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Abstract

Lateral gene transfer, also known as horizontal gene transfer, is a common occurrence within the bacterial world and is a less
[frequent, but nevertheless, an ongoing feature of the eukaryotic environment. Several studies, reviewed in this paper, have reported
an increased likelihood of cancer in humans when there is a higher preponderance of bacterial lateral gene transferred material
within the cell. Separately, it has been suggested that cancer in humans may be linked to an atavistic response to DNA damage in
the cell by bacterially inherited DNA. It is proposed that the mechanism for cancer is the triggering of ancient bacterially-derived
response mechanisms by bacterial genetic material entering eukaryotic cells — a reversion to the bacterial world. The reversion

to the bacterial world hypothesis can be tested by large scale and longitudinal sampling.
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1. Introduction

This paper first reviews the evidence of bacterial DNA entering
the cell via lateral gene transfer (LGT). It then examines the
hypothesis that the genes corrupted in human cancer which leads
to loss of regulatory function are those related to the eukaryotic
cell’s bacterial past. It is proposed that cancer is caused by LGT
from bacteria entering the human cell, triggering bacterial-like
responses, a reversion to the bacterial world.

There is increasing evidence that bacterial DNA co-exists with
human cancers. Evidence of bacteria located within human cancer
cells was analysed by Nejman et al. (2020) who reported that the
bacteria within tumours varied according to tumour type. The
analysis of the tumour microbiome, studying 1526 tumours and
their adjacent normal tissues across seven cancer types, found
that each tumour type has a distinct microbiome composition. The
intratumour bacteria were mostly intracellular and were present in
both cancer and immune cells [1].

Yangyanqiu and Shuwen in their 2022 review of bacterial DNA
linkage in carcinogenesis have suggested three sources of bacterial

DNA in cancers: bacterial DNA transferred laterally by bacteria
near human cells, bacterial DNA remaining in human blood
after bacterial infection, and bacterial DNA passed down from
progenitors [2]. Yangyanqiu and Shuwen focus on the first of these
mechanisms, lateral gene transfer, also known as horizonal gene
transfer, as a means for bacterial DNA to enter eukaryotic cells
[3]. Generally, LGT describes the processes involving the transfer
of genes across cell boundaries when cells are near each other,
involving three processes — transformation, transduction, and
conjugation [3].

There is general acceptance that LGT was the key to the
development of the eukaryotic cell by the nuclear acquisition of
genes from mitochondria and chloroplasts, which originated from
a-protobacteria and cyanobacteria respectively [4]. While LGT
is widespread in the bacterial world driving genetic diversity and
increasing fitness, a key example being the transfer of antibiotic
resistance genes between bacteria, there are also many examples
of LGT from bacteria to eukaryotes [3]. DNA transfer from
bacteria to human may be much more prevalent than observed at
present, as units smaller than a gene entering the cell via LGT are
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not recognised using phylogenetic analysis [2,4].

2. LGT and Cancer Linkage

The linkage between viruses and cancer has been well established
with key examples including cervical cancer caused by human
papillomavirus DNA integration and liver cancer caused by
hepatitis B virus DNA integration [2]. It was noted by Riley et
al., that the large number of microbes within the human body
(approximately 10x times the numbers of cells in the body) could
give rise to bacterial DNA integrations (BDIs) [3,5].

While the majority of BDIs should be neutral in impact, it is
conceivable that some BDIs could integrate into areas that promote
carcinogenesis. There is evidence of bacterial-human LGT up to
210x higher within cancer tumour samples following analyses of
data from The Cancer Genome Atlas (TCGA), with the highest
matches found for acute myeloid leukaemia, potentially via gene
fragments into the mitochondrial genome, followed by stomach
adenocarcinoma [5]. When regions on the human genome coverage
were examined by Sieber et al., a pattern emerged of integration in
the mitochondria for myeloid leukaemia and five genes in stomach
adenocarcinoma [3]. In the case of stomach adenocarcinoma, four
of those five genes have previously been shown to be implicated
in cancer [6-9].

Al-Abbas and Abdul-Ridha (2017) examined 96 patients with
hematological malignancies and from 26 healthy individuals,
with 72 (75%) bacterial 16S rDNA genes detected in the DNA of
patients with malignancies, but none in the 26 healthy individuals.
The majority of bacterial DNA integrations in the human DNA
arose from Stenotrophomonas maltophilia, Massilia timonae and
Methylobacterium lusitanum [10]. Sidhoo, Rosales and Lee (2017)
reported that a 17-bp homologous sequence in Marinobacter
sp. Hb8, Rhodococcus fascians D188, Rhodococcus sp. PBTS2,
Micrococcus luteus strain trpE16 and M. luteus NCTC 2665
integrated into the genome of an eosinophilic leukaemia patient

[11].

In 2021 an investigation by Borchmann using datasets obtained
from multiple International Cancer Genome Consortium studies on
more than 3000 whole genome sequencing datasets to investigate
links between viruses, bacteria, and cancer found that 218 species-
level taxa could be identified in tumour tissue, and of these 27
taxa were likely cancer-linked [12]. While Borchmann observed
bacterial DNA within cancer cells, the only taxa where there was
DNA integration into the host genome was in the case of Hepatitis
B[12].

Bakhti and Latifi-Navid (2021) noted that gut microbiota is in
close relation with humans and markedly influence gastric cancer
with chronic Helicobacter pylori infection being a critical risk
factor for gastric cancer, although they note that carcinogenic
mechanism could be inflammation caused by a chronic, mostly
subclinical infection [12,13]. Fusobacterium nucleatum was also
found throughout the cancerous tissue of colorectal cancer at much
higher levels than in the tissue of benign adenomas or healthy
colon mucosa [12]. It has been proposed that there could be cross-
interactions that occur both before and after tumorigenesis and
during cancer progression [14].

Arrieta et al. (2022) evaluated the presence of the IS6110
Mycobacterim tuberculosis (Mtb) transposon on the primary
tumour DNA of eighty-eight patients through end-point PCR,
with results showing that 40.9% (36/88) had a positive end-
point PCR for the IS6110 transposon [15]. Shotgun sequencing
from two samples identified traces of MTb genomes present in
lung adenocarcinomas tumour tissue, suggesting that similar Mtb
strains could be infecting both patients.

Akimova et al. (2022), analysed paired-end RNA sequencing
data of 45 chronic lymphocytic leukaemia (CLL) patients and
9 healthy donors, looking for bacterial DNA integrations [16].
Their CLL samples demonstrated bacterial DNA integrations
were approximately two-fold compared to normal samples. It
was noted that LGT seen in gene CD74 has also been linked to
stomach adenocarcinomas. In addition, Akimova et al. saw a high
integration rate of LGT detected in class switched memory B cells,
indicating that LGT may increase with the lifespan of a cell and
with the activity of the DNA repair machinery [16].

Prasad et. al (2022) in their review of the link between bacteria
and cancer noted the connection between eight bacteria and
associated cancers: Helicobacter pylori (gastric adenocarcinoma);
Chlamydia trachomatis (cervical cancer); Neisseria gonorrhoeae
(prostate cancer); Fusobacterium nucleatum (colorectal cancer);
Bacteroides fragilis (colorectal cancer); Mycoplasma hominis
(prostate cancer), and Mycoplasma genitalium (prostate cancer)
[17].

Adlakha and Ravindresh (2025) later review of the area extended
the link between cancers and bacteria as outlined in the table
below [18].
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Bacteria

Cancer

Streptococcus gallolyticus, Bacteroides fragilis, Solobacterium moorei, Fusobacterium
nucleatum

Colorectal cancer

Porphyromonas, A. Actinomycetemcomitans Ascomycota, Basidiomycota, Malassezia

Pancreatic cancer

rerobacteriaceae, Fusobacterium, Akkermansia

Brain cancer/glioma

Helicobacter pylori

Gastric cancer

Neisseria gonorrhoeae or Chlamydia trachomatis, Bacteriodete, Firmicutes

Ovarian cancer

Actinomyces, Haemophilus, Streptococcus

Lung cancer

Lactobacilli, Bacteroide fragilis, Clostridia, Fusobacterium nucleatum, Escherichia coli

Brest cancer

anginosusi, Propionibacterium acnesi

Fusobacterium spp, Mycoplasma genitalium, Chlamydia trachomatis Cervical
Peptostreptococcaceae, Eubacterium brachy Glioblastoma
Fusobacterium nucleatum, Streptococcus spp, Prevotella spp, Helicobactor pylori Larynx
Cutibacterium acnes, Shewanella, Microbacterium sp, Escherichia coli, Streptococcus Prostate

Capnocytophaga gingivalis, Fusobacterium nucleatum, Carnobacterium spp, Tannerella

Oral squamous cell carcinoma

spp, Parvimonas spp, Filifactor spp, Candida

Prevotella spp, Alistipes spp, Barnesiella spp, Parabacteroides spp, Lachnospiracea Bladder
incertae sedis, Staphylococcus spp, Parvimonas spp, Proteniphilum spp,

Saccharofermentans spp, Klebsiella spp

Stenotrophomonas, Comamonadacea, Fusobacterium, Peptostreptococcus Head and neck

Table 1: Microbial Species Associated with the Respective Cancer [18]

Li, Leaman and Zheng (2025) review the role the microbiome
plays in cancer initiation, development, diagnosis, and treatment
through diverse mechanisms and interactions between host cells
and microbes [19]. They note that instead of being a contaminants
or artifacts, the cancer microbiome is active in the tumour and has
different physiological and morphological properties compared to
environmental microorganisms. The human microbiome interacts
with tumour progression through community-level changes of
microbiome configurations, directs reactions with individual
cancer cells, and affects the secretion of metabolites, making
significant contributions to reshaping the microenvironment and
impacting both cancer development and treatment.

2.1. Cancer as Ancestral Life Form

Bacterial DNA can induce changes such as strand breaks and
genomic instability, enabling DNA to enter the human genome via
template sequence insertion, the integration of DNA to repair DNA
double stranded breaks [20]. This mutagenic form of DNA repair
may play a role in genetic disease, exon shuffling, and mammalian
evolution [21].

Work undertaken using the COSMIC and DAVID databases by
Cisneros et. al. to examine the areas within the genome which
are related to cancer mutations, noted that recessive cancer genes
were clustered around the functional areas of cell cycle control
and DNA repair, and that cancer cells in humans have a pattern of
damage around DNA repair areas [22]. Genes involved in DNA
repair in humans are older than the average and are related to the

genes in bacteria that respond to stressors. Rosenberg et al. noted
that bacteria respond to DNA breakages by switching to a lower
fidelity but faster system which repairs the double-strand with a
higher rate of mutations, which is an adaptive response to stress
[23].

It has been posited that cancer is a response to a series of atavistic
reversions, including the Serial Atavism Model, whereby cancer
hallmarks roughly correlate with the age of the relevant genes, and
is a sequence of atavistic reversions, rather than a multicellular-
to-unicellular switch [24]. It has been noted that that the genes
responsible for cellular cooperation in multicellular organisms
(e.g., signalling, adhesion, angiogenesis and migration) are those
genes that are corrupted in cancer and lead to loss of regulatory
function, in effect the cell reverting to the bacterial world [24,25].
It has been posited that human cells become cancerous as these
genes activate a repair response initiating a high rate of mutation
as their reaction to stress replicating their function in bacteria [26].

Work undertaken using phylostratigraphy from seven solid
cancers, obtained from comparisons between the gene age and
gene expression level in RNA sequencing data from TCGA, has
confirmed that genes present in unicellular organisms were strongly
upregulated, whereas genes of metazoan origin were primarily
inactivated [27]. Trigos et al. noted rewiring of the coupling
between the gene networks that control unicellular processes from
those that control multicellular processes [28]. In vitro analysis
of the emergence of doxorubicin resistance in multiple myeloma
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cancer cells support the above thesis [29].

Supporting evidence for the serial atavism model has come from
Vinogradov and Anatskaya (2024) who examined gene signatures
in stem versus differentiated, and cancer versus normal cells, using
meta-analysis of human single-cell transcriptomes of a total of
38 pairwise comparisons, involving more than 18,600 cells [30].
The databases were chosen when they contained both cancer and
normal cells in one and the same experiment. They tested for cell
dedifferentiation versus evolutionary using the Gene Expression
Omnibus database, concluding that the unicellular-like state is a
central hallmark of cancer. Vinogradov and Anatskaya note that
evolutionary reversal can become a central factor as it explains
the hallmarks and the causes of oncogenesis, together with the
mechanism of oncogenesis.

2.2. The Hypothesis

There is widespread and growing evidence of LGT coinciding with
cancer following the analysis of tumour samples and databases, as
outlined above. Separately, it has been reported that in cancer cells
there is damage to the areas where there are genes responsible for
cellular cooperation in multicellular organisms - the serial atavistic
model.

The central hypothesis of this paper is to draw together these two
stands, LGT incursions into eukaryotic cells and the serial atavism
model into a single framework, a reversion to the bacterial world.
The central tenet is that cells in humans become cancerous as
bacterial DNA within the human cell arising from LGT initiates
bacterial DNA integrations and double-strand breaks, which in
turn activates an atavistic bacterially-derived repair mechanism
creating high rates of mutation, which can lead to cancer.

It is noted that a 2024 study by Pensotti, Bizzarri and Berolaso
confirmed that suppressing translationally controlled tumour
protein (TCTP) — a conserved eukaryotic protein with bacterial
evolutionary origins — reverses malignancy in leukaemia and
breast cancer models, which is supportive of the hypothesis
[31]. In addition, Lin at. Al (2025) highlighted poly-ADP-ribose
polymerase (PARP) inhibitors’ efficacy in cancers with bacterial-
induced genomic instability, consistent with the proposal that
bacterial DNA integration triggers DNA damage response
activation [32].

2.3. Hypothesis Testing

The direct work in cancer samples as outlined above has indicated
the potential linkage of LGT in cancer, and studies could be
expanded to cover larger datasets and include longitudinal tracking
of larger patient cohorts [1-3,5,11-16]. While most LGT insertions
should be neutral in impact, large scale studies using healthy and
non-healthy donors would indicate if there were hot spots on the
genome that cause cancer, if these hotspots changed over time, and
if these areas were linked to ancestral genes as suggested by the
proponents of the serial atavism model [24].

Given the decreasing costs of human genome sequencing, it will
be possible to compare the DNA content of individual cells in
frequent contact with bacteria with those from more sterile portions
of the body to understand the overall extent of LGT occurrence
[4]. Further work in the area will clarify if cancer is “a return to
an ancestral life form” and “that besides being a disease, cancer is
also a form of life,” as noted by Doru Paul [33].

The same testing programme outlined for this hypothesis would
also be relevant for the Dong and Xing alternative suggestion
regarding the bacterial origin of cancer cells, whereby cancer cells
are new single-celled eukaryotes, formed by hybridising acquired
eukaryotic DNA and bacterial DNA [34].

3. Discussion

It is known that viruses promote human cancer, with most viral-
related human cancers caused by human papillomaviruses (HPV),
hepatitis B and C viruses, and Epstein-Barr virus, with viruses
causing around 10-15% of cancers [35]. The main carcinogenic
mechanisms for viral carcinogenesis are thought to be via viral
integration into and disruption of the host genome and expression
of oncogenic viral proteins [36].

While the linkage between virus promotion and human cancer is
accepted, it is hypothesised that there is also a linkage between
bacterial DNA and cancer. A higher level of LGT seen in human
cancer cells than non-cancerous cells has been ascertained, although
the causality is uncertain — it could be that LGT is increased in
cancer cells rather than vice versa. It is likely that that this would
be resolved via the large-scale longitudinal testing outlined above
with further work to support the serial atavism model.

DNA fragments from bacteria are not detectable at present using
phylogenetic analysis, and therefore LGT could be much more
prevalent than is viewed at present, it is noted is that the highest
cancer rate correlated with LGT is found where there is a greater
level of biome, namely in the stomach [4,5]. In addition, LGT
appears to be associated with mitochondria and myeloid leukaemia
and in these circumstances bacterial DNA would need to pass
through only the outer cellular wall and not enter the nucleus.

Bacterial DNA can enter the nucleus of host cells though
nuclear pores via the bifunctional and bidirectional hydrophilic
nucleocytoplasmic exchange channel. One potential LGT
transformation mechanism is for DNA fragments to enter cells is
via dissipative diffusion, especially for smaller gene fragments,
as many biological processes take place at near-equilibrium
thermodynamic levels [37]. The stochastic nature of DNA
diffusion could be a factor determining the occurrence of cancer,
with the other factors being the level of exposure to bacterial DNA
fragments, and the condition of cellular walls. This could be a
contributory factor behind cancers exhibiting genomic alterations
and mutations across a range of scales from single nucleotides
to entire chromosomes [38]. Studies have shown that microbial
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nucleic acid not only exist in plasma and tumour cells of cancer
patients, and can also be detected in the peripheral blood of healthy
individuals [14].

It is noted that there are alternative and parallel proposals to the
reversion to the proposed bacterial world model, which also take
note of the linkage between bacteria and cancer. The most prevalent
view, as outlined by Adlakha and Chhabra, is that bacteria are
present either due to inflammation, or as a cancer accelerant due
to the generation of metabolites such as short chain fatty acid and
tryptophan, which confer genetic and epigenetic changes in cells
[18].

Ghanam et. al note that DNA from bacteria is carried in extracellular
vesicles (EV) and that EVs can transfer information and exert their
effects by directly binding to surface receptors or by fusion to
cell membranes, triggering intracellular signalling pathways and
enabling the uptake of EV content [39]. It is possible that EVs
could be a vector for delivering bacterial DNA into a cell and
starting a response as per the mechanism outlined earlier.

Berg and Berg (2025) propose an alternative mechanism that
tumours are complex microbial communities composed of
microorganisms living within biofilms encapsulated by a hard
matrix [40]. In turn, these microorganisms cause the genetic
mutations seen in cancer and control angiogenesis. Interestingly,
this proposal offers also offers a complementary view to the
suggestion put forward in this paper, with a mechanism as to how
bacterial DNA enter the eukaryotic cell and then the nucleus.

4. Conclusion

There is increasing evidence regarding the corelation of bacteria
and cancer formation. This paper proposes that bacterial DNA
insertion via LGT could be a cause of human cancer. As BDIs
are rare triggers at the individual cellular level, incursions are
most likely to be observed in samples taken from patients with
cancer, which has been demonstrated in smaller-scale studies. It
is suggested that these studies are expanded in scale to include
longitudinal screening.

On the more general question of LGT in humans, as screening costs
decline, it will be possible to sample individual cells to understand
whether LGT and small fragment bacterial DNA diffusion occurs
in humans, and at what scale and frequency. It will also be possible
to understand the level of BDI occurrence, whether there is a link
to LGT and DNA diffusion, and it is proposed that this might be an
area of future research.
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