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Combination of Nanomaterials and Bacteria for Tumor Treatment
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Abstract Nowadays malignant tumors are still one of the disastrous diseases. It is necessary to explore new strategies for
the treatment of malignant tumor. Nanomaterials refer to materials with at least one dimension of the three dimensions in the
nanometer range (1~100 nm). They show a wide range of applications in tumor treatment while disadvantages of low tar-
geting efficiency, poor tumor penetration and obvious side effects still limit their applications. As a method for tumor treat-
ment, bacterial therapy has a long history. Some facultative anaerobic and obligate anaerobic bacteria and their secretions
have the characteristics of targeting hypoxic tumor tissue, strong tumor penetration and stimulating immune responses. After
genetically modification or attenuation treatment, it can be used for tumor treatment. However, the safety issues and low
therapeutic efficiency still needs to be solved. The combination of nanomaterials and bacteria can complement the limitation
of each other, and shows great potential in tumor therapy. On one hand, bacteria could enhance the targeting efficiency of
nanomaterials, and decrease the side effects. On the other hand, nanomaterials could help improve the safety and solve the
problem of low therapeutic efficiency of bacterial therapy. In this review, the combination of nanomaterials and bacteria is
divided into three categories based on the role of bacteria in the treatment. Firstly, the preparation of composites of nano-
materials and bacteria by chemical bonds, electrostatic interaction, and other ways to enhance tumor targeting. Secondly,
bacterial enzyme could react with nanomaterials to control the release of drug. Thirdly, secretions of bacteria after plasmids
were introduced and outer membrane vesicles secreted by bacteria could be combined with nanomaterials for anti-tumor
therapy. The mechanisms of the combination therapy are also discussed. Finally, we summarized and discussed the current
challenges, especially the safety of the combination therapy. The prospect of the combination of nanomaterials and bacterial
for tumor treatment is also proposed.
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Figure 1 Nanoparticles with carboxyl groups and YB1 with amine
groups are conjugated to form bacteria/nanoparticle composite for target-
ing solid tumor and eradication of tumors and intratumoral YB1™. Re-
printed with permission from ref. [28]. Copyright (2019) Elsevier Ltd.
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Table 1 Classification of the combination of nanomaterials and bacteria for tumor treatment
Therapeutic approach Interaction/Enzyme/Secretions Bacteria Tumor Ref.
Composites of nano-
materials and bacteria for Amide bond Salmonella Typhimurium YB1 Bladder cancer (MB49) [28]
tumor targeting
Magnetococcus marinus MC-1 Colon cancer (HCT116) [27]
Escherichia coli Nissle 1917 Breast cancer (4T1) [30]
Bifidobacterium longum Breast cancer (MDA-MB-231) [31]
Imine bond Shewanella oneidensis MR-1 Colon cancer (CT26) [32]
Electrostatic interaction Salmonella Melanoma (B16) [34]
Escherichia coli BL21 Cervical carcinoma [33]
Bifidobacterium breve UCC2003 Lung carcinoma malignant (A549) [36]
e e . Salmonella enterica serovar Typhimurium . .
Streptavidin-biotin interaction VNP20009 Multicellular tumor spheroids [38]
Salmonella Typhimurium Breast cancer (4T1) [39]
Antigen-antibody interaction  Clostridium difficile CCUG 37780 Lung carcinoma malignant (A549) [36]
Oxidation-reduction reaction  Salmonella typhimurium VNP20009 Melanoma (B16F10) [40]
Escherichia coli DHS5a. Lung carcinoma malignant (A549) [41]
— Bifidobacterium bifidum Lewis lung cancer [42]
- Auxotrophic (purl-) Salmonella typhimurium Melanoma (B16F10) (43]

VNP20009
Enzymatic reaction of
bacterial enzyme

Nitric oxide generation enzyme Escherichia coli (MG1655)

Breast cancer (4T1), Colon cancer (CT26) [46]

Hydrogenase Escherichia coli Breast cancer (4T1) [47]
. o ) Liver cancer (H22), Colon cancer

Lipase Staphylococcus aureus NCTC8325 SBY 1 (HCT116) [48]

Bacterial secretions com- Escherichia coli MG1655 Colon cancer (CT26) [53]
bined with nanomaterials

TNF-a Escherichia coli MG1655 Breast cancer (4T1) [54]

OMVs Escherichia coli Colon cancer (CT26) [61]

Salmonella typhimurium Melanoma (B16F10) [62]

Salmonella typhimurium

Melanoma (B16F10), Breast cancer (4T1) [63]
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Figure 2 Cationic nanoparticle loaded with DNA are self-assembled
onto bacterial surface via electrostatic interaction®. Reprinted with per-
mission from ref. [34]. Copyright (2015) American Chemical Society
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Figure 3 Bacteria/nanoparticles composite constructed by streptavidin-
biotin interaction®. Reprinted with permission from ref. [38]. Copyright
(2019) Wiley-VCH
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Figure 4 A comparison of traditional bacteria/nanoparticle composites
and antibody-directed method”. Reprinted with permission from ref.
[36]. Copyright (2016) American Chemical Society
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Figure 5  Schematic diagram of the composition of bacterial/
nanoparticle composites and the process of light-controlled NO genera-
tion'*®!. Reprinted with permission from ref. [46]. Copyright (2018) Na-
ture Publishing Group
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chemodynamic therapy”®”. Reprinted with permission from ref. [53].
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Figure 7  Preparation of OMVs for the construction of nano-
pathogenoids'®"). Reprinted with permission from ref. [61]. Copyright
(2020) Nature Publishing Group
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