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in Bacteria Mediated Cancer Therapy

Swapnil C. Kamble, Farhan F. Shaikh, and Joyita Sarkar

Abstract Effectiveness of bacteria mediated cancer therapy is gaining momentum
as a re-discovered method of cancer treatment. It is principled on homing nature of
certain anaerobic bacteria towards tumor microenvironment induced by its inherent
hypoxic conditions. However, simple homing phenomenon is of low utility for
tumor management, considering the toxicity and infection caused by these very
same bacteria to the body. Recently, researchers have developed the ways of
conjugation of nanoparticles with selected bacteria towards improving the treatment
efficacy. Cargo-laden, expression-based, and antibody-guided approaches have
emerged as major routes of application. Cargo-based technique potentiates delivery
of chemotherapeutic drug as per tumor type. Genetically engineered microbes can
deliver similar results, though long-term efficacy is unseen. Antibody-guided
methods exercise specificity of drug-conjugated antibody against antigen-expressed
over bacterial wall (located in tumor niche). Nonetheless, multiple challenges and
executional limitations remain. In this review, we have focused on enhancement of
bacterial functionality by nanoparticles for cancer management. We attempt to
identify the challenges ahead and future perspectives of this emerging science.
Considering the limited literature, we hope that this review will give its reader the
enthusiasm in this field and possibly explore new avenues for precision bacteria-
based cancer therapy.
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14.1 Introduction

Cancer, regardless of primary or metastatic, tumorigenic or non-tumorigenic, is
detrimental to human health and therefore development of its treatment strategies
has gained much importance. Transformation of normal cells into tumorigenic may
be stimulated by various risk factors—external agents (like smoking, alcohol,
pollutants, specific food or high energy waves) or internal agents (like genetic/
hereditary causes, age, body weight). Though these external factors may induce
cancer, an antagonist role by similar action has been attempted for therapeutic value.
Over recent years, association of microbial infection leading to cancer and thera-
peutic effects of bacteria on cancer have been elucidated (Rai et al. 2020; Ashu et al.
2019; Song et al. 2018).

Microbial role in cancer treatment has been in existence since the nineteenth
century. The serendipity, in 1813, of the clostridial infection induced tumor regres-
sion made space in treatment approaches of certain cancers (Minton 2003; Vautier
1813). This therapy route gained traction in 1890 when William Coley perfected the
therapy, leading to dawn of Coley’s Toxins (Coley 1991). It is principled on
tendency of anaerobic bacteria to lodge themselves inside the tumor due to the
favorable conditions of hypoxia and availability of nutrients (Dang et al. 2001; Zhao
et al. 2005). Unlike Gram-positive bacteria, Gram-negative bacteria elicit the secre-
tion of cytokines like tumor necrosis factor α (TNFα) owing to their endotoxins-
lipopolysaccharide in the cell wall (Shear et al. 1943; Wiemann and Starnes 1994).
TNFα plays an important role, but itself has limited efficacy for tumor regression
(Wiemann and Starnes 1994). This finding brought T-cells into the forefront of
active host immune cell-dependent tumor regression. However, as a pre-requisite,
the T-cell must be made to respond to tumor before the therapy for effective
regression of tumor (Berendt et al. 1978).

Bacteria after attaching on the certain tumor sites, can stimulate the production of
Interleukin-12 (IL-12) (D’Andrea et al. 1992; Macatonia et al. 1995). IL-12 exhibits
tumor regression better than TNFα. However, this treatment works well in some
cases only. This is due to the requirement of Th1 response to be present in the body
for IL-12 to exert its effects, i.e. the patient should have “pre-existing immunity”
(Berendt et al. 1978; Iwasaki et al. 2000; Le et al. 2001). The removal of
CD4+CD25+T-cells can enable this immunity (Ghiringhelli et al. 2004; Onizuka
et al. 1999; Shimizu et al. 1999). Thereon, bacteria mediated cancer therapy has
made tremendous progress with development of multitude of approaches (Fig. 14.1).
“Targeting of tumor cells” approaches have traditionally involved injection of
pro-drugs and bacteria in tumor hosts. However, limitations of routine chemother-
apy, i.e. obstruction caused by hypoxic and acidic environment, render the purpose
less fruitful.

Unfortunately, these bacteria, although cause regression of tumors, have toxic
side effects due to their virulity on the body. Recent studies have shown reduced
toxicity by removing certain virulent genes from the bacteria (Berendt et al. 1978).
Also, antibiotics can be used to control the effects of bacteria (D’Andrea et al. 1992).
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The earlier studies thus summarized, exhibit that though the bacteria are efficient in
targeting tumors but their efficacy in tumor regression is disputed and bacteria elicits
different response in different individuals. This signifies that if external aid is
provided, these bacteria can be tuned and manipulated for the treatment of cancer.

Simultaneous and independent development in utility of nanoparticles in cancer
diagnosis and management has seen fruitful scientific progress. Application in
therapeutics of nanoparticle delivery systems are considered important due to

1. improved targeting of cancer cells,
2. minimal systemic toxicity due to lower dosage,
3. improvement in regulation of circulation time of the intended therapeutic, and
4. conservation of therapeutics’ bioavailability.

Standardizations of nanoparticles for therapy have been inclusive of vesicle
dimensions, interaction with cells, binding efficacy, and its sustained release (Yoo
et al. 2011).

Despite the above listed and many more advantages, various aspects hinder
immediate clinical application. For example, uncertainties in the physical structure
of the tumor microenvironment (due to organ of residence), and interstitial fluid

Fig. 14.1 Some of the major approaches involving bacteria for cancer therapy. (1) Bacte-
ria expressing enzymes to activate anticancer “prodrugs” at tumor sites; (2) Bacteria expressing
anticancer agents directly (e.g. anti-angiogenic like VEGFR inhibitor); (3) through bacteria released
substances (toxins/enzymes—Bacteriocins/Phenazine 1,6-di-carboxylic acid (PDC)/bacterial
enzyme toxin/bacterial spores and vectors as tumoricidal agents); (4) Bacteria transferring eukary-
otic expression vectors into tumor cells (plasmid transfection); (5) Bacteria expressing oncogene
silencing RNA; (6) delivery of tumor killing nanoparticle conjugated bacteria based therapies;
(7) Bacteria expressing tumor specific antigens and antibodies; (8) Targeting of tumor stroma;
(9) Bacteria as anticancer agents through biofilms; (10) Genetically Engineered (GE) Bacteria-
based microrobot (Bacteriobot); (11) Bacteria as anticancer agents through enhancing immunity
(Activating inflammasome pathway/CD4, CD25, CD8 antitumor effector cell response/TNF-α
innate immune system in bacteria-based tumor necrosis/Activation of Immune cells)
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pressure loss due to any lymphatic drainage, etc. (Dewhirst and Secomb 2017;
Minchinton and Tannock 2006). The complexity is increased with the presence of
stromal cells, nature of extracellular matrix of the tumor microenvironment, physical
stress generated by growing number of cells within confined space, and expanded
intercapillary spaces that impede delivery and/or functionality of chemotherapeutic
agents (Jain and Stylianopoulos 2010; Jang et al. 2003; Nia et al. 2017; Saggar et al.
2013). Thus, extermination of cancer cell requires an effective disbursement of
optimally medicated therapeutic macromolecules within the tumor.

An approach to combine hypoxic environment targeting bacterial activity with
functionality of nanoparticles has been a work that was waiting to happen. Both
domains have been critical in targeting and managing tumors either directly (killing
tumor cells) or in-directly (targeting stroma, activating immune cells, etc.). How-
ever, limited progress made in clinical setting overreaches the limitations these
methods have. Hence a potential angle generated by an overlay of these two
approaches may have a more impact than either of them alone (Fig. 14.2). Since
nanoparticles have been widely utilized for targeted cancer theranostics, evidently, it
has also been employed in conjunction with bacteria for cancer therapy. In this
chapter, we aim to consolidate the research works carried out on cancer therapy
mediated by nanoparticles in concurrence with bacteria mediated tumor regression
and targeting.

Fig. 14.2 Selected strategies for combinatorial approaches. (a) Cargo-laden approach. (b)
Antibody-guided approach. (c) Genetically engineered (GE) approach. (d) Co-delivery approach
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14.2 Bacteria Associated with Cancer Management

As already summarized in Fig. 14.1, bacteria mediate tumor regression by different
ways. Bacteria cause tumor regression by inducing tumor apoptosis and autophagy
either by production of toxic substances or depleting nutrients supply to the tumor
cells. The bacteria can also activate certain pro-drugs to kill a tumor (Kim et al.
2013). Further, certain bacterial spores have antitumor cytotoxic enzymes which are
expressed after spore germination (Bettegowda et al. 2006; Kubiak et al. 2015).
Besides, host immunity also plays a crucial role in inducing antitumor activity
(Agrawal et al. 2004). The specific mechanisms of tumor regression by some
bacteria are listed as follows.

14.2.1 Salmonella

Salmonella shows tropism towards tumor sites due to the presence of receptors of
aspartate, serine, ribose/galactose on its surface. These three receptors have charac-
teristic function in the chemotaxis of Salmonella towards the tumor. The aspartate
receptor starts the chemotaxis, the serine receptor helps in penetrating the tumor cell
wall, and the ribose/galactose receptor guides the bacteria towards necrotic sites.
Once settled at the tumor site, the bacteria continue to proliferate leading to over-
growth of bacteria around the tumor. It has been determined that S. typhimurium
cells number more than 1 � 1010 CFU/g of tumor tissues after 3 days of adminis-
tration (Ganai et al. 2011; Uchugonova et al. 2015). Salmonella spp. also induces
autophagy of tumor cells by downregulating the AKT/mTOR pathway, which in
turn negatively regulates autophagy (Lee et al. 2014; Liu et al. 2016). It induces
apoptosis of the tumor cells by increasing the levels of caspase-1, which cleaves
pro-IL-β and pro-IL-18, yielding their active forms at tumor sites (Phan et al. 2015).
Salmonella upregulates the protein Connexin 43, promoting formation of gap
junction between tumor and dendritic cells, and giving access to tumor antigen.
Dendritic cells containing antigen peptides are then passed through these junctions
into the tumor cell (Shilling et al. 2007). Once inside, these antigen peptides activate
CD8+ T-cells for tumor regression. This also lead to reduced production of immunity
suppressing enzyme indoleamine2,3-dioxygenase in T-cells causing increased acti-
vation of T-cells (Chang et al. 2013; Saccheri et al. 2010). Salmonella also leads to
tumor regression by inducing an autoimmune response. The signalling of Flagellin-
derived Toll-like receptor 5 not only reduces tumor proliferation but also decreases
CD4+ CD25+ T-cells, which stimulates the pre-existing immunity of the body (Cai
et al. 2011; Leigh et al. 2014). The Flagellin helps in increasing the levels of
interferons, CXCL9 and CXCL10 in Salmonella inhabited tumor sites. It is these
cytokines that further recruit natural killer cells and cytotoxic T-cells surrounding the
tumor site (Kupz et al. 2014).
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14.2.2 Clostridium

The spores of Clostridium find their way to the tumor sites by the undeveloped
vasculature of tumor owing to enhanced permeability and retention (EPR) effect that
allows entry of macromolecules and nutrients of fixed size (usually in nm to μm) in
tumor parenchyma (Fang et al. 2003; Matsumara and Maeda 1986). Also, the
hypoxic levels of tumor site provide favorable environment for this anaerobic
bacteria to grow and proliferate (Van Mellaert et al. 2006). Once the bacterial spores
reach the tumor sites and germinate, they can self-propel around the tumor vascu-
lature (Forbes 2010). The injection of the virgin clostridium bacteria in mice caused
tumor lysis but also the death of the mice due to its toxic nature; few mice which
survived owing to high antibiotic doses, later died due to regrowth of the tumor
(Malmgren and Flanigan 1955). The recent engineered strain of clostridium,
C. Novyi-NT, has shown more promising result and is undergoing human clinical
trial (Dang et al. 2001; Roberts et al. 2014).

14.2.3 Bifidobacteria

Apart from competing for nutrients with tumor cells, another interesting tumor
regression mechanism of this bacterium is biotransformation, i.e. transforming
certain compounds into tumor regression compounds. Anticancer drugs like
Lapachol and 5-fluorocytosine are converted to active antitumor compounds (Bae
et al. 2000; Hidaka et al. 2007; Nakamura et al. 2002; Oliveira Silva et al. 2014). The
bacteria also alter the expression of cancerous genes and cytokines, either by
suppressing or enhancing them by increasing levels of Interferon-gamma secreting
cells (Gu et al. 2016; Reddy 1999; Wu et al. 2016).

14.3 Selected Strategies of Combinatorial Approaches

Tumor is very difficult to penetrate, be it for nutrients or the T-cells. However, in the
previous section it is seen that the anaerobic bacteria infiltrate into tumor region with
ease. This has led to the rise of the idea to use this phenomenon as a Trojan horse.
The conjugation of bacteria with nano-sized particles is of much interest (Lee et al.
2013). The conjugation with the bacteria is done by either modifying receptors on
the bacterial cell wall to recognize the nanoparticles or by ligand exchange (Wang
et al. 2010; Zhai et al. 2017). The teaming up of bacteria with nanoparticles provides
us with advanced imaging and therapeutic strategies, and thereby can be utilized for
theranostic purposes. This conjugation opens up various therapeutic avenues for
tumor regression. Based on the mode of conjugation and action, nano-bacteria
therapy can be broadly classified into cargo-laden, genetically engineered,
antibody-guided and co-delivery approaches (Fig. 14.2).
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14.3.1 Cargo-Laden Approach

The cargo-laden approach is the most common method in which the bacterium is the
carrier and the nanoparticle, quantum dots or anticancer drugs are the cargo. The
natural affinity of some anaerobic bacteria, for example, Salmonella, Clostridium,
Bifidobacteria, etc. are exploited to carry the cargo either on the surface or inside the
tumor. The bacteria may also itself produce the cargo. Liu and colleagues demon-
strated the quantum dot-internalized Bifidobacterium bifidum having folic acid on its
surface can target the folate receptor expressing tumor cells (Liu et al. 2012).
Here, the cadmium-selenium-sulfur quantum dots were encapsulated in lipid layer
and internalized in the bacteria by electroporation. To further enhance the targeting
efficiency, the bacterial surface was modified with folic acid. The formulation was
found to be efficient in targeting the core of solid tumors in mice model and may
prove to be an excellent tool for tumor imaging (Fig. 14.3a). However, the side
effects and fate of the quantum dots in the body have not been elaborated and are
subject to further research. Luo et al. used upconversion nanorods (UCNRs) and
bioimaging and photothermal ablation of tumors, respectively (Luo et al. 2016).
Considering the deeper penetration using near-infrared (NIR) light in biological
tissues, both UCNRs are susceptible of NIR light excitation. The ligand-free
UCNRs (LF-UCNRs) were deposited electrostatically on negatively charged surface
of Bifidobacterium breve. It was observed that the bacteria-conjugated UCNRs
showed significantly better targeting efficiency as compared to the LF-UCNRs
(Fig. 14.3b). In a similar study, liposomes loaded with doxorubicin were inserted
in Salmonella by electroporation to generate nanoswimmers termed BADOX
(Zoaby et al. 2017). The BADOX exhibited an enhanced speed in targeted delivery
of doxorubicin to cancer cells. The doxorubicin upon reaching to the cancer cells
were released from the liposomes in response to ammonia secreted by the cancer
cells and hence creating an osmotic misbalance. Doxorubicin, being both cancer
chemotherapeutic and antibiotic drug, kills the tumor cells as well as the bacteria,
thereby lowering the probability of any side effects that could be generated by the
bacteria. However, the ability of the fabricated nanoswimmers to invade solid
tumors has to be clinically proved.

In another interesting study, E. coli attached with a complex drug system was
designed (Park et al. 2017). The cargo was of doxorubicin-loaded polyelectrolyte
multilayer (PEM) microparticles including embedded magnetic nanoparticles. The
1 μm wide PEM loaded E. coli were directed using an external magnetic guidance
system to 4T1 breast cancer cells. This is unlike the obligate anaerobes like Salmo-
nella and Clostridium which have tendency to migrate towards hypoxic tumor. The
microswimmers were easily guided to the desired site and the presence of bacteria
resulted in lowering of local pH that led to enhanced uptake of anticancer drugs by
the cancer cells. Overall, the platform is highly tunable but needs to be perfected
in vivo. In another similar approach,Magnetococcus marinus strain MC-1 was used
that naturally produced magnetosome (chain of iron oxide nanoparticles) (Felfoul
et al. 2016). Anticancer drug loaded nanoliposomes were covalently attached to the
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Fig. 14.3 Cargo-laden approach. (a) Fluorescent image showing internalization of quantum
dot-B. bifidum-folic acid conjugate by solid tumor at 24 and 72 h post intravenous injection (Liu
et al. 2012). (Reproduced with permission). (b) Near infrared (NIR) intensities of tumor site after
injection of cargo-laden bacteria-nanoparticle conjugate (Luo et al. 2016). (Reproduced with
permission). PBS Phosphate buffer saline, LF-UCNRs Ligand-free upconversion nanorods. Genet-
ically engineered approach. (c) Schematic showing synthesis of nanomaterial-bacteria hybrid,
tumor targeting and intratumoral photosynthesis of NO to engender photo-controlled bacterial
metabolite therapy (Zheng et al. 2018). (Reproduced with permission)
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surface of MC-1 bacterial cells and the formulation was guided under magnetic field
to HCT116 colorectal xenografts in mice model. Approximately 70 nanoliposomes
per MC-1 cells were attached and around 55% of the bacteria-nanoliposome conju-
gate were able to penetrate the hypoxic region of the xenograft. Apart from imaging
and chemotherapeutic studies, the bacteria-nanoparticle conjugate has also been
used as a vaccine for cancer immunotherapy. Cationic polymer, β-cyclodextrin-
Polyethyleneimine600 (CP), nanoparticles containing plasmid DNA encoding vas-
cular endothelial growth factor receptor 2 (VEGFR2) were coated on liver attenuated
Salmonella bacteria (Hu et al. 2015). This coating enabled the bacteria to be
administered orally by escaping phagosomes and imparting resistance to the acidic
pH of stomach. Upon oral administration of the bacteria-nanoparticle construct,
successful T-cell and cytokine activation along with suppression of angiogenesis
in tumor was observed leading to tumor necrosis.

14.3.2 Genetically Engineering Bacteria for Expressing
Specific Biomolecule

In this approach, a secondary molecule having high affinity to a bacteria-expressed
biomolecule is either delivered simultaneously with the bacteria or later. The bacteria
itself does not carry the active drug. In one such approach, Park and co-workers
modified the facultative anaerobic Salmonella typhimurium to express biotin that
enables interaction with streptavidin conjugated microbeads (Park et al. 2014). The
“bacteriobot” was seen with the increase of the tumor targeting by the observation of
the fluorescent microbeads. Fan and co-workers developed an E. coliMG1655 based
vehicle for oral administration (Fan et al. 2018). This non-invasive thermally
sensitive programmable bacterial (TPB) therapeutic system expressed TNF-α, and
bio-mineralized gold nanoparticles (AuNPs). TPB is transported into internal micro-
circulation by microfold cells (of Peyer’s patches) followed by homing to tumor
microenvironments. Once the TBPs accumulated at the tumor sites, its irradiation by
NIR induced expression of TNF-α, eventually inducing apoptotic cell death in tumor
treatment. In a very intriguing approach, a metabolic pathway by “charging” facul-
tative anaerobe E. coli with a nano-photocatalyst that strengthens their routine
metabolic activities has been proposed (Zheng et al. 2018). Carbon nitride (C3N4),
when metabolized by nitric oxide (NO) generation enzymes, enables development of
photo-controlled bacterial metabolite therapy (PMT). In the presence of light treat-
ment, C3N4 produced photoelectrons and transferred to E. coli induce enzymatic
reduction of cellular NO3

� to cytotoxic NO (Fig. 14.3c). Preclinical study involving
a tumor-bearing mouse model, C3N4 loaded bacteria collected within the tumor
microenvironment and the PMT led to inhibition of tumor progression by 80%. A
similar work in non-toxin strains of genetically engineered Salmonella or Clostrid-
ium may be used to increase therapeutic efficiency.
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14.3.3 Antibody-Guided Approach

As the name suggests, in this approach antibody acts as a guide to deliver the cargo
rather than directly loading on the bacteria. Customarily, the bacteria are injected
first, allowed to colonize the tumor site and then the antibody conjugated
nanoparticles or drugs are injected, leading to regression of tumor. The antibody is
against the bacterial antigen; and the microorganisms are not genetically engineered.
Apart from guiding the cargo, the approach has also been used to guide bacteria to
the tumor specific antigen for augmented colonization and invasion of solid tumor.
Probably, the first instance of antibody-guided bacteria mediated delivery of
nanoparticles was demonstrated by Akin and co-workers (Akin et al. 2007).
Streptavidin-coated polystyrene nanoparticle was first attached to biotinylated anti-
body against a surface antigen of Listeria monocytogenes; the nanoparticle was then
loaded with green fluorescent protein. The cargo was then docked on to bacterial
surface giving rise to “microbots.” The microbots were then targeted to desired cells
where they were able to deliver the nanoparticle containing plasmid that was further
successfully expressed in the target cell. The bacteria were then killed by treatment
with antibiotics. Later Kojima and co-workers used a similar biotin-streptavidin
approach to fabricate bacteria driven liposomes by raft domain binding method
(Kojima et al. 2012). Vibrio alginolyticus mutant strain VIO5 with polar flagella
associated with biotinylated antibody was used. The bacteria interacted with biotin-
modified liposome via streptavidin.

In a different study discussed in cargo-laden approach by Luo et al., core shell-
UCNRs modified with PEG polymers and bound to Clostridium polyclonal anti-
bodies that target the vegetative C. difficile were introduced into mice model post-
colonization of tumor sites by C. difficile (Luo et al. 2016). This approach was more
efficient than the cargo-laden approach in which nanoparticles were loaded on
B. beveri (Fig. 14.4A). Suh and co-workers utilized bioconjugation method based
on streptavidin–biotin interaction (Suh et al. 2019). Salmonella enterica serovar
Typhimurium VNP20009 surface was modified using a biotinylated antibody
targeting tumor. The bacterium with streptavidin-coated poly(lactic-co-glycolic
acid) (PLGA) nanoparticles to the outer membrane constituted the NanoBEADS
agent (Fig. 14.4B). As the authors did not genetically engineer the bacteria for the
construction of NanoBEADS of any specific cargo, the same system can be utilized
as a platform for delivery of required drug. Inherent to its nature, S. enterica
Typhimurium VNP20009 homes to tumor region through intercellular translocation
mode, skipping any external requirement for guidance towards tumor site. Effective
tumor targeting and accumulation of therapeutic agent was observed both in vitro
and in vivo. The NanoBEADS platform thereby provides a versatile and simple
approach to enhance the bacterial colonization and invasion in the tumor and
simultaneous delivery of anticancer cargo.
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14.3.4 Co-delivery

In this case, a pro-drug and microbe are injected in body independently. Pro-drug is
activated either by the microbe or by an external stimulant like light (for example, in
photo-dynamic light therapy). Using this approach, Park and colleagues attempted to
overcome limitation of remnant tumor cells of primary tumor targeted by any
therapy (Park et al. 2020). They formulated an emulsion having two compo-
nents—multifunctional nanoscintillators (NSs) and C. novyi spores coated with
branched gold nanoparticle (for synergistic image-guided combinational treatment).
NSs were composed of NaGdF4:Tb,Ce@NaGdF4 core/shell structure that allowed
MRI visibility. The emulsion injected into the tumor allowed MRI/CT image
guidance and photoactivation of NSs for photo-dynamic therapy (PDT). In an
approach similar to pro-drug activation method, attenuated bacteria SBY1 were
co-delivered with bacteria-sensitive triple-layered nanogel (TLN) (Xiong et al.
2013). Initially administered SBY1 exclusively accumulated in tumor site after
certain duration. The ensuing administration of doxorubicin-loaded TLN was
actively degraded by SBY1 to release doxorubicin within the tumor niche. Thus,
targeted delivery of doxorubicin was achieved (Fig. 14.4C).

14.4 Conclusion

One can conclude that under careful manifestation, bacterial agents can be employed
to manage tumor or cancer. Many of the innovative therapies have excellent efficacy
at in vitro and animal model levels but have not been translated to clinical practice
due to either incomplete tumor killing or recurrence of treated primary cancer in a
short term. An effective combinatorial therapy using advances in nanoparticle-based
and bacteria mediated systems for cancer has minimized remnant tumor cells. Many
of these concepts can be extended, and cross improvised to generate an entirely new
entity that can overcome limitations of many of above systems. Here we have
attempted to present the existing systems that have potential for translational studies.
We hope that the reader will be encouraged to foresee and undertake research in this
domain.

Fig. 14.4 (continued) NanoBEADS agent (Suh et al. 2019). (Reproduced with permission).
Co-delivery approach. (C) Schematic showing doxorubicin-loaded triple layered nanogel;
(a) Accumulation of bacteria at tumor site; (b) Accumulation of nanoparticles at tumor site;
(c) Bacteria degrading the poly(ε-caprolactone) fence triggering release of doxorubicin (Xiong
et al. 2013). (Reproduced with permission)
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