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A b s t r a c t

Introduction: Kidney tumor is among the 10 most common cancers. Among 
kidney tumors, renal cell carcinoma (RCC) is one of the most common types, 
with an alarming increasing incidence rate. Although the disruption of mi-
crobiota is an established factor in the progression of intestinal cancers, its 
role in other types of cancers has been under-studied.
Material and methods: In this study, the microbiome disruption and the 
involvement of SNZ (SCHNARCHZAPFEN) and stromalin (SA) genes in the 
development of kidney cancer have been focused on using a  combination 
of genetic and bioinformatic analysis. The microbiomes of kidney tumor 
patients were analyzed using various genetic and bioinformatic variations. 
Genetic and bioinformatic analyses were performed to identify operational 
taxonomic units (OTUs), SNZ, SA, and annotated species were determined 
using 41 samples from a population of kidney tumors. 
Results: The whole samples from the kidney tumor of patients were screened 
by PCR amplification and a total of 1317 OTUs were identified. Among them, 
379 were common among the two populations, 766 were unique to the SA 
gene, and 172 to SNZ. SA was more abundant in Gammaproteobacteria and 
Bacilli, while SNZ had a higher abundance in Bacteroidia and Actinobacteria. 
Correlation analysis was performed to identify the bacteria that were differ-
entially expressed among the population samples. 
Conclusions: Our study reveals that SA and SNZ are differentially expressed 
in the microbiome of the kidney tumor, which is associated with the devel-
opment of kidney tumors such as renal cell carcinoma in human populations.
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Introduction

Kidney cancer is the 13th most common cancer type with a prevalence 
of 2.4%, and about 330,000 new cases are reported every year [1]. The 
conditions are graver in industrialized countries, where it is the 7th most 
predominant cancer type [1, 2]. It is a more prevalent tumor during the 
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early fifties and is a major cause of mortality [3]. 
Renal cell carcinoma (RCC) is one of the most com-
mon types of cancer with an increasing incidence, 
accounting for over 400,000 new cases diagnosed 
and approximately 175,000 deaths globally each 
year [2]. Nearly 30% of patients are diagnosed 
at an advanced or metastatic stage with an es-
timated 5-year survival rate of 10% [3]. Though 
the development of targeted agents and immune 
checkpoint inhibitors has provided dramatic clin-
ical benefits to the patients over the past few de-
cades, a better understanding of RCC pathogen-
esis will still be necessary to further reduce the 
mortality rate [4].

Consistent studies suggested that various 
triggering factors can lead to kidney cancer and 
chronic kidney disease [5, 6]. Moreover, any im-
balance in the kidney microbiome can also pre-
dispose to fatal conditions such as renal cell 
carcinoma, and such a  biochemical milieu can 
greatly influence the structure, composition, and 
role of microbial flora [7]. Furthermore, the nor-
mal microbiome has beneficial effects; however, 
the microbiota composition is significantly altered 
in carcinomic conditions. This disturbance in mi-
croflora creates abnormal conditions such as the 
production of harmful byproducts and inflam-
matory cytokines, which significantly contribute 
to chronic kidney diseases. Consistently, the role 
of dysbiosis in other disease conditions such as 
gastrointestinal cancers has been demonstrated 
previously [8–10]. Recently, it was found that any 
disturbances in the intestinal barrier can lead to 
translocation of bacteria, which then persistently 
triggers systematic inflammation and exacerbates 
chronic kidney diseases [11, 12]. Furthermore, cer-
tain therapeutic interventions or conditions such 
as hyperkalemia can greatly modify the luminal 
microbial milieu and such modification may sub-
stantiate the gut epithelial barrier. Consequently, 
the microbial antigens can leak into the systemic 
circulation [13, 14]. Likely, vitamin D deficiency is 
frequently associated with microbiome dysbiosis, 
with consequent increases in bactericides and 
proteobacteria phyla [15]. Research into the gut 
microbiome and vitamin D is therefore considered 
promising for understanding, treating, and pre-
venting autoimmune and allergic diseases [16]. 
Furthermore, recent studies suggested that chron-
ic inflammation could contribute to the progres-
sion and development of prostate cancer [17, 18]. 
Moreover, the role of vascular endothelial growth 
factor (VEGF) production in allergy and systemic 
lupus erythematosus (SLE) confirmed the key role 
of VEGF in angiogenesis in cancer patients and in 
patients with inflammatory chronic immune-me-
diated diseases [19]. Several studies have sug-
gested that the microbial inhabitants of the uri-

nary tract are distinct from those inhabiting other 
parts of the body even in disease conditions [20]. 
For instance, kidney cystitis shares a common mi-
crobiome with kidney cancer [21]. Moreover, the 
role of the microbiome in kidney cancer needs fur-
ther elucidation. Recently, intestinal microbiome 
research has been carried out in the field of kid-
ney disease, for which various research approach-
es are employed, such as conventional incubation, 
shotgun metagenomic sequencing, bacterial 16S 
ribosomal RNA (rRNA) Illumina MiSeq sequencing, 
and many others [22].

The role of the gene in pathogenesis of various 
cancers has been previously investigated [23]. In 
the current study, we investigated how the kid-
ney microbiome can differentially express SNZ 
(SCHNARCHZAPFEN) and SA (stromalin), which 
may contribute to the progression of kidney tu-
mors. The SNZ gene is from AP2/ERF transcrip-
tion factor AP2 (floral homeotic protein Apetala 2)  
family encoding AP2-like ethylene-responsive 
transcription factor SNZ protein. It acts as a tran-
scription activator and binds GCC-box pathogen-
esis-related promoter elements on DNA. It has 
been genetically linked to various pathological 
conditions such as blood pressure. Recent studies 
demonstrated tahat high throughput sequencing 
(HTS) (hu li tai shao) has proved to be a power-
ful tool in analyzing dominant and subdominant 
populations of microbes and their dynamics in 
various pathophysiological complexities [24, 25]. 
The product of the SA gene, despite lacking signif-
icant homology with other proteins’ amino acid 
sequences, has been reported in various studies. 
The main function of the gene product associated 
with the SA gene remains unclear. Ishinaga et al. 
reported that SA gene expression in the kidney 
is associated with the pathogenesis of hyperten-
sion [26]. 

In the present study, we utilized 16S rRNA 
gene sequencing to characterize the kidney mi-
crobiome potentially associated with kidney can-
cer. Our research aimed to analyze 41 samples 
from patients with kidney carcinoma for differ-
ential expression of SA and SNZ in kidney mi-
crobiome populations and to rule out dysbiosis 
having a higher abundance in kidney cancer pa-
tients. Further, we aimed to determine whether 
the microbiome is significantly different between 
these groups and to predict functional pathways 
that are significantly enriched in the kidney mi-
crobiome.

Material and methods 

Recruitment of patient population

All the specimens were obtained from the 
patients under the standard and approved pro-
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tocol. The patients who showed a  willingness 
to participate in the study were added to the 
current study. Kidney urine and biopsy were col-
lected from patients who were diagnosed with 
kidney carcinoma. To avoid confounding factors 
that may affect the kidney microbiome, strict 
parameters were selected for exclusion criteria. 
Patients with kidney stones or on antibiotic ther-
apy for the last one month, patients with hydro-
nephrosis, congenital comorbidities, history of 
major kidney surgery, autoimmune diseases, or 
patients with diabetes were excluded from the 
current study.

Sample collection and DNA isolation  
and processing

Samples of kidney carcinoma and cysts were 
collected using catheterization via the transure-
thral route using the aseptic technique. The sam-
ples were collected before any use of antibiotics, 
which may negatively affect the microbiome at 
–80°C. The samples were pelleted and then centri-
fuged at 1200 g for at least 10 min at 4°C. The pel-
lets were resuspended in DNA free total volume 
of 500 µl of 1xPBS, and then genomic DNA was 
extracted for all samples through the DNeasy Wa-
ter Kit. DNA was quantified using Qubit (Life Tech-
nologies, USA). The extracted sample was then 
stored at –20°C until further experimentations.

16S rRNA gene library generation  
and HiSeq sequencing

The V5 hypervariable region of the 16S rRNA 
gene was amplified through a  polymerase chain 
reaction. The following conditions were used to 
run the process: first the denaturation stage of  
30 cycles at 98°C for 45 s. It was followed by the 
annealing stage at 55°C for 45 s and then the elon-
gation stage at 72°C for 45 s. The final step was 
the extension at 72°C for 7 min. The amplicons 
obtained were purified by AMPure beads (Axyen, 
USA) followed by barcoding libraries sequenced 
on the Illumina HiSrq 2500. PBS sterile saline 
alone or with bullet blended beads was used as 
a negative control during processing.

Universal 16S rDNA real-time PCR

A  universal 16S rDNA quantitative real-time 
PCR (qPCR) assay was developed using the first 
round V6 primer set. The number of 16S rDNA cop-
ies was quantified to a standard curve of known 
copies of Escherichia coli DNA.

Bioinformatic analysis

Sequencing data were processed to exclude 
any low-quality reads and polluted adapter using 

Mothur. The clean reads were then merged to tags 
using FLASH software, then assigning operational 
taxonomic units (OTUs) based on USEARCH 97% 
sequence similarity. Using the RDP classifier, the 
representative sequences of each OUT were taxo-
nomically classified based on the green gene da-
tabase. The threshold for sequence positivity was 
set at a cutoff of 2000 sequence reads.

Statistical analysis

The analysis was performed to find the differ-
ential representative among the sample groups by 
LEfSe software. The threshold on the logarithmic 
LDA score for discriminative features was 2. Bacte-
rial community functional pathways were inferred 
and imported using the PICRUSt algorithm while 
functional predictions were performed using 
the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) orthology.

Results

Sequencing data and biodiversity of kidney 
microbiome

A total of 41 kidney carcinomic samples were 
sequenced into 50000 reads. The reads were 
classified into 1317 unique OTUs with a 97% sim-
ilarity level (Figures 1 A, B). Our results showed 
that the SA gene has the highest total number 
of OTUs (766) while substantial overlap in OTUs 
was observed between SA and SNZ (Figure 1 C). 
The rarefaction curve analysis demonstrated the 
sufficiency of our read coverage to capture sam-
ple diversity (Supplementary Figure S1). SA is 
present in more abundance in Gammaproteobac-
teria and Bacilli, while SNZ was found in Actino-
bacteria and Bacteroidia. For α-diversity, Good’s 
coverage index values of all libraries were above 
(99%). The α-diversity indices, including observed 
species, Chao 1 index, ACE index, and Shannon 
diversity index, of the microbiota having the SA 
gene, were all higher than those of the SNZ con-
taining group (Figure 1 D). Moreover, significant 
differences were observed in the Chao and ACE 
indices between SA and SNZ containing micro-
biota. The other α-diversity of kidney microbiota 
was also evaluated, and all indices showed no 
significant difference for Good’s coverage index 
observed species, Shannon diversity index. For 
β-diversity, we applied unweighted and weight-
ed principal coordinate analysis (PCoA) to reveal 
discrepancies between the two genes. It showed 
that SA and SNZ samples clustered closer in 
proximity to each other (Figure 1 E). We further 
performed an analysis of similarities (ANOSIM) 
and found that the kidney microbiota structure 
was significantly different for SA and SNZ genes 
(ANOSIM, p < 0.05). 
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Figure 1. A – Total number of samples sequenced (A, B) and relative abundance. C – Venn diagram of overlapping 
OTUs. A total of 1317 OTUs were detected with 766 OTUs in SA, while 172 OTUs were in SNZ samples only, and 379 
OTUs in all samples. D – Microbial α-diversity of urine samples. The α-diversity indices include observed species 
index, Chao 1 index, Ace index, Shannon index, Simpson index, and Good’s coverage index. Shannon diversity 
index and Simpson’s diversity index were significantly different between SA and SNZ groups
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Figure 1. Cont. E – Microbial diversity analysis. PCoA plot of unweighted and weighted UniFrac metrics for SA (red 
cube) and SNZ (orange circle) groups

Effect of cancer on OTU abundance profiles 
in the different habitats

Partial least squares discriminant analysis 
(PLS-DA) was performed to identify the OTUs that 
contributed the most to the variance between 
samples. The bacterial compositions for SA and 
SNZ are closely related (Figure 2 A). A heat map 
shows that a  majority of these OTUs decreased 
in relative abundance in the SA compared with 
the SNZ (Figure 2 B). Network analyses between 
SA and SNZ samples were colored in light blue, 
light green, and light red. The circular dots corre-
spond to OTUs. The node size is proportional to 
the number of edges (lines connecting the nodes). 
The OTUs detected in at least two samples of the 
same habitat were conserved (Figure 2 C).

Taxonomic analysis of kidney microbiota 
composition

To identify the differentially represented taxa in 
kidney carcinoma cells, we compared the relative 
abundance of microbiota for SA and SNZ distribu-
tion at different taxonomic levels. Phylotypes with 
a median relative abundance larger than 0.001% 
of the total abundance in either the SA or SNZ 
gene were included for comparison. At the phylum 
level (Figure 3 A), a significant difference was ob-
served between these two groups in the average 
abundance of Firmicutes (Bacilli), Bacteroidetes, 
Proteobacteria, and Actinobacteria. Gammapro-
teobacteria and Bacilli were found showing SA 
affinity, while Actinobacteria and Bacteroidia had 

a higher SNZ. Of interest, at the phylum or class 
level, the overall bacterial compositions for SA and 
SNZ were quite similar (Figures 3 A, B). However, 
a few taxa are differentially represented in these 
two groups at other taxonomic levels (Figure 3 C).

Specific urinary genera associated with 
kidney carcinoma 

To confirm the differentially abundant taxa 
for SA and SNZ in kidney carcinoma, we further 
applied LEfSe, software using an algorithm for 
high-dimensional biomarker discovery. The mi-
crobiome biomarker discovery approach called 
linear discriminant analysis coupled with effect 
size measurements (LEfSe) revealed that certain 
strains were enriched for either SA or SNZ. Only 
taxa with a logarithmic, linear discriminant analy-
sis (LDA) score more than 2.0 and p < 0.05 in the 
Wilcoxon test were considered differentially rep-
resented. LEfSe identified certain discriminative 
features with significantly different relative abun-
dance between SA and SNZ (Figures 4 A, B). 

Potential functional pathways associated 
with kidney carcinoma 

Having observed a distinct kidney microbiota in 
kidney carcinoma, we further evaluated whether 
the different bacterial community was associated 
with specific alterations involved in metabolic pro-
cesses. The functional pathways of the kidney mi-
crobiome for SA and SNZ were inferred using the PI-
CRUSt tool (Figures 5 A). Meanwhile, the predicted 
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Figure 2. A  – Partial least squares discrimi-
nant analysis (PLS-DA) performed on the rel-
ative abundance of 1317 OTUs found in 41 
samples. B – Heat map. C – Network analysis

OTU based PLS-DA analysis

OTU based PLS-DA analysis Unweighted unifrac

metabolic pathway showed an equal distribution 
for SA and SNZ gene containing microbiota, and 
the relative distribution is shown (Figures 5 B–D).

Discussion

In the present study, 16S rRNA gene sequenc-
ing and bioinformatics tools were used to com-
pare the microbiome of kidney cancer cells for the 
relative distribution of two different genes, i.e., SA 
and SNZ. We tried to seek out the differences in 
the residing microbiome, which may affect kidney 
cancer. Our results showed significantly reduced 
species diversity and altered microbial profiles. 
Several differentially represented taxa and func-

tional pathways were found that showed differ-
ential expression for SA and SNZ. Also, we found 
that the overall bacterial composition and predict-
ed functional pathways of both populations were 
similar. Kidney carcinoma is the most prevalent 
tumor type with different pathologies and con-
tributing factors [27]. 

Several consistent studies validated the rela-
tive role and occurrence of kidney microbiomes in 
various associated conditions [28, 29]. Moreover, 
the mechanisms whereby certain bacteria be-
have differently have been previously well docu-
mented [30]. However, the potential mechanism 
whereby bacteria contribute to kidney carcinoma 
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remains obscure. The role of the healthy micro-
biome in kidney cancer has not been studied to 
date. However, several studies have suggested an 
association between viral infections and the risk 
of kidney cancer [31], yet these remain controver-
sial and at times contradictory to each other [31]. 
Several mechanisms are proposed, including that 
bacteria may alter the flora of kidney tissue-prone 
kidney tissue to foreign invaders [32].

16S rRNA gene sequencing followed by bio-
informatics analysis was done to determine the 
specificity of SA and SNZ for kidney microbiomes 
in kidney carcinoma. The microbiome is not only 
related to symbiotic relationships but it can also 
adversely contribute to certain diseases and can-
cer [20]. In the human microbiome, Firmicutes 
and Proteobacteria are highly dominant, along 
with Bacteroidetes and Actinobacteria [33]. In 

our study, we found that there is minor diversity 
in the species and microbial profile in the kidney 
carcinomic sample. Moreover, several different 
taxa and functional pathways show equal distri-
bution for SA and SNZ genes. We demonstrated 
distinct kidney microbiota in tumor cells. Our re-
sults showed that kidney carcinoma patients had 
significantly lower species diversity. According to 
previous literature, decreased microbiota diversi-
ty was related to inflammation and implicated in 
diseases such as obesity and type II diabetes in 
some cases [34]. Moreover, we found that several 
bacterial taxa associated with inflammation were 
overrepresented or underrepresented in the kid-
ney tissue associated with carcinoma. The most 
differentially represented taxon at the genus lev-
el was Acinetobacter, showing SA and SNZ gene 
distribution. As opportunistic pathogens, Proteo-
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bacteria, Actinobacteria, and Bacteroidia are as-
sociated with kidney infection in individuals with 
underlying medical risk factors, such as diabetes 
mellitus and immunosuppression [35–39]. Inter-
estingly, the abundance of Proteobacteria, Act-
inobacteria, and Bacteroidia were higher in the 
SNZ and SA. These bacteria are considered com-
mensal bacteria and colonize the gastrointestinal 
tract, vaginal tract, and urinary tract. They can 
synthesize short-chain fatty acids, which can pro-
tect against inflammation in acute kidney injury 
[40]. The decreased level of Prevotella favors in-
flammatory processes and has been implicated in 
several pathological conditions, including type 2  
diabetes, diabetic nephropathy, and chronic pros-
tatitis [41].

Another important finding in this study was 
the similarity of overall bacterial composition for 
SA and SNZ distribution. Traditionally, bacteria are 
considered to access the upper urinary tract un-
der certain conditions, such as urinary reflux or 
bacteria translocation in severe systemic diseas-
es. However, a preliminary study showed that bac-
teria could be detected in the upper urinary tract 
of kidney stone patients without urinary tract 
infections [42]. Furthermore, our PICRUSt results 
showed no significant difference in the predicted 
functional pathways between SA and SNZ. Mean-
while, we also noted that a few taxa were differ-
entially represented in another group, remaining 
an area for future research.

In conclusion, our results revealed significantly 
decreased species diversity, enrichments of proin-
flammatory bacteria, and underrepresentation of 
anti-inflammatory taxa in the kidney microbiota 
of carcinoma. We also predicted several functional 
pathways that were significantly enriched in the 
kidney microbiome of infected patients. Among 
these pathways, bacterial metabolism is a key reg-
ulator of the cell membrane and has been demon-
strated as an entrance gate in bacteria-host inter-
actions [43].

Some limitations should be noted when in-
terpreting our results. First, all participants were 
Chinese and the sample size is relatively small, 
limiting generalizability and comparison of SA and 
SNZ. 

Further large-scale studies are needed to in-
vestigate the kidney microbiota across ethnicity 
types and other types of involved genes to verify 
the role of SA and SNZ in kidney tumor. 
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