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SUMMARY - According to scientific research, the microbiome and the likelihood of devel-
oping cancer are causally related. Current evidence indicates the probable absence of bacteria in a
disease-free prostate. There is still a lack of conclusive evidence linking the diversity of gut microbiota
and prostate cancer. The development and spread of prostate cancer seem to be significantly influenced
by inflammation. With next generation sequencing methods, different bacterial species were found
in the gut microbiome of patients with prostate cancer. The microbiome can affect the effectiveness
of various chemotherapeutic drugs by altering the immune system and metabolic processes. Patients
with and without radiation enteropathy have different microbiomes. The possibility of risk assessment,
prevention, or treatment of radiation-induced enteropathy can be revealed by microbiome testing
before and during pelvic radiation. It is essential to understand the complex relationship between the
microbiome and prostate cancer. The manipulation of gut microbiome may enhance the effectiveness
of cancer treatments. The opportunity to use the microbiome as a target for the prevention of this
cancerous condition as well as an additional intriguing option in the management of prostate cancer
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and a more comprehensive therapeutic approach should not be missed.
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Introduction

According to Whipps et al., the term microbiome
refers to a distinctive microbial community that in-
habits a plausible, well-defined environment that has
distinct physio-chemical features but also contains its
“theatre of activity”. The latter includes the full range
of molecules made by the microorganisms, including
their structural components (nucleic acids, proteins,
lipids, polysaccharides), metabolites (signaling mol-
ecules, toxins, organic and inorganic molecules), and
molecules produced by coexisting hosts and struc-
tured by the surrounding environmental conditions'.
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The term microbiome should be distinguished from
the term metagenome, the latter being a grouping of
genes and genomes from the microbiota. The microbi-
ota consists of the living organisms (microorganisms
themselves) of an ecosystem or a particular area’.

'The gastrointestinal system contains 99% of the hu-
man microbiome, which has both local and long-dis-
tance effects. The host is protected from pathogenic
bacteria by the microbiome, which also controls met-
abolic processes. The microbiome is crucial for the
growth of innate and adaptive immune systems as well
as the preservation of homeostasis®. The impact of the
human gut microbiota on health and disease has been
studied throughout the past ten years. The invention of
next-generation sequencing, which can recognize taxa
at the species level as well as bacterial metabolic path-
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ways, made this possible. Intestines contain 10"-10"
bacteria, and each person’s gut microbiome is distinct,
depending on a variety of factors such as food, exercise,
genetics, gender, race, and geography. The “gut-liver
axis” or the “gut-brain axis” relates to the connection
between the gut microbiome and distant organs (liv-
er, brain) via immunological and metabolic systems.
Numerous disorders, including rheumatoid arthritis,
Alzheimer’s disease, and ulcerative colitis, have been
linked to the gut microbiota®.

Previous research has indicated that microbial in-
fections are responsible for 15% to 20% of all cancer
cases’. Scientific research has demonstrated a causal
relationship between the microbiome and the likeli-
hood of developing cancer. This relationship is bidi-
rectional, as both the microbiome and cancer have
the potential to alter it. Genomic integration, ongo-
ing inflammation, genotoxicity, and immunological
regulation are crucial mechanisms by which the mi-
crobiome influences the evolution of cancer®. Recent
research has shown that chemicals produced by the gut
microbiota influence the development and spread of
prostate cancer, providing evidence of a “gut-prostate
axis™. Bacteria have long been thought to be a source
of chronic, low-grade inflammation which may induce
prostate cancer. It was in 1863 that Rudolf Virchow
noted leucocytes in neoplastic tissues and made a con-
nection between inflammation and cancer’.

Urogenital and gut microbiomes as contributing
factors in prostate cancer pathogenesis

'The inability to obtain tissue samples free of disease
made it challenging to determine whether microbiota
are present in the prostatic tissue of healthy men. It
seems that healthy prostatic tissue does not contain any
bacteria, as was demonstrated by a study conducted on
tissue samples in 18 organ donors. Specifically, samples
used in this study underwent 16S rDNA PCR test-
ing for bacteria but came back negative®. Components
with antimicrobial activity present in the prostatic flu-
id including zinc, defensins, immunoglobulins, com-
plement proteins, and lactoferrin, could be responsible
for the absence of bacteria in these tissue samples. In
comparison, when tissue samples from patients with
benign prostate hyperplasia (BPH) and prostate can-
cer were tested, PCR detected bacterial rDNA’.

According to studies, the microbiome can have a
direct and indirect impact on the occurrence and prog-
ress of prostate cancer. Directly, the microbiome local-
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ized to the urogenital system influences prostate tissue
and cancer pathogenesis. This mechanism is related to
long-term inflammatory urinary tract diseases such as
chronic prostatitis and BPH. The oral and gut micro-
biomes, as well as any changes to them, may indirectly
affect how prostate cancer develops and spreads'™!’.
Metabolic activities carried out by the gut microbio-
ta may be the cause of systemic inflammation lead-
ing to tumor development®. Therefore, inflammation
appears to play an important role in the development
and progression of prostate cancer. The prostate tissue
frequently has a lesion called proliferative inflamma-
tory atrophy. It is believed that the presence of inflam-
mation in the tissue causes the formation of tumors
through high levels of reactive oxygen species and ge-
netic changes and instability>".

Several studies examining prostatic cancer tissue
and adjacent benign tissue found a connection btween
prostate cancer and different bacterial genera includ-
ing gram-positive (Propionibacterium species, Staphylo-
coccus species) and gram-negative bacteria (phyla Pro-
teobacteria, Firmicutes, Actinobacteria, Bacteroidetes;
genera Pseudomonas, Escherichia, Acinetobacter)'*'>1617,
Different cellular genes connected to oncogenesis and
their expression could be affected, as described by Ba-
nerjee et al., when cagd sequences specific for Helico-
bacter integrate into specific chromosomes of prostate
tumor cells’. It has been suggested that Propionibacte-
rium acnes, which is now known as Cutibacterium acnes,
contributes to the growth of prostate cancer'®”. When
analyzing surgical and biopsy samples, Miyake et al.
found an independent link between prostate cancer
and its advanced stages and Mycoplasma genitalium®.
In a recent study, Salachan et al. discovered a signifi-
cant excess of Shewanella in tissue samples from ma-
lignant prostates and hypothesized that this pathogen
is responsible for downregulating toll-like receptors
(TLRs) and reduced response of the host’s immuno-
logical system caused by this pathogen®.

When analyzing urine samples, Shrestha et al.
tound that Streptococcus, Anaerococcus, Actinobaculum,
Varibaculum, and Propionibacterium were more com-
mon in urine samples from patients with prostate can-
cer’?. However, possible urine sample contamination
should be considered when interpreting the results.
Before molecular sequencing methods were discovered
and started to be used for microbiome research, there
was a long-standing belief that urine from a healthy
human urinary tract is sterile. This viewpoint was cer-
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tainly impacted by the limitations of bacterial culture
as a method that was used as a standard in clinical
practice’.

Several studies have explained the link between
specific species of gut microbiomes and prostate can-
cer risk. Patients with and without cancer showed a
significant difference when components of their gut
microbiome were analyzed and compared in rectal
swab samples, as described by Liss et al. Bacteroides
and Streptococcus spp. were found in large numbers in
patients with prostate cancer, but in comparison with
controls, microbial diversity was not significantly dif-
ferent®®. Golombos et al. demonstrated a difference in
the gut microbiomes when patients with prostate can-
cer and BPH were compared: a relatively high number
of Bacteroides massiliensis was found in patients with
prostate cancer, whereas Faecalibacterium prausnitzii
and Eubacterium rectale were found in patients with
BPH?*. Patients with prostate cancer have a greater
abundance of Bacteroides spp. but lower alpha diversi-
ty in comparison with non-cancer patients®?. Alpha
diversity is the term used when evaluating sequenc-
ing data from a specific sample of the gut microbi-
ome and can be described as within-sample diversity.
In contrast, beta diversity measures the similarity or
difference between populations (between samples)?.
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Another study conducted in the United States did not
show a difference in alpha diversity between patients®.
Viral causes have also been suggested for pros-
tate cancer. Infections with polyomaviruses, human
papilloma virus (HPV), and human cytomegalovi-
rus (HCMYV) are associated with infection of human
prostate tissue and with a higher incidence of prostate
cancer’®®”. In a study by Banerjee et al. viruses were
detected in formalin-fixed tissues of patients with
prostate cancer. Of the viruses detected, 41% were
known tumorigenic viruses, including high-risk HPV
type 16 and 18 (present in >80% of samples) as well as
HCMV. The associations between HPV 18, Kaposi’s
sarcoma-associated herpesvirus, and Polyomaviridae
with lower Gleason score have been demonstrated’s.
The carcinogenic potential of microbial products
has been investigated'®. Metabolites of microbiota are
also significant. Matsushita et al. demonstrated that the
insulin growth factor-1 signaling pathway is used by
intestinal bacteria and their metabolites, short-chain
fatty acids (SCFAs), to promote the growth of pros-
tate cancer in a mouse model. Additionally, the relative
abundances of the SCFA-producing bacterial genera
Rikenellaceae, Alistipes, and Lachnospira were markedly
higher in the high-risk group. They suggested that the
out microbiota profile might be a new. helpful indica-
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Figure 1. The complex interaction between gut microbiota and development, progression, and treatment of prostate cancer

SCFAs=short chained fatty acids; UTI=urinary tract infection
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tor for finding high-risk prostate cancer and may have
an impact in the carcinogenesis of this malignant con-
dition*®. Manipulation of SCFA levels in the intestinal
tract by altering the microbiota may be considered a
possible strategy for the treatment and prevention of
cancer’. The complex interaction between gut micro-
biota and development, progression, and treatment of
prostate cancer is shown in Figure 1.

Microbiome and prostate cancer treatment and
prevention

Management of prostate cancer is based on phar-
macotherapy, particularly androgen deprivation ther-
apy (ADT), surgery, chemotherapy, and radiotherapy.
However, new options are needed, particularly in pa-
tients with higher stages of prostate cancer resistant to
primary chemotherapeutic regimens.

A growing body of research has shown that the
microbiome can impact the effectiveness of various
medications, including chemotherapeutic agents. Cy-
clophosphamide is one of a number of clinically sig-
nificant cancer medications whose capacity to elicit
anti-tumor immune responses contributes to their
therapeutic efficacy. According to a study by Viaud
et al., cyclophosphamide shortens gut villi in mouse
models, which then permits the translocation of spe-
cific gram-positive bacterial species (Lactobacillus
Johnsonii, L. murinus, and Enterococcus hirae) into sec-
ondary lymphoid organs (lymph nodes, tonsils, and
the spleen) where they can stimulate the production
of type T17 helper®’. Through the control of immune
cytokines and the release of innate myeloid cells, Lida
et al. demonstrated that immunomodulation of che-
motherapy drugs is helped by the intestinal microbi-
ome and is mediated via immune cytokines balancing
and innate myeloid cell release. Consequently, healthy
commensal microbiota, which mediates its effects by
modifying the functions of tumor-infiltrating my-
eloid-derived cells in the tumor microenvironment,
is necessary for optimal responses to cancer therapy™.
Additionally, bacteria in the gut control metabolic
processes (reduction, hydrolysis, dihydroxylation, and
dealkylation) that influence the effectiveness of various
chemotherapeutic drugs. It has been shown that AMy-
coplasma hyorhinis can metabolize the prostate cancer
drug gemcitabine into an inactive metabolite, reducing
the drug’s effectiveness™.

However, there is a two-way relationship between
the microbiome and chemotherapy. Chemotherapy
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has an effect on the makeup of the microbiome as well,
as was shown in a study by Sfanos et al. The authors
demonstrated variable gut microbiota compositions
of men with prostate cancer receiving oral androgen
deprivation therapy (ADT), such as bicalutamide, en-
zalutamide, and abiraterone acetate. One of the differ-
ences was a higher abundance of species such as A%-
kermansia muciniphila and Ruminicoccaceae spp.”®. Ac-
cording to a study by Samykutty et al., oral abiraterone
acetate administration causes a higher population of 4.
muciniphila to predominate in the fecal microbiome.
In addition, they found that the biosynthesis pathway
for vitamin K2, a potential anti-cancer agent, is consis-
tently activated in gastrointestinal samples exposed to
abiraterone acetate, which may contribute to the drug’s
effectiveness®. The findings of these studies demon-
strate that the microbiome can alter the immune sys-
tem and metabolic processes, which can affect the ef-
ficacy of various chemotherapeutic drugs. This makes
the microbiome a target that may be modified to
improve treatment response. In the future, clinicians
may be able to identify which patients are more likely
to respond favorably or adversely to particular cancer
therapeutics by sampling and categorizing the fecal
microbiome profiles of their patients’. Therefore, the
manipulation of the gut microbiome may enhance the
effectiveness of cancer treatments.

When radiation therapy is used, side effects such as
gastrointestinal toxicity are the main cause for concern.
According to a study by Reis Ferreira et al, patients
with and without radiation enteropathy have different
microbiomes. Additionally, in patients with progressive
radiation enteropathy, microbiota diversity dynamical-
ly decreased over time. Late radiation enteropathy and
low diversity are clearly related, and Clostridium, Rose-
buria, and Phascolarctobacterium abundances are higher
in radiation enteropathy. The possibility of risk assess-
ment, prevention, or treatment of radiation-induced
enteropathy could be revealed by microbiome testing
before and during pelvic radiation®.

Research on bacterial immunotherapy is ongoing.
Specific microorganisms can interact with vital pro-
cesses such as proliferation and/or apoptosis and de-
liver exogenous genes to prostate cancer cells or their
metabolites. Nonpathogenic bacteria or viruses cur-
rently have the potential to be used as targeted thera-
pies. For instance, Escherichia coli can produce TNF-a,
which can cause tumor cell apoptosis in mouse tumors.
However, because of the severe systemic side effects,
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this type of treatment is not in practical use yet. After
potential biosafety issues and side effects are resolved,
microbial immunotherapy may be able to overcome
the limitations of conventional therapy™®.

The possible clinical application of testing pros-
tate microorganisms would be an indication or rec-
ommendation for re-biopsy or close follow-up after
negative results of the initial prostate biopsy*’. An-
other practical and potential intervention would be
targeting infectious agents with antibiotics to lower
the risk of prostate cancer, given that the information
obtained from non-invasive sampling (urine samples)
accurately reflects the microbial environment in the
prostate®.

Numerous studies have examined the role of diet
and associated obesity in raising the risk of prostate
cancer. With gut dysbiosis and the release of gut mi-
crobial metabolites such as SCFAs and phospholipids
that affect internal organs, a high-fat diet can change
the composition of the gut’s microbial population. The
gut microbiome can be improved through dietary in-
terventions, which can stop or delay the onset of pros-
tate cancer. Promoting the consumption of prebiotics
and/or probiotics, for instance, may encourage healthy
gut flora that may lower the risk of developing prostate
cancer®,

Conclusion

According to recent research that suggests atrophy
and inflammation have a role in prostate carcinogene-
sis, the microbiome may contribute to the development
of an inflammatory environment in prostate tissue that
may support the growth and progression of prostate
cancer. There is still a lack of conclusive evidence link-
ing the diversity of gut microbiota and prostate cancer.
Understanding the intricate relationship between the
microbiome and prostate cancer is crucial. It is import-
ant to elucidate the complex interaction between the
microbiome and prostate cancer. We should not pass
up the chance to use the microbiome as a target for
the prevention of this cancerous condition as well as
an additional intriguing option in the management of
prostate cancer and a more comprehensive therapeutic

approach.
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Sazetak
MIKROBIOM I KARCINOM PROSTATE
I. Marekovi¢

SAZETAK: Znanstvena istraZivanja pokazala su uzroénu povezanost izmedu mikrobioma i nastanka razlicitih vrsta
karcinoma. Trenutni rezultati ukazuju na vjerojatnu odsutnost bakterija u zdravom tkivu prostate. Jo§ uvijek nema pouzdanih
dokaza koji bi povezali sastav, karakteristike i raznovrsnost crijevnog mikrobioma nastankom karcinoma prostate. Cini se
da upala ima klju¢nu ulogu u razvoju i progresiji ove maligne bolesti. Primjenom sekvenciranja sljedece generacije razlicite
bakterijske vrste detektirane su u crijevnom mikrobiomu pacijenata s karcinomom prostate. Mikrobiom moze utjecati na
ucinkovitost razli¢itih kemoterapeutika moduliranjem imunoloskog sustava i metabolickih procesa. U procjeni rizika za raz-
voj enteropatije povezane sa zralenjem, te za procjenu mogucnosti prevencije i lijecenja, u buduénosti bi se moglo koristiti
testiranje mikrobioma prije i za vrijeme terapije zraenjem. Buduéim istraZivanjima vazno je u potpunosti razjasniti slozenu
interakciju mikrobioma i karcinoma prostate. Djelovanje na crijevni mikrobiom moglo bi se koristiti u svrhu pospjesenja
udinkovitosti lije¢enja karcinoma i njegove prevencije.

Kljuéne rijedi: karcinom prostate, mikrobiom, lijecenge, prevencija, upala
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