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Abstract: The microbiome is a new center of attention for studies on the pathogenesis of human disease by focusing
on the alterations of all microorganisms living in a particular site or system of human body, referred as microbiota.
Evidence suggests that microbiota could contribute to the pathogenesis of a number of chronic diseases, including
cancers, both locally and remotely. Multiple mechanisms have been proposed and/or proven for the microbiota’s
role in tumorigenesis, such as via induction of chronic inflammation, genotoxicity, bacterium-mediated cell proliferation, and activation of procarcinogens. Emerging data suggest that indigenous microbiota in the urinary tract may
play an important role in the tumorigenesis of urothelial carcinoma, similar to other tumors. Future studies are
needed to adequately define the microbiota composition and correlate its change with urothelial carcinoma.
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Introduction
The microbiome is currently one of the heated
topics in medicine, particularly in cancer
research, and has gained strong research support for its promising perspectives. As a result
of technological advances in sequencing, our
knowledge about the microbiome is ever
expanding and new hypotheses are being formulated on idiopathic diseases, which could
pave a new way for diagnosis, prevention and
treatment of human diseases. The microbiome
refers to the collection of genomes of all microorganisms in a particular site or system of our
body, which are collectively named as microbiota [1]. Cultivation, coupled with use of selective
media, has been the classical approach for isolation of bacterial pathogens. However, this
approach is not adequate for characterization
of a complex microbial community. Cultivation
could miss bacteria which are in a viable but
non-culturable (VBNC) state [2]. Further, cultivation favors bacteria that are capable of growing on artificial media over those whose nutritional needs are undetermined and therefore

unsatisfied by in vitro methods. The limitation
of cultivation had not been overcome until cultivation-independent technology became applied
to the field of microbiology in the 1980s [3, 4].
16S rRNA genes, which are widely-used to estimate the evolutionary history and taxonomic
assignment of individual organisms, formed the
basis of the most popular cultivation-independent technique. All bacteria have one or more
16S ribosomal RNA genes. These genes are
essential components for protein synthesis and
are vital for life. Since all bacteria are descendants of a common ancestor, some of the
regions of the 16S genes have remained conserved over billions of years of evolution. PCR
based analyses using broad range primers to
these regions can amplify 16S rRNA genes of
nearly all bacterial species. The less conserved
regions can serve as fingerprints for taxonomic
classification. The combination of sequencing
technology and comprehensive 16S rRNA gene
databases has allowed 16S rRNA gene surveys
to become the major format of cultivation-independent studies of simple and complex bacterial communities. With the recent advance of
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next generation sequencing technology, it is
now feasible to characterize complex microbiomes with one shot of analysis of 16S rRNA
genes in a sample.
Increasing data have shown that dysbiosis -the imbalance or alteration of bacterial composition of microbiota in a disease condition compared with the healthy state, is implicated in
the pathogenesis of local and even distant diseases [5]. The successful treatment of refractory Clostridium difficile infection with fecal
microbiota transplantation provides a good
example for the clinical application of microbiota in treatment [6]. Microbiota have been
shown to be involved in the pathogenesis of
cancers of many organs, including esophagus,
stomach, colon, liver, gall bladder, pancreas,
breast, and lymphoid tissue in animal and
human studies [1]. With next generation
sequencing technology, the “core” microorganisms of microbiota in different body sites will be
defined and the role of microbiota in the pathogenesis of diseases, including cancer, in different body sites will be further elucidated. This
new knowledge will help in the discovery of new
strategies in cancer prevention, and perhaps
also therapy.
The role of microbiota in the pathogenesis of
urinary tract neoplasia is still under investigation. Here we will briefly discuss the mechanisms of microbiota in the pathogenesis of cancer, and then speculate on the possible role of
microbiota in urothelial carcinoma.
Evolving microbiome in cancer research
The role of specific microorganisms in the
pathogenesis of cancer has been extensively
studied and well established [7]. Four major
infectious agents, Helicobacter pylori, human
papillomaviruses, and hepatitis B and hepatitis
C viruses are responsible for 1.9 million of new
cancer cases per year worldwide [8]. Studies of
infectious cancers have largely focused on a
single microorganism. The role of microbiota in
carcinogenesis was initially observed in animal
studies, which showed that microbiota of the
gastrointestinal tract can activate or produce
carcinogens, which act locally on the gastrointestinal tract or remotely on other organs
through circulation or secretion in the urine [9].
Some mechanisms of microbiota in carcinogenesis have been suggested [1]: 1) Innate immu-
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nity: Microbiota may promote carcinogenesis
by inducing chronic inflammation. An imbalance
between microbiota and host immunity leads
to quantitative and/or qualitative changes of
microbiota, and therefore changes the composition of the essential bacterial molecules at
the specific body site, which is called microorganism-associated molecular patterns (MAMPs). Changes in MAMPs activate pattern receptors of innate immunity, including Toll-like
receptors (TLR) [10] and/or nucleotide-bindingoligomerization-domain (NOD)-like receptors
[11]. Triggering the receptors activates the
NF-kB pathway and induces expression of cytokines and interleukins. 2) Genotoxicity: Many
bacteria produce genotoxins that may cause
genomic damage. For example, cytolethal distending toxin produced by Gram-negative bacteria causes double stranded DNA damage and
genomic instability [12, 13]. Other genotoxins
include colibactin [13, 14], cytotoxic necrotizing
factor 1, Bacteroides fragilis toxin, hydrogen
sulphide and superoxide radicals [15, 16]. 3)
Bacterial virulence: Bacteria produce virulent
factors that may have tumor promoting effects.
Cytotoxin-associated gene A (CagA) and vacuolating toxin A (VacA) produced by Helicobacter
pylori promote gastric cancer development
[17]. Virulence factor Fad A of Fusobacterium
nucleatum interacts with E-cadherin, activates
β-catenin signaling, and promotes colorectal
cancer development [18]. 4) Activation of procarcinogens: Bacteria can modulate cancer
risk by metabolizing carcinogenic chemicals.
Oral and intestinal microbiota promote carcinogenesis by regulation of obesity-induced inflammation, metabolic activation and generation of
carcinogens (e.g. nitrosamine and acetaldehyde), activation of dietary phytochemicals,
metabolism of hormones, xenobiotics, and
modification of tumor promoting bile acids [19].
Microbiome in urothelial carcinoma
Urothelial carcinoma is the major type of cancer found in the urinary tract, with its most
common site in the bladder. Urothelial carcinoma is also one of the most common cancers,
with about 75,000 new cases and 16,000 cancer deaths each year in Unites States [20]. The
most important risk factors known for urothelial carcinoma are cigarette smoking and various
occupational exposures. Schistosoma haematobium infection is associated with the development of squamous cell carcinoma of bladder
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Figure 1. Difference in the relative abundance of
Streptococcus in urine samples between healthy
subjects (open black circles) and patients with urothelial carcinoma (solid red circles). Bacterial communities were analyzed from DNA extracted from
mid-stream urine samples. Top panel shows the relative abundance of Streptococcus in each sample and
the bottom panel is a dendrogram showing sample
clusters based on the distances derived from the
relative abundance of Streptococcus.

due to chronic inflammation. Clinically, the
urine of healthy people is considered sterile,
and the presence of bacteria with inflammatory
cells is indicative of urinary tract infection (UTI).
Asymptomatic bacteriuria is commonly observed clinically. However, the relationship of urinary tract infection with urothelial carcinoma
has not been established.
Recent microbiome studies showed that microbiota may exist in the urinary tract of healthy
individuals. A microbiome study with 8 culturenegative (<100,000 CFU/ml) healthy female
urine specimens revealed a complex bacterial
community with the predominant genera
Lactobacillus, Prevotella and Gardnerella, and
showed considerable variation between individuals [21]. However, a common microbial signature was not evident in this study, probably
due to inadequate sequencing depth. Another
microbiome study on the urinary microbiota of
healthy individuals showed that samples from
females were more diversified at the genus
level than those of males [22]. This study suggests that a “core” urinary microbiome could
potentially exist when samples are grouped by
age with fluctuation in abundance between age
groups, for instance, age-specific genera Jonquetella, Parvimonas, Proteiniphilum, and Saccharofermentans. An important feature of micro-

59

biota is dysbiosis in disease conditions, which
has been observed in urinary tract pathology. A
microbiome study of urine from women with
interstitial cystitis, a chronic inflammatory condition of the bladder of unknown etiology,
revealed differences in composition and distribution of bacteria compared with healthy individuals [23]. There was a reduced microbial
richness and diversity in the urine samples
from interstitial cystitis patients, with more
than 90% sequences classified to Lactobacillus,
which is much more abundant compared to
60% in healthy female urine. A cross-sectional
study was performed to compare microbiome
between healthy people and subjects at risk for
asymptomatic bacteriuria due to spinal cord
injury-related neuropathic bladder [24]. Urine
microbiomes differ according to: whether there
is normal bladder function vs. neuropathic
bladder, gender, type of bladder catheter utilized for bladder drainage (voided normally, utilized intermittent catheterization, or utilized
indwelling Foley urethral catheterization), and
duration of neuropathic bladder. A variety of
bacterial taxa changed in abundance between
the conditions compared, of which the top ten
most abundant bacterial taxa were Lactobacillales, Enterobacteriales, Actinomycetales,
Bacillales, Clostridiales, Bacteroidales, Burkholderiales, Pseudomonadales, Bifidobacteriales
and Coriobacteriales. This study indicated that
healthy urine microbiota are characterized by a
preponderance of Lactobacillales in women
and Corynebacterium in men. It appears that
urine microbiome is altered by neuropathic
bladder and method of urinary catheterization.
Of note are the controversial findings of the
relationship between Lactobacillales/Lactobacillus and health status from the study of interstitial cystitis and the study of neuropathic
bladder in female subjects [21, 22]. Because
Lactobacillales/Lactobacillus is the most abundant bacteria taxon in the vaginal microbiome
[25, 26], avoidance of contamination of urine
samples by the vaginal microbiome represents
a great challenge to studies of urine microbiome in females.
We performed a microbiome study on urine
specimens from healthy individuals (n=6) and
urothelial carcinoma patients (n=8) using 454
sequencing technology. Overall, 329 genera
were observed, with an average of 42.6±19.4
genera per sample in normal subjects and
73.1±42.8 genera in cancer patients. Acineto-
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bacter was the most abundant genus (0.22±
0.21), while Streptococcus, Pseudomonas,
Finegoldia, Gardnerella, Anaerococcus, Escherichia, or Enterococcus was occasionally found
to be the most dominant genus in some samples. Streptococcus abundance was near zero
(0-0.017) in most normal samples except one
outlier (0.66) but significantly elevated in 5 of
the 8 cancer samples (0.12-0.31) (Figure 1).
Pseudomonas or Anaerococcus was the most
abundant genus in 2 of the 3 cancer samples
where Streptococcus abundance was low. The
results suggest that urothelial carcinoma may
be associated with altered microbiota of the
urinary tract.
The major criticism against most studies of
urine microbiome is the commonly used midstream urine collected by “clean catch” method. With this method, the urine is potentially
contaminated with microorganisms in the terminal portion of urethra near or around the urethral orifice. Further studies are necessary to
clarify this issue.
Summary and perspectives
Variations in microbiota may be a new risk factor for a variety of cancers. Studies indicate
that the urinary tract is not sterile in healthy
individuals. A complex microbiome exists in the
urinary tract, varying with gender, age and disease conditions. A preliminary study with a
small sample size showed an enrichment of
Streptococcus in urines from patients with urothelial carcinoma. Urine microbiota may play an
important role in the pathogenesis of urothelial
carcinoma. Large scale studies are required to
adequately characterize the urine microbiota
and prospective studies are needed to resolve
the temporal order between the change of the
microbiome and the development of urothelial
carcinoma, a key issue related to reverse causality. If microbiotas are demonstrated to contribute to the development of urothelial carcinoma, this new knowledge will help us to design
novel measures for prevention as well as treatment of urothelial carcinoma, via normalization
of the urine microbiome.
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