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response rates in relapsed acute lymphoblastic leukemia, many
patients experience recurrence due to CD19 loss. Similarly, the
cells in solid tumors, due to more accessible targets in the pe-
ripheral circulation of hematologic malignancies6. Developing
Adoptive cell therapy with chimeric antigen receptor (CAR)
immunotherapy has demonstrated remarkable potential for he-
matologic malignancy while encountering challenges in extending
the responsive list to solid tumors. The major hurdles include a
lack of tumor-specific targets, inefficient trafficking, and tumor
infiltration of the immune effector cells, along with their
dysfunction and exhaustion in immune-suppressive tumor micro-
environment (TME)1. Bacteria-mediated cancer immunotherapies
(BCITs) have made remarkable progress in cancer immuno-
therapy over the past two decades. Parts of bacterial strains have
already undergone phase 1 to 2 clinical trials, such as Escherichia
coli, Salmonella, and Listeria2. Vincent’s group3 and Yang’s
group4 have shed some light on integrating BCITs with CAR
immunotherapy for further developing approach to cancer (Fig. 1).

CAR-cell therapy includes two key processes, antigen recog-
nition and the cytotoxic activity of effector immune cells. For
antigen recognition, target selection is essential. However, in solid
tumors, heterogeneous antigen and antigen escape pose significant
obstacles, not only reducing the targeting efficacy but also
increasing the risk of off-tumor toxicity. CD19 and BCMA were
two targets approved by the US Food and Drug Administration
(FDA), while CD19-targeted CAR-T cells initially show high
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downregulation of BCMA in multiple myeloma complicates out-
comes5. Current strategies often employ dual-antigen or multi-
antigen targeting to enhance the breadth and specificity of CAR-
cells, which has limitations of cell engineering complexity, diffi-
culties in target selection, and potential crosstalk between targets.
The other focus is the cytotoxicity of CAR-cells, hindered by the
complex TME structure once they reach the tumor site. Current
studies have shown limited tumor infiltration of intravenous CAR-

armored CAR-cells secreting immunostimulatory cytokines is one
strategy, that aims to modulate TME for better CAR-cells survival
and the recruitment of endogenous immune cells.

Bacterial exhibits characteristic of tumor colonization due to the
immune privilege, nutrient-rich, and hypoxic environment of tumor
core2, which manage to actively penetrate deep into the tumor
through permeable blood vessels within the TME by chemotaxis
released from dying cancer cells. The TME, as the “soil”, de-
termines the colonization and growth of the “seeds” of both tumor
and bacterial. Additionally, immunogenic bacteria can directly
activate immune cells, and the bacteria-derived metabolite or sur-
face molecules can modulate immune cell functions and alter the
metabolic characteristics of TME, potentially enhancing antitumor
efficacy. Nowadays, live bacteria can be engineered and repurposed
as immunotherapeutic agents or drug delivery vehicles with genetic
manipulations. And various early-phase clinical trials have shown
engineered bacteria is feasible and safe2. Enabling bacterial surface
modification and drug production transforms bacteria into multi-
functional warriors with significant application potential.

Vincent’s group3 has leveraged probiotics to address the first
challenge of antigen recognition in CAR-cell therapy. They have
constructed a probiotic-guided CAR-T cells (ProCARs) system,
which engineered probiotic strain E. coli Nissle 1917 (EcN) to
synthesize Protag, releasing in situ and labeling the tumor cells as
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Figure 1 Challenges and innovations in CAR-cell immunotherapy using bacteria-mediated approaches.
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CAR-T targets. The two terminals of Protag have been designed for
heparin binding domain (HBD) marking the tumor cells and sur-
rounding stroma, and superfolder green fluorescent protein for
CAR-T recognition. HBD is widely shared with cell surfaces and
extracellular matrix as developmental biomarkers, which circum-
vents the antigen escape of non-developmental biomarkers muta-
tions, though poses a potential risk for on-target off-tumor effects,
the tumor-homing ability of the bacteria provides safety support.
Additionally, EcN is engineered to co-release the human chemokine
CXCL16, aimed at recruiting more CAR-T cells to the tumor site. In
their previous study7, engineered bacteria combine the expression of
CXCL16 with CCL20 to recruit innate and adaptive immune cells,
augmenting the overall anti-tumor immune response.

Regarding the other challenge, enhancing the cytotoxic activity
of effector CAR-cells, Yang’s group4 has developed an engineered
non-pathogenic E. coli K-12 DH5a to display murine decoy-
resistant IL18 mutein (DR18) on bacterial surface, which in-
duces CD8þ T cell and natural killer (NK) cell responses, heat the
TME, and further enhance CAR-NK cells therapy through serving
as a “tumor GPS” increasing infiltration and prolong half-life in
the TME due to its continued biosynthesis by the live bacteria.
Advancing beyond Vincent’s design of bacteria that secretes
CXCL16, Yang’s group4 has applied surface display of immune-
activating cytokines on the bacterial outer membrane, which re-
sults in significantly enhanced efficacy, due to the higher effective
concentration, enabled by two-dimensional rather than three-
dimensional mobility.

Building on the above promising research, further implementa-
tion is warranted. Firstly, the increased mechanical stress of solid
tumors is one significant influence on bacteria diffusion efficiency,
which leads to a denser and stiffer stroma, particularly evident in
pancreatic cancer, liver cancer, and prostate cancer. Genetic engi-
neering to modify bacterial envelope rigidity or expressing stress-
related genes may be one viable strategy while balancing potential
metastasis risks due to stromal alterations is essential. Secondly,
patients with different types and stages of cancer exhibit significant
variations in tumor size, which can also affect bacterial colonization
efficiency. Vincent’s group3 notes that antitumor immunity in
treated tumors can subsequently sufficiently direct responses against
uncolonized tumors or “untagged” tumor areas. However, the
applicability of this result to cancer patients remains uncertain
because the volume of human solid tumors is 20e40 times larger
than that of murine tumors8. Thirdly, bacteria as the live microor-
ganism possess inherent immunogenicity, which has dual actions of
an adjuvant for immunotherapy or cause cytokine storm and sepsis.
Hence, clinical patients undergoing immunosuppressive cytotoxic
therapies, and with artificial implants such as artificial joints/heart
valves may be at an elevated risk of infection when administered live
bacteria systemically6. Hence, balancing the bacterial load neces-
sary for localized tumor treatment with the clearance of bacteria
from healthy tissues to maintain homeostasis is essential. Nano-
technology and synthetic biology strategies may offer approaches
for bacterial attenuation and delivery.

Overall, Vincent’s group3 and Yang’s group4 leveraged the
advantages of BCITs to propose a novel strategy for improving
tumor recognition and CAR-cell cytotoxic efficacy, expanding the
application of CAR-cell therapy in solid tumors, which represents
a significant validation study in the field of living therapies.
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