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hosts’ genetic polymorphisms and environmental factors. 
Among the microorganisms colonizing the human stom-
ach [5], Helicobacter pylori crucially contributes to gastric 
cancer [6–8], and antibiotic therapy regresses cancerous 
tissues over time, but in some cases [9, 10]. Other bacte-
rial species also may contribute to the pathogenesis, and 
been associated with an increased risk, of gastric cancer 
[11]; these include Fusobacterium nucleatum, Propioni-
bacterium acnes, Prevotella copri, Leptotrichia wadei, 
Prevotella melaninogenica, and Streptococcus anginosus. 
Notably, F. nucleatum has been detected in gastric biop-
sies of patients with gastric cancer [12, 13]. This Gram-
negative, rod-shaped, obligatory anaerobe normally 
colonizes the oral cavity and gastrointestinal tract [14]. 
Additionally, F. nucleatum is implicated in poor prog-
nosis of colorectal cancer [15]. Discovery of gastric F. 
nucleatum in patients with gastric cancer challenges the 
conventional understanding of its roles and suggests a 

Introduction
The human mucosal and epidermal microbiomes include 
microbial and fungal communities [1]. The gastric micro-
bial community is a critical subset that warrants fur-
ther study of its roles in human health and disease [2]. 
Cumulative evidence suggests that colonization by cer-
tain pathogens of the digestive system is associated with 
the progression of gastroduodenal disorders, including 
gastric cancer [3, 4]. Gastric cancer is influenced also by 
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Abstract
Objective  Putative associations between certain bacteria and gastric cancer have been described previously; 
however, the mechanisms underlying such associations are not thoroughly understood. We aimed to confirm the 
presence of Fusobacterium nucleatum in the biopsy samples of patients with gastroduodenal diseases, including 
gastric cancer, with concomitant or without Helicobacter pylori infection.

Results  Three hundred patients with gastroduodenal disorders, including gastritis, duodenal ulcer, or gastric cancer, 
were included. One hundred and eighty (60%) patients were negative and 120 (40%) positive for H. pylori. Associations 
between the presence of H. pylori and age, gender, or other demographics were statistically insignificant (p > 0.05). 
The prevalence of F. nucleatum infection was determined for the two patient categories: 215 patients (72%) were 
positive for F. nucleatum; of these cases, 95 showed evidence of, and 120 lacked, concomitant H. pylori infection. 
Gastric biopsies obtained from patients with gastric cancer but negative for H. pylori revealed a significant prevalence 
of F. nucleatum infection.
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putative involvement in the pathogenesis of gastric can-
cer [16, 17]. Finding F. nucleatum at statistically signifi-
cant levels among patients with gastric cancer without H. 
pylori infection thus warrants considering F. nucleatum 
as a therapeutic target, particularly for high-risk individ-
uals, possibly to enhance the clinical management of the 
cancer.

Our research underscores the importance of gastro-
enterology in advancing our understanding of bacterial 
involvements in the pathogenesis of gastric cancer. Con-
sidering the present evidence, we conducted a cross-sec-
tional study investigating the prevalence of F. nucleatum 
among Iranian patients with gastroduodenal disorders 
but without active H. pylori infection.

Materials and methods
Sampling
We aimed to identify the F. nucleatum DNA in biopsy 
samples obtained from patients diagnosed with digestive 
disorders, including gastritis, duodenal ulcer, and gastric 
cancer (Fig.  1). Voluntary participants were enrolled in 
the Mehrad Hospital and Labafi-Nejad Hospital, Teh-
ran, Iran. For each patient, two biopsy samples were col-
lected by a gastroenterologist by endoscopy. One of the 
samples was fixed in 10% (w/v) buffered formalin and 
forwarded to the pathology department for histology. 
The second sample was placed in a sterile tube containing 
fresh phosphate-buffered saline and transported within 
3  h of endoscopy for microbiological and molecular 

analyses. The inclusion criteria were a specified age range 
and availability of gastric biopsy specimens. Our exclu-
sion criteria included antibiotics therapy six weeks before 
endoscopy, pregnancy, history of abdominal surgery 
in the last two years, patients younger than 19 or older 
than 65, hypertension, and inflammatory bowel disease. 
The study was approved by the Ethics Committee of Tar-
biat Modares University, Tehran, Iran (IR.MODARES.
REC.1399.158) and conformed with the principles of the 
Declaration of Helsinki [18]. All participants provided 
written informed consents after being briefed about 
the study’s objectives. They were assured that they may 
withdraw at any time without affecting their medical 
treatment.

DNA extraction
Genomic DNA was extracted from the biopsy samples 
using a commercial DNA-extraction kit (QIAGEN, Ger-
many) according to standard instructions. The concentra-
tion and purity of the DNA were assessed at λ = 260 nm 
using a spectrophotometer (WPA, Biochrom, UK). Sam-
ples with a 260/280 absorbance ratio between 1.8 and 
2.0 were deemed to be highly pure. One hundred  µL of 
sample was kept at − 20  °C to prevent degradation until 
subsequent analyses. To detect F. nucleatum and H. 
pylori, specific primers targeting the fusA and glmM, 
respectively, were used [19]. glmM is a housekeeping 
gene crucial for the growth of microorganisms and has 
been extensively used to confirm the H. pylori presence 

Fig. 1  Schematic of screening conducted in our survey including 300 patients
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in epidemiological studies. In our previous study, we 
used fusA for specifically identifying F. nucleatum in 
the biopsy specimens collected from patients admitted 
to our clinic [20]. Details of the primers, including their 
sequences, annealing temperatures, and product sizes, 
are presented in Table 1.

Polymerase chain reaction (PCR)
The target genes were amplified using PCR in 15 µL mix-
ture that included 5 µL distilled water, 0.5 µL of each 
primer (10 pmol/µL), 8 µL of 2× master mix (Ampliqon, 
Copenhagen, Denmark), and 1 µL of extracted DNA. 
The master mix contained MgCl2 (1.5 mM), dinucleo-
tide triphosphates (0.2 mM each), and Taq polymerase 
(0.5 units). PCR was performed in a T100 Thermal Cycler 
(Bio-Rad, Berkeley, California) under the following con-
ditions: initial denaturation at 95 °C (5 min) followed by 
35 cycles of denaturation at 95  °C (30  s), annealing at 
58–59  °C (30  s), extension at 72  °C (1  min), and a final 
extension at 72  °C (10  min). PCR products were con-
firmed by electrophoresis on a 1% (w/v) agarose gel (Sina 
Clon, Tehran, Iran) and stained with ethidium bromide. 
The gel was visualized under ultraviolet light using an 
transilluminator (Biometra, Germany), and the expected 
amplicon sizes were verified by comparison with a DNA 
ladder. All data were analyzed using SPSS version 20. 
To compare the presence of F. nucleatum and H. pylori 
among enrolled patients and the control group, Fisher’s 
exact test and χ2 test were used. P < 0.05 was deemed sta-
tistically significant.

Results
Three hundred patients were enrolled in the study, with 
180 (60%) who tested negative and 120 (40%) positive for 
H. pylori. Associations between the presence of H. pylori 
and age, gender, or other demographic variables were 
not statistically significant (p > 0.05). The prevalence of F. 
nucleatum was analyzed in both groups. In this study, 215 

patients (71%) were positive for F. nucleatum; of these, 
95 showed evidence of concomitant H. pylori infection, 
whereas 120 were negative. For screening, observed rates 
of infection were determined across different disease 
categories. The results, modeled using logistic regres-
sion, are presented in Table 2. The highest prevalence of 
F. nucleatum occurred in patients diagnosed with gastric 
cancer, particularly among those negative for H. pylori. 
In contrast, the prevalence was significantly lower in 
patients with duodenal ulcers and those with undeter-
mined conditions. Logistic regression analysis (Table  2) 
confirmed that F. nucleatum infection is more strongly 
associated with gastric cancer than with other gastric dis-
eases, regardless of H. pylori status. Table 2 presents the 
prevalence of F. nucleatum in different disease groups, 
stratified by H. pylori status. For patients without H. 
pylori (H. pylori negative), the observed prevalence of F. 
nucleatum was the highest for gastric cancer (0.913), fol-
lowed by gastritis (0.6), duodenal ulcer (0.113), and unde-
termined cases (0). The predicted rates were similar, with 
gastric cancer showing the highest chance (0.848); gas-
tritis (0.615), duodenal ulcer (0.119), and undetermined 
cases (0.043) followed a similarly decreasing trend. In 
patients with H. pylori, observed rates were also the high-
est for gastric cancer (0.925), followed by gastritis (0.891), 
duodenal ulcer (0.444), and undetermined cases (0.188). 
The predicted prevalence mirrored the observed values 
closely, with gastric cancer showing the highest pre-
dicted chance at 0.962, gastritis at 0.879, duodenal ulcer 
at 0.380, and undetermined cases at 0.171. Thus, the 
logistic regression model closely predicted the presence 
of F. nucleatum in various conditions, with gastric cancer 
consistently showing the highest chance, especially in the 
presence of H. pylori.

Discussion
H. pylori has long been recognized as a risk factor for gas-
tric cancer [22]. Over the past decade, besides H. pylori, 
infection with F. nucleatum has been discussed contextu-
ally to cancer progression in the human gastroduodenal 
tract [23, 24]. Consequently, our study was designed to 
investigate the presence of this potentially carcinogenic 
bacterium in this context. Accordingly, new findings 
highlight the complex interplay between colonization by 
different pathogenic bacteria and gastric cancer patho-
genesis, suggesting mechanisms surpassing H. pylori 
[25]. Notably, detection of F. nucleatum in patients with 

Table 1  Primer sequences and corresponding details for PCR amplification of F. nucleatum and H. pylori fusA and glmM, respectively
Primer Oligonucleotide sequence (5’–3’) Temperature (°C) Product (bp) References
fusA CAACCATTACTTTAACTCTACCATGTTCA

TACTGAGGGAGATTATGTAAAAATC
59 105 This study

glmM AAGCTTTTAGGGGTGTTAGGGGTTT
AAGCTTACTTTCTAACACTAACGC

58 294  [21]

Table 2  Observed prevalence of F. nucleatum in the samples and 
their predicted values by logistic regression model
Disease H. pylori negative H. pylori positive

Observed Predicted Observed Predicted
Duodenal ulcer 0.113 0.119 0.444 0.380
Gastritis 0.600 0.615 0.891 0.879
Gastric cancer 0.913 0.848 0.925 0.962
Undetermined cases 0.000 0.043 0.188 0.171
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gastric cancer lacking H. pylori infection underscores the 
potential roles of alternative microbial entities in gastric 
carcinogenesis [26]. This hypothesis challenges the con-
ventional perspective that H. pylori is the sole bacterial 
contributor to this malignancy and emphasizes the need 
to consider the broader gastric microbiome. By explor-
ing the role of F. nucleatum and other microbial species, 
we can better understand the multifactorial nature of 
gastric cancer and uncover novel targets for prevention 
and treatment. F. nucleatum is commonly found in the 
oral cavity and the gut and has been linked to colorec-
tal cancer because it can promote inflammation, immune 
evasion, and carcinogenesis [27]. We surmise that F. 
nucleatum may similarly contribute to gastric cancer by 
colonizing the gastric environment, particularly without 
H. pylori. The pathogenic mechanisms by F. nucleatum 
(e.g., immunosuppressive tumor microenvironment) 
align with those observed in other gastrointestinal malig-
nancies [28, 29]. We hypothesize that the presence of F. 
nucleatum in patients with gastric cancer, but lacking H. 
pylori, may reflect the former’s ability to exploit ecologi-
cal niches left by the absence of H. pylori, highlighting 
its adaptability and pathogenic potential. Other bacterial 
species, such as Streptococcus anginosus, Prevotella spp., 
and Propionibacterium acnes, were detected in gastric 
biopsies from patients lacking H. pylori infection, sug-
gesting that the influential gastric microbiota may con-
stitute a broader network [30]. These bacteria may act 
synergistically or competitively (e.g., by using peptides 
and amino acids [31]), altering the homeostasis of gastric 
epithelial cells and contributing to the pathogenesis of 
gastric diseases [32, 33]. Interestingly, the absence of H. 
pylori may generate a favorable environment for oppor-
tunistic pathogens like F. nucleatum.

H. pylori infection was shown to influence the diversity 
of the gastric microbiota, often by limiting the coloniza-
tion of other bacteria [34]. In its absence, other microbes 
may fill the ecological gaps, leading to an altered micro-
bial profile that could contribute to gastric carcinogene-
sis. This hypothesis is supported by our finding of distinct 
microbial profiles in patients negative for H. pylori com-
pared with their positive counterparts. The observed 
and predicted prevalences of F. nucleatum in our study 
further illustrate its potential role in gastric diseases. In 
patients colonized with H. pylori, F. nucleatum was most 
strongly associated with gastric cancer, followed by gas-
tritis and duodenal ulcer. The relatively high prevalence 
of F. nucleatum in gastritis and gastric cancer suggests 
that it may play a key role by promoting chronic inflam-
mation to malignancy. The low but notable observed 
prevalence of F. nucleatum in duodenal ulcers indi-
cates a potential involvement in other conditions of the 
upper gastrointestinal tract. These findings support the 
hypothesis that F. nucleatum may contribute to the full 

spectrum of gastroduodenal diseases, from inflammatory 
conditions to malignancies.

Our study highlights the need to further investigate 
the microbial interactions that occur in patients with 
gastric cancer without H. pylori. Understanding the role 
of F. nucleatum in the gastric environment, as well as 
its interactions with other microorganisms (for example 
[31]), could provide new insights into the mechanisms 
of gastric carcinogenesis. Future studies should focus 
on the competitive and cooperative dynamics between 
microbial species (especially dysbiosis), the potential for 
interspecies interactions, the impact of these interac-
tions on hosts’ inflammatory and immune responses, 
and epithelial homeostasis. Investigating how F. nuclea-
tum and other opportunistic pathogens adapt to the gas-
tric mucosa could inform therapeutic strategies aimed at 
modulating the microbiome to prevent or treat gastric 
cancer. F. nucleatum infection reportedly correlates with 
increased accumulation of mutations such as in ERBB2 
and ERBB3 and progression of gastric cancer [23, 35]. 
Our study may serve as a pilot study for future large-scale 
investigations of the microbial communities that inhabit 
the human stomach particularly without H. pylori. F. 
nucleatum reportedly promotes the development of 
host immune responses that favor the progression of 
colorectal cancer. The distinct cell surface proteins Fap2 
and FadA produced by F. nucleatum reportedly enhance 
the production of inflammatory factors, which support 
tumor growth within the human gut microenvironment 
[36]. Additionally, several virulence factors of F. nuclea-
tum can inhibit activity of the T cells and may accelerate 
the carcinogenic processes [37]. Given the biological cas-
cade initiated by infection with F. nucleatum, considering 
it as a potential contributor to the pathogenesis of other 
types of cancer in the human stomach is reasonable pro-
viding that all favorable conditions are present.

In conclusion, the colonization of bacteria like F. 
nucleatum in patients without H. pylori opens new ave-
nues for understanding gastric carcinogenesis [23]. Our 
findings suggest that microbial communities, irrespec-
tive of H. pylori, play a significant role in determining 
gastric health and disease [38]. While we do not propose 
F. nucleatum as a definitive cancer-inducing microbial 
signature, we recommend further investigation into its 
role in patients without H. pylori infection, mainly diag-
nosed with gastric cancer. Such research could lead to 
the development of targeted microbiome-based therapies 
for gastric cancer and improve our understanding of the 
complex relationships between microorganisms and gas-
tric malignancies.
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Limitations

 	• We used solely a DNA-based approach to confirm 
the presence of the studied bacteria. For better 
insight into the proposed hypothesis, further 
molecular, and genomic analyses, and interactomics 
may provide encompassing data on the composition 
of microbial communities and their potential 
interactions.

 	• A larger sample size may help strengthen the 
conclusions. Ethical considerations limited our 
intention to procure a large sample size.

 	• We intended to obtain biopsies from the gastric 
corpus and antrum, but ethical and operational 
considerations hampered the biopsy process. We 
suggest designing a project to compare the gastric 
antrum and corpus samples.

 	• Our study coincided with the resurgence of the 
SARS-CoV-2 Omicron variant that may have affected 
the patient populations presenting to the hospital.
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