5 (83%) 1 (17%) 0

Chromophobe 15 0 0 11 (73%) 4 (27%)

Oncocytoma 15 0 13 (87%) 2 (13%) 0
TGR5: Takeda G protein-coupled receptor 5, RCCs: Renal cell carcinomas

Immunohistochemical scoring results of NOX5 in renal 
cell carcinomas is shown in Table 2. Immunohistochemical 
analysis revealed stronger expression of NOX5 than TGR5 in 

benign kidney tissue. All oncocytomas were positive for NOX5 
with weak (10/15), moderate (4/15) and strong (1/15) nuclear 
and cytoplasmic staining (Figure 3A). All clear cell RCCs had 
weak cytoplasmic NOX5 expression in 73% (10/15), while 20% 
had strong nuclear and cytoplasmic expression (Figure 3B). 
While 66% of papillary RCCs were positive for NOX5 with 
moderate cytoplasmic staining, 34% were positive for NOX5 
with strong nuclear staining (Figure 3C). All chromophobes 
were positive for NOX5 with moderate (9/15) to strong (6/15) 
staining (Figure 3D). All urothelial carcinomas of the renal 
pelvis had widespread nuclear and cytoplasmic positivity for 
NOX5 (Figure 3E).

Table 2. NOX5 expression in RCCs

Number of cases Negative Weak Moderate Strong

Clear cell RCC 15 0 10 (73%) 1 (7%) 4 (20%)

Papillary RCC 15 0 1 (6%) 9 (60%) 5 (34%)

   Type I 9 0 4 (45%) 5 (55%) 0

   Type II 6 0 0 1 (17%) 5 (83%)

Chromophobe 15 0 0 9 (60%) 6 (40%)

Oncocytoma 15 0 10(%66) 4 (28%)  1 (6%)
NOX5: NADPH oxidase 5, NADPH: Nicotinamide adenine dinucleotide phosphate, RCCs: Renal 
cell carcinomas

According to RT-PCR results, TGR5 mRNA expression was 
higher in the papillary RCC subtype compared to chromophobe 
RCC and urothelial carcinoma. TGR5 expression was 0.46-
fold lower in clear cell RCC (p<0.01). TGR5 mRNA expression 
in oncocytomas was not significantly different from normal 
tissue (Figure 4A). NOX5 mRNA expression was statistically 
significantly higher in other renal tumors except clear cell 
RCC (p<0.05). In clear cell RCC, NOX5 expression was 0.33-
fold lower compared to normal tissue (p<0.01) (Figure 4B).

Figure 1. In normal renal cortex A. TGR5 ve B-C. NOX5 
immunohistochemical staining (40X)
TGR5: Takeda G protein-coupled receptor 5, NOX5: NADPH oxidase 5, NADPH: Nicotinamide 
adenine dinucleotide phosphate

Figure 2. TGR5 immunohistochemical staining A. Weak focal expression 
for oncocytoma (40X). B. Negative expression for clear cell RCC (40X). C. 
Strong positive expression for papillary RCC (40X). D. Moderate expression 
for chromophobe (40X). E. Diffuse strong positive expression for urothelial 
carcinoma of the renal pelvis (40X)
TGR5: Takeda G protein-coupled receptor 5, RCC: Renal cell carcinoma

Figure 3. NOX5 immunohistochemical staining A. Strong cytoplasmic and 
nuclear expression for oncocytoma (40X). B. Weak cytoplasmic expression 
for clear cell RCC (40X). C. Strong nuclear expression for papillary RCC 
(40X). D. Nuclear and cytoplasmic expression for chromophobe (40X). E. 
Diffuse strong cytoplasmic and nuclear expression for urothelial carcinoma 
of the renal pelvis (40X)
NOX5: NADPH oxidase 5, NADPH: Nicotinamide adenine dinucleotide phosphate, RCC: Renal cell 
carcinoma

Figure 4. (A) TGR5 mRNA expression (qPCR) in renal cell carcinoma and 
urothelial carcinoma of the renal pelvis compared with normal human kidney 
tissue. (B) NOX5 mRNA expression (qPCR). (*p<0.05; **p<0.01)
TGR5: Takeda G protein-coupled receptor 5, mRNA: Messenger ribonucleic acid, qPCR: Real-time 
polymerase chain reaction, NOX5: NADPH oxidase 5, NADPH: Nicotinamide adenine dinucleotide 
phosphate
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Analysis revealed that TGR5 gene expression was positively 
correlated with age (r=0.44, p=0.01) and tumor size (r=0.53, 
p<0.001) in papillary RCC. Similarly, NOX5 gene expression 
was significantly positively correlated with age (r=0.53, 
p<0.001) and tumor size (r=0.46, p=0.001) in papillary RCC. 
In other RCC subtypes, no significant association was found 
between TGR5 and NOX5 gene expression and clinical 
parameters (p>0.05). Also, no association was observed 
between TGR5 and NOX5 gene expression and gender in any 
RCC subtype (Table 3).

Given that TGR5 and NOX5 expressions exhibited statistically 
significant associations with clinical parameters in papillary 
RCC, we performed ROC analysis to confirm the diagnostic 
correlation between these genes in papillary RCC. The ROC 
analysis revealed 0.94 AUC for TGR5 expression and 0.98 
AUC with NOX5 expression in papillary RCC (Figure 5).

COCOR (comparing correlations) analysis was performed 
to determine the correlation between TGR5 and NOX5 
gene expression in RCC subtypes (Table 4). The correlation 
coefficient was found to be significantly different, particularly 
between papillary RCC and clear cell RCC (r₁=0.53, r₂=-

0.94; z=1.92, p=0.02). The correlation differences between 
papillary RCC and chromophobe RCC (r₂=0.18, p=0.23) 
and oncocytoma (r₂=0.45, p=0.80) were not statistically 
significant. Similarly, no significant correlation difference 
was observed in the comparison between other RCC subtypes 
(p>0.05).

DISCUSSION
In our study, where we compared the expression levels of the 
TGR5 and NOX5 genes in different RCC subtypes, TGR5 gene 
expression levels showed a statistically significant increase in 
papillary RCC. Specificity analyses indicated that this increase 
has the potential as a diagnostic biomarker in distinguishing 
papillary RCC from other RCC subtypes. The NOX5 gene, 
on the other hand, was found to have a more heterogeneous 
expression pattern across RCC subtypes and showed limited 
correlation with TGR5.

TGR5 (G protein-coupled bile acid receptor 1, GPBAR1) is a 
membrane receptor activated by bile acids and various ligands 
and is a member of the G protein-coupled receptor (GPCR) 
superfamily. Although the role and function of TGR5 in 
cancer cells are lacking, increasing studies are elucidating its 
importance.15 Recent studies have demonstrated that TGR5 
expression is associated with immune responses, proliferation, 
and metabolic processes in many tissues, particularly 
the gastrointestinal tract.29 Furthermore, TGR5 has been 
reported to modulate tumor progression, metastasis, and 
treatment responses in various cancers. Evidence has emerged 
that TGR5 supports a proliferative and immunosuppressive 
microenvironment in colorectal, gastric, and pancreatic 
cancers.30-32 Indeed, cAMP-PKA signaling, which is involved 
in the same cascade as TGR5, is known to trigger immune 
regulation and proliferation within the cell. This may support 
metastasis through chronic inflammation by modulating the 
tumor microenvironment (TME).33 The function of TGR5, 
whose role in renal carcinomas has not been widely studied, 
has not yet been sufficiently elucidated. However, our study 
determined that TGR5 expression was higher in the papillary 
RCC subtype compared to other subtypes. Furthermore, the 
higher expression in chromophobe RCC and oncocytomas 
compared to normal kidney tissue suggests that this gene may 
play an active role in RCC pathogenesis.

Our correlation analyses revealed for the first time that 
TGR5 and NOX5 were co-expressed in relation to clinical 
parameters, particularly in the papillary RCC subtype. 
Our results indicate that these genes may serve as potential 
biomarkers specific to the subtypes. The NOX family (NOX1-
5 and DUOX1-2) is the main producer of ROS in mammalian 
cells. NOX5 is the most recently discovered member of 

Table 3. Correlation of TGR5 and NOX5 gene expressions with clinical parameters

TGR5 NOX5

Oncocytoma
n=15

Chromophobe RCC
n=15

Papillary RCC
n=15

Clear cell RCC
n=15

Oncocytoma
n=15

Chromophobe RCC
n=15

Papillary RCC
n=15 

Clear cell RCC
n=15

Age
r 0.21 -0.05 0.44 0.12 0.08 0.34 0.53 -0.02

p 0.32 0.76 0.01* 0.43 0.64 0.09 0.00** 0.91

Gender
rs 0.11 -0.01 0.19 0.31 -0.11 0.15 0.22 -0.04

p 0.69 0.93 0.27 0.58 0.52 0.44 0.21 0.82

Tumor size
r 0.27 -0.22 0.53 0.39 0.12 0.38 0.46 -0.04

p 0.18 0.31 0.00** 0.07 0.51 0.07 0.00* 0.78
**: p<0.0, *: p<0.05, r: Pearson correlation coefficient, rs: Spearman correlation coefficient, RCC: Renal cell carcinoma

Table 4. COCOR analysis comparing TGR5-NOX5 correlation coefficients 
across RCC subtypes

n1 n2 r1 r2 z p 

Papillary vs clear cell 15 15 0.53 -0.94 1.92 0.02*

Papillary vs chromophobe 15 15 0.53 0.18 0.34 0.23

Papillary vs oncocytoma 15 15 0.53 0.45 0.77 0.80

Clear cell vs chromophobe 15 15 -0.94 0.18 0.35 0.92

Clear cell vs oncocytoma 15 15 -0.94 0.45 1.44 0.12

Chromophobe vs oncocytoma 15 15 0.18 0.45 0.31 0.07
COCOR: Comparing correlations, TGR5: Takeda G protein-coupled receptor 5, NOX5: NADPH 
oxidase 5, NADPH: Nicotinamide adenine dinucleotide phosphate, RCC: Renal cell carcinoma

Figure 5. ROC curve analyses showing the diagnostic performance of TGR5 
alone (AUC=0.94) and combined TGR5+NOX5 (AUC=0.98) in identifying 
papillary RCC
ROC: Receiver operating characteristic, TGR5: Takeda G protein-coupled receptor 5, AUC: Area under 
the curve, NOX5: NADPH oxidase 5, NADPH: Nicotinamide adenine dinucleotide phosphate, RCC: 
Renal cell carcinoma
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this family. Increased NOX5 expression has been reported 
in stomach, breast, malignant melanoma, prostate, and 
esophageal cancers.28 The TGR5 and NOX5 correlation may 
be related to survival, metastasis, apoptotic resistance, and the 
formation of an immunosuppressive microenvironment via 
ROS for protective effects in RCC. There are studies reporting 
that TGR5 expression increases ROS production in cancer cells 
and triggers the immune escape mechanism through Treg cell 
activation.34 In an in vitro study by Su et al.,35 it was reported 
that it inhibited proliferation and migration by suppressing 
the NF-κB/STAT3 pathway in HEK293/A498 renal carcinoma 
cell lines. TGR5’s suppression of inflammasomes such as 
NF-κB is consistent with our prediction that it mediates cell 
infiltration through ROS production with NOX5, which has 
been correlated in papillary RCC. Similarly, activation of 
the TGR5 receptor in Barrett’s esophagus adenocarcinoma 
triggered ROS production by increasing NOX5-S expression.36 
As is known, ROS production triggers DNA damage through 
histone H2AX phosphorylation.37 Our COCOR analysis data 
highlight that the interaction levels of TGR5 and NOX5 gene 
expressions vary in different RCC subtypes and that the two 
genes can be targeted together in papillary RCC.
The clinical and molecular distinction of papillary RCC 
from other RCC subtypes is crucial, particularly in 
metastatic patients, as it may not demonstrate a prognostic 
advantage. Papillary RCC is a heterogeneous group 
exhibiting morphologically distinct behaviors.38 Therefore, 
its heterogeneity makes distinguishing papillary RCC crucial 
in determining new diagnostic and therapeutic strategies.39 
Current literatures do not emphasize that papillary RCC 
cannot be explained by a single model, and that this subtype 
requires further molecular classification.40 Therefore, TGR5 
and related molecular markers may form the basis for 
determining papillary RCC-specific expression profiles and 
developing subtype-based personalized treatment strategies.
TGR5 may serve as a novel molecular marker in RCC, where 
subtype differentiation is crucial for clinical prognosis and 
treatment response. In a 2018 clinical study, Zhao et al.41 
observed mostly positive or above-normal TGR5 expression 
in papillary RCC, chromophobe RCC, and oncocytomas. 
They stated that this differential expression profile could lead 
to TGR5 as a diagnostic marker in RCC. Our results revealed 
a similarly high TGR5 expression in papillary RCC. Our ROC 
findings demonstrated a high diagnostic pattern performance 
of TGR5 for papillary RCC. Our study, unlike the previous 
study, reports that TGR5 and NOX5 are integrated into the 
complex signaling network involved in tumor progression in 
RCC pathogenesis, suggesting the diagnostic and biological 
potential of these two genes in RCC. A pan-cancer study 
in renal papillary renal cell carcinoma reported that 
signaling downstream of TGR5 was negatively associated 
with survival.42 Despite existing studies, due to the lack of 
systematic meta-analysis in this area, our study provides data 
that quantitatively evaluates TGR5 and NOX5, which may be 
related to its potential carcinogenic activity, in the diagnostic 
differentiation of RCC subtypes.

Limitations
This study has several limitations. Survival analysis, which 
could provide comprehensive prognostic inferences including 
clinical outcomes, was not performed due to insufficient 
follow-up data. The limitation of clinical data to age, gender, 
and tumor size limited the scope of multivariate analyses. 
However, as the first study to jointly evaluate TGR5 and 

NOX5 gene expression in RCC subtypes, it makes a significant 
contribution to the literature. The strengths of this study 
include the highly sensitive identification of gene expression 
levels in patients, the semi-quantitative determination of 
protein profiles of relevant genes in tissue samples, and the 
objective demonstration of gene expression correlation 
analyses and specificity with clinical data.

CONCLUSION
This study examined the expression levels of the TGR5 and 
NOX5 genes, demonstrating that these molecules may have 
potential diagnostic utility, particularly for the papillary 
RCC subtype. Our results revealed a significant covariation 
between the TGR5 gene and NOX5 in papillary RCC. Existing 
diagnostic techniques may be further improved by the data 
showing that TGR5 can be utilized as a novel biomarker, 
specifically in the diagnostic differentiation of papillary RCC. 
The incorporation of these novel markers into diagnostic 
procedures is essential due to the histological diversity of 
papillary RCC and its molecular profile, which partially 
overlaps with other subtypes. This study makes a substantial 
and unique contribution to the literature to enhance our 
understanding of the functions of TGR5 and NOX5 in 
tumor biology, as well as to the more precise definition of 
RCC subtypes.  The results lay a strong foundation for more 
thorough molecular and functional research in the future.
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