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Abstract 

Background: Fusobacterium sp. plays a crucial role in the tumorigenesis and development of gastrointestinal 
tumors. Our research group previously disclosed that Fusobacterium sp. was more abundant in gastric cancer 
(GC) tissues than adjacent non-cancerous (NC) tissues. However, Fusobacterium sp. did not exist in all GC 
tissues and the differentiated features of GC with or without Fusobacterium sp. infection is not clear. 
Methods: The expression data of 61 GC tissues came from 16S rRNA gene sequencing. Comparison groups 
were defined based on sOTU at the genus level of Fusobacterium sp., which was performed by the Qiime2 
microbiome bioinformatics platform. We used Chi-square and Fisher's exact test to compare 
clinicopathological parameters, and used Kaplan-Meier analysis, Cox univariate and multivariate analysis to 
compare prognosis. Micro-ecological environment comparison was characterized by 16S rRNA gene 
sequencing, and the metabolic function prediction was applied by PICRUSt2. Results of microbial diversity, 
differential enrichment genus and metabolic function in GC with or without Fusobacterium sp. infection was 
validated with 229 GC tissues downloaded from an independent cohort in ENA database (PRJNA428883). 
Results: The infection rate of Fusobacterium sp. in 61 GC tissues was 52.46% and elderly GC patients were 
more prone to Fusobacterium sp. infection. GC patients infected with Fusobacterium sp. were more likely to 
have tumor-infiltrating lymphocytes and p53 expression. The microbial diversity and microbial structure 
showed significant differences between two GC tissue groups with 42 differential enrichment genera. The 
metabolic function of Fusobacterium sp.-positive GC tissues was related to the biosynthesis of lysine, 
peptidoglycan, and tRNA. The differences in microbial structure, the existence of some differential enrichment 
genera and the metabolic function of Fusobacterium sp.-positive GC tissues, were then validated by 229 GC 
tissues of an independent cohort. 
Conclusions: Fusobacterium sp. infection can affect the phenotypic characteristics, micro-ecological 
environment, and metabolic functions of GC, which may provide a basis for further exploring the relationship 
between Fusobacterium sp. infection and carcinogenesis of GC. 

Key words: Fusobacterium sp., gastric cancer, 16S rRNA, clinicopathological feature, micro-ecological 
environment, metabolic function 

Introduction 
Fusobacteria are Gram-negative, obligated 

anaerobic, rod-shaped bacterium with neither 
motility nor spore formation, acting as a normal part 
of the oropharyngeal, gastrointestinal tract, and 

genital microbiota [1, 2]. In recent years, studies have 
demonstrated that Fusobacterium sp. plays a crucial 
role in the tumorigenesis and development of 
gastrointestinal tumors. For example, Fusobacterium 
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sp. DNA can be isolated and detected from colon 
cancer tissues [3-7] and the level of bacterial DNA 
correlates with the depth of tumor infiltration tissue 
in esophageal cancer [7]. Our research group 
previously analyzed mucosa-associated micro-
organisms from matched gastric cancer (GC) tissues 
and adjacent non-cancerous (NC) tissues through 16S 
rRNA gene sequencing and found that the 
distribution of Fusobacterium sp. in GC and NC 
tissues was different: Fusobacterium sp. was more 
abundant in GC tissues than NC [8]. After further 
observation and analysis of the data, we figured out 
that Fusobacterium sp. did not exist in all GC tissues 
and the differentiated features of GC with or without 
Fusobacterium sp. infection is not clear. In previous 
GC microbial related studies, most of them focused on 
exploring the diversity of the flora and the 
construction of ecological networks, but not on the 
comparison of a particular bacterial genera [9-12]. 
Meanwhile, researches associated with 
Fusobacterium sp. infection mainly kept an eye on 
comparing the expression level of Fusobacterium sp. 
between GC and normal tissues, but did not analyze 
the effect of Fusobacterium sp. infection. The specific 
role and mechanism of Fusobacterium sp. in GC have 
not been reported, either. In the present study, we 
used Qiime2 microbiome bioinformatics platform to 
conduct an in-depth analysis of the 16S rRNA 
sequencing data, further compared clinicopatho-
logical parameters, prognosis, micro-ecological 
environment and metabolic function of GC tissues 
infected with or without Fusobacterium sp., aiming to 
provide an experimental basis for exploring 
Fusobacterium sp. infection and carcinogenesis of GC. 

Materials and methods 
Study population and 16S rRNA gene 
sequencing 

This study consisted of 61 GC patients who 
received subtotal gastrectomy at the First Affiliated 
Hospital of China Medical University from June 2012 
to June 2014. The recruited 61 GC tissues were 
immediately frozen and stored at -80 °C after the 
operation. Genomic DNA was then extracted for 
amplification and gene sequencing based on V4-V5 
regions of 16S rRNA gene after quality examinations. 
The inclusion and exclusion criteria of patients, the 
methods of DNA extraction, and 16S rRNA gene 
sequencing were the same as our previous paper [8]. 
This study has been approved by the Human Ethics 
Review Committee of The First Hospital of China 
Medical University and the written informed consents 
have been obtained from all patients. The original 16S 
rRNA sequencing data of 229 Chinese GC tissues 

were downloaded from the European Nucleotide 
Archive (ENA) database with the bioproject number 
of PRJNA428883 to validate results of the present 
study [12]. 

Data processing and detection of 
Fusobacterium sp. infection 

After 16S rRNA gene sequencing raw sequence 
data was split, intercepted, spliced, and filtered, we 
obtained clean tags (fastq reads data). Fastq reads 
data was then processed by using Qiime2 microbiome 
bioinformatics platform [13]. OTU denoising was 
carried out to obtain sOTU data by qiime deblur 
denoise-16S [14]. Taxonomy was assigned to sOTU 
against Greengene 18.3 database with 99% similarity. 
The absolute abundance of sOTU at genus level was 
determined as the criterion of Fusobacterium sp. 
infection in GC: sOTU value > 0 was regarded as 
Fusobacterium sp. infection (Fusobacterium sp. 
positive), while sOTU=0 was regarded as no or very 
low Fusobacterium sp. infection (Fusobacterium sp.- 
negative). 

The collection of clinicopathological variables 
and prognostic information 

For the recruited 61 GC patients, general 
clinicopathological variables information including 
age, gender, tumor size, differentiation, Lauren’s 
classification, depth of invasion, tumor lymphocyte 
infiltration, vascular cancer embolus, lymphatic 
metastasis, and TNM stage were collected from their 
medical records. The immunohistochemical 
information of tumor biomarkers including Ki67, p53, 
CEA, Her-2 were collected from the patients' 
pathological reports. The prognostic information 
including survival state, distant metastasis, overall 
survival (OS), and date of death were collected 
through telephone follow-up every six months with a 
follow-up period until November 13, 2019. 

Differential genus enrichment and microbial 
diversity analysis 

R software vegan package was used to calculate 
α diversity indexes (richness, Chao1, ACE, Shannon, 
Simpson, phylogenetic diversity (PD) whole diversity 
indexes) [15]. q2‐diversity in Qiime2 was used to 
calculate β-diversity metrics (weighted UniFrac, 
unweighted UniFrac, Jaccard distance, and 
Bray-Curtis dispersion). β-diversity differentiations 
between Fusobacterium sp. positive and negative GC 
tissue groups were compared through permutational 
multivariate analysis of variance (PERMANOVA) [16, 
17]. Differential genus enrichment between two GC 
groups was analyzed by linear discrimination 
analysis effect size (LEfSe). The linear discriminant 
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analysis (LDA) absolute values > 2 and P values < 0.5 
were considered genus enrichment differentiation 
statistically significant. Spearman's correlation 
analysis was performed to analyze the correlation 
coefficients (r values) between enrichment genera. 
Genera with strong correlations (r absolute values 
>0.7) were screened to construct a correlation network 
visualized by Cytoscape V.3.7.0. 

Metabolic Function prediction of differential 
enrichment flora 

PICRUSt2 was used to predict metabolic 
functions by analyzing sOTUs in Fusobacterium sp. 
positive and negative GC tissues based on Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
database and MetaCyc database [18]. LEfSe was used 
to calculate differential KEGG orthology (KO) and 
metabolic pathways between two GC groups. 

Statistical Analysis 
Mann-Whitney U test was used to compare α 

diversity between Fusobacterium sp. - positive and 
negative GC tissues. PERMANOVA was used to test β 
diversity differences. LEfSe was performed to analyze 
differential genus enrichment and differential 
functions. LDA absolute values > 2.0 were considered 
significant. Spearman's correlation analysis was 
performed to calculate correlation coefficients (r 
values) between enrichment genera with r absolute 
values > 0.7 as a strong correlation. Chi-square test, 
Fisher’s exact test, and Mann - Whitney U test were 

applied to analyze the correlation of Fusobacterium 
sp. infection and clinicopathological variables. 
Kaplan-Meier analysis, Cox univariate and 
multivariate analysis were applied to evaluate the 
differences in OS between two GC groups. Mann- 
Whitney U test, Chi-square test, Fisher's exact test, 
Kaplan Meier analysis, Cox univariate and 
multivariate analysis were all statistically analyzed by 
SPSS 25.0 software (SPSS Inc., Chicago, IL, United 
States). The pictures were drawn by Prism GraphPad 
8.4.1, Cytoscape V.3.7.0 and R software. P < 0.05 was 
considered statistically significant. 

Results 
Basic information of the study population and 
Fusobacterium sp. infection status 

In this study, the age of 61 GC patients ranged 
from 26 to 83 years with a median age of 61 years. 
Among these patients, 46 were male (75.41%) and 15 
were female (24.59%). Through the Qiime2 
microbiome bioinformatics platform, we obtained 
sOTU absolute abundance data (Table S1). Taking 
absolute abundance of sOTU at genus level as the 
criterion to determine Fusobacterium sp. infection in 
GC, we found 30 GC tissues were infected by 
Fusobacterium sp., while 31 were not. That is, the 
infection rate of Fusobacterium sp. in GC was 52.46% 
(Figure 1). 

 

 
Figure 1. Fusobacterium sp. sOTU absolute abundance in GC tissues. C56 sOTU absolute abundance value is 4311, C56 sOTU absolute abundance value is 397. 
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Table 1. Fusobacterium sp. infection and clinicopathological 
parameters in GC 

Parameters Fusobacterium 
sp.-positive 

N Fusobacterium 
sp.-Negative 

N P 

Age 65 (53.00-69.26) 30 59.00 (50.00-64.00) 31 *0.041 
Gender  30  31 0.119 
Male  20 (66.67%)  26 (83.87%)   
Female 10 (33.33%)  5 (16.13%)   
Tumor size  30  31 0.716 
≤6 cm 18 (60%)  20 (64.5%)   
>6 cm 12 (40%)  11 (35.5%)   
Differentiation  30  31 0.348 
Low and others 26 (86.7%)  24 (77.4%)   
High-middle 4 (13.3%)  7 (22.6%)   
Lauren’s classification  30  31 0.699 
Intestinal 14 (46.7%)  16 (51.6%)   
Diffuse 16 (53.3%)  15 (48.4%)   
Depth of invasion  30  31 0.731 
T1+T2 25 (48.1%)  27 (51.9%)   
T3+T4 5 (55.6%)  4 (44.4%)   
Tumor lymphocyte infiltration 30  31 *0.040 
+ 10 (33.3%)  11 (35.5%)   
++ 6 (20.0%)  14 (45.2%)   
+++ 14 (46.7%)  6 (19.4%)   
Vascular cancer embolus  30  31 0.372 
Negative 17 (56.7%)  21 (67.7%)   
Positive 13 (43.3%)  10 (32.3%)   
Lymphatic metastasis  30  31 0.860 
Negative 10 (33.3%)  11 (35.5%)   
Positive 20 (66.7%)  20 (64.5%)   
TNM stage  30  31 0.878 
I-II 12 (40%)  13 (41.9%)   
III-IV 18 (60%)  18 (58.1%)   
Ki67  30  31 0.648 
≤70% 9 (30%)  11 (35.5%)   
>70% 21 (70%)  20 (64.5%)   
P53  30  31 *0.016 
Negative 5 (16.7%)  14 (45.2%)   
Positive 25 (83.3%)  17 (54.8%)   
CEA  30  31 0.181 
(+) 12 (40%)  17 (54.8%)   
(++) 3 (10%)  4 (12.9%)   
(+++) 15 (50%)  10 (32.3%)   
Her-2  30  31 0.900 
Negative 15 (50.8%)  16 (54.6%)   
Positive 15 (49.2%)   15 (48.4%)     

 

The differences of clinicopathological 
parameters between GC with or without 
Fusobacterium sp. infection 

In the present study, we compared age, gender, 
and clinicopathological parameters between 
Fusobacterium sp.-positive and negative GC tissues. 
Elderly GC patients were more prone to 
Fusobacterium sp. infection (P = 0.041) and tumor 
lymphocyte infiltration was related to Fusobacterium 
sp. infection (P = 0.040). However, for gender, tumor 
size, differentiation, Lauren’s classification, depth of 
invasion, vascular cancer embolus, lymphatic 
metastasis, and TNM stage, there were no significant 
differences between two GC groups (P > 0.05) (Table 
1). For tumor biomarkers, Fusobacterium sp. infection 
had no relationship with CEA, Ki67, and Her-2 
expression, but significantly associated with p53 
expression. Compared with Fusobacterium 

sp.-negative group, GC patients infected with 
Fusobacterium sp. were more likely to have p53 
expression (P = 0.016) and the expression level was 
higher (Table 1). 

The prognosis of GC with or without 
Fusobacterium sp. infection 

In Kaplan-Meier survival analysis, the OS 
between Fusobacterium sp. negative and positive 
groups had no significant difference (P = 0.899). 
Considering the above clinicopathological 
parameters, Kaplan Meier survival analysis also 
showed no significant difference between two GC 
groups (P > 0.05). After Cox univariate analysis, 
parameters with P < 0.1 (tumor size, differentiation, 
depth of invasion, vascular cancer embolus, 
lymphatic metastasis, TNM stage) were included in 
multivariate analysis. After adjusting parameters that 
affect prognosis, Fusobacterium sp. infection could 
not be regarded as an independent risk factor of 
prognosis (P > 0.05) (Table S2). 

Microbial diversity and differential enrichment 
genus in GC with or without Fusobacterium 
sp. infection 

Microbial diversity between two GC groups had 
a significant difference. In terms of α diversity, 
microbial abundance indexes (richness, Chao1 index, 
ACE index) and phylogenetic diversity (PD) whole 
tree indexes in Fusobacterium sp.-positive GC tissues 
were higher than negative ones (Figure 2), while 
Shannon index, Simpson's index, Pielou, and goods 
coverage had no statistical difference (P > 0.05) 
(Figure S1). In terms of β diversity, we calculated 
Bray-Curtis dispersion, Jaccard, unweighted UniFrac, 
weighted UniFrac distance metrics. Among them, 
Jaccard (P = 0.001), unweighted UniFrac (P = 0.001), 
and weighted UniFrac distance metrics (P = 0.042) 
showed a statistical difference between two GC 
groups (Table S3), suggesting that Fusobacterium sp. 
infection status in GC could affect the structure of 
microbiome. 

After applying the LEfSe algorithm, we screened 
differential enrichment genera between 
Fusobacterium sp. positive and negative GC groups 
and construct a microbial interaction network. 
Among all the 42 differential genera obtained, 
Jiangella、Phenylobacterium and Chelativorans had 
higher abundances in Fusobacterium sp. - negative 
GC tissues, while 39 genera (such as Prevotella, 
Bacteroides and Pepsostretococcus, etc.) had higher 
abundances in Fusobacterium sp. - positive ones 
(Figure 3). Bacteria interaction network was 
constructed by Spearman correlation analysis based 
on the strong correlation genera (r > 0.7) (Figure 4). In 
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Fusobacterium sp. - positive GC tissues, it showed 
more correlations among bacteria with Fusobacterium 
sp. strongly correlating with Porphyromonas sp. (r= 
0.72, P < 0.05). While in the Fusobacterium sp. - 
negative group, the correlation was more simple 
(Table S4). 

Functional analysis of metabolic pathways in 
GC with or without Fusobacterium sp. 
infection 

We used PICRUSt2 to predict metabolic function 
and found some enzymes and metabolic pathways 
between Fusobacterium sp. positive and negative GC 
groups were significantly different (P < 0.05). Among 
them, 25 enzymes and 4 KOs were highly enriched in 
Fusobacterium sp. -positive GC tissues, 14 enzymes 
and 1 KO were highly enriched in Fusobacterium sp. 
-negative GC tissues (Figure S2). As for differential 
metabolic pathways, KEGG and metacyc database 
were applied to annotate metabolic pathways. In 
metacyc database, 44 metabolic pathways were highly 
enriched in Fusobacterium sp. - positive GC tissues 
and 15 were highly enriched in the negative ones 
(Figure S2). Among them, the metabolic pathway of 
L-glutamate degradation V (via hydroxyglutarate) 

was confirmed to be related to Fusobacteria. In KEGG 
database, 16 metabolic pathways were highly 
enriched in Fusobacterium sp. - positive GC tissues, 
mainly associated with genetic information 
processing (replication, transcription, and repair) and 
metabolism of vitamins, amino acids, and 
compounds; 9 pathways were highly enriched in 
Fusobacterium sp. - negative GC tissues, mainly 
associated with carbohydrate metabolism, amino acid 
metabolism, cell movement, and signal transduction. 
In both the KEGG and MetaCyc database, three 
differential metabolic pathways were found and listed 
in Table 2. 
 
 

Table 2. Highly enriched metabolic pathways in Fusobacterium 
sp. - positive GC tissues 

KEGG Database Pathway MetaCyc Database 
ko00300 Lysine biosynthesis PWY-2941 
ko00550 Peptidoglycan biosynthesis PWY-6470 
  PEPTIDOGLYCANSYN-PWY 
  PWY-6385 
  PWY-6471 
ko00970 Aminoacyl-tRNA 

biosynthesis/tRNA charging 
TRNA-CHARGING-PWY 

 
 

 

 
Figure 2. Differences of α diversity indexes (richness, Chao1 index, ACE index) and PD whole tree in GC tissues with or without Fusobacterium sp. Infection. 
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Figure 3. Differential enrichment genus in GC tissues with or without Fusobacterium sp. Infection. 

 
 

 
Figure 4. Bacteria interaction network in Fusobacterium sp. – positive GC tissue. 

The validation of microbial diversity, 
differential enrichment genus and metabolic 
function in GC with or without Fusobacterium 
sp. infection with a Chinese independent 
cohort 

To validate the results of the present study, we 
used a Chinese independent cohort of 229 GC 16S 
rRNA sequencing data to analyse microbial diversity, 
differential enrichment genus and metabolic function 
in GC tissues with or without Fusobacterium sp. 
infection. As the methods and the determination 
criterion of Fusobacterium sp. described above, sOTU 
was obtained through Qiime2 microbiome 
bioinformatics platform. Of the 229 GC patients, 75 
were infected by Fusobacterium sp., while 154 were 
not, with a 32.75% infection rate of Fusobacterium sp. 
In the analysis of microbial diversity, α diversity 
showed no statistical differences (Figure S3) between 
two GC Fusobacterium sp. infection groups, while β 
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diversity index Unweighted Unifrac distance metrics 
(P =0.039) and Weighted Unifrac distance metrics (P 
=0.023) were statistically significant. The consistent 
result of β diversity index indicated that 
Fusobacterium sp. infection could affect the microbial 
structure of GC tissues. As for differential enrichment 
genus, 21 were enriched in Fusobacterium sp.- 
negative GC tissues and 26 were enriched in the 
positive ones. Of the 26 genus in Fusobacterium sp.- 
positive GC tissues, 16 showed the same enrichment 
as the above results (Figure S4). However, the 
correlation of differential genus showed no strong 
correlation (r < 0.7). In Fusobacterium sp.- positive GC 
tissues, Fusobacterium sp. showed a middle 
correlation with Catonella sp. (r=0.47) and 
Selenomonas sp. (r=0.46). Regarding of the metabolic 
function, we used PICRUSt2 to predict metabolic 
pathways through KEGG and metacyc database 
(Table S5). We figured out that the pathways listed in 
Table 2 were all included in metabolic pathway 
predictions in these 229 GC tissues. In general, after 
using a 229 GC independent cohort to validate the 
results of microbial diversity, differential enrichment 
genus and metabolic function in 61 GC tissues with or 
without Fusobacterium sp. infection, Fusobacterium 
sp. infection had an impact on microbial structure 
diversity, flora distribution, genus interaction and 
metabolic functions (lysine, peptidoglycan and tRNA 
charging.) in GC tissues. Unfortunately, due to the 
lack of public information on clinicopathological 
parameters of these 229 GC patients, the effect of 
Fusobacterium sp. infection on clinicopathological 
parameters and prognosis of GC still need further 
validation and exploration. 

Discussion 
In the present study, using the Qiime2 

microbiome bioinformatics platform, microbial 
related analysis, correlation analysis and functional 
prediction software, we compared clinicopathological 
parameters, prognosis, micro-ecological environment 
and metabolic function of GC tissues with or without 
Fusobacterium sp. infection. The results showed 
Fusobacterium sp. infection could be detected in GC 
tissues and was prone to elderly patients. Meanwhile, 
Fusobacterium sp. infection was positively related to 
p53 expression and tumor infiltration lymphocytes. In 
GC tissues, microbial diversity, differential 
enrichment genus, and metabolic function all showed 
significant differences between two GC tissue groups. 
These results may provide a scientific basis for 
elucidating the impacts of Fusobacterium sp. infection 
on GC phenotype and micro-ecological environment. 

Fusobacterium sp. could be detected in GC 
tissues and were age-related 

Our previous study has found that the 
abundance of Fusobacterium sp. in GC tissues is 
higher than NC tissues [8]. Other studies also 
suggested the abundance differences of Clostridium 
and Fusobacterium between GC and adjacent NC 
tissues and the combined detection of Clostridium 
and Fusobacterium may be used as a bacterial marker 
for diagnosing GC with 100% sensitivity and 70% 
specificity [19]. Our present study further found that 
the abundance of Fusobacterium sp. not only differed 
between GC and NC tissues but also among each GC 
tissues. Based on the 16S rRNA sequencing, 
Fusobacterium sp. detection rate of 61 GC tissues was 
52.46%, which indicated that over 50% of GC was 
related to Fusobacterium sp. infection. However, in 
the 229 GC tissues, Fusobacterium sp. detection rate 
was only 32.75%. In a previous small sample study of 
Taiwan in China, Fusobacterium sp. could be detected 
in 7 out of 11 GC patients, with a 63.64% infection rate 
[19]. Though the detection rate varied in GC tissues, 
we could still speculated that Fusobacterium sp. 
infection may not only have a close relationship with 
the carcinogenesis of GC but also play an important 
role in the progress of GC. This inference is worthy of 
in-depth study and further confirmation. Besides, our 
results showed that the status of Fusobacterium sp. 
infection had no statistical relationships with gender, 
but elderly GC patients were more prone to infect 
Fusobacterium sp. This finding may provide valuable 
clues for developing age-based precision prevention 
and for observing differences in various population 
distributions caused by Fusobacterium sp. infection. 

Fusobacterium sp. infection is related to 
tumor-infiltrating lymphocytes in GC tissues 

In the present study, we compared clinicopatho-
logical parameters (tumor size, differentiation, 
Lauren’s classification, depth of invasion, tumor- 
infiltrating lymphocytes, vascular cancer embolus, 
lymphatic metastasis, and TNM stage) between GC 
tissues with or without Fusobacterium sp. infection. A 
relationship only occurred in tumor-infiltrating 
lymphocytes: the lymphocyte infiltration was lower in 
Fusobacterium sp.-negative GC tissues, but higher in 
Fusobacterium sp.-positive ones. Previous studies on 
colorectal cancer have demonstrated the relationship 
between Fusobacterium sp. infection and tumor- 
infiltrating lymphocytes (especially CD4 + T cells), 
which could be affected by MSI status [20-22]. In the 
local immune microenvironment, Fusobacterium sp. 
may exert a regulatory role in suppressing adaptive 
immunity by inhibiting the cytotoxicity of NK cells 
and the reactivity of T cells [23, 24]. From here we 
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speculate that under the infection of Fusobacterium 
sp., the number of infiltrating lymphocytes in GC 
immune microenvironment will increase in response 
to pathogens, but the reactivity and anti-tumor 
adaptive immunity may be suppressed to some 
extent. To better prevent and treat microbial 
infection-related tumors, the relationship between 
Fusobacterium and immune cells still needs further 
confirmation by in vivo and in vitro experiments. 

Fusobacterium sp. infection is related to p53 
expression in GC tissues 

By analyzing Fusobacterium sp. infection and 
the expression of tumor biomarkers (Ki67, p53, CEA, 
Her-2), p53 expression was related to Fusobacterium 
sp. infection: the positive and high expression of p53 
was more likely to appear in GC tissues with 
Fusobacterium sp. infection. Wild-type p53 has the 
effect of blocking cell cycle and inhibiting tumor 
progression, and mutant p53 plays a role in 
promoting cancer [25, 26]. Here, due to the short 
half-life of wild-type p53, the p53 expression in 
immunohistochemistry was all mutant p53. Previous 
studies have reported that Fusobacterium sp. could 
promote the expression of wild-type p53 in oral 
inflammation and tongue squamous cell carcinoma 
[27, 28]. Other studies on colorectal cancer showed 
that mutant p53 could express in cancer tissues no 
matter what infection status of Fusobacterium sp. [29, 
30], and the Fusobacterium sp. may promote 
carcinogenesis by changing APC-K-ras-DCC-p53 in 
stages [31]. There have been few studies analyzing 
Fusobacterium sp. infection in GC, our study first 
found out that Fusobacterium sp. had a positive 
correlation with the expression of mutant p53, which 
may play a significant role in promoting 
carcinogenesis. Ki67, acting as a biomarker reflecting 
tumor proliferation and malignancy, was not related 
to Fusobacterium sp. infection in our study. 
Nevertheless, some studies confirmed the effect of 
Fusobacterium sp. on promoting cancer cell 
proliferation and invasion, protecting tumors from 
the attack of immune cells and accelerating cancer 
progression [32-37]. Whether Fusobacterium sp. also 
plays an important role in the carcinogenesis and 
development of GC and its mechanism is required to 
be further explored. In the present study, Her-2, an 
important index in targeted therapy of GC, was not 
associated with Fusobacterium sp. infection. The 
reason for this result may not exclude the restriction 
of samples and the influence of individual differences, 
etc. Given the important role of Her-2 in clinical 
treatment, an in-depth investigation is needed. 

Fusobacterium sp. infection and prognosis of 
GC patients 

In the aspect of prognosis evaluation, our work 
showed no correlation between Fusobacterium sp. 
infection and prognosis of GC patients. Previous 
studies in colorectal cancer and esophageal cancer 
have shown that Fusobacterium may be used as a 
prognostic biomarker: the higher of Fusobacterium 
nucleatum DNA (a species of Fusobacterium sp.), the 
shorter of OS of cancer patients [38, 39]. As a 
limitation of sample size, individual differences, other 
factors that affect the status of Fusobacterium sp. 
infection and the initial stage of Fusobacterium sp. 
research on GC, the effect of Fusobacterium sp. 
infection on the prognosis of GC needs further 
confirmation. 

Differential enrichment genus and metabolic 
function analysis in GC tissues with or without 
Fusobacterium sp. infection 

In this study, there were differences in microbial 
diversity, enriched genera, and metabolic function 
between GC with or without Fusobacterium sp. 
infection. Compared with Fusobacterium sp.-negative 
GC tissues, microbial abundance and community 
genetic diversity were higher in Fusobacterium 
sp.-positive group. Differences also occurred in 
microbial structure, which were further validated by 
229 GC tissues. These results indicated that the 
abundance of Fusobacterium sp.- correlated bacteria 
may increase due to its infection, causing the overall 
community to change during the evolution of bacteria 
and affecting the structure of microbial community, 
but the specific role still needs to be explored. In 
further analysis of differential enrichment genus, 
Phenylobacterium and other two genera had higher 
abundance in Fusobacterium sp.- negative GC tissues, 
and 39 genera of Prevotella and Bacteroides had 
higher abundance in Fusobacterium sp.- positive 
ones. Among them, Fusobacterium sp. had a strong 
positive correlation with Porphyromonas. This 
relationship has ever been confirmed in H.pylori- 
associated superficial gastritis, atrophic gastritis, and 
intestinal metaplasia [40]. Meanwhile, evidences have 
shown that Porphyromonas can exist in normal 
gastric mucosa [19], the saliva of gastrointestinal 
tumor patients [41], and is also involved in the 
occurrence of esophageal squamous cell carcinoma 
and colorectal cancer together with Fusobacterium sp. 
[42, 43]. In the validating process of the result, we 
found 16 genera showed the same enrichment trend. 
However, neither of them had a strong correlation 
with each other genus. We speculate that in GC, 
Fusobacterium sp., through the joint action with 
Porphyromonas, can affect the distribution of gastric 
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flora without the exclusion of other flora. But the 
correlation may change due to microbial differences 
in geographical populations. 

After further metabolic function prediction by 
PICRUSt2, we identified the role of Fusobacterium sp. 
in metabolic functions of GC tissues. Based on the 
MetaCyc database, the metabolic pathway of 
L-glutamate degradation V (via hydroxyglutarate) 
was confirmed to be related to Fusobacteria in 
Fusobacterium sp.-positive GC, which may due to the 
suitable anaerobic environment for the growth of 
bacteria. Based on the KEGG database, the differences 
in metabolic functions between two GC groups were 
mainly related to amino acids, carbohydrate, 
vitamins, some compounds and energy metabolism, 
as well as some genetic information processing 
pathways such as DNA replication, nucleotide 
excision repair processes and translation processes 
(ribosome metabolism and tRNA biosynthesis). To 
improve the accuracy of metabolic function 
prediction, we integrated the results of these two 
databases and concluded that the metabolic functions 
of Fusobacterium sp.-positive GC were related to the 
biosynthesis of lysine, peptidoglycan and tRNA. This 
result was fully validated in the independent cohort 
of 229 Chinese GC tissues. This suggested that 
Fusobacterium sp. and its related flora may be 
involved in the biosynthesis of lysine secreted by 
gastric juice and also in the peptidoglycans synthesis 
of Gram-positive and Gram-negative bacterial cell 
walls. Interestingly, previous studies indicated that 
the trmFO gene in Firmicutes, Proteobacteria, 
Fusobacteria, Acidobacteria and an actinomycete 
could encode the enzyme that catalyzes tRNA 
formation [44], among which the first three bacteria 
could also help regulate tRNA to maintain the fidelity 
of translation [45]. This is somewhat consistent with 
the composition of the differential genus in 
Fusobacterium sp.-positive GC tissues in our study 
and also explains the correlation between tRNA 
biosynthesis and Fusobacterium sp. infection in GC. 
Our work provided insights into the effect of 
Fusobacterium sp. infection on the composition of GC 
microbial community. Furthermore, the differential 
metabolic pathways could be used as metabolic 
markers of Fusobacterium sp. associated GC, laying 
the foundation for further in-depth exploring the 
effect of Fusobacterium sp. on the metabolic function 
of GC. 

Conclusion 
According to the results of the present study, the 

infection rate of Fusobacterium sp. was 52.46% in 61 
GC tissues. Elderly GC patients were more prone to 
Fusobacterium sp. infection and the degree of 

tumor-infiltrating lymphocyte in Fusobacterium- 
positive GC tissues was higher. GC patients infected 
with Fusobacterium sp. were more likely to have p53 
expression and the expression level was higher. The 
microbial diversity and microbial structure showed 
significant differences in GC tissues with or without 
Fusobacterium sp. infection with 42 differential 
enrichment genera. Among them, the strong 
correlation between Fusobacterium sp. and 
Porphyromonas sp. in Fusobacterium sp. - positive 
GC tissues suggested that Fusobacterium sp. may 
affect microbial distribution by affecting 
Porphyromonas sp. or both. Moreover, the metabolic 
function of Fusobacterium sp.-positive GC tissues was 
related to the biosynthesis of lysine, peptidoglycan, 
and tRNA. Microbial structure diversity, differential 
enrichment genus and metabolic function were 
further validated by an independent cohort of 229 
Chinese GC tissues. In conclusion, Fusobacterium sp. 
infection can affect the phenotypic characteristics, 
micro-ecological environment, and metabolic 
functions of GC. This may provide a basis and clue for 
further exploring the relationship between 
Fusobacterium sp. infection and carcinogenesis, 
development and prognosis of GC. This may also lay 
a foundation for further in-depth exploration of the 
mechanism of Fusobacterium sp. affecting metabolic 
functions of GC. 

Supplementary Material  
Supplementary figures and tables.  
http://www.jcancer.org/v12p1023s1.zip  

Acknowledgements 
This work was supported by the National Key 

R&D Program of China (Grant 2018YFC1311600) and 
Liaoning Revitalization Talents Program (Grant 
#XLYC1808036). 

Authors’ contributions 
YY provide direction and guidance throughout 

the preparation of this manuscript. SR Nie completed 
data collection and analysis and drafted the 
manuscript. AW participated in data extraction and 
analysis. YY reviewed the manuscript. All authors 
read and approved the final manuscript. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. De Witte C, Flahou B, Ducatelle R, et al. Detection, isolation and 

characterization of Fusobacterium gastrosuis sp. nov. colonizing the stomach 
of pigs. Syst Appl Microbiol. 2017; 40: 42-50. 



 Journal of Cancer 2021, Vol. 12 

 
http://www.jcancer.org 

1032 

2. Conrads G, Claros MC, Citron DM, et al. 16S-23S rDNA internal transcribed 
spacer sequences for analysis of the phylogenetic relationships among species 
of the genus Fusobacterium. Int J Syst Evol Microbiol. 2002; 52: 493-9. 

3. Yu T, Guo F, Yu Y, et al. Fusobacterium nucleatum Promotes Chemoresistance 
to Colorectal Cancer by Modulating Autophagy. Cell. 2017; 170: 548-63.e16. 

4. Hibberd AA, Lyra A, Ouwehand AC, et al. Intestinal microbiota is altered in 
patients with colon cancer and modified by probiotic intervention. BMJ Open 
Gastroenterol. 2017; 4: e000145. 

5. Gao Z, Guo B, Gao R, et al. Microbiota disbiosis is associated with colorectal 
cancer. Front Microbiol. 2015; 6: 20. 

6. Castellarin M, Warren RL, Freeman JD, et al. Fusobacterium nucleatum 
infection is prevalent in human colorectal carcinoma. Genome Res. 2012; 22: 
299-306. 

7. Yamamura K, Baba Y, Miyake K, et al. Fusobacterium nucleatum in 
gastroenterological cancer: Evaluation of measurement methods using 
quantitative polymerase chain reaction and a literature review. Oncol Lett. 
2017; 14: 6373-8. 

8. Chen XH, Wang A, Chu AN, et al. Mucosa-Associated Microbiota in Gastric 
Cancer Tissues Compared With Non-cancer Tissues. Front Microbiol. 2019; 10: 
1261. 

9. Wu ZF, Zou K, Wu GN, et al. A Comparison of Tumor-Associated and 
Non-Tumor-Associated Gastric Microbiota in Gastric Cancer Patients. Dig Dis 
Sci. 2020; [Epub ahead of print]. 

10. Wang Z, Gao X, Zeng R, et al. Changes of the Gastric Mucosal Microbiome 
Associated With Histological Stages of Gastric Carcinogenesis. Front 
Microbiol. 2020; 11: 997. 

11. Coker OO, Dai Z, Nie Y, et al. Mucosal microbiome dysbiosis in gastric 
carcinogenesis. Gut. 2018; 67: 1024-32. 

12. Liu X, Shao L, Liu X, et al. Alterations of gastric mucosal microbiota across 
different stomach microhabitats in a cohort of 276 patients with gastric cancer. 
EBioMedicine. 2019; 40: 336-48. 

13. Bolyen E, Rideout JR, Dillon MR, et al. Reproducible, interactive, scalable and 
extensible microbiome data science using QIIME 2. Nat Biotechnol. 2019; 37: 
852-7. 

14. Bokulich NA, Subramanian S, Faith JJ, et al. Quality-filtering vastly improves 
diversity estimates from Illumina amplicon sequencing. Nat Methods. 2013; 
10: 57-9. 

15. [Internet] Oksanen J, Blanchet FG, Kindt R, et al. vegan: Community Ecology 
Package. 2014. http://CRANR-projectorg/package=vegan. 

16. Lozupone CA, Hamady M, Kelley ST, et al. Quantitative and qualitative beta 
diversity measures lead to different insights into factors that structure 
microbial communities. Appl Environ Microbiol. 2007; 73: 1576-85. 

17. Lozupone C, Knight R. UniFrac: a new phylogenetic method for comparing 
microbial communities. Appl Environ Microbiol. 2005; 71: 8228-35. 

18. Langille MG, Zaneveld J, Caporaso JG, et al. Predictive functional profiling of 
microbial communities using 16S rRNA marker gene sequences. Nat 
Biotechnol. 2013; 31: 814-21. 

19. Hsieh YY, Tung SY, Pan HY, et al. Increased Abundance of Clostridium and 
Fusobacterium in Gastric Microbiota of Patients with Gastric Cancer in 
Taiwan. Sci Rep. 2018; 8: 158. 

20. Hamada T, Zhang X, Mima K, et al. Fusobacterium nucleatum in Colorectal 
Cancer Relates to Immune Response Differentially by Tumor Microsatellite 
Instability Status. Cancer Immunol Res. 2018; 6: 1327-36. 

21. Chen T, Li Q, Zhang X, et al. TOX expression decreases with progression of 
colorectal cancers and is associated with CD4 T-cell density and 
Fusobacterium nucleatum infection. Hum Pathol. 2018; 79: 93-101. 

22. Mima K, Sukawa Y, Nishihara R, et al. Fusobacterium nucleatum and T Cells 
in Colorectal Carcinoma. JAMA Oncol. 2015; 1: 653-61. 

23. Nosho K, Sukawa Y, Adachi Y, et al. Association of Fusobacterium nucleatum 
with immunity and molecular alterations in colorectal cancer. World J 
Gastroenterol. 2016; 22: 557-66. 

24. Gur C, Ibrahim Y, Isaacson B, et al. Binding of the Fap2 protein of 
Fusobacterium nucleatum to human inhibitory receptor TIGIT protects 
tumors from immune cell attack. Immunity. 2015; 42: 344-55. 

25. Lee KJ, Saha J, Sun J, et al. Phosphorylation of Ku dictates DNA double-strand 
break (DSB) repair pathway choice in S phase. Nucleic acids research. 2016; 44: 
1732-45. 

26. Wei S, Xiong M, Zhan D-q, et al. Ku80 functions as a tumor suppressor in 
hepatocellular carcinoma by inducing S-phase arrest through a p53-dependent 
pathway. Carcinogenesis. 2012; 33: 538-47. 

27. Geng F, Zhang Y, Lu Z, et al. Fusobacterium nucleatum Caused DNA Damage 
and Promoted Cell Proliferation by the Ku70/p53 Pathway in Oral Cancer 
Cells. DNA and cell biology. 2020; 39: 144-51. 

28. Memmert S, Nogueira AVB, Damanaki A, et al. Damage-regulated autophagy 
modulator 1 in oral inflammation and infection. Clinical oral investigations. 
2018; 22: 2933-41. 

29. Tahara T, Yamamoto E, Suzuki H, et al. Fusobacterium in colonic flora and 
molecular features of colorectal carcinoma. Cancer research. 2014; 74: 1311-8. 

30. Flanagan L, Schmid J, Ebert M, et al. Fusobacterium nucleatum associates with 
stages of colorectal neoplasia development, colorectal cancer and disease 
outcome. European journal of clinical microbiology & infectious diseases : 
official publication of the European Society of Clinical Microbiology. 2014; 33: 
1381-90. 

31. Zhang J, Lu XL, Zhao G, et al. Relationships between the enrichment of ETBF, 
Fn, Hp in intestinal and colorectal cancer. Zhonghua zhong liu za zhi [Chinese 
journal of oncology]. 2018; 40: 99-104. 

32. Rubinstein MR, Wang X, Liu W, et al. Fusobacterium nucleatum promotes 
colorectal carcinogenesis by modulating E-cadherin/beta-catenin signaling 
via its FadA adhesin. Cell Host Microbe. 2013; 14: 195-206. 

33. Li YY, Ge QX, Cao J, et al. Association of Fusobacterium nucleatum infection 
with colorectal cancer in Chinese patients. World J Gastroenterol. 2016; 22: 
3227-33. 

34. Fukugaiti MH, Ignacio A, Fernandes MR, et al. High occurrence of 
Fusobacterium nucleatum and Clostridium difficile in the intestinal 
microbiota of colorectal carcinoma patients. Braz J Microbiol. 2015; 46: 1135-40. 

35. Flanagan L, Schmid J, Ebert M, et al. Fusobacterium nucleatum associates with 
stages of colorectal neoplasia development, colorectal cancer and disease 
outcome. Eur J Clin Microbiol Infect Dis. 2014; 33: 1381-90. 

36. Gur C, Ibrahim Y, Isaacson B, et al. Binding of the Fap2 protein of 
Fusobacterium nucleatum to human inhibitory receptor TIGIT protects 
tumors from immune cell attack. Immunity. 2015; 42: 344-55. 

37. Yang Y, Weng W, Peng J, et al. Fusobacterium nucleatum Increases 
Proliferation of Colorectal Cancer Cells and Tumor Development in Mice by 
Activating Toll-Like Receptor 4 Signaling to Nuclear Factor-kappaB, and 
Up-regulating Expression of MicroRNA-21. Gastroenterology. 2017; 152: 
851-66.e24. 

38. Mima K, Nishihara R, Qian ZR, et al. Fusobacterium nucleatum in colorectal 
carcinoma tissue and patient prognosis. Gut. 2016; 65: 1973-80. 

39. Yamamura K, Baba Y, Nakagawa S, et al. Human Microbiome Fusobacterium 
Nucleatum in Esophageal Cancer Tissue Is Associated with Prognosis. Clin 
Cancer Res. 2016; 22: 5574-81. 

40. Guo Y, Zhang Y, Gerhard M, et al. Effect of Helicobacter pylori on 
gastrointestinal microbiota: a population-based study in Linqu, a high-risk 
area of gastric cancer. Gut. 2020; 69: 1598-607. 

41. Kageyama S, Takeshita T, Takeuchi K, et al. Characteristics of the Salivary 
Microbiota in Patients With Various Digestive Tract Cancers. Front Microbiol. 
2019; 10: 1780. 

42. Shao D, Vogtmann E, Liu A, et al. Microbial characterization of esophageal 
squamous cell carcinoma and gastric cardia adenocarcinoma from a high-risk 
region of China. Cancer. 2019; 125: 3993-4002. 

43. Shirazi MSR, Al-Alo KZK, Al-Yasiri MH, et al. Microbiome Dysbiosis and 
Predominant Bacterial Species as Human Cancer Biomarkers. J Gastrointest 
Cancer. 2020; 51: 725-8. 

44. Urbonavicius J, Brochier-Armanet C, Skouloubris S, et al. In vitro detection of 
the enzymatic activity of folate-dependent tRNA (Uracil-54,-C5)- 
methyltransferase: evolutionary implications. Methods Enzymol. 2007; 425: 
103-19. 

45. Eichhorn CD, Kang M, Feigon J. Structure and function of preQ(1) 
riboswitches. Biochim Biophys Acta. 2014; 1839: 939-50. 


