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and remodel the immunosuppressive TME. Moreover, to
ameliorate the in vivo delivery barriers associated with small
molecules, neutrophil micropharmacies (NOG) were developed
for the codelivery of IRI and GAL, which loaded the commercial
liposome formulation of IRI (ONIVYDE, ONI) intracellularly and
conjugated the pH-responsive GAL liposome (GLP) on the cell surface. This neutrophil-based formulation resulted in a >4-fold
increase in the ratios of the amount of both IRI and GAL accumulated in tumors to the dosage administration, effectively achieving
multiple mechanism-mediated sensitization of CRC to ICB therapy.
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As the third most commonly diagnosed malignancy and the
second leading cause of cancer-related death,'™ color-
ectal cancer (CRC) poses a great health threat and urgently
requires effective and safe treatments. In recent decades,
immune checkpoint blockade (ICB) therapy, represented by
targeting the programmed death 1 (PD-1)/programmed
death-ligand 1 (PD-L1) pathway, has achieved remarkable
progress in the treatment of solid tumors.” Until now, several
PD-1 inhibitors, such as pembrolizumab and nivolumab, have
received regulatory approval for CRC treatment.”” Clinical
trial data revealed that the objective response rate (ORR) of
PD-1 inhibitor monotherapy in CRC is approximately 30—
40%, and over 20% of the patients with the best response with
pembrolizumab or nivolumab still developed progressive
disease.”” Therefore, substantial room for improvement
remains, emphasizing the need to explore new strategies to
improve the response of CRC to ICB therapy.

Tumor immunogenicity is the fundamental determinant of
response to immune checkpoint inhibitors (ICIs) in CRC
patients."”"" An analysis of the response data for 22 patients
with CRC treated with PD-1/PD-L1 inhibitors revealed that
cases with low levels of tumor immunogenicity were less
responsive to ICIs and more prone to disease progression.'”
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Inducing immunogenic cell death (ICD) in cancer cells has
been reported to be a viable strategy to improve tumor
immunogenicity.m’14 ICD is characterized as immunogenic
apoptosis that activates damage-associated molecular patterns
(DAMPs) in dying or dead tumor cells in response to a certain
stimulus. DAMPs act as danger signals that activate dendritic
cells (DCs) for the presentation of tumor-associated antigens
(TAAs), subsequently eliciting T cell-mediated immunological
responses against living tumor cells of the same kind.'>'
Irinotecan (IRI), as a front-line chemotherapy drug for the
clinical treatment of CRC,"” has been reported to trigger ICD
in tumors and prolong the overall survival of CRC patients to
some extent.'”'” Overall, IRI is expected to create an
exceedingly immunogenic environment and sensitize the
CRC to ICB therapy. Furthermore, the complexity of the
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Figure 1. Schematic illustration of IRI and GAL achieving multiple mechanism-mediated sensitization of colorectal cancer to immune checkpoint
blockade via neutrophil micropharmacies (NOG). (A) Construction of NOG loaded with ONT intracellularly and conjugated with GLP on the cell
surface. (B) The mechanism of action of NOG in sensitizing CRC to ICB therapy and enhancing immunotherapeutic outcomes.

tumor microenvironment (TME) also contributes to the
variable response rate to ICB therapy in CRC.”” Transforming
growth factor-beta (TGF-f§) is a representative immunosup-
pressive factor in TME.”" Recent studies have revealed that
after the treatment of ICB, the number of regulatory T cells
(Treg) was feedback upregulated and activated, along with the
activation of TGF-f3 signal pathway.”””** The activated TGF-f
signaling suppresses differentiation and activity of T cells and
excludes T cells infiltration into tumors, thereby inducing
immune escape in tumors and diminishing the response rate to
ICB therapy.”>*® Thus, the use of TGE-# inhibitors holds
promise for reprogramming the immunosuppressive TME and
conferring susceptibility to ICB therapy.

Therefore, we supposed that the combination of IRI and
TGF-f inhibitor (Galunisertib, GAL) has the potential to
improve tumor immunogenicity and remodel the immunosup-
pressive TME, which confers synergistic immunotherapeutic
efficacy to the subsequent ICB therapy and offers therapeutic
benefits across a wide spectrum of CRC patients. However, the
in vivo delivery barriers impede the trafficking of IRI and GAL
in the form of free drugs or conventional nanomedicines. The
nontumor-targeting systemic distribution of IRI and GAL may
lead to inadequate drug accumulation in tumors and
potentially severe hematological or cardiac toxicity, respec-
tively.'”*”*® Thus, it is necessary to develop novel drug
delivery carriers and combination strategies to overcome in
vivo delivery barriers and enhance tumor-targeting efficiency.

Neutrophils (NEs) constitute the largest proportion of
leukocyte in peripheral blood.””™*' As endogenous cells, NEs
possess innate ability for physiological barriers traversal

through self-deformation.’"*> Meanwhile, NEs exhibit rapid
inflammatory responsiveness, and express the chemokine
receptors which facilitate the migration into tumors by binding
to various chemokines enriched in tumor lesions, including
CXCL1, CXCL2, CXCL5.” The pathological analysis of
preclinical mouse models of CRC and clinical patients
suggested that neutrophils efficiently targeted and infiltrated
the CRC tumors.”™*> In addition, our group has employed
NEs as carriers to deliver various nanomedicines and achieve
efficient drug delivery and superior efficacy in other solid
tumors, such as glioma, hepatoma, gastric cancer and triple-
negative breast cancer.’®™* Therefore, NEs might be a
promising carrier to deliver IRI and TGF-# inhibitors targeting
CRC.

To maximize the synergistic effects of IRI and GAL, we
designed and constructed neutrophil micropharmacies (NOG)
using NEs as the codelivery carriers. Briefly, the commercial
liposome formulation of IRI (ONIVYDE, ONI)*' was
encapsulated within NEs through phagocytosis. Then, the
pH-responsive liposomes loaded with the TGF-f inhibitor
(GAL Liposome, GLP) were conjugated onto the surface of
NEs@ONI using a two-step method to obtain NOG. The two-
step method includes lipid anchoring and click reaction as
follows. An azide-bearing lipid (TSA-PEG3400-N;) was
anchored into the lipid bilayer of cells via lipid anchoring,
followed by the click reaction between azide and dibenzocy-
clooctyne (DBCO) modified onto the constitutive lipid of
GLP (Figure 1A). The neutrophil micropharmacies exploited
the tumor-targeting ability of NEs, facilitating the codelivery of
both IRI and GAL to CRC. GAL was released from the pH-
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Figure 2. Synergistic effects of IRI and GAL to sensitize ICIs. (A) Tumor volume of MC-38 tumor-bearing mice receiving different treatments (n =
S mice/group). it intratumoral; i.v., intravenous. (B) Survival curves of mice receiving different treatments (n = 8 mice/group). (C—E) Tumors
were isolated after different treatments, and the percentage of dendritic cells (DCs) in tumor infiltrating immune cells (C) and DCs maturation (D
and E) were analyzed by flow cytometry. (F,G) Flow cytometry analysis of the percentage of Treg cells (CD3*FOXP3*). (F) CD8'T cells (G) in
CD8" cells isolated from xenograft MC-38-bearing mice after different treatments. (H,I) Flow cytometry analysis of the function of tumor-
infiltrating CD8" T cells to secret cytokine GzmB (H) and TNFa (I). (J) The ratio of the amount of drug accumulated in tumor to the dosage
administration. (K,L) Serum HBDH levels (K) and WBC counts (L) in MC-38-bearing mice receiving different treatments. Data are represented as
mean + SEM and analyzed by student’s ¢ test in A or a log-rank (Mantel-Cox) test in B or one-way ANOVA with Tukey’s correction in C, D, E, F,
G, H, I, K, and L. ns, not significant, ¥*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

responsive liposome in the acidic TME, inhibiting the
activation of the TGF-f signal pathway, thereby preventing
the feedback upregulation and activation of Treg cells induced
by ICB therapy and activating the immune microenvironment.
Moreover, ONI encapsulated in NEs was released via the form
of neutrophil extracellular traps (NETs), which were then
internalized by tumor cells to induce ICD, promoting antigen
presentation, improving tumor immunogenicity, further
activating the immune microenvironment, thereby sensitizing
ICIs (Figure 1B).

In this study, we propose a new paradigm for codelivery
through neutrophils, combining two small-molecule therapeu-
tic agents in a micropharmacy format. Moreover, the
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combination effect of the TGF-f inhibitor and IRI to remodel
the immunosuppressive TME and enhance the response rate of
ICB therapy was thoroughly confirmed. Thus, we explore a
novel multimechanistic method to synergistically sensitize ICB
therapy, which has great clinical potential.

Given our hypothesis that the combination of IRI and GAL
is expected to improve tumor immunogenicity and synergisti-
cally remodel the immunosuppressive TME, thereby sensitiz-
ing ICIs, we first investigated the synergistic effects of IRI and
GAL with xenograft CRC-bearing mouse models. The results
suggested that the combination of IRI and GAL significantly
enhanced the effects of programmed death-1 antibody (aPD1)
in delaying tumor progression and prolonged the overall
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Figure 3. Successful construction and characterization of NOG. (A) Confocal images of NOG. Coumarin 6-labeled ONI (green), rhodamine B-
labeled GLP (purple), and cell nucleus (blue). Scale bar, 20 ym. (B) Drug loading of NOG and other control groups. (C) The surface-anchored
stability of NOG within 4 h. (D) The GAL-loading stability and IRI-loading stability of NOG within 4 h. (E) Drug release profiles of NOG in the
stimulated TME. Data are represented as mean + SEM and analyzed by one-way ANOVA with Tukey’s correction. ns, not significant, ***P <

0.001.

survival of tumor-bearing mice compared to aPD1 mono-
therapy (Figure 2A and B).

Next, we explored the synergistic mechanism of the
combination of IRI and GAL to sensitize aPD1. As presented
in Figure S1, treatment with IRI alone or in combination with
GAL resulted in an obvious membrane exposure of calreticulin
(CRT), increased the secretion of high-mobility group box 1
(HMGBI1) in MC-38 cells, and rendered the fragments of
dying tumor cells more susceptible to phagocytosis by bone-
marrow-derived dendritic cells (BMDCs). The subsequent in
vivo experiment revealed that the administration of IRI alone
or in combination with GAL increased the cell count (Figure
2C), maturation rate (Figure 2D), and antigen presentation
capability of tumor infiltrating dendritic cells (Figure 2E).
These experiments confirmed that IRI combined with GAL
could induce ICD and enhance the tumor immunogenicity.
The treatment with GAL alone or in combination with IRI
downregulated the expression of TGF-f and the immunosup-
pressive factors interleukin-10 (IL-10) and interleukin-35 (IL-
35) in Treg cells pretreated with aPD1 (Figure S2). The
inhibition of Treg cell activation decreased the accumulation of
Treg cells at the tumor site, indicating a successful attenuation
of the immunosuppressive TME (Figure 2F). Notably, the
combined administration of IRI and GAL significantly
promoted the infiltration and proliferation of CD8'T cells in
tumors (Figure 2G and Figure S3), as well as their secretion of
tumor-killing cytokines, including granzyme B (GzmB), and
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tumor necrosis factor @ (TNFa; Figure 2H and I). This
promotion effect can be attributed to the synergy of improved
tumor immunogenicity via IRI and remodeling of the
immunosuppressive TME via GAL.

In addition, we found that the combination of IRI and GAL
via intratumoral (i.t.) administration was more therapeutically
effective than via intravenous (i.v.) administration (Figure 2A
and B). This may be due to the incomplete distribution of free
IRI and GAL in tumors via i.v. administration, both accounting
for merely 1.9% of the dosage administration (Figure 2J).
Moreover, the iv. administration caused elevated plasma a-
hydroxybutyrate dehydrogenase (HBDH) levels and a
noticeable decrease in white blood cell (WBC) counts in
mice, suggesting the potential severe cardiac and hematological
toxicities associated with this combination strategy. In contrast,
the it. administration of IRI and GAL displayed negligible
cardiac and hematological toxicity (Figure 2K and L).
Nevertheless, the complexity of the operation of i.t.
administration limits its clinical application. Thus, it is
necessary to develop novel combination strategies that ensure
both safety and effectiveness.

Here, we developed neutrophil micropharmacies (NOG) as
a two-drug (IRI and GAL) combination strategy for the
treatment of CRC, which possess both safety and effectiveness.
To start, we optimized the conditions for encapsulating the
ONI into NEs. When ONI was coincubated with NEs at a
concentration of 100 pug/mL of IRI for 40 min, the drug

https://doi.org/10.1021/acs.nanolett.4c03678
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Figure 4. Codelivery of IRI and GAL via NOG. (A) Cell viability of NEs and NOG. (B) Examination of membrane fluidity of NEs and NOG using
lipophilic pyrene probes. (C) Flow cytometry analysis of the expression of membrane proteins CD11b and CD62L on NEs and NOG. (D)
Quantification of relative migration of NEs and NOG through transwell migration assay. (E,F) In vivo imaging (E) and quantification of DIR
fluorescence in MC-38-bearing mice receiving DIR, NEs-DIR, and NOG-DIR over time. (G) Ex vivo quantification of DIR fluorescence from
tumors isolated from MC-38-bearing mice receiving DIR, NEs-DIR, and NOG-DIR over time. (H—I) The concentration of IRI (H) and GAL (I)
accumulated in tumors over time after the administration of NOG or free IRI and GAL. Data are represented as mean & SEM and analyzed by one-
way ANOVA with Tukey’s correction. ns, not significant, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

loading peaked at approximately 5.0 ug of IRI per 1 million
cells, while cell viability remained above 80% (Figure S4).
Moreover, there was no significant impact on the migration
and chemotaxis abilities of neutrophils (Figure SS).

Next, for the preparation of GAL-loaded pH-responsive
liposome (GLP), the lipid (Chol-NH-DBCO) containing click
group-DBCO and pH-responsive group imine was synthesized,
and its structure was confirmed by proton nuclear magnetic
resonance ('H NMR) and high-resolution mass spectrometry
(HRMS, Figure S6). Then, GLP was prepared through the film
dispersion method. The obtained GLP showed an average
particle size of 155.8 nm and a positive charge of 9.01 mV. The
drug loading efficiency (DL%) and entrapment efficiency (EE
%) of GAL in GLP were 4.78% and 89.86%, respectively
(Figure S7A,B). Representative transmission electron micros-
copy (TEM) images showed that GLP had a uniform spheroid
morphology (Figure S7C).

Subsequently, we conjugated GLP to NEs@ONI using a
two-step approach involving lipid anchoring and a click
reaction. The click reaction group azide (N;) was introduced
to the cell surface by coincubating NEs@ONI with membrane-
anchoring lipid (100 uM, TSA-PEG3400-Ns, Figure S8) for 10
min. Then, the screening of the click reaction conditions
between azide on the cell surface and DBCO on the GLP

surface revealed a peak amount of drug anchored on NEs@
ONI (5.1 ug/1 X 10° cells) when the concentration of GLP
was set at 200 pg/mL GAL and the incubation time was 30
min (Figure S9). Meanwhile, cell viability remained within an
acceptable range (>80%), and the migration and chemotaxis
abilities of NEs were also maintained (Figure S10). Eventually,
NOG was constructed with ONI located intracellularly and
GLP anchored on the surface of NEs. Confocal laser scanning
microscopy (CLSM) images revealed that the green
fluorescence of coumarin 6 (C6)-labeled ONI was localized
intracellularly in NEs, and the deep red fluorescence of
rhodamine B-labeled GLP was explicitly localized on the cell
membrane (Figure 3A). The results indicate that ONI was
firmly confined within the cytoplasm, whereas GLP was
successful conjugated onto the cell surface without significant
internalization, demonstrating the successful construction of
NOG. The final drug loading of NOG was 5.0 ug IRI/1 X 10°
cells and 5.1 ug GAL/1 X 10° cells, respectively (Figure 3B).

Under physiological conditions, neither a significant
decrease in the rhodamine B fluorescence intensity of GLP,
nor a notable leakage of IRI and GAL was detected within 4 h
(Figure 3C and D). These results suggest that NOG possessed
good drug loading stability both intracellularly and extracell-
ularly on the cell membrane. In the simulated tumor
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Figure S. Immune sensitization to aPD1 and safety profile of NOG in the MC-38 orthotopic mouse model. (A) Schematic illustration of the
construction of the orthotopic CRC murine model and the design of dosage regimen. (B) In vivo bioluminescence images of mice bearing
orthotopically transplanted MC-38 tumor cells. (C) Tumor weights of mice receiving different treatments (n = S mice/group). (D,E)
Representative microscopic images (D) and quantification (E) of tumor sections immuno-stained by Ki67. Ki67 positive areas were quantified from
each field (N = S fields). Scale bar, 200 ym. (F) Survival curves of mice receiving different treatments (n = 8 mice/group). (G) Body weights of all
mice (n = S mice/group). (H,I) Serum HBDH levels (H) and WBC counts (I) of tumor-bearing mice receiving different treatments (n = 6 mice/
group). Data are represented as mean = SEM and analyzed by one-way ANOVA with Tukey’s correction in C, E, H, and I. ns, not significant, *P <
0.05, ¥*P < 0.01, ¥*¥P < 0.001, ***P < 0.0001.

microenvironment, about 60% of GAL was released in the
acidic environment (pH = 6.5), whereas more than 90% of IRI
was released due to NETs formed by NEs stimulated with 100
nM phorbol myristate acetate (PMA) as described in our
pervious report™® (Figure 3E). This observation suggested that
NOG could rapidly release drugs in the simulated tumor
microenvironment.

14536

It is essential to preserve the tumor-targeting ability of NOG
inherited from NEs to achieve the codelivery of the two drugs
to CRC. Therefore, we investigated cell viability, membrane
fluidity, chemotaxis-associated protein expression, and tumor
chemotaxis, which are associated with tumor-targeting ability
of NEs. It was observed that the cell survival rates of both
untreated NEs and NOG were over 70% within 8 h, and there
was no significant difference between them, suggesting that
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neither the intracellular nor extracellular drug-loading process
impaired cell viability (Figure 4A). Moreover, the drug-loading
process caused no evident changes in cell membrane fluidity
and the expression of critical membrane proteins that mediate
cell migration, including CD11b and CD62L (Figure 4B and
C). The transwell migration assay revealed that there was no
statistically significant difference in the number of cells
migrating to the lower chamber between the untreated NEs
and the NOG, indicating that the chemotactic ability of NEs
remained largely unaffected before and after the drug-loading
process (Figure 4D). Additionally, the migration of NOG or
NEs to tumor-cell-derived conditioned medium (TCM),
which mimicked the CRC microenvironment, was significantly
higher than that of RPMI 1640 (Figure 4D). This suggests that
NOG could migrate and target the tumor microenvironment
of CRC, establishing a basis for further research on the
targeted delivery of NOG in vivo.

The tumor-targeting capability of NOG in vivo was evaluated
in orthotopic CRC tumor-bearing mice. We labeled NOG and
NEs with 1,1'-dioctadecyl-3,3,3’,3'-tetramethylindotricarbo-
cyanine iodide (DIR) to obtain NOG-DIR and NEs-DIR,
and detected their biodistribution by an in vivo and ex vivo
imaging system. NOG exhibited similar dynamics to untreated
NEs, as the aggregation of NOG and NEs at the tumor site was
observable since 2 h after injection and peaked at 24 h (Figure
4E-G and Figure S11). Meanwhile, the infusion of NOG
significantly increased the accumulation of IRI and GAL at the
site of CRC. The peak percentages of IRI and GAL in CRC at
24 h were 2-fold and 1.5-fold higher than those in the free drug
group (IRI or GAL), respectively (Figure 4H and I).

Moreover, NOG and NEs were mainly distributed in the
liver, spleen and lungs after injection, which could be ascribed
to the homing ability of NEs to liver and spleen and their
retention in the lungs.*” The distribution of NOG-DIR and
NEs-DIR in major organs further confirmed that the drug-
loading process did not disturb the in vivo distribution of NEs
(Figure S12). The biodistribution of IRI and GAL in critical
organs was further investigated. The results revealed that NOG
significantly reduced the accumulation of GAL in the heart
compared to free GAL (Figure S13A). This finding is
consistent with the ex vivo images of NOG and NEs, neither
of which showed a preference for the heart (Figure S12).
Taken together, NOG inherits the tumor chemotaxis and
tumor-targeting capability of NEs, successfully codelivering the
two drugs to the site of CRC.

We next explored whether the NOG could sensitize CRC to
aPD1 using an orthotopic CRC murine model. As illustrated
in Figure SA, tumor-bearing mice were treated with iv.
administration of free IRI and GAL or NOG, with
simultaneous intraperitoneal (ip.) administration of aPDI.
The combination therapy of NOG and aPD1 (NOG+aPD1)
significantly delayed tumor progression, and its antitumor
efficacy was superior to both aPD1 monotherapy and the
combination therapy of free drugs plus aPD1 (IRI+GAL
+aPD1) (Figure SB). Meanwhile, tumors in the NOG+aPD1
treated group presented the smallest weight among all of the
groups, with a tumor inhibition rate of about 20% (Figure 5C).
Moreover, fewer Ki67-positive tumor cells were observed in
the NOG+aPD1 treated group (Figure SD). The number of
Ki67-positive cells was half of those in the aPD1 monotherapy
group (Figure SE). The median survival of mice treated with
NOG+aPD1 was 70 days, while that of the aPDI1
monotherapy group was only 28 days, indicating that NOG

combined with aPD1 could significantly extend the median
survival of tumor-bearing mice (Figure SF).

For the safety evaluation, no noticeable reduction in body
weight was found in any of the mice during the treatment with
different formulations (Figure SG). However, severe cardiac
and hematological toxicities were observed in the mice treated
with IRI+GAL+aPD1, which were significantly ameliorated in
the NOG combined with the aPD1 treatment group (Figure
SH and I). The reduced cardiac toxicity of GAL is primarily
attributed to its reduced distribution in the heart by utilization
of NEs as carriers (Figure S12 and Figure S13A). Meanwhile,
GAL was loaded into pH-responsive liposomes, designed to
release GAL only in acidic environments, such as TME (Figure
3D left and E left). In nonacidic sites, such as the heart, GAL
would remain encapsulated, minimizing the risk of cardiac
toxicity. Although no significant difference in bone marrow
accumulation was observed between free IRI and NOG
(Figure S13B), the commercial liposome formulation of IRI
(ONI) was encapsulated within NEs, with IRI released via the
form of NETs at inflammation sites, such as tumor tissue
(Figure 3D right and E right). This ensures IRI release only in
areas with inflammatory signals, preventing release in non-
inflamed organs, including the bone marrow, where hemato-
logical toxicities might otherwise occur. Moreover, IRI is a
prodrug, and is activated by human liver carboxylesterase 2
(CES2) to generate SN-38 (7-ethyl-10-hydroxy-camptothe-
cin), the active metabolite that causes cell death. CES activity
has been identified in tumors, suggesting localized activation of
IRI to the cytotoxic metabolite at the tumor site.”” Thus, NOG
could reduce the distribution of GAL in the liver (Figure
S13C), thereby decreasing systemic toxicity from liver-based
activation while relying on specific activation at the tumor site.

To mimic the development of CRC in humans and further
understand the effect of aPD1 sensitization by NOG, we
constructed an orthotopic chemically induced CRC model
with the application of carcinogen azoxymethane (AOM) and
dextran sodium sulfate (DSS) (Figure S14A). Consistent with
the results of the orthotopic CRC model, the NOG+aPD1
treated group displayed the strongest effect of inhibiting tumor
progression (Figure S14B and C) and prolonging the survival
of tumor-bearing mice (Figure S14D). Moreover, the
combination of NOG with aPD1 significantly reduced the
activation of the TGF-f} signal pathway (Figure S14E and F).
Notably, the formulation of NOG also could decrease the
severe cardiac and hematological toxicities of free drugs
(Figure S14G and H).

Together, these findings further indicate that NOG therapy
is safe and effectively increases the response rate of aPDI,
possessing the potential to treat CRC patients in clinical
settings.

In summary, we developed a novel neutrophil micro-
pharmacy loaded with liposomal IRI intracellularly and
conjugated liposomal GAL on the cell membrane surface to
achieve the codelivery of both drugs to CRC. This micro-
pharmacy can proactively target CRC due to the physiological
barrier-crossing and tumor chemotactic capacity of NEs,
resulting in significantly improved tumor accumulation of IRI
and GAL. Moreover, the conjugated GAL and loaded IRI were
released in response to the stimuli of TME. The released GAL
displayed the function of remodeling the immunosuppressive
TME, whereas the released IRI was taken up by tumor cells,
enhancing tumor immunogenicity by inducing ICD in tumor
cells. Our study confirmed the synergistic effect of GAL and
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IRI and demonstrated their role in sensitizing ICB therapy,
ultimately achieving a potent antitumor effect against CRC.
This study provides a new strategy for optimal combination
therapy based on ICB therapy, contributing to exciting
therapeutic advancements in cancer immunotherapy.

Statistical Analysis. Statistical analyses were performed
using GraphPad Prism 8.0. All plots show mean + SEM. A
one-way ANOVA test was used for comparisons of multiple
groups. Student’s unpaired t test was used for two-group
comparisons in the appropriate conditions, and a log-rank
(Mantel-Cox) test was used to analyze the statistical
significance of difference for survival analysis. Statistical
significance was set at *P < 0.05, **P < 0.01, ***P < 0.001,
and *##*¥*P < 0.0001, ns: no significant difference.
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