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Abstract: The intratumoral microbiota, an integral part of liver tumors, has garnered significant attention from researchers due to its 
role in tumor development regulation and impact on cancer treatment. Intratumoral microorganism not only influences tumorigenesis 
and progression, but also serves as potential biomarkers and targets for tumor therapy. Targeted manipulation of these microorganisms 
holds great promise for personalized liver cancer treatment. However, there is a lack of systematic summaries and reports on the study 
of intratumoral microorganism in hepatocellular carcinoma. This comprehensive review aims to address this gap by summarizing 
research progress related to in the field of hepatocellular carcinoma intratumoral bacteria, including their sources, types, distribution 
characteristics within tumors, impact on tumor development, underlying mechanisms, and application prospects. Through the analysis, 
it is proposed that intratumor organisms can be used as markers for liver cancer diagnosis and treatment, drug carrier materials for 
targeting liver cancer tissues, and the research prospects of developing new combination therapies based on the in-depth understanding 
of the interactions between intratumor microorganisms and the tumor microenvironment, immune cells, liver cancer cells, etc. as well 
as exploring the prospects of developing new combination therapies based on these interactions. It is hoped that from the perspective 
of intratumoral microbiota, potential theoretical support can be provided for future research on targeted cancer therapy for liver cancer 
intratumoral microbiota, and new insights and ideas can be provided for targeting points and research methods in tumor research. 
Keywords: liver cancer, intratumoral microorganisms, species and distribution, role and mechanism, development prospect

Introduction
Microorganisms are closely associated with the human body, and it has been reported that there are approximately 3 
trillion bacteria in the human body, which are involved in the regulation of pathological and physiological processes of 
the human body.1 Human microorganisms mainly include eukaryotes, prokaryotes and viruses, and the number of genes 
in these microorganisms is more than 150 times that of the human genome.2 Microorganisms mainly inhabit the mucosal 
tissues of the human body (including the gastrointestinal tract, oral cavity, skin, etc), which are closely related to human 
health and disease.3 Research has confirmed that gut microbiota is involved in the occurrence and progression of various 
diseases such as diabetes, Alzheimer’s disease, and tumors, and is related to clinical efficacy.4 Recent studies have 
confirmed the presence of microorganisms in tumor tissues as well, and their possible involvement in cancer 
development.5 In 2020, Nejman et al compared the relationship between seven types of cancer (breast cancer, lung 
cancer, ovarian cancer, pancreatic cancer, melanoma, bone cancer and brain) and intra-tumor bacteria using more than 
1500 tumor samples and adjacent normal samples. The results showed that most tumors and their adjacent normal tissues 
contained different types of bacteria, which were mainly present in cancer cells and immune cells.6 This finding has 
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brought intratumor microbes to the forefront of cancer research, as there is growing evidence that organs and tissues 
previously thought to be sterile actually harbor diverse microbial populations,7,8 including liver tissue.

Intratumor microbiota play a key role in shaping the local immune response to the tumor microenvironment, thereby 
influencing tumor progression, and they may modulate the therapeutic efficacy of tumors by either enhancing or 
suppressing anti-tumor immune responses.9,10 The presence of bacteria in human tumors was first identified in the 
19th century,11 but research on the relationship between tumor microbiota and cancer pathogenesis has been hindered by 
low microbial content within tumors and technical challenges in detection, leading to limited progress in this field.12 

Currently, advances in detection technologies provide unprecedented opportunities to study the diversity and functional 
characterization of the intratumor microbiota. Importantly, recent studies have revealed the interaction of various tumor- 
associated microbes in cancer progression and the immune system,13,14 but whether the similar effects exists in 
Hepatocellular Carcinoma (HCC) tumor tissues remains unclear. What can be confirmed is that the presence of 
microorganisms within the tumor can impact the response to cancer treatment and may also serve as new biomarkers 
and targets for tumor therapy. Currently, there is a lack of systematic summaries and reports on the study of intratumoral 
microorganisms in hepatocellular carcinoma. In summary, the present study is intended to discuss the sources of 
intratumoral microorganisms in hepatocellular carcinoma, the microbial species and distribution characteristics, the 
regulatory role and mechanism of action on tumor development, the detection means of intratumoral microorganisms, 
and the focuses of the future research in anticipation of providing theoretical support for the future tumor therapeutic 
research targeting intratumoral microorganisms in hepatocellular carcinoma from the perspective of intratumoral micro-
organisms, and providing new insights and thoughts on the targets of tumor research as well as the methods of research.

Sources of Intratumoral Microorganisms in Hepatocellular Carcinoma
Source from the Oral Cavity
Researchers performed Fluorescence in situ hybridization (FISH) assay to verify the distribution of Streptococcus 
parasanguinis, Streptococcus mitis, Streptococcus salivarius, Delftia acidovorans, Parabacteroides distasonis, and 
Stenotrophomonas maltophilia. The results showed that the changes in the intratumoral microbiota were consistent 
with the changes in the intestinal and oral microbiota. Ultimately, they suggested that the different microorganisms in the 
liver could also originate from the oral cavity.15 However, the entry of oral microbiota into the liver remains an unsolved 
mystery. According to available reports, oral microorganisms may form the so-called oral-gut axis by transferring to the 
gut, which in turn enters the liver and colonizes the liver through the hepatic and intestinal blood circulation,16 which 
shows that microorganisms of oral origin are still in their essence hepatic via the intestines and then reach the liver, and 
belong to an indirect source of hepatic microorganisms, as shown in pathway 1 of Figure 1.

Source from Intestinal Tract and Blood Circulation
The liver-gut axis is currently considered to be the main source of intratumoral microorganisms in hepatocellular 
carcinoma. The anatomical relationship between the liver and the gut provides the basis for translocation of gut microbes 
to the liver. The gut and liver are closely related from embryonic origins and anatomy. Precursors of gut-associated 
lymphoid tissue originate in the developing liver, and there is mutual influence between the liver and intestines. The 
concept of gut-liver axis encompasses their major functions. Approximately 70% of the liver’s blood is supplied by the 
portal vein, which contains large amounts of metabolites from the digestive tract and intestinal microorganisms. When 
the intestinal barrier function is impaired, intestinal bacteria and their products enter and colonize the liver through the 
portal vein,17 thus modulating liver-related diseases,18,19 as shown in pathway 2 of Figure 1. In addition, another 
researcher examined whether bacteria can sustainably colonize the liver by intravenously injecting representative 
manY/lacE/ypdA and immR mutant strains in SPF mice and tracking their survival in the liver. The results showed 
that E. gallinarum was not detected in most animals’ livers two weeks later, indicating that hepatic E. gallinarum strains 
are not able to colonize the liver for a long period of time. Therefore, it is likely that hepatic microorganisms are 
constantly redistributed in the liver through intestinal translocation.20
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Another study confirmed that blood is an important carrier of microorganisms, which was confirmed by Quantitative 
Polymerase Chain Reaction (qPCR) array analysis of plasma from cirrhotic patients.21 Huang et al performed FISH 
analysis using bacterial 16S library preparation and sequencing (16S rRNA) probes and found that liver erythrocytes 
were strongly stained.22 Further evidence was provided by Damgaard et al23 who found viable bacteria on plates 
inoculated with erythrocytes isolated from healthy individuals. Bacterial growth was observed in 21 out of 60 Red 
Blood Cells (RBCs) cultured and colonies were characterized by PCR and 16S rRNA gene sequencing. It was found that 
Streptococcus or Staphylococcus can inhabit the blood cells of healthy individuals.24 Researchers found that the relative 

Figure 1 Intratumoral microbial sources of hepatocellular carcinoma.
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abundance of bacteria in the genus differed significantly, with a marked increase in the bacterial abundance of 
Ruminococcaceae and Bacteroidaceae in the blood and liver tissue of patients with HCC and cirrhosis. The use of 
16S rRNA and transcriptome sequencing confirmed a direct link between the abundance of gut bacteria genera in liver 
tissue and host response.25 These observations suggest that erythrocytes may be an important carrier for live bacteria to 
enter the liver.

Source from the Biliary Tract
Another reported route of bacterial entry into the liver may be the migration of microbiota in the biliary tract to the 
liver,26,27 as shown in pathway 3 of Figure 1, but this route is partially controversial and not reliably evidenced as 
researchers did not observe microbial fluorescence signals from the biliary tract in the FISH assay. Therefore, they 
concluded that circulating cells (eg, erythrocytes) may be the main carriers of bacterial material into the liver.

In summary, microorganisms in liver cancer tissues may originate from the gut, oral and biliary tracts, but the results 
may be more convincing when compared with the latter two, where the microorganisms originating from the intestinal 
tract of liver cancer tissues have been reported more frequently. Additionally, microorganisms in intratumoral tissues may 
also originate from pathways such as breakage of mucosal tissues such as skin, invasion and metastasis in adjacent 
tissues, as reported in studies of other tumors,28–30 and it was found that hepatocellular carcinoma and its paracancerous 
tissues have similar microbial species, but other sources of microorganisms in hepatocellular carcinoma tissues have not 
yet been confirmed.

Characteristics of Intratumoral Microorganisms and Distribution in 
Hepatocellular Carcinoma
It is well known that intestinal microorganisms can catalyze a variety of biochemical reactions and produce a variety of 
active factors, such as Bile Acids (BAs), Short-chain Fatty Acids, Choline, and Lipopolysaccharides (LPSs) that will be 
absorbed and circulated into the liver, and these metabolites play an important role in the process of hepatocellular 
carcinoma.31,32 Secondary Bile Acids, Lipoteichoic Acid, and Deoxycholic Acid promote cancer development by down- 
regulating the anti-tumor activity of the immune system in the liver, and also contribute to the progression of HCC by 
activating Toll-like receptors.33 In contrast to the gut microbiota, the intratumoral microbiota of hepatocellular carcinoma 
remains elusive. Although a recent study demonstrated that liver tissues from patients with Nonalcoholic Fatty Liver 
Disease (NAFLD) are characterized by a wide range of bacterial DNA classifications,34 the presence of viable bacteria in 
the liver and the type of cellular distribution of intratumoral bacteria remain unknown. In addition, the dysbiosis of the 
HCC microbiota, colony-specific markers, and the association with the clinicopathologic features of HCC remain to be 
further addressed. Based on this, the existing studies related to intratumoral microbiota in hepatocellular carcinoma will 
be summarized and analyzed through the species and distribution characteristics of intratumoral microorganisms and the 
mechanism of action of intratumoral microorganisms in this paper, the results are shown in Table 1.

Species and Distribution Characteristics of Intratumoral Microorganisms
Studies on intratumoral bacteria in hepatocellular carcinoma are still relatively few compared to other tumors. Huang 
Jianhang et al20 found that the most predominant phyla in tumor paracancerous tissues and HCC tissues were 
Patescibacteria, Proteobacteria, Bacillus-like Bacteroidota, Firmicutes, and Actinobacteriota. In their analysis, they 
concluded that Streptococcaceae and Lactococcus are the hallmark flora of cirrhotic HCC. It was found that the 
abundance of microorganisms such as Enterobacteriaceae, Clostridium, and Neisseria in HCC tissues was significantly 
increased, while the abundance of these antitumor bacteria such as Pseudomonas was significantly decreased,35 and 
processes such as fatty acid and lipid synthesis were significantly enhanced in HCC tissues, which was thought to be 
a possible key factor for the promotion of hepatocellular carcinoma progression by microorganisms within the tumor.

Xue Chen et al36 found that at the species level Mycoplasma-sp-HU2014, Escherichia coli and Heterobacteria SKP4- 
8 were the most abundant flora in tumor tissues, and Pseudomonas and Streptococcus pyogenes were common flora in 
normal tissues. Sun Lejia et al37 utilized 16S rDNA sequencing to investigate alterations in microbial communities within 
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Table 1 Characteristics of Intratumoral Microorganisms in Hepatocellular Carcinoma

Samples Position Methods Enriched Microorganism Reduced 
Microorganism

Biological Effect Mechanism

28 normal liver;64 peritumoral; and 64 hCC 

tissues; and the DNA sequencing yielded20

Tumor tissue 

internal/ 

paracancerous 

tissue

DNA sequencing of 

bacterial 16S rRNA 

genes

Phylum level: Proteobacteria; 

Firmicutes; Actinobacteriota. 

Class level: 

Gammaproteobacteria; Bacilli; 

Actinobacteria

Phylum level: 

Patescibacteria; 

Acidobacteriota. 

Class level: 

Parcubacteria; 

Acidobacteriae

Promote cirrhosis 

inflammation 

progression and 

tumor volume

Nucleotide transport and 

metabolism, inorganic ion 

transport and metabolism, 

translation/ribosomal structure 

and biogenesis, replication/ 

recombination and repair, and 

cell cycle control/cell division

99 hCC and paracancerous tissues35 Tumor tissue 

internal

Fluorescence in situ 

hybridization; DNA 

sequencing

Phylum level: Fusobacteriota. 

genus level: Neisseria, 

Clostridia_UCG-014, 

Fusobacterium, and 

Lactobacillus

Phylum level: 

Actinobacteriota and 

Verrucomicrobiota. 

genus level: Dietzia, 

Faecalibacterium, 

Megamonas, 

Hydrogenophaga, 

Agathobacter, 

Chryseobacterium, 

and Ruminococcaceae

Membrane 

transport, fatty 

acid and 

lipopolysaccharide 

biosynthesis, and 

bacteria and 

disease pathways 

were significantly 

enriched

Purines and nucleotides, 

glyoxylate bypass and arginine 

biosynthesis

3 pairs of HCC tissues and adjacent normal 

tissues of patients; Mouse tumor tissues36

Tumor tissue 

internal

16S rRNA fluorescence 

in situ hybridization 

(FISH)

Phylum level: phylum Firmicutes. 

genus level: Helicobacter; 

Muribaculum; Cutibacterium. 

species level: Pseudomonas 

koreensis; Ralstonia sp UNC- 

404CL21Col

Phylum level: 

Proteobacteria. 

genus level: 

Pseudomonas; 

Sphingomonas

Involved in the 

synthetic and 

metabolic 

processes of some 

protective 

compound 

metabolites

Including citrulline, cytidine 5ʹ- 
monophosphate (hydrate), 

indole-3-lactic acid, 2ʹ- 
O-methylguanosine, cytidine-5ʹ- 
monophosphate, L-(+)- 

Citrulline, cis-4-HydroxyD- 

proline, and myristic Acid

115 patients with HCC who underwent 

hepatectomy at PUMCH were enrolled37

Tumor tissue 

internal

16S rDNA sequencing Proteobacteria and 

Actinobacteria in hepatotype A; 

Firmicutes, Fusobacteria and 

Bacteroidetes in hepatotype B

– Methylobacterium 

and Akkermansia 

were significant 

prognostic 

markers

Actinobacteria were associated 

with a reduction in total bile 

acid (TBA) level; Proteobacteria 

were associated with the 

elevation of total protein (TP), 

aspartate aminotransferase 

(AST), alanine aminotransferase 

(ALT) and TBA levels

Cohort of 28 individuals with PLC38 Tumor tissue 

internal/ 

paracancerous 

tissue

16S rRNA gene 

sequencing

Phylum level: Proteobacteria; 

Actinobacteria; Bacteroidetes; 

Firmicutes. 

The family level: Rhizobiaceae, 

the genus level: Agrobacterium

The family or genera 

level: Pseudomonas

– –

(Continued)
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Table 1 (Continued). 

Samples Position Methods Enriched Microorganism Reduced 
Microorganism

Biological Effect Mechanism

Tumour tissues from 30 hCC patients39 Tumor tissue 

internal/ 

paracancerous 

tissue

Sequencing of the V3 + 

V4 region of the 16S 

rRNA gene

Genus level: Cyanobacteria and 

Acidobacteria

Proteobacteria and 

Firmicutes

Energy metabolism 

and metabolism of 

cofactors and 

vitamins were 

significantly more 

enriched

–

1. Samples from 46 hCC patients who 

underwent hepatectomy (HCC) and 33 patients 

of hepatic hemangioma. 

2.74 qualified samples including tumor tissues 

(n=33), normal adjacent tissues (n=27) and 

normal tissues (n=14) from hemangioma 

patients40

Tumor tissue 

internal/ 

paracancerous 

tissue

16S rRNA gene 

sequencing

The phylum level: 

Proteobacteria; Firmicutes; 

Bacteroidetes; 

genus level: S. maltophilia.; 

Stenotrophomonas; 

Acinetobacter; Phyllobacterium; 

Enterococcus

– A remarkable 

increase in liver 

fibrosis

S. maltophilia induced 

proinflammatory cytokine IL-1β 
via activation of TLR4/NF-Κb/ 

NLRP3 pathway

Liver tissue samples from 20 patients,16 

controls without primary liver carcinoma41

Tumor tissue 

internal

16S rRNA gene 

sequencing

Helicobacter genus – – –

HCC tumors (n = 46); normal hepatic tissues 

from paracancerous regions (n = 42); 

hepatic hemangioma (n = 11)24

Tumor tissue 

internal

Fluorescence in situ 

hybridization (FISH); 

5R16S rRNA gene 

sequencing

Enterococcus, Escherichia- 

Shigella, Faecalibacterium, 

Streptococcus, Delftia, 

Bifidobacterium, Prevotella, 

Parabacteroides, 

Stenotrophomonas

Species Streptococcus 

parasanguinis

– –

94 clinical samples (42 paired tumor (T) and 

paracancerous (P) tissues; plus unpaired 3 

tumor tissues and 7 paracancerous tissues) 

from 52 ICC patients42

Tumor tissue 

internal/ 

paracancerous 

tissue

Phylum level: Armatimonadetes, 

Verrucomicrobia and 

Fusobacteria; genus level: 

Acidovorax, Staphylococcus, 

Bdellovibrio, Roseimicrobium, 

and Roseburia; family level: 

Comamonadaceae, 

Staphylococcaceae, 

Verrucomicrobiaceae, 

Thiobacteriaceae, and 

Peptococcaceae; 

species level: Ralstonia pickettii; 

Acinetobacter johnsonii

Genus level: 

Proteobacteria

Fungorum inhibits 

bile duct cancer 

cell migration and 

proliferation

Bacteria can affect amino acid 

metabolic pathways
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Clinical samples from compensated cirrhosis 

(n = 27) and HCC (n = 111)23

Blood and liver 

tissue from 

both HCC and 

cirrhosis 

patients

16S rRNA sequencing Ruminococcaceae; 

Bacteroidaceae

– – –

29 hCC cases and 12 CHB cases43 Tumor tissue 

internal

Metagenomics next- 

generation sequencing

Phylum level: artverviricota. 

Class level: revtraviticetes. 

Methylobacterium sp XJLW

Phylum level: 

proteobacteria; 

Firmicutes; 

actinobacteria. 

Class level: 

gammaproteobacteria; 

betaproteobacteria; 

actinobacteria

– –

65 patients who underwent hepatectomy44 Tumor tissue 

internal

16S rRNA gene 

sequencing

Primary liver cancer: 

Bacteroides genus, uncultured 

bacterium, Romboutsia genus, 

Metastatic liver cancer: 

unclassified genus that belonged 

to Lachnospiraceae family; 

Lachnospiraceae NK4A136 

group; uncultured bacterium

– – –
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the microenvironment of HCC tumors and adjacent normal tissues. The findings revealed a notable increase in the 
abundance of Actinobacteria and Firmicutes in tumor tissues, with the researchers suggesting that the rise in Firmicutes 
may be associated with decreased levels of total bile acid (TBA); Aspergillus was associated with total protein (TP), 
aspartate aminotransferase (AST), alanine (AST), alanine aminotransferase (ALT) and TBA levels. It was found38 that 
the abundance of Proteobacteria, Actinobacteria, Bacteroidetes and Firmicutes was significantly increased at the portal 
level in HCC tumor tissues and its paracancerous tissues. The abundance of Rhizobiaceae was increased at the family 
level, Agrobacterium was increased at the genus level, and the abundance of Pseudomonas was significantly decreased in 
the tumor tissues when compared with the paraneoplastic tissues. Sun Pengfei et al39 found that the abundance of 
Proteobacteria and Firmicutes decreased in hepatocellular carcinoma tumor tissues, while the abundance of 
Cyanobacteria and Acidobacteria increased; the abundance of Firmicutes, Proteobacteria, and Actinobacteria increased 
significantly in paraneoplastic tissues, and they believed that tumor growth factors and energy metabolism factors 
produced by intratumoral microorganisms were the main factors promoting tumor development. Firmicutes, 
Proteobacteria and Actinobacteria increased significantly in the paracancerous tissues. They concluded that tumor growth 
factors and energy metabolism factors produced by intratumoral microorganisms are the main factors promoting tumor 
development. It was found40 that the abundance of Stenotrophomonas, Acinetobacter, Phyllobacterium, Enterococcus 
were increased at the genus level in hepatocellular carcinoma tissues, and Stenotrophomonas maltophilia was present 
among the tumor microorganisms in cirrhotic HCC patients. Further studies revealed that Streptococcus maltophilia 
induced senescence-associated secretory phenotype (SASP) in hematopoietic stem cells through activation of the tlr- 
4-mediated Nuclear transcription factor-κB (NF-κB) signaling pathway, promoted the formation of the NLR Family, 
Pyrin Domain Containing Protein 3 (NLRP3) inflammatory vesicle complex and drove the progression of HCC in mice. 
Slender, curved microorganisms were found in the hepatic sinusoids or hilar region in 6 out of 20 hCC patients by 
specific H. pylori immunostaining, whereas no bacteria were found in the control group.41 Through FISH and 5R16S 
rRNA gene sequencing, the researchers confirmed that the abundance of Enterococcus, Escherichia-Shigella, 
Faecalibacterium, Streptococcus, Delftia, Bifidobacterium, Prevotella, Parabacteroides, Stenotrophomonas in liver 
tumors and non-tumor tissues increased, and the abundance of species Streptococcus parasanguinis decreased.24 They 
also found that the intratumor microbial species of hepatocellular carcinoma tissues were highly similar to oral and 
intestinal microbial species, and they provided a predictive tool for early detection of HCC by establishing a detection 
method based on oral-intestinal-tumor microbiota. Chai et al42 cultured a Gram-positive aerobic bacterium, identified as 
Staphylococcus capitis, from fresh cholangiocarcinoma tissue. Meanwhile, using 16S rRNA sequencing, the most 
abundant bacterial orders in tumor tissues were found to include Burkholderia, Pseudomonas, Xanthomonas, 
Mycobacterium, and Clostridium. In addition, they found antitumor activity of fungal bacilli from paraneoplastic tissues 
and concluded that fungal bacilli could inhibit tumor growth by regulating alanine, aspartic acid and glutamic acid 
metabolism. Patients with HCC and cirrhosis had a higher proportion of bacterial microorganisms in their blood and liver 
compared to NAFLD. Differential analysis of the relative abundance of bacterial genera revealed an increased abundance 
of Ruminococcaceae and Bacteroidaceae in the blood and liver tissues of patients with HCC and cirrhosis compared to 
NAFLD.23 In addition, tumor tissues were found to be enriched in Methylobacterium spp. XJLW, while paraneoplastic 
tissues were enriched in Klebsiella mutans.43 The abundance of Bacteroides genus, uncultured bacterium, and 
Romboutsia genus was significantly higher in primary HCC tumor tissues, while in metastatic hepatocellular carcinoma 
tissues Lachnospiraceae family, Lachnospiraceae NK4A136 and uncultured bacterium were significantly higher in 
abundance,44 and the researchers suggested that this might be the main difference between primary and metastatic 
hepatocellular carcinoma.

In summary, our inductive analysis suggests that Streptococcus and Lactococcus may be the signature flora of HCC in 
liver cirrhosis. Lachnospiraceae NK4A136 may be the main signature flora of metastatic hepatocellular carcinoma. 
Moreover, the main flora with increased abundance in hepatocellular carcinoma tissues were Enterobacteriaceae, 
Clostridium, Neisseria, Mycoplasma-sp-HU2014, Escherichia coli, Heterobacteria SKP4-8, Actinobacteria, Firmicutes, 
Rhizobiaceae, Agrobacterium, Cyanobacteria, Stenotrophomonas, Acinetobacter, Phyllobacterium, Enterococcus, 
Burkholderia, Pseudomonas, Xanthomonas, Mycobacterium, Clostridium, Methylobacterium spp. XJLW, Bacteroides 
genus, uncultured bacterium, Romboutsia genus and others. Romboutsia genus, etc., and these bacteria may be associated 

https://doi.org/10.2147/JHC.S496964                                                                                                                                                                                                                                                                                                                                                                                                                                                   Journal of Hepatocellular Carcinoma 2025:12 66

Song et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)



with the malignant development of hepatocellular carcinoma. The abundance of Streptococcus pyogenes, Pseudomonas, 
and Proteobacteria was down-regulated in hepatocellular carcinoma tissues, which may be associated with anti- 
hepatocellular carcinoma effects. Down-regulation of the abundance of Streptococcus pyogenes, Pseudomonas, and 
Proteobacteria in hepatocellular carcinoma tissues, which may be associated with anti-hepatocellular carcinoma effects.

Role of Intratumor Microorganisms in Hepatocellular Carcinoma
Promotion of Tumorigenesis and Development
In recent years, with the discovery of intratumoral microorganisms, researchers have begun to reveal the impact of 
intratumoral microbiota on tumors. Researchers found22 that the quantity of fungi correlated with cirrhotic inflammation 
grading, and Actinobacteriota was significantly more prevalent in female patients and was associated with tumor volume 
growth. At the level of microbial species, Saccharimonadia was associated with both the cirrhotic inflammation grading 
and tumor volume growth. These findings suggested that intratumoral microorganisms are closely related to the 
clinicopathological features of HCC. Recent studies have suggested that helicobacter species may be novel infectious 
agents associated with HCC.41 Colibactin producing Escherichia coli can synthesize and secrete colibactin, which 
directly leads to cross-linking of host cells during DNA replication, resulting in cell cycle abnormalities and cancerous 
transformation, thus inducing tumorigenesis.45

Inhibition of Hepatocellular Carcinoma Progression
However, it has been reported that intratumoral microorganisms do not always promote tumor progression. Recent 
experiments have shown that Pseudomonas was significantly reduced in tumor tissues at the species level, which 
researchers believe may be due to the antitumor effect of Pseudomonas, while Rhizobiaceae and Agrobacterium were 
significantly increased in tumor tissues at the family level.38 The intratumoral bacterium P. fungorum has antitumor 
activity, and metabolomics and transcriptomics show that P. fungorum inhibits tumor growth through the metabolism of 
alanine, aspartate, and glutamate. Researchers determined the characteristic profile of intratumoral microbiota and the 
anti-tumor effect of fungi in ICC.42 Peptides from intratumoral bacteria can be recognized and presented by tumor cells, 
which in turn activate the immune response, suggesting that intratumoral bacteria may activate the immune system by 
influencing antigen presentation, thereby affecting the therapeutic efficacy of tumor therapy.46

Intratumor Microbial Changes May Serve as Prognostic Markers for Hepatocellular Carcinoma
Intratumoral microorganisms, as a significant constituent of tumors, have the potential to serve as novel diagnostic or 
prognostic indicators for tumors. Sun et al. Concluded37 that Proteobacteria and Actinobacteria were more abundant in 
type A hepatocellular carcinoma tissues, while some phyla, such as Firmicutes, Fusobacteria and Bacteroidetes, were 
more abundant in type B hepatocellular carcinoma tissues. Firmicutes, Fusobacteria and Bacteroidetes were more 
abundant in type B hepatocellular carcinoma tissues. Actinobacteria were found to be correlated with reduced levels 
of total bile acids (TBA), while Proteobacteria showed a correlation with increased levels of total protein (TP), aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), and Total Bile Acids (TBA). These findings may indicate the 
pathophysiological condition of the liver, which can serve as an important prognostic indicator for the overall survival 
rate and recurrence rate of hepatocellular carcinoma. Cani et al study found that high levels of Akkermansia in HCC 
tissues were associated with a favourable prognosis, suggesting that Akkermansia may also play a beneficial role in the 
HCC TME.47 In conclusion, the identification of potential intratumoral microbial markers in hepatocellular carcinoma 
may be one of the main directions for future prognostic studies in hepatocellular carcinoma.

Intratumoral Microorganisms Influence Tumor Therapy
Studies have shown that the metabolic activities of intratumoral microorganisms are one of the main reasons for the 
development of chemoresistance in tumor tissues.48 Researchers observed a notable increase in the presence of 
Akkermansia and Ruminococcus in the tumor tissues of HCC patients who exhibited resistance to anti-PD-1 therapy.49 

Geller et al reported the potential role of intratumoral bacteria in mediating tumor resistance to the chemotherapeutic agent 
gemcitabine.7 Another study on Esophageal Squamous Cell Carcinoma (ESCC) found that higher levels of C. nucleatum were 
associated with negative effects of neoadjuvant chemotherapy, and antibiotic treatments targeting this bacterium improved 
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chemotherapy outcomes in patients.50 On the contrary, intratumoral microbes are not all contributing to chemoresistance, and 
it has been shown that Akkermansia is a beneficial bacterium that improves anti-tumor immunity and controls tumor growth 
in vivo more effectively.51 In conclusion, intratumoral microorganisms have different effects on antitumor therapy, and 
distinguishing the role of different microorganisms in antitumor therapy is important for future research.

The Process Through Which Intratumoral Microbiota Impacts the Progression of 
Primary Liver Cancer
The impact of intratumoral microbes on tumors has been summarized in previous studies to encompass the regulation of 
oncogenes through microbial metabolism, promotion of DNA damage and gene mutations, and modulation of immune 
responses within the microenvironment.52,53 Nejman et al demonstrated that the intratumoral microbiota is tumor- 
specific, which may imply that the metabolic pathways involved in microorganisms in different environments will 
have different effects on tumor cells.54 Therefore, in order to further elucidate the mechanism of intratumoral microbial 
effects on hepatocellular carcinoma, it is necessary to do an in-depth excavation and discussion on the mechanisms of 
intratumoral microbial effects.

Promotion of DNA Damage and Gene Mutation
It was found that virulence factors released by E. coli, such as cytolethal distending toxin (CDT), worsen the 
inflammatory response and directly cause DNA damage.55 Inflammation is a recognized risk factor for cancer, and 
inflammation can lead to DNA damage, which may be a potential mechanism for the involvement of Enterobacteriaceae 
in the progression of HCC.56 Similarly, Fusobacterium is involved in pro-inflammatory processes,57 and further research 
has revealed its unique ability to potentially contribute to HCC progression by non-invasively shuttling into the 
cytoplasm of host cells.58 Researchers established two microbiome-based HCC molecular subtypes, namely bacterial 
and viral subtypes, and correlated them with different clinicopathological features, which resulted in a higher degree of 
infiltration of M2 macrophages in the bacterial-dominant subtype, and they also screened for a multiple genetic risk 
profile encompassing CSAG family, member 4 (CSAG4), Phosphatidylinositol-4,5-bisphosphate 4-phosphatase 2 
(PIP4P2) and Translocase of Outer Mitochondrial Membrane 5 homolog (TOMM5).37 In summary, as shown in 
Figure 2, it is evident that intratumoral microbes may intervene in hepatocellular carcinoma progression through DNA 
damage and gene mutations, but more in-depth studies are needed to confirm which bacteria intervene in hepatocellular 
carcinoma progression through these pathways.

Intratumor Microbes May Regulate Energy Metabolism and Conversion Processes in Cancer Cells Affecting 
Tumor Progression
A study on microbial changes within tumors found20 that there were three Clusters of Orthologous Groups of proteins 
(COGs) that were reduced in tumors and adjacent tissues, including energy production and conversion, amino acid 
transport and metabolism, and signaling mechanisms, and the researchers concluded that the main pathways by which the 
microbiota affects the tumor cells in HCC include fatty acid and lipid biosynthesis, small molecule metabolism 
inhibition, and amino acid imbalance. Furthermore, in tumor tissues of hepatocellular carcinoma patients with HBV, 
the thiamin diphosphate biosynthesis pathway was inhibited, whereas the degradation of glutamate and the biosynthesis 
of diglycerides were significantly enhanced.35 Allobacillus sp SKP48 and Ralstonia sp UNC404CL21Col bacteria were 
found to have a significant and positive correlation with the metabolism of most host cells, particularly guanosine, 
cytidine 5ʹ-monophosphate, indole-3-lactic acid, and 2ʹ-O-methylguanosine. Conversely, there was a significant negative 
correlation with α-lactose and N-acetyl-D aminoglucose. They suggested that down-regulated microorganisms in HCC 
tissues correlate with reduced metabolites, and that reduced microorganisms in tumor tissues may play a protective role, 
and they are also involved in the synthesis and metabolic processes of protective metabolites.36 Acidobacteria, 
Cyanobacteria and Chloroflexi are the dominant microorganisms in tumor tissues and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) predictions identified carbohydrate metabolism, energy metabolism and vitamin metabolism as 
well as membrane translocation as the main pathways in which they play their roles and suggested that these micro-
organisms are involved in energy metabolism in tumor tissues.39
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Functional enrichment analysis performed by researchers found that microorganisms associated with HCC were 
involved in fatty acid and lipid biosynthesis and confirmed that lipid metabolism was altered in rapidly proliferating 
cancer cells.59 Microorganisms in tumor tissues may provide fatty acids and lipids to cancer cells, promoting prolifera-
tion and invasion. Various metabolites such as choline, bile acids (BA), short-chain fatty acids (SCFA) and amino acids 
have been reported to be key signaling molecules affecting liver function.60 Streptococcus and Lactobacillus species are 
found in higher abundance in HCC, whereas they are reduced in Akkermansia, Prevotella-2, Subdoligranulum, and 
Faecalibacterium, which are all associated with BAs synthesis, especially with lithocarbonic acid (LCA) and deoxycholic 
acid (DCA).61,62 In summary, intratumoral microorganisms are closely related to the metabolism of tumor tissues, and 
they may provide nutrients for the growth of tumor cells through their own secreted metabolites, or they may influence 
the proliferation of cancer cells by regulating the metabolism of tumor cells through the secretion of growth factors, as 
shown in Figure 2. It is worth noting that which intratumoral microorganisms promote the metabolism of hepatocellular 
carcinoma tumor cells and which inhibit the metabolism of tumor cells still need to be further investigated in depth, so as 
to provide new targets or pathways for the treatment of hepatocellular carcinoma.

Regulation of the Tumor Microenvironment
Metabolites generated by microorganisms within the tumor have a regulatory effect on the tumor microenvironment.63 

New studies have shown that intratumoral microbes can induce inflammatory and immune responses to remodel the 
tumor microenvironment, which in turn affects tumorigenesis and progression.64,65 Certain specific bacteria can break the 
intestinal vascular barrier to colonize the liver and recruit immune cells such as macrophages, neutrophils and monocytes 
in the liver, thus creating a suitable microenvironment for tumor metastasis.66 The metabolic interactions between 
intratumoral microbes and the immune microenvironment plays a significant role in shaping tumor progression.67 

Bacterial-mediated bile acid metabolism regulates HCC tumorigenesis by interfering with NKT cells.68 In addition, short- 

Figure 2 Mechanisms of action of intratumoral microorganisms in hepatocellular carcinoma.
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chain fatty acids produced by bacterial metabolism may attenuate liver injury by reducing lipopolysaccharide transport 
and inhibiting macrophage activation, pro-inflammatory cytokine production and neutrophil infiltration.69 Cancer tissues 
with intratumoral bacteria were accompanied by more M2 macrophage infiltration and upregulation of multiple meta-
bolic pathways, suggesting that metabolism plays a regulatory role between the intratumoral microbiome and the immune 
microenvironment, as shown in Figure 2. Researchers have hypothesized that IMH in HCC may affect the immune 
microenvironment by regulating metabolic reprogramming, which may be the main reason for the development and 
progression of HBV-associated HCC.37

Intratumoral microbes have been reported to be recognized by immune receptors on hepatocytes, such as Kupffer 
cells and hepatic stellate cells, which further initiates and sustains the inflammatory cascade response, leading to hepatic 
fibrosis,70,71 which can ultimately progress from cirrhosis to hepatocellular carcinoma as the injury worsens.72 The 
abundance of Stenotrophomonas maltophilia was found to be significantly elevated in the tumor microbiota of cirrhotic 
HCC patients, and Stenotrophomonas maltophilia may expedite the advancement of HCC in mice through the induction 
of NLRP3 inflammasome complex formation, which promotes hepatic secretion of various inflammatory factors 40. Of 
interest, Faecalibacterium is involved in butyrate production and acts as a SCFAs-associated bacterium to regulate the 
onset of inflammatory responses,73 In summary, as shown in Figure 2, intratumoral microbes drive tumor progression by 
promoting inflammation. In summary, modulation of intratumoral microorganisms may achieve regulation of the tumor 
microenvironment, providing another direction for antitumor therapies based on the tumor microenvironment.

Means of Detecting Intratumor Microorganisms in Hepatocellular 
Carcinoma
Currently, the predominant approach employed by researchers for detecting intratumor microorganisms is 16S rRNA 
sequencing. This method primarily focuses on obtaining taxonomic information about various bacteria through the 
analysis of the variable region within the bacterial 16S rRNA gene sequence.74 The method mainly consists of PCR 
amplification, purification and sequencing, and finally clustering the sequences into operational taxonomic units (OTUs) 
based on similarity and comparing them with existing database entries based on the representative sequences in each 
OTU. This in turn enables the taxonomic identification and quantitative description of all bacteria in the tumor, but it is 
difficult to distinguish bacteria with small interspecies differences.75 In addition, the disadvantage of this method is that 
only bacteria can be identified, and microorganisms other than bacteria cannot be characterized by this method.

Macrogenome sequencing is another major tool for intratumoral microbial detection; the macrogenome is the sum of 
all microbial genomes in the environment. Unlike 16S rRNA sequencing, macrogenomes are not singularly targeted to 
a specific microbiome (fungal, bacterial, or viral), but rather, the sum of all microbial genomes is sequenced, which gives 
it an advantage in the precise identification of species and allows for the speculation of functional properties of the 
microbiome.76 The shortcomings of this method are that the assembly and comparison of sequences are limited by 
reference sequence entries in microbial sequence databases, and the vast majority of genetic information extracted from 
tumor tissues is human DNA, whereas access to data from low-content microorganisms is more limited.77

Secondly, immunohistochemistry (IHC) can also be utilized for the characterization of intratumoral microorganisms. 
Immunohistochemistry is based on the specific binding of antigen to antibody. This method is more similar to traditional 
HE staining in that the sample is first fixed and then bound to a blocking solution. The samples are combined with 
primary and secondary antibodies, then stained, and finally the samples are analyzed by microscopy.78 IHC is 
a qualitative and quantitative technique that labels specific locations of intratumoral microorganisms and enables 
localization of intratumoral microorganisms. Researchers usually use lipopolysaccharide (LPS) from Gram-negative 
bacteria or lipophosphatidic acid from Gram-positive bacteria to label the sample’s flora and demonstrate the presence of 
intratumoral microorganisms.79

FISH can also be used to detect the presence of bacteria in tissues, which is based on the principle of hybridization of 
fluorescein-labeled nucleic acid probes with bacterial nucleic acid sequences in the samples to be tested in accordance 
with the principle of base complementary pairing, which are washed and then directly observed under a fluorescence 
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microscope.80 In addition, FISH combined with transmission electron microscopy imaging can accurately identify 
bacterial sublocalization in cancer cells or infiltrating immune cells.81

D-alanine is an important component of peptidoglycan for cell wall production by bacteria, whereas mammalian cells 
do not have cell walls and do not have recognizable D-alanine.82 Therefore, researchers usually use fluorescently labeled 
D-alanine to label live bacteria in situ, which can be used as the main means of live bacteria detection in tumor tissues.

Prospects of Intratumoral Microorganisms in the Prevention and 
Treatment of Hepatocellular Carcinoma
For a long time, researchers have been searching for biomarkers for different tumors with a view to achieving early 
identification and diagnosis of tumors, which offers the possibility of biomarker discovery in hepatocellular carcinoma 
due to the significant differences between intratumoral microorganisms and normal tissues. In addition, humans have 
found that intratumoral microorganisms may affect the progression of hepatocellular carcinoma by promoting or 
inhibiting the growth of tumor cells, making it difficult to meet the clinical needs of anti-tumor therapeutic efficacy by 
influencing the existing therapeutic measures for tumors. Although the study of intratumor microorganisms is still in the 
preliminary stage and belongs to the emerging field. However, its broad application prospects have attracted the attention 
of most researchers. With the continuous progress of molecular biology technology, the mystery of intratumoral 
microorganisms will be gradually revealed, and the corresponding tumor therapeutic strategies will be designed and 
applied to cancer treatment. In summary, intratumor microbes have a broad development prospect in the diagnosis and 
treatment of hepatocellular carcinoma.

Biomarkers as Diagnostic and Therapeutic Agents for Hepatocellular Carcinoma
It is well known that intratumoral microorganisms, as part of the main components of liver cancer, have the potential to 
become new diagnostic or prognostic markers. Currently, researchers have found that intratumoral microbial results in 
hepatocellular carcinoma can indicate the pathophysiological state of the liver and the development of the tumor.37 Other 
studies have also found similar results in different types of tumors, such as the identification of Aspergillus phylum as 
a significant prognostic marker in pancreatic ductal adenocarcinoma through cancer genome mapping.50 Four bacteria in 
non-small cell lung cancer samples were effective in predicting 2-year survival of patients.83 It was shown that the 
intratumoral microbiota can predict the prognosis of papillary thyroid carcinoma in patients of different sexes and 
subtypes.84 The phylum Aspergillus was significantly enriched in bronchoalveolar lavage fluid from non-small cell lung 
cancer, and further subdivision of the bacterial community was associated with discrimination between adenocarcinoma 
and squamous cell carcinoma.85 There is increasing evidence indicating that tumor-associated circulating microbial DNA 
holds potential as a biomarker in cancer liquid biopsies.86 In conclusion, the identification of potential biomarkers for 
tumor prognosis and their clinical application are major directions for future research, especially in hepatocellular 
carcinoma, which is characterized by high recurrence and metastasis rates.

Microbial Vectors That Can Be Used to Target Tumor Tissue
With the advent of synthetic biology, a variety of bacteria have been modified to have the ability to target tumor tissues 
with low toxicity and high accuracy. These tumor-targeting bacteria exert important antitumor effects through a variety of 
payload delivery and effector systems, such as production of prodrug converting enzymes, control of cytotoxic drug 
expression, stimulation of immune responses, and targeting of tumor mesenchyme.87 In mouse experiments, researchers 
found that the expression of cytolysin A in E. coli or S. typhimurium was regulated by an inducible promoter, which 
enabled the targeting of tumor tissues.88,89 A Bifidobacterium infantis-mediated prodrug enzyme delivery system for 
herpes simplex virus type I thymidine kinase/ganciclovir (HSV1-TK/GCV) was found to reduce bladder cancer 
progression in rats.90 In addition, Staphylococcus epidermidis was found to produce 6-N-hydroxyaminopurine, which 
could selectively inhibit the proliferation and progression of skin tumors in mice by inhibiting DNA polymerase 
activity.91 The discovery of specific microorganisms from hepatocellular carcinoma tissues with tumor-targeting 
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properties, detoxification through modification, and use as targeted drug carrier materials are of great significance for 
achieving targeted therapies for hepatocellular carcinoma.

Improvement of Hepatocellular Carcinoma Treatment
As mentioned in the previous section, different microbiota in hepatocellular carcinoma tissues play multiple roles in the 
process of tumorigenesis and development. Actinobacteriota was correlated with tumor volume growth, while 
Lactococcus showed a significant association with cirrhosis and HBcAb status. Additionally, Pseudomonas may exhibit 
antitumor effects.38 Helicobacter species may be a novel infectious agent associated with HCC.41 The intratumoral 
bacterium P. fungorum exerts antitumor activity through alanine, aspartate and glutamate metabolism.42 In addition, 
intratumoral bacteria may activate the immune system by influencing antigen presentation, thereby affecting the 
therapeutic efficacy of tumors.46 The metabolic activities of intratumoral microorganisms are the main reason for the 
development of chemoresistance in tumors.48 Potential role of intratumoral bacteria in mediating tumor resistance to the 
chemotherapeutic agent gemcitabine.7 Clarifying the role of intratumor bacteria and their mechanisms by imposing 
appropriate interventions for the different roles played by intratumor bacteria in the treatment of hepatocellular 
carcinoma would be expected to provide therapeutic efficacy in hepatocellular carcinoma.

Conclusion and Prospects
The intratumoral microbiota is one of the main components of liver cancer, has garnered significant attention from 
researchers due to its role in tumor development regulation and impact on cancer treatment. A variety of tumors are 
thought to have different microbial communities, and understanding the complex relationship between intratumoral 
microbes and tumors can provide valuable insights into potential and existing therapeutic strategies for hepatocellular 
carcinoma. In this study, we comprehensively reviewed the relevant research progress in the field of intratumoral bacteria 
in hepatocellular carcinoma, and summarized the research results in terms of the sources of intratumoral microorganisms 
in hepatocellular carcinoma, the species and distributional characteristics of intratumoral microorganisms, the influence 
of intratumoral microorganisms on the development of hepatocellular carcinoma, as well as the mechanism of their 
action and the prospect of their application. It is proposed that intratumoral organisms can be used as markers for liver 
cancer diagnosis and treatment, and can be used as drug carrier materials targeting liver cancer tissues. Through in-depth 
research on the interactions between intratumoral microorganisms and the tumor microenvironment, immune cells, and 
hepatocellular carcinoma cells, the roles and mechanisms of different microorganisms in intratumoral tumors will be 
clarified, and then, in combination with other interventions, it is expected that the therapeutic efficacy of hepatocellular 
carcinoma will be improved.

In addition, the study of intratumoral microbiota in tumorigenesis and progression is only the beginning. In the future, 
more rigorous animal models are needed to track tumor cells affected by microbes to provide more experimental 
evidence for the clinic. A combined multidisciplinary approach is needed to quantify the correlation between micro-
organisms within tumors and the development and advancement of tumors. By conducting comparative analysis of 
healthy tissues and tumor tissues, as well as healthy individuals and those with tumors, tumor tissues and paraneoplastic 
tissues, a comprehensive information base of intratumor microorganisms in hepatocellular carcinoma can be established. 
This will enable large-scale analysis of intratumor microorganisms in hepatocellular carcinoma, identification of potential 
microorganisms and risk factors for tumor therapy, and provide a reliable direction for subsequent in-depth research. 
However, this work is complicated by ethical and accessibility challenges associated with normal human tissues. In the 
context of antitumor therapy, linking identified microbial profiles to liver cancer response modulation may lead to new 
ways of intervention.

As the intratumoral microbiota belongs to an emerging field, relatively few clinical samples have been reported, 
especially the low abundance of intratumoral microorganisms, leading to discrepancies between the results of different 
experiments. In addition, the corresponding detection means and statistical methods for intratumoral microorganisms 
need to be further improved. As a result, the field is also subject to a lot of skepticism. However, it is certain that 
intratumoral microorganisms are present in hepatocellular carcinoma tissues,37,42 and intratumoral microorganisms may 
have a certain influence on the development of hepatocellular carcinoma.92–94 In conclusion, the field needs to further 
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expand the analysis of results from clinical samples to improve the reliability of the results, and to develop more reliable 
tests and statistical methods in order to better support the development of the field. It is believed that this field can 
provide breakthroughs in the treatment of tumors in the future.
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