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Simple Summary: Renal cell carcinoma (RCC) is one of the most life-threatening urological neo-

plasms. Tumor microenvironment comprising immune cell infiltration is a key factor for treatment 

response and survival of RCC patients. In addition, several studies focused on the involvement of 

the microbiome in tumor progression via the secretion of metabolic by-products, from which is suc-

cinate. In this study we highlighted the potential role of succinate receptor, SUCNR1, in modulating 

the tumor microenvironment in RCC subtypes. Our data displayed a distinct association of 

SUCNR1 with the microbiome signature, tumor immune infiltrates, and immunomodulators in two 

RCC subtypes. Such correlation may have contributed to the different survival outcomes of the RCC 

patients. Thus, SUCNR1 may serve as a promising prognostic factor that might help in improving 

therapeutic interventions. 

Abstract: The succinate receptor, SUCNR1, has been attributed to tumor progression, metastasis, 

and immune response modulation upon its activation via the oncometabolite succinate. Nonethe-

less, little is known about SUCNR1 prognostic relevance and its association with tumor immune 

infiltrates and microbiota in renal cell carcinoma (RCC). Herein, publicly available platforms includ-

ing Human Protein Atlas, cBioPortal, TIMER2, and TISIDB were utilized to depict a divergent im-

plication of SUCNR1 in the immune microenvironment of clear cell RCC (KIRC) and papillary RCC 

(KIRP); the two major subtypes of RCC. Our results showed that SUCNR1 expression level was 

augmented in RCC compared to other solid cancers, yet with opposite survival rate predictions in 

RCC subtypes. Consequently, higher expression level of SUCNR1 was associated with a good dis-

ease-specific survival rate (p=5.797e-5) in KIRC patients albeit a poor prognostic prediction in KIRP 

patients (p=1.9282e-3). Intriguingly, SUCNR1 was mainly correlated to immunomodulators and di-

verse immune infiltrates in KIRP. Whereas the receptor was mostly associated with a repertoire of 

microbes including beneficial bacteria that likely influenced a better disease-specific survival rate in 

KIRC. Our findings illustrate a significant subtype-specific role of SUCNR1 in RCC which poten-

tially modulates tumor immune infiltration and microbiome signature, hence altering the prognosis 

of cancer patients. 
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1. Introduction 

Renal cell carcinoma (RCC) is a heterogeneous life-threatening malignancy that originate 

from kidney tubular epithelial cells. It is the most common form of kidney cancer. RCC is 

prevalent among men and women and incidences have been rising over the past decades 

[1–3]. Based on pathological classification, RCC encompasses a diversified group of tu-

mors having different genetic, molecular, and histologic alterations [4,5]. The three most 

common subtypes of RCC comprise clear cell RCC (KIRC), papillary RCC (KIRP), and 

chromophobe RCC (KICH). These malignancies constitute around 85%, 15% and 5% of all 

kidney cancers, respectively [6]. Predictably, the clinical outcome in RCC subtypes were 

comparably heterogeneous, which is a result of the fundamental differences in cancer bi-

ology between the variants [7–9]. Concordantly, KIRP patients without metastases were 

associated with better outcome compared to KIRC, however KIRP patients with metasta-

ses had the worse prognosis [10].  

SUCNR1 is a G-protein-coupled receptor (GPR91) related to the of P2Y purinoreceptors 

family and activated by a Krebs cycle intermediate metabolite, succinate [11]. Until now, 
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the activation of SUCNR1 has been linked to several pathologies. Proliferative ischemic 

retinopathy [12] and cardiomyocyte hypertrophy[13] are consequences of SUCNR1 acti-

vation. The receptor was also involved in adipose tissues expansion by exerting an an-

tilipolytic effect [14], and hepatic fibrosis upon stimulation of α-SMA production in stel-

late cells [15,16]. In the kidney, SUCNR1 contributed to diabetic nephropathy via activat-

ing renin–angiotensin system (RAS) [17–19]. 

SUCNR1 has been also related to cancer and inflammatory pathologies [20–24]. In the tu-

mor microenvironment, a unique immune and metabolic landscape promoting tumor-

igenesis have been addressed [25]. For instance in the gut, succinate is one of the bacterial 

by-product that cooperates in the growth of other pathogenic or good bacteria [26] and 

promote tumorigenesis [27]. Interestingly, succinate-producing microbiota has also been 

described to induce a type 2 immunity via SUCNR1 in the intestine[28]. Additionally, 

Zhang et al. addressed the association of SUCNR1 with immune infiltration in ovarian 

cancer and linked it to T cell exhaustion [29].  

Recently, variation of immune infiltrates in the microenvironment of RCC subtypes has 

been reported [30]. Whereby, regulatory T cells and M2 macrophages were associated 

with worse outcome in KIRC and KIRP, respectively. The immunomodulators lympho-

cyte-activation 3 (LAG3) and cytotoxic T-lymphocyte associated protein 4 (CTLA4) were 

associated with a poor outcome in KIRC, whereas programmed cell death ligand 2 (PD-

L2) and indoleamine 2,3-dioxygenase (IDO1) were related to poor prognosis in KIRP [30]. 

Moreover, Heidler et al. described a plethora of microbiota with significant differences 

between healthy kidney tissue, benign and malignant RCC tissue [31]. Yet, the role of 

SUCNR1 in immune infiltration and its complicity with RCC microbiota in RCC subtypes 

is still obscure. In the current study, we investigated the potential role of SUCNR1 in KIRC 

and KIRCP using multiple publicly available databases. Our data showed that high 

SUCR1 expression is related to different populations of immune cells, microbiota, and 

immunomodulators that may have influenced the outcome in the two cancers. Thereby, 

linking kidney microbiome to SUCNR1 in RCC for the first time. Conclusively, these find-

ings shed the light on SUCNR1 pleiotropism which might be considered for novel thera-

peutic strategies against RCC.  

2. Materials and Methods 

In Silico Analysis 

The Human Protein Atlas (HPA) [32] was utilized to assess SUCNR1 expression among 

17 cancer types and presented with box plots as median FPKM (number Fragments Per 

Kilobase of exon per Million reads) and 25th and 75th percentiles. The generated data is 

from the Cancer Genome Atlas (TCGA). The immunohistochemistry data of SUCNR1 pro-

tein expression in 20 different types of tumor tissues (only 5 images displayed) was also 

retrieved from HPA.  

The TIMER2.0 [33–35] platform was used to show the differential expression between nor-

mal and tumor tissues for SUCNR1 over all TCGA tumors. The data is demonstrated via 

box plots.  

The TISIDB [36] platform was used to estimate the correlation between SUCNR1 expres-

sion and the relative abundance of tumor-infiltrating immune cells and immunomodula-

tors including immune-stimulators and immune-inhibitors[37].  

The cBioPortal [38,39] platform  was used to study disease-specific survival prediction 

between two expression groups of SUCNR1 or microbial signature using the Kaplan-

Meier curves. The two groups A and B of low and high expression levels, respectively, 

were divided according to the median of SUCNR1 mRNA expression z-scores relative to 
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all samples (log RNA Seq V2 RSEM) or to the median of microbiome signature (log RNA 

Seq CPM). The platform was also utilized to detect the difference in microbiome signature 

between SUCNR1 groups A and B. The means of microbiota expression along with the p- 

and q-values were presented in a Table S1 and S2. The volcano plots were used to demon-

strate the log2 ratio of mean in SUCNR1 group A to mean in SUCNR1 group B of the 

mycobiome expression vs -log 10 p-value. The correlation between SUCNR1 mRNA ex-

pression and microbiota signature was analyzed using GraphPadTM software (GraphPad 

Software, LLC, version 9.4.1). The cBioPortal platform was also used to generate Kaplan-

Meier curves of high or low SUCNR1/ microbiota expression levels. Whereby clear cell 

and papillary RCC patients were divided into 4 expressing groups of low SUCNR1/low 

microbiota, high SUCNR1/low microbiota, low SUCNR1/high microbiota, and high 

SUCNR1/high microbiota. 

Statistical Analysis 

The distribution of low and high SUCNR1-expressing patient groups to renal tumor type 

and stages were assessed by cBioPortal platform using Chi-squared test. The Kaplan-

Meier curves presenting disease-specific survival rates were estimated using cBioPortal 

and the log-rank test. The Kaplan-Meier curves of high or low SUCNR1/ microbiota ex-

pression levels were studied using GraphPadTM software (GraphPad Software, LLC, ver-

sion 9.4.1) and the log-rank test. The correlation of SUCNR1 expression with abundance 

of immune infiltrates and immunomodulators expression was evaluated by TISIDB plat-

form using Spearman’s correlation analysis. The differential expression of SUCNR1 be-

tween normal and tumor tissues across TCGA tumors were determined by TIMER2 using 

Wilcoxon test. The difference in microbial expression between low and high SUCNR1-

expressing groups was assessed by cBioPortal using Student’s t-test or Benjamini-

Hochberg procedure and presented as mean ± SD. The correlation between SUCNR1 and 

microbial expression was analyzed via GraphPadTM software (GraphPad Software, LLC, 

version 9.4.1) using Spearman’s correlation analysis. Statistical significance was reported 

as following: * for p-value < 0.05; ** for p-value <0.01; *** or **** for p-value <0.001. 

3. Results 

3.1. SUCNR1 is mostly expressed in RCC 

SUCNR1 is known to be mainly expressed in kidney, immune, liver, heart, and 

retinal cells [15]. Thus, we first inspected solid cancers for the receptor expression using 

the Human Protein Atlas [40]. The results signify higher SUCNR1 mRNA expression level 

in RCC (median=1.4 FPKM) compared to other solid cancers like stomach and lung 

cancers (median=0.8 FPKM) (Figure 1A). This was confirmed using TIMER2 

(Supplementary Figure S1A). Moreover, immunohistochemistry of 20 solid tumors 

including a maximum of 12 patients each, shows a positive SUCNR1 staining in 42% of 

RCC patients compared to 25% in carcinoid and 9% in urothelial cancer patients (Figure 

1B-C). Although RCC had a higher SUCNR1 level compared to other cancers, both RCC 

tumor subtypes had lower SUCNR1 mRNA transcript compared to normal tissues 

(p<0.001) (Figure S1B). Moreover, SUCNR1 level in KIRC was more prominent than in 

KIRP (Figure S1B). This implies that SUCNR1 may utilize unique significant roles in RCC 

subtypes. 

3.2. SUCNR1 is associated with good prognosis in KIRC patients 

To evaluate the impact of SUCNR1 on the prognosis of the RCC cancer patients; 

total RCC, KIRC and KIRP patients were divided into two groups based on the median of 

SUCNR1 mRNA expression level. Whereby groups A and B encompasses patients with 

low and high SUCNR1 expression levels, respectively. The analyzed results were 

retrieved from cBioPortal dataset. Interestingly, group B of total RCC patients belongs to 
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KIRC (89.42%, p<10e-10) whereas 60.86% of group A included KIRP patients (p<10e-10) 

(Figure 2A). Which further demonstrates that KIRC patients have higher SUCNR1 

expression levels compared to KIRP. Next, we sought to investigate whether the presence 

of SUCNR1 has an impact on patients’ prognosis in RCC subtypes. Group B KIRP patients, 

having higher expression level of SUCNR1, were predicted with a good disease-specific 

survival rate (p=5.797e-5) (Figure 2B), Additionally, group KIRC B patients are mostly in 

stage I of cancer (56.63%, p=0.018) (Figure 2D). Surprisingly, group B KIRP patients had a 

worse disease-specific prediction (p=1.9282e-3) (Figure 2C). By which, higher percentage 

of group B KIRP patients are in stage IV of cancer (73.33%, p=8.932e-3) (Figure 2E). This 

implies that SUCNR1 is a good prognostic factor for KIRC, unlike KIRP. Inclusively, these 

data highlight the major different roles that SUCNR1 played in altering the survival 

outcome of KIRC and KIRP patients. 

3.3. The expression of SUCNR1 is associated with a wide diversity of immune cell subsets 

infiltration in KIRP 

Considering the difference in function that SUCNR1 exerts in renal cancer, we 

questioned whether it has a distinct immune altering role in RCC subtypes. To this end 

we used TISIDB platform to further investigate the association of SUCNR1 with tumor 

immune infiltration. In KIRC, the expression of SUCNR1 was positively correlated with 

the abundance of infiltrated innate immune cells comprising; natural killer (NK) cells 

(rho=0.16, p=2.15e-4), and eosinophils (rho=0.231, p=6.86e-08), mast cells (rho=0.205, 

p=1.81e-06), neutrophils (rho=0.16, p=2.7e-4) (Figure 3A). In addition to adaptive immune 

cells including, Th1 cells (rho=0.103, p=0.0168), Th2 cells (rho=0.258, p=1.75e-09), 

regulatory T cells (rho=0.207, p=1.41e-06) (Figure 3B). However, SUCNR1 was negatively 

associated with the following infiltrated immune cells; activated CD8+ T cells (rho=-0.199, 

p=3.59e-06), CD56bright NK cells (rho=-0.227, p=1.23e-07), and CD56dim NK cells (rho=-0.091, 

p=0.0351) (Figure 3C). 

In regards to KIRP, SUCNR1 expression was significantly correlated to the 

infiltration of innate immune cells being, NK cells (rho=0.385, p=1.36e-11), NKT cells 

(rho=0.329, p=1.09e-08), CD56bright NK cells (rho=0.178, p=2.33e-3), CD56dim NK cells 

(rho=0.198, p=6.9e-4), MDSC (rho=0.302, p=1.76e-07), activated dendritic cells (DC) 

(rho=0.366, p=1.64e-10), plasmacytoid DC (rho=0.324, p=1.78e-08), mast cells (rho=0.328, 

p=1.16e-08), macrophages (rho=0.307, p=1.06e-07), monocytes (rho=0.195, p=8.44e-04), and  

eosinophils (rho=0.372, p=7.74e-11) (Figure 4A). Along with adaptive immune cells like  

activated CD8+ T cells (rho=0.252, p=1.51e-05), activated CD8+ T cells (rho=0.529, p<2.2e-

16), Th1 cells (rho=0.462, p<2.2e-16), Th2 cells (rho=0.481, p<2.2e-16), gamma delta T cells 

(rho=0.275, p=2.01e-06), regulatory T cells (rho=0.6, p<2.2e-16), T follicular helper cells 

(rho=0.392, p=5.36e-12), and activated B cells (rho=0.373, p=7.06e-11) (Figure 4B).  

Collectively, these results showed that SUCNR1 is associated with a wider variety 

of immune cell subsets in KIRP compared to KIRC. This further emphasize on the 

divergent role that SUCNR1 specifically play in altering the tumor immune infiltration 

dependent on the RCC subtype.   

3.4. The expression of SUCNR1 is correlated with a wide range of immunomodulators in KIRP 

To elaborate more on the immune regulatory role of SUCNR1 in KIRC and KIRP, its 

association with immunoinhibitors and immunostimulators was studied. Using TISIDB 

platform, SUCNR1 expression level was found to be correlated to the expression level of 

few immunomodulators (Figure 5A-B). This includes immuno-inhibitors such as, CD274 

(rho=0.256, p=2.2e-09), IL10 (rho=0.183, p=2.08e-05), PDCD1LG2 (rho=0.24, p=2.13e-08), 

TGFBR (rho=0.101, p= 0.0195), CTLA4 (rho=-0.157, p=2.6e-04), and LAG3 (rho=-0.141, 

p=0.001) (Figure 5A). Regarding the immuno-stimulators, SUCNR1 expression was 

correlated with CXCL12 (rho=0.202, p=2.57e-06), IL6R (rho=0.263, p=7.87e-10), CD28 
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(rho=0.091, p=0.035), CD27 (rho=-0.099, p=0.0215), and CXCR4 (rho=-0.111, p=0.0102) 

(Figure 5B). 

On the contrary, in KIRP, SUCNR1 expression was significantly (p<0.001) associated 

with a wide repertoire of immuno-inhibitors including;CD244 (rho=0.293), CD274 

(rho=0.576), CD96 (rho=0.37), CSF1R (rho=0.351), CTLA4 (rho=0.171), IDO1 (rho=0.229), 

IL10 (rho=0.356), LAG3 (rho=0.235), PDCD1 (rho=0.145), PDCD1LG2 (rho=0.59), TGFB1 

(rho=0.305), TGFBR1 (rho=0.543), and TIGIT (rho=0.411) (Figure 5C). In addition to 

immuno-stimulators like, CD27 (rho=0.27), CD28 (rho=0.437), CD40LG (rho=0.268), CD48 

(rho=0.313), CD80 (rho=0.557), CD86 (rho=0.317), CSCL12 (rho=0.4), CXCR4 (rho=0.267 

ICOS (rho=0.34), ICOSLG (rho=0.374), IL2RA (rho=0.399), IL6 (rho=0.392), and IL6R 

(rho=0.358) (Figure 5D).  

These observations highlight the involvement of SUCNR1 in the tumor immunity 

of RCC subtypes, and of KIRP to more extent. Accordingly, the consequential correlation 

between SUCNR1 expression and diverse immunomodulators in KIRP, emphasize the 

role of the receptor in immune specific modulation and potential survival outcome.  

3.5. SUCNR1 is associated with different microbiome signatures in RCC subtypes 

Recently, tumor microbiota has been the focus in scrutinizing the function and 

induction of the cancer patients’ immune response. Consequently, we assessed the 

relation between the expression of SUCNR1 and the microbiome in RCC using cBioPortal 

dataset. Thereby, KIRC and KIRP patients were divided into groups A and B of low and 

high SUCNR1 expression level, respectively. The significantly different microbiome in 

both groups and their mean of expression (log RNA Seq CPM) are listed in Table S1 and 

S2. The results illustrated a significant association between SUCNR1 group B and the 

expression of 52 microbes. Moreover, 21 microbes were associated with SUCNR1 group 

A in KIRC (Figures 6A, Table S1). Whereas in KIRP, only group B was associated with 9 

microbes (Figures 6B, Table S2). Hence, SUCNR1 is related to a specific microbiome 

signature in each RCC subtype.   

3.6. SUCNR1 is linked to a favourable microbiome signature in KIRC 

Intriguingly, five of the significantly associated bacteria to SUCNR1 group B were 

common between KIRC and KIRP (Table S1, S2). This includes the genera Indibacter, 

Candidatus nitrosopelagicus, Lachnoclostridium, Desulfotalea, and Flavonifractor. To 

investigate the role of these bacteria in the prognosis of KIRC and KIRP patients, the 

patients were divided according to the median of microbiome expression levels. 

Therefore, groups A and B reflect low and high levels of the corresponding bacteria, 

respectively. Intriguingly, only two of the common genera, Candidatus nitrosopelagicus 

(p=4.531e-6) and Indibacter (p=3.533e-4), were only associated with good disease-specific 

survival prediction in KIRC patients (Figure S2).  

After which we further evaluate the relation between Candidatus nitrosopelagicus and 

Indibacter with SUCNR1 in KIRC. The expression of SUCNR1 was positively correlated 

with Candidatus nitrosopelagicus (rho=0.3033, p<0.0001) (Figure 6Cb), and Indibacter 

(rho=0.2673, p<0.0001) (Figure 6Db). Moreover, patients with high levels of SUCNR1 and 

high levels of Candidatus nitrosopelagicus or Indibacter are associated with better disease-

specific survival prediction compared to patients of low SUCNR1 level and low levels of 

either of the bacteria (p<0.0001) (Figure 6Cc, 6Dc). These results demonstrate a probable 

fundamental function of SUCNR1 in incorporating beneficial microbiota which may lead 

to a better survival outcome in KIRC patients. 

To emphasize on the role of SUCNR1 in KIRC, the impact of microbiome in SUCNR1 

group A on patient survival was studied. Anoxybacillus and Selenomonas, that were high 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 November 2022                   doi:10.20944/preprints202211.0194.v1

https://doi.org/10.20944/preprints202211.0194.v1


 

in SUCNR1 group A (Figure 7Ba, 7Ca), displayed a poor disease-specific survival 

prediction in KIRC patients (Figure 7A-B). Yet, the expression level of Anoxybacillus 

(rho=-0.1905, p<0.0001) and Selenomonas (rho=-0.1473, p=0.0009) were negatively 

associated with SUCNR1 expression (Figure 7Bb, 7Cb). Additionally, high level of 

SUCNR1 and low levels of either of the bacteria showed better disease-specific survival 

rates (p<0.001) (Figure 7Bc, 7Cc). Therefore, SUCNR1 expression in KIRC is a good 

prognostic factor and is usually associated with a favourable microbiome signature. 

3.7. SUCNR1 is related to pathogenic microbiota in KIRP 

Since SUCNR1 related microbiome in KIRC elucidated a positive outcome of the 

receptor, we explored the microbiome signature in KIRP. Only one genus, Apibacter, that 

was high in SUCNR1 group B (Figure 8Ba) showed a bad prognosis (p=0.049) (Figure 8A). 

Moreover, SUCNR1 expression was significantly correlated with the expression of 

Apibacter (rho=0.3012, p<0.0001) (Figure 8Bb). Patients with high levels of SUCNR1 and 

high levels of Apibacter are associated with worse disease-specific survival prognosis 

compared to patients of low SUCNR1 level and low levels of the bacteria (p=5.600e-3) 

(Figure 8Bc). As such, the poor survival outcome of KIRP patients with high SUCNR1 

expression might be explained by the presence of pathogenic microbes.  
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3.8. Figures 

 

Figure 1. SUCNR1 is mostly expressed in RCC. (A) Box plots showing the expression of SUCNR1 

(FPKM) in tumor tissues of 17 different TCGA (Cancer Genome Atlas) tumors. (B) Immunohisto-

chemistry showing SUCNR1 staining in colorectal, breast, prostate, lung, and renal cancer tissues. 

(C) A summary of the percentage of patients with high or medium SUCNR1 protein expression 

level in 19 different cancers. Data available on the Human Protein Atlas (HPA). 
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Figure 2. SUCNR1 is associated with good prognosis in clear cell RCC patients. (A) A bar graph 

showing the percentage of samples, divided to low expressing SUCNR1 group A or high expressing 

SUCNR1 group B in RCC, that belong to clear cell or papillary RCC. Chi-squared test, p<10-10. (B) 

Kaplan-Meier curve of low expression group A and high expression group B of SUCNR1 in clear 

cell RCC. Logrank test, p=5.797e-5. (C) Kaplan-Meier curve of low expression group A and high 

expression group B of SUCNR1 in papillary RCC. Logrank test, p=1.9282e-3. (D) A bar graph show-

ing the percentage of samples, divided to low expressing SUCNR1 group A or high expressing 

SUCNR1 group B in RCC, that belong to stage I, II, III or IV of clear cell RCC. Chi-squared test, 

p=0.0186. (E) A bar graph showing the percentage of samples, divided to low expressing SUCNR1 

group A or high expressing SUCNR1 group B in RCC, that belong to stage I, II, III or IV of papillary 

RCC. Chi-squared test, p=8.932e-3. Data available on cBioPortal platform.  
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Figure 3. SUCNR1 expression is correlated with tumor immune infiltrates in clear cell 

RCC. (A) Positive association between SUCNR1 expression and abundance of tumor infiltrating in-

nate immune cells, including eosinophils, mast cells, neutrophils, natural killer (NK) cells.  (B) Pos-

itive correlation between SUCNR1 expression and abundance of tumor infiltrating adaptive im-

mune cells including T helper 1 (Th1) cells, Th2 cells, and regulatory T (Treg) cells.  (C)  Negative 

association between SUCNR1 expression and the abundance of tumor infiltrating activated CD8+ T 

cells, CD56bright and CD56dim NK cells. Data available on TISIDB database. Spearman’s correlation 

coefficients (rho) and p-values are displayed.  
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Figure 4. SUCNR1 expression is associated with tumor immune infiltrates in papillary 

RCC. (A) Significant association between SUCNR1 expression and abundance of tumor infiltrating 

innate immune cells, including natural killer (NK) cells, NKT cells, CD56bright and CD56dim NK cells, 

myeloid-derived suppressor cells (MDSC), activated dendritic cells (DC), plasmacytoid DC, mast 

cells, macrophages, monocytes, and eosinophils. (B) Significant correlation between SUCNR1 ex-

pression and abundance of tumor infiltrating adaptive immune cells including activated CD8+ T 

cells, activated CD4+ T cells, T helper 1 (Th1) cells, Th2 cells, gamma delta T cells, regulatory T (Treg) 

cells, T follicular helper cells, and activated B cells.  Data available on TISIDB database. Spearman’s 

correlation coefficients (rho) and p-values are displayed. 
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Figure 5. SUCNR1 expression is associated with a wide range of immunomodulators in papillary 

RCC. (A) A summary of correlation between SUCNR1 expression and immunomodulators in clear 

cell RCC. (a) The immune-inhibitors include CSF1R, CD274, PDCD1, PDCD1LG2, CTLA4, LAG3, 

IDO1, IL10, TGFBR1, TGFB1, CD96, TIGIT, and CD244. (b) The immune-stimulators include CD27, 

CD28, CD40LG, CD48, CD80, CD86, CXCL12, CXCR4, ICOS, ICOSLG, IL12RA, IL6, and IL6R. (B) 

A summary of association between SUCNR1 expression and immunomodulator in papillary RCC. 

(a) The immune-inhibitors include CSF1R, CD274, PDCD1, PDCD1LG2, CTLA4, LAG3, IDO1, IL10, 

TGFBR1, TGFB1, CD96, TIGIT, and CD244. (b) The immune-stimulators include CD27, CD28, 

CD40LG, CD48, CD80, CD86, CXCL12, CXCR4, ICOS, ICOSLG, IL12RA, IL6, and IL6R. Data avail-

able on TISIDB database. Spearman’s correlation coefficients (rho) are displayed. p-values are color 

coded; p<0.05 in green and p>0.05 in black. 
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Figure 6. SUCNR1 is linked to a favourable microbiome signature in clear cell RCC. (A) The vol-

cano plots representing the correlation between SUCNR1 expression and microbiota signature. log2 

ratio of means in high expressing SUCNR1 group A to means in low expressing SUCNR1 group B 

of the mycobiome expression vs -log 10 p-value are shown in clear cell RCC and in (B) papillary 

RCC. (C) Beneficial association between SUCNR1 and Candidatus nitrosopelegicus. a) Significant in-

crease of Candidatus nitrosopelegicus signature (log CPM) in high SUCNR1 expressing group B. Stu-

dent’s t-test: **** p<0.0001 B. b) Positive correlation between SUCNR1 (RSEM) expression and Can-

didatus nitrosopelegicus signature (log CPM). Spearman’s correlation coefficient, rho=0.3033 

and p<0.0001. c) Kaplan-Meier curves of high or low SUCNR1/ Candidatus nitrosopelegicus. Logrank 

test, p=3.87e-7 (D) Beneficial association between SUCNR1 and Indibacter. a) Significant increase of 

Indibacter signature (log CPM) in high SUCNR1 expressing group B. Student’s t-test: **** p<0.0001. 

b) Positive correlation between SUCNR1 (RSEM) expression and Indibacter signature (log CPM). 

Spearman’s correlation coefficient, rho=0.2673 and p<0.0001 c) Kaplan-Meier curves of high or low 

SUCNR1/Indibacter. Logrank test, p=2.691e-6. Data available on cBioPortal platform.  
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Figure 7. SUCNR1 negatively correlated with pathogenic microbiota in clear cell RCC. (A) 

Kaplan-Meier curves of low signature group A and high signature group B of a) Anoxybacillus 

(Logrank test, p=0.023) and b) Selenomonas (Logrank test, p=0.0239) in clear cell RCC. (B) Negative 

association between SUCNR1 and Anoxybacillus. a) Significant increase of Anoxybacillus signature 

(log CPM) in low SUCNR1 expressing group A. Student’s t-test: *** p<0.0001 B. b) Negative correla-

tion between SUCNR1 (RSEM) expression and Anoxybacillus signature. Spearman’s correlation co-

efficient, rho=-0.1905 and p<0.0001. c) Kaplan-Meier curves of high or low SUCNR1/ Anoxybacillus. 

Logrank test, p=4.465e-4. (C) Negative association between SUCNR1 and Selenomonas. a) Significant 

increase of Indibacter signature (log CPM) in low SUCNR1 expressing group A. Student’s t-test: *** 

p<0.0001. b) Negative correlation between SUCNR1 (RSEM) expression and Selenomonas signature. 

Spearman’s correlation coefficient, rho=-0.1473 and p=0.0009. c)  Kaplan-Meier curves of high or 

low SUCNR1/ Selenomonas. Logrank test, p=1.159e-5. Data available on cBioPortal platform. 
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Figure 8. SUCNR1 is related to pathogenic microbiota in papillary RCC. (A) Kaplan-Meier curves 

of low signature group A and high signature group B of Apibacter in papillary RCC. Logrank test, 

p=0.049. (B) Positive association between SUCNR1 and Apibacter. a) Significant increase of Apibacter 

signature (log CPM) in high SUCNR1 expressing group B. Student’s t-test: **** p<0.0001. b) Positive 

correlation between SUCNR1 (RSEM) expression and Apibacter signature. Spearman’s correlation 

coefficient, rho=0.3012 and p<0.0001. c)  Kaplan-Meier curves of high or low SUCNR1/ Apibacter in 

papillary RCC. Logrank test, p=5.6e-3. Data available on cBioPortal platform.  

 

4. Discussion 

The multi-faceted receptor, SUCRN1, has been attributed to kidney physiopathol-

ogy via stimulation of the local and systemic renin–angiotensin system, development of 

metabolic syndrome, and hypertension [41,42]. However, its role in RCC subtypes, en-

compassing patient prognosis, tumor immune infiltration and microbiome signature, is 

yet to be determined. In this study, we described a favourable outcome of SUCNR1 in 

KIRC patients in contrary to its attribution in KIRP. The expression of SUCNR1 predicted 

a good disease-specific survival rate in KIRC and was highly associated with distinct mi-

crobes that may have contributed to this outcome. Paradoxically, the receptor was related 

to worse prognosis in KIRP with a significant correlation with immune cell infiltration 

and immunomodulators. Hence, our study outlined a remarkable difference in immune 

cell subsets and microbiome associated with SUCNR1 in KIRC and KIRP.  

Here we first illustrate a decrease of SUCNR1 expression in normal individuals com-

pared to RCC patients. Even though, it was associated with stage IV cancer and worse 

prognosis in KIRP patients. The high expression of SUCNR1 in normal kidney tissue 

might be due to its pivotal function as a physiological sensor, like maintenance of angio-

tensin II and renin levels, sodium reabsorption by collecting duct, and proper proximal 

tubule [43]. Hence, the pathogenic effect is probably related to accumulation of the me-

tabolite succinate and not to the level of the receptor under pathological conditions. Espe-

cially that KIRC possess a functional deficiency in succinate dehydrogenase, an enzyme 

complex that oxidise succinate, due to germline mutation or under-expression resulting 
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in succinate accumulation [44]. Indeed, the accumulation of succinate has tumorigenic 

properties exerted through intracellular or extracellular pathways [45].  

Until now, the succinate-SUCNR1 axis is not fully elucidated in cancer [46]. In phe-

ochromocytomas and paragangliomas, SUCNR1 activation induced tumor proliferation 

[47]. In another study, the receptor was shown to stimulate metastasis in lung cancer and 

polarized tumor associated macrophages to M2 phenotype [48]. Additionally, SUCNR1 

was reported with worse progression-free survival in ovarian cancer[29]. The expression 

of the receptor was significantly related to cytokine or chemokine gene expression, im-

mune-related gene markers including T cell exhaustion and infiltrating immune cells [29]. 

Comparably, our data illustrated that high expression of SUCNR1 in KIRP was closely 

related to lymphocyte infiltration including, activated CD8+ T cells, Th1 cells, Th2 cells, γδ 

T cells, Treg cells, Tfh cells, activated B cells, NK cells, NKT cells, CD56bright NK cells, and 

CD56dim NK cells. Along with MDSC, activated DC, pDC, mast cells, macrophages, mon-

ocytes, and eosinophils. However, even with the association of SUCNR1 with several ef-

fector cells like certain T-cell, NK, and DC subsets, the outcome in KIRP was dreadful. 

This might be explained by SUCNR1-related regulatory cells (Treg, Th2, MDSC) in the 

infiltrate [49] and possible desensitization of some effector cells. Indeed,  NK cells and 

CD8+ T-cells present in RCC tumors were show to be non-responsive upon ex vivo stimu-

lation, lack cytolytic activity, granule mobilization, and cytokine production [50,51]. Fur-

thermore, a subset of NK cells was noticed to overexpress CD48, CD85, CD45, and, PD-1 

in KIRC [52]. This inhibitory phenotype directly obstructed CD8+ T cell proliferation via 

PD-L1 [53]. Moreover, most of the DC subpopulation in RCC was expressing macrophage 

markers (CD163, CD14). Thereby reducing chemokine secretion for Th1 cell recruitment, 

and promoting tumor necrosis factor α by T cells [54]. Mast cell recruitment have also 

been found to induce RCC angiogenesis in mouse modules [55]. Additionally, MDSC ac-

cumulation was accompanied with a negative outcome and change of inflammatory state 

in RCC [56]. Regarding macrophages, the population found in tumors were of M1 and M2 

phenotypes, secreting IL-6, TNF, and CCL1 [57] and associated with bad prognosis [58]. 

Our findings also revealed the associated of SUCNR1 with fewer infiltrated immune 

cells including NK cells, eosinophils, mast cells, neutrophils, Th1, Th2, and regulatory T 

cells in KIRC. This difference in SUCNR1-related immune infiltration between the two 

RCC subtype might be due to variability in initial immune cell abundance [30]. Further-

more, immune cell subsets had a distinct impact on survival between both cancers. 

Whereby, the abundance of Treg cells in KIRC was associated with worse survival in 

KIRC, M2 macrophages showed a bad outcome in KIRP [30].  

Our study positively associated SUCNR1 with higher diversity of immune check-

points in KIRP compared to KIRC. Those immune-inhibitors and immune-stimulators are 

well recognized as pro-tumorigenic. For instance, cytotoxic T-lymphocyte-associated pro-

tein 4 (CTLA4) and programmed cell death receptor 1 (PD-1) are immune-inhibitors that 

were associated with worse overall survival in RCC patients [59]. Moreover, CTLA4/miR-

20b-5p axis was revealed to induce immune cell infiltration of in KIRC tumor niche [60]. 

PD-1 ligand, PD-L1, was highly expressed during metastasis in the lung and lymph node 

of the patients. Its expression was as well related to shorter overall survival [61]. Another 

PD-1 ligand, PD-L2, was expressed in the tumor microenvironment of RCC and inhibited 

CD8+ T cells activity [62]. Another study revealed the association of CTLA4 with poor 

prognosis in KIRC, and PD-L2 in KIRP [30]. One of the immunostimulators, IL-6, was 

shown essential for the proliferation of cancer cells [63]. CXCR4/CXCL12 axis played an 

important role in the invasive and migratory phenotype of RCC cells as well [64].Hence, 

the potential link of SUCNR1 expression with a pro-tumorigenic immune microenviron-

ment may have explicated the poor prognosis of KIRP patients with high levels of the 

receptor. Conversely, SUCNR1-related immune cell infiltrates could not unravel its asso-

ciation with a better outcome in KIRC.  
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There are several probable sources which causes succinate accumulation during 

pathogenesis including tumor cells, inflammation, and microbiome [65]. Interestingly, ex-

tensive studies on microbiota dysbiosis have linked it to cancer via several methods such 

as, the production of carcinogenic metabolites, modulation of immune response though 

inflammatory mechanisms or deregulation of signalling pathways for cell proliferation 

[66]. Gut microbiota is a major source of succinate and was suggested to induce effects on 

distant organs including the kidneys [67]. A healthy renal tissue was assumed to be free 

of microorganisms, even though bacteria can infiltrate the kidneys by bloodstream [68–

70]. A recent study described the presence of a plethora of microbiota with a remarkable 

differences between healthy kidney tissue, benign and malignant RCC tissue[31]. Conse-

quently, we addressed the correlation of SUCNR1 expression with the present microbiota 

in RCC subtypes. Indeed, our study further illustrated a difference in microbiome signa-

ture in KIRC and KIRP tumor tissues associated with high expression of SUCNR1. The 

genera Candidatus nitrosopelagicus and Indibacter belonging to the phyla Thaumarchaeota 

and Bacteroidetes, respectively, were common in KIRP and KIRC patients with high 

SUCNR1expression levels. However, the two bacteria were only related to a better out-

come in KIRC patients, especially when SUCNR1 expression is high. Nonetheless, the 

genera Anoxybacillus and Selenomonas belonging to the phylum Firmicutes, that were more 

associated with low SUCNR1 levels, had the worse prognosis in KIRC. As such, the good 

outcome related to high SUCNR1 expression in KICR might be related to the presence of 

beneficial bacteria. This was emphasized by the potential presence of bad bacteria in KIRC 

tissue in case of receptor under-expression. Additionally, the genus Apibacter belonging 

to the phylum Bacteroidetes, was associated with the worse outcome in KIRP when 

SUCNR1 expression was high. Which further explains the relation of SUCNR1 with bad 

prognosis in KIRP. The majority of bacterial species classified as succinate-producers or 

succinate-consumers belong to the phyla Bacteroidetes and Firmicutes[67]. In inflamma-

tory bowel disease, changes in serum and fecal succinate level were related to alteration 

in succinate-metabolizing bacteria. Accordingly, the succinate producing bacteria, B. vul-

gatus, was increased in IBD patients. Whereas, the succinate consumer P. succinatutens was 

decreased [71]. Therefore, it might be possible that most of the beneficial microbiota in 

KIRC are succinate-consumers unlike KIRP. Our study is the first to describe the presence 

of these unique bacteria genera in RCC that have a significant effect on the patient’s prog-

nosis. Thus, further examination must be taken to classify this microbiota into succinate-

producers or -consumers and identify their exact role in cancer. 

5. Conclusions 

In this in silico study we have unravelled SUCNR1 probable function in altering the 

tumor microenvironment in RCC patients, using correlation analysis of data displayed in 

public databases. Our study broadens the perception of SUCNR1 role, for the first time, 

as not only cell specific but also as tumor specific. The findings of this study highlighted 

the receptor link to immune infiltration and specific microbiome profile. The mechanisms 

behind this probable divergent role of SUCNR1 in orchestrating immune infiltrates and 

microbiome population in RCC should be immensely addressed to aid the development 

of targeted therapies. This study provides the conceptual basis for the involvement of 

SUCNR1 in the tumor microenvironment, which may be applied in different types of can-

cers.  
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