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Abstract
Microbiota might be considered as an environmental factor which we are always exposed to 
at high doses lifelong. It also includes bacteria and other organisms (fungus, protozoa, virus 
and etc.) existing and living in our gastrointestinal tract and other anatomic regions (mouth, 
skin, vagina). After it has been indicated that microbiota is related with human health and 
many diseases such as cancer, studies in this field have gained speed and in view of the fact 
that microbiota should be assessed as a new organ in our body has emerged. Microbiota 
protects tissues from antigens and pathogens by strengthening mucosal barrier. Cancer 
and inflammatory disorders increase when the barrier is destroyed.  When the barrier is 
destroyed, microbes might affect immune reactions in growing tumor microenvironments 
more by forming proinflammatory or immunosuppressant programs. Microbiota which 
accompanies intestinal and epithelial surface of human body affects starting and growing 
of the cancer and impact of cancer treatment on tumor cells by intervening systemic 
metabolism, immune system and inflammations. Many factors including environmental 
conditions such as host genetics and diet regulate microbiota diversity and ultimately 
regulate carcinogenesis and cancer treatment. In this review, we planned to emphasize 
importance of the relation between microbiota and cancer which has been an important 
subject of scientific researches in recent years.
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Introduction
Cancer is the second leading cause of death all 
around the world1. Cancer is a multifactorial 
disease. Cancer formation is the result of random 
intracellular deposits of spontaneous mutations 
during DNA replication; both of them might 
significantly affect cancer risk with exposure to 
environment and lifestyle habits2. For instance, 
exposure to transmissible agents, UV radiation 
and toxic substances, individual diet and lifestyle 
increase cancer risk. However the risk depends 
on dose, duration and combination of this type 
of damages when essentially combined with 
individual genetic background3. Genetic mutations 
and changes are essential for proliferation of 
cancer cells and their robustness in the tissue 
which they originate4. 

Approximately 16% of the cancers in the world 
are related with transmissible agents or chronic 
infections and this rate is 22.9% in less developed 
countries while it is 7.4% in more developed 
countries. Cancer incidence all around the world 
has been also increasing with prolongation of 
human life. World Health Organization shows 
that cancer incidence will increase by 70% in the 
next twenty years and this will increase global 
cancer epidemic5. Colorectal cancer is the third 
most common cause of cancer mortality among 
all cancers and studies have shown that intestinal 
microbiota plays a role in the development of 
colorectal cancer although no single causal 
microorganism is indicated6. 
Treatment of tumors has drawn attention a lot in 
recent years; however, the number of people with 



International Journal of Human and Health Sciences Vol. 04 No. 04 October’20

252

neoplastic syndrome has been still increasing. 
Thus, researchers are trying to tackle with this 
process looking for innovative treatments and 
prophylaxis. Although cancer risk indisputably 
depends on genetic factors, immunologic 
condition of the organism plays an important role 
in close relation with essentially probiotic bacteria 
in digestive tract and commensal bacteria flora7.
The relation between cancer and microbes is 
complex. Although cancer is generally considered 
to be a disease of genetic and environmental 
factors, microorganisms occur in 20% of human 
malignancies8.  
Microbes in mucosa area might be a part of 
tumor microenvironment of digestive system 
malignancies in the air and intertumoral microbes 
might affect cancer growth and spread in many 
ways. Intestinal microbiota also functions in 
detoxification of diet components, decrease of 
inflammation and protecting balance in growth 
and proliferation of host cell9. 
Possibility of micro based cancer therapeutics 
has been drawing attention for more than 100 
years from Coley toxins (one of the oldest cancer 
bacteriotherapy types) to designer microbes 
of synthetic biology and microbiota transplant 
periods nowadays. For this reason, questioning the 
roles of microbe and microbiota in cancer requires 
a holistic perspective10. 
In this review, we planned to emphasize importance 
of the relation between microbiota and cancer 
which has been an important subject of scientific 
researches in recent years.
Microbiota
This ecological community of microorganisms 
(bacteria, fungi, protozoa) which do not have 
any harmful effects on human body and are 
often beneficial is defined as “microbiota” and 
total genome of the microorganisms living in 
this environment is defined as “microbiome”. In 
fact, these expressions indicate microorganisms 
in and out of the human body that benefit the 
human body (mutualist) or live without harming it 
(commensalits). There are nearly 100 trillion cells 
in our body and 10 times more of these cells are 
useful bacteria. In recent years, lots of evidence 
has been shown to be the key determinants of 
commensal bacteria colonizing body surfaces, 

health or pathological conditions including cancer. 
Intestinal microbiota is the most studied subject 
among human symbiotic microbial populations 
and it is also very effective in host homeostasis11. 
Microbiota might be considered as an 
environmental factor which we are always 
exposed to at high doses lifelong and it also 
includes bacteria and other organisms (fungus, 
protozoa, virus and etc.) existing and living in 
our gastrointestinal tract and other anatomic 
regions (mouth, skin, vagina). Most of these 
microbes are common bacteria which is difficult 
to make acculturation. These microorganisms help 
many physiological activities such as digestion, 
metabolism, epithelial homeostasis and growth of 
lymphoid tissues related to the intestines, they can 
also metabolize bile acids and xenobiotics, they 
can synthesize vitamin B and K, their antigens 
and metabolic products can stimulate cytokine 
production against potential pathogens11. After 
it has been indicated that microbiota is related 
with human health and many diseases such as 
cancer, studies in this field have gained speed 
and the view of the fact that microbiota should 
be assessed as a new organ in our body has 
emerged12. Diversity of the microbiota differs 
depending on many etiologic factors defined 
as age, geographical differences, diet habits, 
antibiotics, pH, micronutrients, secretions (acid, 
bile, mucus and enzymes) and these changes are 
related with many chronic diseases including 
diabetes mellitus, cardiovascular diseases and 
cancer. Approximately 1-2 kg of a 60-70 kg person 
consists of bacteria. Approximately 90% of these 
microorganisms and 80% of immune system cells 
are located in our intestine13.  
Human intestinal microbiota has the highest 
number of bacteria compared to other parts 
of the body. There are up to 1014 bacteria in 
gastrointestinal tract and a few archae, eukaryote 
and virus14. Combination of intestinal microbiome 
changes with age of the host and it is placenta 
starting colonization of fetus in uterus, amniotic 
fluid, umbilical cord blood and meconium origin. 
Placental microbiota might affect formation, 
growth and also survival of fetus and various 
postnatal pathologies. Premature birth might lead 
to long term results for the growth of immune-
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mediated diseases (bronchial asthma, atopic 
dermatitis)15,16. There is a vertical microbiome 
transmission at birth, newborns are exposed to 
vaginal microbes among the most common ones we 
have mentioned: Lactobacillus and Prevotellaspp; 
after that, breast milk or formula milk affects 
colonization process in the newborn17. For this 
reason, delivery method affects the microbiota 
which the baby will have. Bifidobacterium and 
Bacteroides types are less common in the ones 
with caesarean section. Microbiome combination 
is very dynamic in the first three years of life and 
human microbiome which differs in every person 
relatively reaches stability at 2-3 ages and changes 
of the microbiota at genus and species level 
continue dynamically over the years18. 
Cancer and Microbiota
Microbiota protects tissues from antigens and 
pathogens by strengthening mucosal barrier. 
Mucosal surface barriers allow host-microbial 
symbiosis, they are always susceptible to 
environmental damage and they need to repair 
mucosal barrier quickly in order to provide 
homeostasis again. Danger resistance of the host 
or microbiota might turn tissues into malignancy. 
Cancer and inflammatory disorders increase 
when the barrier is destroyed. When the barrier is 
destroyed, microbes might affect immune reactions 
in growing tumor microenvironments more by 
forming proinflammatory or immunosuppressant 
programs. Although microbiota provides such 
a significant support for host immune system, 
growing of obesity, diabetes mellitus, inflammatory 
diseases, allergy and cancer accelerates in case of 
dysbiosis as a result of abnormal changes in the 
ecosystem. The number of these diseases increased 
in 201319,20 (Table 1). 
Table-1. Diseases associated with dysbiosis (First 
findings in 2011)

Atopy and asthma

Celiac disease

Colon cancer

Type 1 DM

Type 2 DM

HIV infection

Inflammatory Bowel disease

Irritable Bowel syndrome

Gastroenteritis

Necrotizing Enterocolitis

Obesity

Rheumatoid arthritis

Pathogenic microorganisms are defined as 
determinant in nearly 15% of all cancers. The 
infection which the only bacteria Helicobacter 
pylori among many microorganisms including 
oncogenic viruses causes the risk of stomach 
cancer21. Besides, recent studies have shown that 
pathogens also affect various diseases as well as 
commensal microbiota. When the environment of 
human intestinal microbiota is destroyed, some 
common microbiota types such as clostridium 
difficile and vancomycin resistant Enterococci 
(VRE) become pathogenic. Microbiota which 
accompanies intestinal and epithelial surface 
of human body affects starting and growing of 
the cancer and impact of cancer treatment on 
tumor cells by intervening systemic metabolism, 
immune system and inflammations. Many factors 
including environmental conditions such as host 
genetics and diet regulate microbiota diversity 
and ultimately regulate carcinogenesis and cancer 
treatment22. 
Carcinogenesis defines all stages of a healthy body 
cell turning into a cancer cell after genetic and 
epigenetic changes. Initiation of genetic damage 
is an active process still not fully illuminated, in 
which tumor suppressor genes and proto-oncogens 
play active role, whose aetiopathogenesis where 
organism eventually encounters with cancer cells 
after transition to irreversible stage following a 
series of genetic and molecular changes has many 
factors. The role of microbiota in carcinogenesis is 
divided into 3 broad categories: (i) Translocation: 
Disruption of the relation between microbiome 
and the host leads to bacterial translocation and 
inflammation, (ii) Genotoxic effect: Bacterial 
genotoxins such as colibactin cause damage to 
DNA of the organs such as  digestive system 
having direct contact with microbiome after 
entering the host’s cells and (iii) Metabolic 
effect: While acetaldehyde, nitrosamine and 
other carcinogens are active, hormones such as 
oestrogen and testosterone and metabolism of 
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Figure 1: Microbiota and carcinogenesis

bile acids, energizing metabolism are destroyed10 
(Figure 1). 
Among all pathologies associated with intestinal 
microbiome, tumorigenesis is one of the most 
studied. This relation exists both in local 
gastro-intestinal cancer and other distal tumors. 
Metabolomic and metagenomic studies emphasize 
dual role of gastro-intestinal microbiome 
in preventing cancer and tumorgenesis and 
cancer preventive treatment. In fact, intestinal 
microbiome might be tumor suppressor or 
oncogenic23. Although this link has been studied 
for long time, it is only partially illuminated. 
Existing information emphasizes complexity and 
bidirectionality of the link between microbiome 
and cancer. Cancer growth might change 
microbioma and in parallel with this, microbiome 
changes might affect progression of the cancer24. 
Direct contact of microbiota with hemopoietic cells 
after destruction of dysbiosis and intestinal barrier 
starts inflammatory process in carcinogenesis. 
Short chain fatty acids produced by fermentation 
by microbiota regulate mucosal immunity and 
mucosal functions through G- protein. It has been 
shown that IL- 18 mediates mucosal protective 
mechanisms and it has been found in a study that 
colon cancer develops with chemical stimulation 
as a result of disruption of microbiota in mice 
without IL-18 production25. In another study, 
bacterial endotoxines also trigger carcinogenesis in 
animal models whose IL-18 and IL-22 expression 
is inhibited. The role of many microbial factors 
especially enterococcus faecalis, enterotoxigenic 

bakterio desfrajilis, entero pathogenic E.coli, 
fusobakteriumspp and streptococcus gallolitukus 
in carcinogenesis has been defined. Odaribacter 
and akkermanya colonization increased in 
microbiota in animal models with colon tumor 
and it has been associated with colorectal cancer 
growth26. Besides, it has been also proved that 
intestinal microbio plays an important role in 
cancer progress by affecting genomic stability of 
the host cells by using different signals/pathways 
and modulating inflammation27.
Probiotic bacteria might both increase and reduce 
the production of anti-inflammatory cytokines 
playing an important role in prevention of 
carcinogenesis. Besides, they might activate 
fagocytes in order to eliminate early stage cancer 
cells. There are many cohort studies indicating 
the relation between intake of dairy products and 
colon and colorectal cancer7.
Dysbiosis in intestinal microbiota plays a key role 
in starting of many cancer types except colorectal 
cancer. Experimental results obtained from the 
studies on intestinal microbiota changes show 
that it plays role in growth of other organ cancers 
(stomach, breast and lung)28.
It is useful to address important points between 
microbiome and cancer: 
1.	 Even if it cannot be completely explained, it 

is possible that microbiota might lead to some 
cancers. It has been shown in experimental 
studies that Lactobacillus acidophilus 
prevents colorectal cancer, inhibits colitis 
and polyposis, increases tumor suppressor 
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gene in cell lines by reducing inflammation. 
It is known that Bifidobacteriumbre and 
Lactobacillus rhamnosus suppress pro-
inflammatory cytokines and reduce DNA 
methylation of the host. Studies on probiotics 
seem promising.

2.	 It is known that microbiota affects response 
to chemotherapy and modulate possible side 
effects in individuals with cancer. Microbiota 
has both local and systemic effect on 
effectiveness and toxicity of cancer treatment. 
However, studies up to now have been done 
on rats and ideal microbiota combination has 
not been provided yet. There is not enough 
data about benefit of fecal transplantation 
for this purpose. Similarly, effectiveness 
of microbiota manipulation in terms of 
preventing recurrences or metastasis has not 

been illuminated yet22,29. 
Conclusion
Consequently, in recent studies, it has been 
shown that microbiota has an effect especially on 
preventing digestive system cancers. Intestinal 
microbiota is now considered as a separate organ 
and even it is also called second brain of the body. 
In line with all this information, it seems that 
microbiota is and will be an important objective 
to prevent cancer and provide effectiveness 
of cancer treatment. Besides, which probiotic 
bacteria, in which doses and ways should be given 
in individual treatments is one of the most up to 
date and hot topics. Further studies are required in 
order to use microbiota to treat and prevent cancer. 
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