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Abstract

Bacterial and viral therapies of cancer are highly promising, yet their me-
chanisms are incompletely understood, hindering their improvement and ap-
plication. In this paper, We 1) review briefly the genesis and progress of bac-
terial and viral therapies of cancer; 2) compare and evaluate the proposed
mechanisms of bacterial and viral therapies of cancer and present the unify-
ing mechanism that bacteria/viruses stimulate cancer cells to produce anti-
bacterial/antiviral proteins, which also serve as the responsive cancer antigens
triggering host anticancer immune response; and 3) provide a perspective on
the exploitation of non-human and non-animal bacteria and viruses and oth-
er microorganisms, particularly protist-infecting bacteria and viruses and
bacterial/cyanobacterial viruses (bacteriophage/phage and cyanophage), for
cancer treatment and prevention.
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1. Introduction

Bacterial and viral therapies of cancer that use bacteria and viruses to treat can-
cer are elicited by the clinical observations that spontaneous cancer regression
has followed severe bacterial or viral infections. Historically, bacterial therapy of
cancer is investigated and applied earlier than viral therapy of cancer, coinciding

with the establishment and development of bacteriology and virology.

1.1. Bacterial Therapy of Cancer

The first record of an attempt to treat human tumors with an induced bacterial

infection is that of Busch in 1868. He had observed temporary clinical improve-
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ment in two patients with inoperable sarcomas who developed concurrent ery-
sipelas infections. His attempts to induce the infection in other cancer patients
failed, because the causative agent of erysipelas was not known at that time. Lat-
er in 1882, Fehliesen, after he had discovered the streptococcal origin of erysipe-
las, injected live cultures of this bacterium into cancer patients with encouraging
results [1]. Unaware of the previous work in this area, William Coley in 1891
noted a coincidental tumor regression in a patient who developed a streptococ-
cal infection. Based on this observation, he attempted to reproduce this result by
infecting his cancer patients with the same bacterium and subsequently devel-
oped a mixture of two heat-killed bacteria Streptococcus pyogenes and Serratia
marcescens, known as “Coley’s toxins”, for clinical cancer treatment [2]. Since
then, many varieties of bacteria in different genera have been investigated for
their therapeutic effects on cancers, such as Sa/monella, Streptococcus, Listeria,
Escherichia, Clostridium, Bifidobacterium, Caulobacter, Proteus, Lactobacillus,
Klebsiella and Mpycobacterium [3]-[14]. During this time, BCG (bacillus Cal-
mette-Guerin), a bacterial vaccine (the live attenuated Mycobacterium bovis) for
prevention of tuberculosis developed by Albert Calmette and Camille Guerin in
1921, was found effective in cancer treatment in 1970s and approved by the US
Food and Drug Administration (US FDA) in 1990 for its use in treating superfi-
cial bladder tumors [15]. Hence, Mycobacterium bovis is the first and so far the

only FDA-approved bacterium used for bacterial therapy of cancer.

1.2. Viral Therapy of Cancer

Accompanying and following the discovery of virus via filtration detection
(1898), plaque assay (1917) and electron microscopic observation (1939), a
number of case reports describing cancer regressions following virus infections
or vaccinations emerged [16] [17], and more recently a case of
SARS-CoV-2-induced remission of Hodgkin lymphoma was just reported [18].
Since the 1950s, the phenomenon of virus-induced cancer regression evoke nu-
merous research on clinical trials with human and non-human animal viruses,
including Hepatitis viruses, West Nile virus, Adenovirus, Vaccinia virus, Herpes
virus, Reovirus, Seneca Valley Virus, Coxsackie virus, Herpes simplex virus,
Measles virus, Newcastle disease virus, Parvovirus, Poliovirus and Vesicular
stomatitis virus [16] [19] [20] [21] [22] [23]. In 2005, the recombinant adenovi-
rus H101 was approved by the China Food and Drug Administration (CFDA)
for use together with chemotherapy in subjects with refractory head and neck
carcinoma [24], and 10 years later, the genetically modified human herpes simp-
lex virus HSV-1 was approved by US FDA for use in melanoma patients with

injectable but non-resectable lesions in the skin and lymph nodes in 2015 [25].

2. Mechanism

As described above, bacterial and viral therapies of cancer are investigated inten-

sively and several bacterium and viruses have already been approved for clinical

DOI: 10.4236/jbm.2021.97014

133 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.97014

Q. L. Dong, X. Y. Xing

application, yet their therapeutic mechanisms, 7e. how bacteria and viruses in-
duce cancer regression, are incompletely understood. To get a better under-
standing, we compare and evaluate the previously proposed mechanisms of

these two therapies.

2.1. Comparison and Evaluation of the Previously Proposed
Mechanisms

2.1.1. Comparison
The previously proposed mechanisms of bacterial therapy and viral therapy of
cancer are very similar and even identical that bacteria and viruses induce cancer
regression in two ways:
1) Killing cancer cells

a) Bacteria kill infected cancer cells directly by intracellular proliferation [8]
[26] and indirectly by breaking down of tumor vasculature [7] or secretion of
bacterial toxins [7] [11].

b) Viruses kill infected cancer cells directly via intracellular replication [20]
[21] [22] [27] and indirectly by destruction of tumor vasculature [21].
2) Inducing host anticancer immune response

a) Bacteria stimulate a “non-specific” innate immune response against them-
selves and also the cancer cells [2] [8] due probably to the presence of bacteria or
bacterial antigens in the infected cancer cells [10].

b) Viruses induce host innate and adaptive (specific) immune responses
against cancer cells owing to the release of cancer antigens from the viral-killed
cancer cells [27].

2.1.2. Evaluation

Of these two ways, the first one is apparently less important or negligible, be-
cause 1) the dead bacteria e.g., S. pyogenes and S. marcescens in “Coley’s toxins”
[2] and killed viruses [17], e.g., Mumps virus [28], are also effective in inducing
cancer regression; and 2) there is no compelling evidence of in vivo bacterial
killing of cancer cells, and also clinical trials have not provided a clear demon-
stration that direct viral lysis of infected cancer cells is an important mechanism
of tumor destruction [16] [21]. Therefore, the second one, ie. inducing host an-
ticancer immune response is the major way through which bacteria and viruses
induce cancer regression. Nevertheless, how bacteria and viruses induce host an-
ticancer immune response remains unclear, which, as mentioned above, is as-
cribed to the presence of bacteria or bacterial antigens in bacterial-infected can-
cer cells and the release of cancer antigens from viral-killed cancer cells. These
mechanisms, however, cannot explain why dead bacteria/viruses are incapable of
infecting/killing cancer cells yet capable of triggering host anticancer immune
response. So, there must be an unknown unifying mechanism by which bacteria

and viruses induce host anticancer immune response.

2.2. Presentation of the Unifying Mechanism

It is well known that cancer cells are intrinsically different from normal cells,
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while the host immune response against cancer cells is based on discriminating
the cancer cells from the normal ones through recognizing the distinctive pro-
teins synthesized by and presented on cancer cells (cancer antigens). Hence, the
different nature of cancer cells is the basis for triggering host immune response,
which, however, has not yet been fully understood due primarily to their un-
known origin and formation process. Traditionally, cancer cells are postulated to
be transformed from normal cells, however, now, mounting evidence demon-
strates that the primary cancer cells for cancer initiation and secondary cancer
cells for cancer progression are formed in but not transformed from the senes-
cent normal cells and primary cancer cells respectively, yet the mechanism is
unclear. In our previous studies we found that the endosymbiotic cyanobacte-
rium TDX16 (prokaryote) turned into a new green alga (eukaryote) TDX16-DE
(Chroococcidiorella tianjinensis) [29] [30] [31] by de novo organelle biogenesis
after acquiring its green alga host Haematococcus pluvialiss DNA [32], which is
the first case of prokaryote-to-eukaryote transition observed so far. And more
importantly, the cellular process of TDX16-to-TDX16-DE transition shares
striking similarities with the formation of cancer cells (primary and secondary
cancer cells) that are originally very small and organelle-less. Accordingly, we
propose that cancer cells arise from bacteria, ie. bacterial origin of cancer cells
(BOCC) [33]. In light of BOCC theory, 1) cancer cells are new unicellular euka-
ryotes (protists) in nature; and 2) cancer cells in different type of tumors are dif-
ferent protists arising from different bacteria. The protist nature of cancer cells is
crucial to understand how bacteria and viruses induce host anticancer immune
responses.

Since cancer cells are new protists, they are sensitive to and develop immune
response against all bacteria and viruses (antibacterial/antiviral immune res-
ponses) except those they once experienced, e.g., the bacteria within cancer cells
[34], with the corresponding synthesis and secretion of antibacterial/antiviral
proteins (cancer cell antibodies). Distinct from the antibody produced by nor-
mal cells, these antibacterial/antiviral proteins label cancer cells as foreign si-
multaneously and thus also serve as novel cancer antigens with potent immuno-
genicity termed responsive cancer antigens (RCA), which are readily detected by
the host immune system and thereby trigger host immune responses against the
RCA-producing cancer cells, including activation of natural killer cells and
RCA-specific T cells (Figure 1).

2.3. Explaining the Performance of Bacterial and Viral Therapies
of Cancer

In light of the unifying mechanism, bacteria and viruses inducing cancer regres-
sion certainly seems to be non-specific: 1) a broad diversity of bacteria, viruses
and even fungi and protozoa can induce cancer regression [1] [2]; 2) different
bacteria and viruses induce regression of the same type of cancer, e.g.,
SARS-CoV-2 virus [18] and Measles virus [16] on Hodgkin’s lymphoma; and 3)
the same bacterium or virus induce regression of different types of cancers [21],
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Figure 1. Cartoon illustrating the unifying mechanism of bacteria/
viruses-induced host anticancer immune response. In response to the
infection/adhesion of live/dead bacteria and viruses (1) and (3), the host
immune cell and cancer cell produce antibody (2) and antibacterial/
antiviral proteins that also serve as responsive cancer antigens (RCA) (4)
respectively. While the RCA-producing cancer cell is recognized by the
host immune cell (5) and thus triggers host anticancer immune response

(6).

e.g., BCG on bladder cancer as well as renal and prostate cancers [35] and
Measles virus on leukemia, Hodgkin’s disease and Burkitt’s lymphoma [17].
Nonetheless, the host immune responses against cancer cells are specific as RCA
are specific that are produced by different type of cancer cells in response to dif-
ferent microorganisms, which is the reason for the delayed host anticancer im-
mune response that takes days to weeks to develop after the initial administra-
tion, e.g., BCG-induced anticancer immune response [15] [35]. Furthermore,
because 1) the host immune system can only recognize and kill the
RCA-producing cancer cells; 2) cancer cells produce RCA only when they are
exposed to the bacteria or viruses owing to their protist nature, and 3) exposure
of bacteria or viruses to each cancer cell in tumor is difficult to achieve as the
tortuous tumor vasculature is not genuine blood vessel [36] limiting the spread
of bacteria/viruses, it is not surprising that 1) a close contact between bacte-
ria/viruses and cancer cells is required and direct intratumoral injections of bac-
teria/viruses are preferentially administered [2] [15] [21]; 2) repeat administra-
tions are necessary e.g., Coley’s toxins [2] and BCG [35]; and 3) bacterial and
viral therapies usually cannot eradicate cancer cells completely resulting in in-

complete remissions [17].

3. Perspective

It can be concluded based on the unifying mechanism that all bacteria/viruses

and other microorganisms (fungi, yeasts, protozoa, algae and cyanobacteria) that
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are new to cancer cells are potentially capable of eliciting host anticancer im-
mune responses and thus can be used to treat cancer. Yet, current researches
focus predominantly on human and non-human animal bacteria/viruses, while
other sources of bacteria/viruses and other microorganisms have been over-
looked or received less attention. Hence, we provide a perspective on the appli-
cation of non-human and non-animal bacteria/viruses and other microorgan-
isms for cancer therapy, which are superior in that 1) they are non-pathogenic in
humans and thus safe; 2) host cells do not possess pre-existing immunity to

eliminate them.

3.1. Application of Protist-Infecting Bacteria/Viruses

These bacteria and viruses infect preferentially protists. Now, an increasing
number of protist-infecting viruses [37], including protozoa-infecting viruses
[38] [39], algal viruses [40] and yeast virus [41] have been isolated, while prot-
ist-infecting bacteria have not been well-defined and thus await further research.
Given the prosist nature of cancer cells [33], it is logical and possible that prot-
ist-infecting bacteria/viruses have a natural tropism for cancer cells, some of
which are potentially capable of infecting and killing cancer cells, and all of
which are new to cancer cells and thus can induce host anticancer immune re-

sponse.

3.2. Application of Plant and Fungus-Infecting Bacteria/Viruses

These bacteria and viruses infect mainly plants and fungi respectively, which are
therefore also new to cancer cells and capable of inducing host anticancer im-
mune response. Like the case of protist-infecting bacteria, the plant-infecting
bacteria and fungus-infecting bacteria have not been defined and characterized
so far, awaiting future research. By contrast, plant-infecting viruses (plant virus-
es) and fungus-infecting viruses (fungal viruses or mycoviruses) [42] have been
isolated and characterized extensively. And some plant viruses, e.g., cowpea mo-

saic virus, have been found effective in inducing anticancer immunity [43].

3.3. Exploitation of Bacterial Virus (Bacteriophage/Phage) and
Cyanobacterial Virus (Cyanophage)

Bacteriophage exclusively infect bacteria yet have also been found inside the
human body, which can cross eukaryotic cell layer via transcytosis, enter human
cells [44] and kill the intracellular bacteria [45]. Although bacteriophage are now
only exploited to treat bacterial infections (phage therapy), they can, however,
also be used in cancer prevention and treatment. This is because 1) specific bac-
teria inhabit normal cells and cancer cells [34], which might turn into the pri-
mary cancer cells for cancer initiation and secondary cancer cells for cancer
progression after acquiring the senescent/necrotic normal cells and primary
cancer cells’ DNA respectively [33], while the matched bacteriophage can elimi-

nate the bacteria within normal cells and cancer cells, and so prevent cancer and
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block cancer progression; and 2) bacteriophage and cyanophage can also induce
host anticancer immune response, as they, like other viruses, are new to cancer

cells.

3.4. Combination of Bacteriophage with Other Microorganisms

As discussed above, bacteriophage can kill the bacteria in normal cells and can-
cer cells and trigger host anticancer immune response, whose first role is unique
and irreplaceable, while the second one overlaps with those of other microor-
ganisms and thus can potentially be amplified. Since microorganisms, e.g., bac-
teria and viruses, induce host anticancer immune response by stimulating cancer
cells to produce RCA, it is conceivable that the antigenicity of these RCA is posi-
tively correlated with the number and type of microorganisms and its level may
decline if the cancer cells develop immunity to the microorganisms. Thus, com-
bination of bacteriophage with other microorganisms (bacteria, viruses, fungi,
yeasts, protozoa, algae and cyanobacteria) can 1) enhance the antigenicity of
RCA and make it more difficult for cancer cells to develop immunity, enabling
host immune system to recognize cancer cells easily; and 2) impose iterative
disturbances on cancer cells, which may make cancer cells weak (less resistant)
and thus easily be eradicated by host immune system, enhancing therapeutic ef-

ficacies.

3.5. Combination of Bacteriophage Therapy with Other Cancer
Therapies

Current cancer therapies, e.g., surgical resection, radiotherapy and chemothera-
py, have limited efficacy, leading to cancer relapse. The reason for cancer relapse
is usually ascribed to the growth of residual cancer cells, which however seems
not to be the only reason as it cannot account for the heterogeneity and metasta-
sis of cancer cells. In light of BOCC theory, the other and probably the major
reason for cancer relapse is that current cancer therapies result in senescence of
the residual primary cancer cells and the surrounding normal cells, which facili-
tate the bacteria in the senescent residual cancer cells and normal cells to acquire
their hosts’ DNA and turn into secondary cancer cells and primary cancer cells
respectively. The secondary cancer cells are new species of protist with the ge-
netic background of bacteria and primary cancer cells, which contribute to the
heterogeneity of cancer cells and most likely account for metastasis as well.
While bacteriophage can specifically eliminate the bacteria within the senescent
primary cancer cells and normal cells, and so prevent cancer relapse and metas-

tasis.

4. Intracellular Bacteria/Viruses Can Not Be Used for Cancer
Treatment

The bacteria naturally inhabit normal cells and cancer cells (intracellular bacte-

ria) cannot be used to treat cancer, though some of which were once experimen-
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tally used for this purpose [9]. This is because the intracellular bacteria are ap-
parently incapable of killing cancer cells and less likely to induce host anticancer
immune response, but, as discussed above, might potentially turn into primary
and secondary cancer cells respectively, resulting in cancer relapse and metasta-
sis. Also, the intracellular viruses are not suitable for use in cancer treatment,
since they may induce normal cell/primary cancer cell senescence and thus faci-
litate the transition of intracellular bacteria into primary/secondary cancer cells

by acquisition of their senescent hosts’ DNA [33].

5. Conclusion

Bacteria/viruses induce cancer regression mainly (live bacteria/viruses) or solely
(dead bacteria/viruses) by stimulating cancer cells to produce RCA and thus en-
able the host immune system to recognize and eradicate the RCA-producing
cancer cells, which is also the case for other microorganisms (fungi, yeasts, pro-
tozoa, algae and cyanobacteria) and the like, e.g., bacterium/virus-like particles.
According to this unifying mechanism, the safe non-human and non-animal
bacteria/viruses, particularly the protist-infecting bacteria/viruses and bacterio-
phage/cyanophage, can be used in cancer treatment and prevention, which hold

the potential to achieve better outcomes.
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