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Objective: Concerns are growing about the prevalence of liver cancer as one of the most common health-threatening can-
cers due to the numerous risk factors for this type of cancer such as hepatitis, obesity, diabetes and fatty liver. This review 
article was done to investigate the protective role of probiotics and their metabolites against liver cancer, where probiotics 
showed various useful effects for treatment of disease especially cancer.

Materials and Methods: For this study, searches were carried out using keywords including probiotic, Bacteria, Lactobacil-
lus, Bifidobacterium, Liver Cancer and Hepatocellular Carcinoma from reliable databases such as Google Scholar, PubMed, 
Science Direct, and Wiley.

Results: This review revealed that, where products of probiotic bacteria had also therapeutic effects such as OK-432, Nisin, 
Bovicin HC5 (as important products), probiotic bacteria of the genus Lactobacillus and Bifidobacterium such as Lactobacillus 
plantarum, Lactobacillus casei, Lactobacillus acidophilus, Lactobacillus rhamnosus strains were the most useful probiotic 
bacteira against liver cancer.

Conclusion: The use of probiotics due to their natural source and their secretory metabolites can be a good way to develop 
new therapies for various diseasesm with this systematic review showing that probiotics have shown therapeutic effects on 
liver cancer by having a wide range of properties such as anti-inflammatory and anti-apoptotic properties.
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INTRODUCTION

The liver, as the body’s main detoxifying organ, is constantly exposed to harmful toxins such as pathogens, 
alcohol, and fat which increases the risk of a wide range of liver diseases like hepatitis, liver fibrosis, cirrho-
sis and cancer (1). The incidence of various cancers has increased significantly in recent years. Cancer is 
the main leading cause of death (2). Hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA) are 
recognized as the most common types of cancer of liver (LC). HCC is a dangerous type of cancer, which 
originates from epithelial cells. HCC or primary liver cancer which has a diverse geographical distribution, 
is one of the most common malignant cancers of the liver originating from epithelial cells and it is also the 
third leading cause of cancer death worldwide (3). Countries or regions where the disease is high are China, 
Taiwan, Korea and other Southeast Asian countries. Numerous epidemiological studies have shown that the 
main risk factors for HCC are age, sex and cirrhosis with any etiology. Therefore, the main cause of HCC 
is excessive alcohol consumption and/or chronic infection with hepatitis B virus or hepatitis C virus (HCV) 
and exposure to aflatoxin (4). Common treatments for HCC include a combination of surgery, chemotherapy 
and radiotherapy.

Recently, admirable steps have been taken to create new and effective treatments especially with natural 
compounds for treatment of different diseases. Probiotics are one of these treatments which is used in several 
studies to treat HCC (5). Probiotics, having long been used to make a variety of foods, are microorganisms 
(bacteria and yeast) that settle in different parts of the body (mainly the intestine; as the natural flora), and 
cause health-promoting properties for the host by their biological action. The most important and common 
probiotics belong to the genus Lactobacillus and Bifidobacterium. With this particular systematic review being 
written to investigate the effect of probiotics and their metabolites in the remedies of LCm there are several 
studies on the health properties of probiotics. Anti-inflammatory, anti-cancer, anti- mutagenicity, inhibiting 
harmful bacteria, stimulating and strengthening the immune system, anti-infection and cholesterol lowering 
are some of these useful properties (6).
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MATERIALS and METHODS

This study was carried out as a systematic review. All records contain-
ing keywords such as probiotic, Bacteria, Lactobacillus, Bifidobacte-
rium, Liver Cancer and Hepatocellular Carcinoma were searched 
from reliable databases including Google Scholar, PubMed, WOS, 
Science Direct, and Wiley (Last 20 years). The abstracts of all articles 
were studied at the beginning. Chosen articles were carefully studied 
to obtain information as the next step. Taking together, one hundred 
forty-four articles were obtained from databases but finally forty-two 
related articles were selected to write a systematic review (Fig.1).

RESULTS

This review identified the effects of different probiotics and their 
metabolite against liver cancer. According to the Appendix 1, 
probiotic bacteria of the genus Lactobacillus and Bifidobacterium 
such as L. plantarum, L. casei, L. acidophilus, L. rhamnosus strains, 
in addition to Saccharomyces Cerevisiae which was also used as 
a yeast against cancer, were the most useful probiotic bacteria 
against liver cancer especially HCC. Products of probiotic bacteria 
had also therapeutic effects such as OK-432, Nisin, Bovicin HC5 
(as important products) against liver cancer. The bacteria used in 
these studies were extracted from various sources such as human 
breast milk, fermented milk, fermented soybean, fermented barley, 
and new born infant feces. However, most of these probiotics were 
obtained from ATCC. Most of these studies were in vitro, animal 
and clinical (n=10) studies, respectively. The information of the 
studies are shown in detail in Appendix 1 and Appendix 2.

DISCUSSION

Liver cancer is a cancer that affects many patients. The increasing 
prevalence of LC due to its close relationship with lifestyle and the 
prevalence of diet-related diseases such as fatty liver has caused con-
cern among researchers (3). Among the different types of liver can-
cer, HCC accounts for 75%–85% of cases and is the main type of 
liver cancer. While cirrhosis of the liver plays an important role in 
the progression of HCC so that 80%-90% of patients with HCC 
suffer from liver cirrhosis, HCC is a complex cancer in which var-
ious factors play role in its pathogenesis. Viruses of hepatitis type 
B, C, and D, NAFLD, NASH, alcohol abuse, obesity and diabetes 
mellitus, exposure to aflatoxin (mycotoxins) are among the factors 
involved in the development of HCC (4). Hepatitis B virus, which 
increases the risk of HCC through production of oncogenic proteins, 
oxidative stress, damage to endoplasmic reticulum, DNA damage, 
and increased expressions of nuclear factor-κB (NF-κB) and cycloox-
ygenase-2 (COX-2) (43, 44), is an important risk factor which is asso-
ciated with more than 50% of HCC cases. Hepatitis B could. HCV, 
as another risk factor which could increase 15 to 20 times the risk of 
HCC participates in development of HCC via induction of oxidative 
stress in hepatocytes, promotion of liver fibrosis and induction of the 
liver inflammation by affecting CD8+ T cells, Th17 and regulatory 
T cells (Treg) and elevation in the production of pro-inflammatory 
cytokines such as TNF-α, IL-1β and IL-6 (45, 46). NAFLD/NASH is 
becoming a dangerous risk factor for the development of HCC. In a 
process that could lead to oxidative stress, mitochondrial dysfunction, 
and ER stress, NAFLD/NASH play a role in induction of steato-
sis and toxicity caused by lipids (47). On the other hand, steatosis 

involved in induction of liver inflammation through upregulation of 
NF-κB and production of the pro-inflammatory cytokines including 
TNF-α, IL-1β and IL-6 (48). Moreover, in addition to NASH pro-
voking inflammatory responses via induction of damage-associated 
molecular patterns and ultimately activation of immune cells such as 
Kupffer cells (43), NAFLD/NASH induces activation of natural killer 
T cells (NKT) together with CD8+ T cells which promotes liver injury.

As mentioned above, important processes such as oxidative stress 
and inflammation and other mentioned processes play an import-
ant role in the pathogenesis of liver cancer (49). Hence, the use of 
natural compounds such as medicinal plants and probiotics with 
proven therapeutic properties that can reduce these harmful pro-
cesses can be a good way to treat various disease. Probiotics, shown 
by researchers to have effectiveness on various types of cancers, 
are beneficial microorganisms where their effects on human health 
and the prevention of various diseases have further been proven. 
Researchers have probiotics shows their anti-cancer effects through 
different mechanisms (50). Binding to carcinogens and adsorption 
of them and neutralizing the poisons is one of these mechanisms. 
This mechanism prevents damage to genes (5). El-Nezami et al. 
(51) revealed that probiotic supplementation including Lactobacil-
lus rhamnosus LC705 and Propionibacterium freudenreichii subsp. 
shermanii strains could attenuate biologically effective dose of afla-
toxin exposure as a carcinogen factor for liver. In another similar 
study, N. Nduti et al. (52) concluded that probiotic yogurt including 
Streptococcus thermophilus, Lactobacillus rhamnosus GR-1 and 
Weissella cibaria NN20 plays a role in reduction of aflatoxin me-
tabolite 1 concentration. While probiotics affect the liver by im-
proving gut microbiota as another anti-cancer mechanism (5), gut 
microbiota are closely related to the liver through the production of 
beneficial metabolites. Researchers understood that elevation in ac-
cumulation of LPS plays a role in growth of the HCC pathogenesis 
by stimulating the production of pro-inflammatory cytokines in the 
liver (53). It has been shown that probiotics can have anti-cancer 
effects by producing beneficial metabolites such as short chain fatty 
acids including acetate, propionate and butyrate (54). For chronic 

Figure 1. Flow diagram of the study
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diseases, treatments using probiotics and natural and mineral prod-
ucts can be used (55, 56). Probiotics, having different mechanisms 
that can exert anti-cancer effects (57–59), exert anti-inflammatory 
properties which play role in reduction of the production of pro-in-
flammatory cytokines such as TNF-α, IL-1β, IL-6 and IL-17 and 
decrease inflammatory cells including NK cells and Th17 cells, and 
ultimately play a role in reduction in inflammatory responses (5). 
With probiotics exhibiting anti-cancer effect via their anti-apoptosis 
properties and upregulation of Bax and downregulation of Bcl-2 
and Caspases (22), Li et al. (34) further showed that administra-
tion of Prohep, as a probiotic mixture, could reduce tumor growth 
through the inhibiting angiogenesis, downregulation of IL-17 cyto-
kine and Th17 cells, upregulation of anti-inflammatory cytokines 
and downregulation of IL-17, angiogenic factors, and receptors.

CONCLUSION

Recently, there is a growing tendency to use compounds of natural 
origin to treat diseases. Natural compounds can be a good option 
for treating various diseases due to the lack of side effects of chem-
ical drugs, their availability and inexpensiveness. Probiotics have 
always been considered by researchers as beneficial microorgan-
isms. Probiotics have shown therapeutic effects on liver cancer by 
having a wide range of properties such as anti-inflammatory and 
anti-apoptotic properties. Hence, the use of probiotics due to their 
natural source and their secretory metabolites can be a good way 
to develop new therapies for various diseases.
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