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The combination of oncolytic viruses (OVs) with other immu-
notherapies, such as immunostimulatory therapies, is a current
research hotspot; however, optimizing their therapeutic poten-
tial remains to be fully explored. Here, we designed a novel
oncolytic herpes simplex virus 2 expressing Fms-like tyrosine
kinase 3 ligand (OH2-FLT3L), which induces an antitumor
cytotoxic T cell immune response by activating dendritic cells
(DCs). We found that OH2-FLT3L specifically infects tumor
cells, induces immunogenic cell death (ICD), and releases a
large number of tumor-specific antigens, which bound to
danger signals and facilitated antigenic cross-presentation by
DCs, significantly enhancing T cell activation and function.
Experimental results showed that OH2-FLT3L significantly
increased the proportion of activated DCs, enhanced the anti-
tumor immune response, and effectively converted “cold”
tumors into “hot” tumors. In addition, when combined with
anti-PD-1 antibody, OH2-FLT3L further enhanced therapeutic
efficacy. In conclusion, OH2-FLT3L, as a novel oncolytic virus,
demonstrates the potential to enhance antitumor immune
responses through DC activation.

INTRODUCTION

Over the past 2 decades, cancer immunotherapy (CIT) has made sig-
nificant progress and has become an effective treatment for various
types of tumors, gaining widespread clinical attention.' ™~ Despite
the increasing number of cancer patients benefiting from immuno-
therapy, a considerable portion of patients do not respond clinically
to these treatments.” This therapeutic challenge is largely attributed
to tumor cells hijacking host mechanisms to create a niche for them-
selves, known as the tumor microenvironment (TME), which they
gradually manipulate to shift from an antitumor to a pro-tumor

5,6
response.”™

Specifically, many tumors exhibit a non-inflammatory TME charac-
terized by low T cell infiltration, referred to as the immune desert
phenotype or “cold tumors,” which renders them unresponsive to
immune checkpoint blockade.

One promising strategy to overcome these challenges is to convert
“cold tumors" into "hot tumors" that respond more robustly to
CIT. Dendritic cells (DCs), as crucial antigen-presenting cells
(APC), play a central role in initiating antitumor immune responses
by capturing tumor antigens and migrating to tumor-draining
lymph nodes (TDLNs)”’; however, the immunosuppressive factors
in the TME often impair DC function, thereby weakening the effec-
tiveness of the antitumor immune response.'”'' To enhance the
function of DCs and their antitumor effects, Fms-like tyrosine kinase
3 ligand (FLT3L), a key cytokine in promoting DC proliferation and
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maturation,'? has been tested in clinical trials for certain solid tu-
mors. However, its rapid degradation limits clinical benefits,'* 1°
making the search for an effective delivery vector critical. Oncolytic
viruses (OVs) induce immunogenic cell death (ICD) in tumor cells,
releasing damage-associated molecular patterns (DAMPs) and path-
ogen-associated molecular patterns (PAMPs), which recruit and
activate innate immune cells such as macrophages and DCs, further
promoting the activation of tumor-specific T cells in the TME,'®*®
thus providing a promising solution. Despite demonstrating efficacy
and safety in multiple clinical trials,'”*° including the only Food and
Drug Administration-approved T-VEC, the efficacy of OVs as
monotherapies remains limited, highlighting the need for combina-
tion therapies.

To address these limitations, we developed a novel engineered onco-
Iytic herpes simplex virus type 2 (OH2), OH2-FLT3L, which triggers
systemic tumor regression by activating DCs and enhancing the
function of antigen-specific cytotoxic T cells. By delivering FLT3L
directly to the tumor site using an oncolytic herpesvirus, OH2-
FLT3L not only enhances the activation of APCs but also induces
a robust cytotoxic T cell response. Our study indicates that
OH2-FLT3L can reshape the TME by increasing the proportion of
activated CD8+ T cells, thereby enhancing the therapeutic efficacy
of immune checkpoint inhibitors (ICIs). Overall, our work provides
new insights and methods for the application of engineered OVs
in CIT, revealing their potential to enhance antitumor immune
responses.

RESULTS

Construction of the OH2-FLT3L

The OH2-FLT3L was constructed by deleting the ICP34.5 and
ICP47 genes, which are known to regulate neurotoxicity and anti-
gen presentation, respectively (Figure 1A).>' The FLT3L gene was
inserted into the OH2 genome using CRISPR-Cas9 technology
(Figures SIA-S1C). We also evaluated the oncolytic activity of
OH2 and OH2-FLT3L at three different multiplicities of infection
(MOIs), and the results showed no significant difference in viral
infection or oncolytic activity between the two viruses (Figure 1B).

Additionally, ELISA analysis of culture supernatants revealed no
detectable FLT3L in the OH2 group, while the OH2-FLT3L group
exhibited significant FLT3L secretion, confirming robust FLT3L
expression in OH2-FLT3L (Figure S1D).

OH2-FLT3L oncolysis releases proteome and DAMPs

To verify whether OH2-FLT3L induces ICD, we analyzed two cell
lines: 4T1 (a murine triple-negative breast cancer cell line) and
CT26 (a murine colorectal cancer cell line) for the release of
DAMPs and tumor antigens. Silver staining and western blot analysis
of culture supernatants revealed that OH2-FLT3L infection signifi-
cantly increased the release of DAMPs, including ATPase, HSP70,
HMGBI, and HSPA14, particularly at 48 h post-infection (hpi)
(Figures 1C-1E). These results confirmed that OH2-FLT3L-induced
tumor cell lysis effectively released the tumor cell proteome and
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DAMPs, effectively inducing ICD. A similar pattern of DAMPs
release was observed in OH2-infected cells, suggesting that FLT3L’s
primary effect lies in enhancing immune activation, rather than
directly influencing ICD induction (Figures S1E and S1F).

OH2-FLT3L activates dendritic cells

DAMPs in the OH2-FLT3L oncolytic products act as danger sig-
nals, recognized by innate immune PRRs, which recruit and acti-
vate APCs, particularly DCs, to initiate antitumor immune re-
sponses. FLT3L is a key growth factor for the differentiation of
DCs, playing a critical role in the differentiation and proliferation
of progenitor cells into conventional dendritic cells (¢cDCs) and
plasmacytoid DCs (pDCs) in the bone marrow. To assess the effect
of OH2-FLT3L on DC activation, supernatants from CT26
cells infected with OH2-FLT3L for 48 hpi (referred to as “oncoly-
sate”) were co-cultured with mouse bone marrow-derived DCs
(BMDCs) for 24 h. Untreated immature DCs (iDCs) and lipopoly-
saccharide (LPS)-induced mature DCs (mDCs) served as negative
and positive controls, respectively. DCs induced by the oncolysate
of unmodified OH2 virus were used as a control group to compare
the activation phenotype of DCs.

Co-culture with OH2-FLT3L oncolysate significantly increased the
percentage of DCs expressing MHC II and the costimulatory/activa-
tion markers CD40, CD80, and CD86 (Figures 2A and S2), while
the production of cytokines interleukin (IL)-12 and tumor necrosis
factor (TNF)-o was markedly elevated (Figures 2B and 2C). Addi-
tionally, DCs induced by OH2 oncolysate exhibited increased
costimulatory/activation markers and cytokine secretion compared
with iDCs, although the activation was less pronounced compared
with OH2-FLT3L oncolysate. This suggested that the presence of
FLT3L in the modified OV contributed to DC activation. These data
indicated that OH2-FLT3L, through direct viral infection and the ac-
tion of FLT3L, significantly enhanced DC maturation and activation.

OH2-FLT3L oncolysate-treated DCs induce antigen-specific
cytotoxic T cells in vitro

Thus far, our experiments have shown that OH2-FLT3L effectively
destroys tumor cells, releases the tumor cell proteome, and induces
DC activation. To assess whether OH2-FLT3L oncolysate-activated
DCs can effectively induce CTLs in vitro, we performed a DC-T
cell co-culture assay. BMDCs treated with OH2-FLT3L oncolysate
were co-cultured with autologous T cells to determine their ability
to capture and present tumor antigens (Figure 2D).

Results showed that T cells co-cultured with OH2-FLT3L oncoly-
sate-induced DCs exhibited significantly higher cytotoxicity against
syngeneic CT26 cells at different effector-to-target ratios (E:T, 5:1,
10:1, 20:1) compared with untreated iDCs and OH2-treated DCs,
while no significant cytotoxicity was observed against irrelevant
4T1 cells (Figures 2E, S3A, and S3B). This tumor-specific killing
was further supported by elevated levels of interferon (IFN)-y and
Granzyme B secreted by T cells in the CT26-targeted co-culture sys-
tem (Figures 2F and 2G).
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Figure 1. Construction of OH2-FLT3L and release of proteomics and DAMPs during oncolysis

(A) Schematic representation of OH2 and OH2-FLT3L structures. Both OH2 and OH2-FLT3L were derived from the HG52 laboratory strain, with deletions of the ICP34.5 and
ICP47 genes. (B) Infection of 4T1, Vero, CT26, and B16R cells was conducted using either OH2 or OH2-FLT3L within the specified time frame. n = 3 samples per group, with
error bars representing the standard error of the mean (SEM). (C) Following infection of 4T1 and CT26 cells with OH2-FLT3L at 0, 8, 24, and 48 hpi, silver staining was
performed on the cell pellets and corresponding supernatants. (D and E) Protein blot analysis of various DAMPs and ATPase was conducted on the cell pellets and cor-
responding supernatants following infection of 4T1 and CT26 cells with OH2-FLT3L at 0, 8, 24, and 48 hpi. Equal amounts of protein (20 pg) were loaded into the gels. All
experiments were repeated three times, and one representative series was presented.

In conclusion, these results demonstrated that DCs treated with
OH2-FLT3L oncolysate effectively activated T cells and enhanced
their tumor-specific cytotoxicity. Additionally, the increased secre-
tion of IFN-y and Granzyme B further confirmed the significant
enhancement of T cell cytotoxic potential.

OH2-FLT3L induces antitumor immunity in immunocompetent
4T1 and CT26 mouse models

Based on the previous findings that OH2-FLT3L effectively activated
DCs and induced CTLs in vitro, we next investigated its efficacy in vivo
using a subcutaneous CT26 tumor model in BALB/c mice (Figure 3A).
One week after tumor inoculation, mice were divided into three treat-

ment groups: PBS control, OH2 treatment, and OH2-FLT3L treat-
ment (n = 5-11 per group). As shown in Figures 3B and 3C, both
the OH2 (p < 0.01) and OH2-FLT3L (p < 0.0001) treatment groups
suppressed tumor growth and extended the survival of mice compared
with the control group. Furthermore, OH2-FLT3L treatment demon-
strated superior tumor suppression (p < 0.05) and higher survival rates
(p < 0.05) compared with OH2 treatment alone. Additionally, 42.9%
(3 of 7) of mice in the OH2-FLT3L treatment group experienced com-
plete tumor regression.

To verify that OH2-FLT3L can activate CTLs in vivo, splenic lym-

phocytes from treated mice were co-cultured with CT26 cells. Both
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Figure 2. OH2-FLT3L induced DC activation and CTL immunity in vitro
Mouse BMDCs were prepared (iDCs, mDCs) and treated according to the specified protocol. As shown in Figure 2, iDCs and mDCs were used as controls. Following
infection of CT26 cells with OH2/OH2-FLT3L (MOI = 1; 48 hpi), the supernatants were collected and co-cultured with iDCs (24 h). Flow cytometry (A) and ELISA (B and C)
were utilized to assess activation/maturation phenotypes, viability, and the production of pro-inflammatory cytokines. (D) Schematic representation of the experimental
design demonstrating that primary mouse DCs co-cultured with CT26 oncolytic materials stimulate a specific CTL immune response in vitro. (E-G) T cells co-cultured
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OH2 and OH2-FLT3L treatment groups exhibited significant CTL
activity, which correlated with the E:T ratio (Figures 3D and S4).

The rechallenge experiment demonstrated that all mice whose tu-
mors completely regressed after the initial treatment showed no
recurrence, while all mice from the control group experienced tumor
recurrence 6 days after initial tumor inoculation (Figure 3E). These
results suggested that OH2-FLT3L not only induced antitumor im-
munity in vivo but also effectively stimulated the generation of anti-
tumor memory, preventing tumor recurrence.

We further validated the tumor growth suppression effects of OH2-
FLT3L in the 4T1 mouse model (Figure 3F). Compared with the
OH2 treatment group (p = 0.0345) and the control group
(p <0.0001), the OH2-FLT3L treatment group exhibited significantly
enhanced tumor growth inhibition (Figure 3G). Additionally, mice
in the OH2-FLT3L treatment group demonstrated significantly
higher survival rates compared with the OH2 treatment group (p =
0.0177) and the control group (p = 0.0009) (Figure 3H). In the
CTL cytotoxicity assay, T cells from mice in the OH2-FLT3L treat-
ment group demonstrated significantly greater cytotoxicity against
target cells at various E:T ratios (25:1, 50:1, 100:1) compared with
those from the OH2 and control groups, consistent with the findings
observed in the CT26 model (Figure 3I).

Subsequently, we performed immunohistochemical analysis on tu-
mor tissues from mice (Figure 4A). The immunohistochemical re-
sults showed that the proportions of CD3+ T cells, CD4+ T cells,
CD8+ T cells, and DC cells in the TME of mice treated with OH2
and OH2-FLT3L were significantly elevated (Figure 4B). Compared
with mice treated with OH2, mice treated with OH2-FLT3L ex-
hibited a significant increase in the infiltration of CD3+ T cells
(p = 0.0236), CD4+ T cells (p < 0.0001), CD8+ T cells (p < 0.0001),
and DC cells (p < 0.01) into the TME. Additionally, immune cells
in the OH2-FLT3L treatment group were concentrated in the central
region of the tumor, suggesting enhanced immune cell migration
into the tumor core.

Furthermore, we performed flow cytometry analysis on the spleens
of treated mice after treatment completion (Figures 4C-4J]). Both
OH2 and OH2-FLT3L treatments led to an increase in the propor-
tions of CD3+ T cells (Figure 4C), CD4+ T cells (Figure 4D),
CD8+ T cells (Figure 4E), and DC cells (Figure 4F), with OH2-
FLT3L showing a more pronounced increase. Interestingly, in the
CT26 model, both OH2 and OH2-FLT3L treatment groups showed
a decrease in natural killer (NK) cell proportions (Figure 4G), while
in the 4T1 model, there was no significant difference between the
OH2 treatment and control groups (p = 0.2777). However, the pro-
portion of NK cells in the spleens of the OH2-FLT3L group was

significantly higher than that of the OH2 group (p = 0.0005) and
the control group (p = 0.0017) (Figure S5). This may be because
CT26 is typically considered a "hot tumor," where OH2 and OH2-
FLT3L treatments activated T cells and DCs, causing T cells to domi-
nate the antitumor immune response, while NK cells primarily
respond to viral infections. Conversely, 4T1 tumors are generally
considered "cold tumors," where NK cells may be more involved in
tumor response. We also examined the changes in Gr-1+CD11b+
myeloid cells, which phenotypically align with murine myeloid-
derived suppressor cells (MDSCs) (Figure 4H). Compared with the
control group, both OH2 and OH2-FLT3L treatment groups showed
a significant reduction in this population, with the OH2-FLT3L
group exhibiting an even greater decrease (p < 0.0001). Additionally,
after OH2 and OH2-FLT3L treatments, the proportion of CD44+
CD4+ and CD8+ T cells significantly increased (Figures 41 and 4]),
with memory T cell increase being more pronounced in the OH2-
FLT3L group compared with the OH2 group. This suggested that
OH2-FLT3L treatment effectively activates T cells and may promote
the formation of immunological memory, laying the foundation for
long-term antitumor immunity.

OH2-FLT3L mobilizes distant immune responses in
immunocompetent 4T1 and CT26 mouse models

We further explored whether OH2-FLT3L could induce both local
and systemic immune responses targeting bilateral tumors. In the
established bilateral CT26 tumor mouse model, only the right-side
tumor was treated with five intratumoral injections. The results
showed that the OH2 treatment group demonstrated tumor suppres-
sion on the injected side compared with the control group but failed
to induce a systemic immune response against the distant tumor. In
contrast, the OH2-FLT3L treatment group exhibited significant inhi-
bition of both the injected and distant tumors, indicating a stronger
ability to activate systemic immunity (Figures 5A and 5B). Similar re-
sults were observed in the bilateral 4T1 tumor mouse model, further
validating the systemic antitumor effect of OH2-FLT3L (Figure 5C).
In summary, OH2-FLT3L not only effectively suppressed the growth
of the injected tumor but also induced a robust systemic immune
response against distant tumors, demonstrating superior antitumor
efficacy.

OH2-FLT3L in combination with anti-PD1 antibody enhances
antitumor immune response in 4T1 and CT26 models

We have demonstrated that the novel virus OH2-FLT3L exhibits su-
perior antitumor effects compared with its parental virus OH2. How-
ever, whether combining OH2-FLT3L with anti-PD1 antibody can
reverse the immunosuppressive TME and convert "cold tumors" to
"hot tumors," thereby enhancing the antitumor efficacy of ICIs, re-
quires further investigation. Therefore, we established a subcutane-
ous CT26 model in BALB/c mice (Figure 5D). One week after tumor

with iDCs, mDCs, and OH2/0OH2-FLT3L-induced DCs were co-cultured with syngeneic CT26 or irrelevant 4T1 cells for 8 h at the indicated ratios. Flow cytometry (E) was
used to assess cytotoxicity, and ELISA was employed to measure the levels of IFN-y (F) and Granzyme B (G) secreted by T cells. n = 3 samples per group, with error bars
representing the SEM; statistical analysis was conducted using multiple comparisons ANOVA. ns indicates no significant differences; *p < 0.05; **p < 0.01; ***p < 0.001;

“**p < 0.0001.
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inoculation, the mice were divided into five treatment groups: PBS
control, OH2 treatment, anti-PD1 treatment, OH2-FLT3L treat-
ment, and OH2-FLT3L combined with anti-PD1 antibody (n = 5
per group). The results showed that both anti-PD1 antibody alone
(p < 0.0001) and OH2 treatment alone (p = 0.0009) significantly
reduced tumor burden compared with the control group (Figure 5E).
However, the tumor growth inhibition by OH2-FLT3L was not
significantly enhanced compared with the anti-PD1 antibody treat-
ment group (p = 0.2644). In contrast, the combination of OH2-
FLT3L and anti-PD1 antibody significantly enhanced tumor growth
inhibition compared with either anti-PD1 alone (p = 0.0065) or OH2
alone (p = 0.0001). Moreover, compared with the control group, both
anti-PD1 antibody treatment (p = 0.0021) and OH2 treatment (p =
0.0127) significantly improved survival, while OH2-FLT3L (p =
0.0021) and the combination treatment group (p = 0.0021) showed
the most pronounced therapeutic response (Figure 5F).

Similar results were obtained in the 4T1 model (Figure 5G), where
both OH2-FLT3L monotherapy and combination therapy showed
significant tumor growth inhibition (Figure 5H) and extended sur-
vival (Figure 5I) compared with anti-PD1 alone.

In summary, these results demonstrated that the combination of
OH2-FLT3L and anti-PD1 antibody not only effectively suppressed
tumor growth but also significantly prolonged mouse survival, indi-
cating that this combination therapy significantly enhanced tumor
growth suppression.

OH2-FLT3L enhances TME modulation through immune cell
interactions and signaling pathway activation

We used single-cell sequencing to characterize the tumor microenvi-
ronment (TME) in greater detail. Single-cell data showed that
immune cells within the TME could be divided into CD4+ T cells,
CD8+ T cells, NK cells, mast cells, myeloid cells, neutrophils, and
B-plasma cells (Figure 6A). The proportions of each immune cell
subset are shown in Figure 6B. Compared with the control
group, the OH2-FLT3L group showed a significant increase in
CD4+ T cells, NK cells, and neutrophils, while myeloid cells were
significantly decreased (Figure S6). Analysis of T cell subsets
(Figures 6C, 6D, and S7) revealed a significant reduction in ex-
hausted CD8+ T cells (Tex CD8+T) and naive CD8+ T cells in the
OH2-FLT3L group compared with the OH2 group. Interaction anal-
ysis of T and NK cells across treatment groups (Figures 6E-6])

showed that after OH2 treatment, the signaling received by cycling
CD8+ T cells from various NK subsets was reduced, and inter-
signaling among NK subsets was also weakened. After OH2-FLT3L
treatment, cycling CD8+ T cells exhibited reduced signaling from
NK_Sell (NK cells expressing high levels of Sell, associated with a
more naive or migratory phenotype) and NK_Gzmg (NK cells ex-
pressing high levels of granzyme G, indicative of cytotoxic activity),
while inter-signaling among NK subsets was enhanced. Additionally,
interactions between cycling CD8+ T cells, Tex CD8+ T cells, and
Tex-Ccr7 CD8+ T cells with NK cells were strengthened. After
both OH2 and OH2-FLT3L treatments, interactions among cycling
CD8+ T cells, Tex CD8+ T cells, and Tex-Ccr7 CD8+ T cells were
enhanced. It suggested that oncolytic virus therapy can effectively
reshape the tumor immune microenvironment. More importantly,
OH2-FLT3L could further activate the antitumor immune response
and reduce the exhausted T cells in the tumor microenvironment,
thus achieving better antitumor effects.

The cell interaction analysis of pathways between T and NK cells
(Figures 7A and 7B) revealed that the OX40 signaling pathway was
present exclusively in the OH2-FLT3L group, where NK_Gzmg cells
transmit signals to other T cells. The OX40 pathway mediated inter-
actions between NK cells and T cells as well as other immune cells,
thereby enhancing the antitumor immune response. Additionally,
the FASLG signaling pathway was also observed only in the OH2-
FLT3L group (Figures 7C and 7D), with CD4+ Treg cells receiving
signals from other CD8+ T and NK cells.

DISCUSSION

Here, we designed a novel OV, OH2-FLT3L, and demonstrated its
ability to induce systemic tumor regression by activating DCs and
antigen-specific cytotoxic T cells in both in vitro and in vivo models.
Our findings showed that OH2 armed with FLT3L increases the pro-
portion of activated DCs in the spleen and TME, leading to CTL-
mediated antitumor immunity and the regression of distant tumors.
We observed that OH2-FLT3L also modulates the proportions of NK
cells, Gr-1+CD11b+ myeloid cells, and memory T cells, effectively
enhancing antitumor therapy by strengthening the DC/T cell axis.
Furthermore, OH2-FLT3L induced long-term memory in mice
bearing CT26 tumors and showed effective modulation of the
TME in mice bearing 4T1 tumors, triggering tumor-specific immune
responses. Additionally, single-cell transcriptomics analysis further
elucidated the regulatory effects of OH2-FLT3L treatment on

Figure 3. OH2-FLT3L treatment inhibited tumor growth and generated antigen-specific antitumor immunity

(A) Schematic representation of the experimental design for the CT26 model. (B) Tumor growth curves of mice in different treatment groups of the CT26 model. PBS group,
n=5; OH2 group, n = 11; OH2-FLT3L group, n = 7. (C) Kaplan-Meier survival curves of mice in different treatment groups of the CT26 model were analyzed using the log rank
test. (D) Following the completion of treatment, mice were euthanized, and splenic lymphocytes were isolated and co-cultured with CT26 cells at specified ratios for 6-8 h.
Cells were then collected for cytotoxicity assessment using flow cytometry. (E) Seven mice with complete tumor regression after initial treatment underwent a second tumor
challenge by subcutaneously inoculating 3 x 10° CT26 cells into the contralateral dorsal side. Additionally, eight untreated BALB/c mice were inoculated with the same dose
of CT26 cells as controls to observe tumor incidence. (F) Schematic representation of the experimental design for the 4T1 model. (G) Tumor growth curves of mice in different
treatment groups of the 4T1 model. PBS group, n = 5; OH2 group, n = 7; OH2-FLT3L group, n = 6. (H) Kaplan-Meier survival curves of mice in different treatment groups of
the 4T1 model were analyzed using the log rank test. (I) Following the completion of treatment, mice were euthanized, and splenic lymphocytes were isolated and co-cultured
with 4T1 cells at specified ratios for 6-8 h. Cells were then collected for cytotoxicity assessment using flow cytometry. Error bars represent the SEM, and statistical analysis
was conducted using multiple comparisons ANOVA. ns indicates no significant differences; *p < 0.05; **p < 0.01; **p < 0.001; ***p < 0.0001.
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Figure 4. OH2-FLT3L induced tumor dendritic cell and T cell infiltration, stimulating an increase in the proportion of immune effector cells in the spleen

(A) Representative IHC staining results for CD3, CD4, CD8, and CD11c¢ in the OH2-FLT3L treatment group, OH2 treatment group, and PBS control group. Scale bar,
100 pm; n = 5 samples per group. (B) Positive cell rates for CD3, CD4, CD8, and CD11c in the OH2-FLT3L treatment group, OH2 treatment group, and PBS control
group. n =5 samples per group; proportions represent the percentage of cells relative to the total cell count. (C—J) After treatment completion, splenic lymphocytes were
isolated from mice and prepared as single-cell suspensions for flow cytometry analysis of T cell subtypes (C-E), DCs (defined as Gr-1-MHC Il + CD11c+CD11b+) (F), NK
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signaling pathways between immune cells. We found that after OH2-
FLT3L treatment, signaling between NK cell subsets increased, while
interactions between cycling CD8+ T cells and NK cells decreased.
Moreover, activation of the OX40 and FASLG pathways was
observed exclusively in the OH2-FLT3L group, where OX40 pro-
motes T cell activation and proliferation,”* while FASLG signaling
influences Treg proliferation and function. These findings indicate
that OH2-FLT3L effectively enhances antitumor responses within
the immune microenvironment by activating specific pathways
and strengthening intercellular signaling.

OVs are considered a novel therapeutic approach for cancer,
capable of selectively replicating within tumor cells and inducing
ICD, with toxicity profiles that generally do not overlap with other
cancer treatments.'”** To date, four OVs have been approved for
clinical cancer therapy, although T-VEC remains the only therapy
widely approved.”* Similar to T-VEC, our OH2-FLT3L is con-
structed from an attenuated OH2 virus, with deletions of ICP47
and ICP34.5. These modifications reduce the potential pathoge-
nicity of OH2 while enhancing its therapeutic safety. In a recent
phase I/II clinical trial, the OH2 used in this study demonstrated
good tolerability and durable antitumor activity in patients with
advanced solid tumors, particularly those with metastatic esopha-
geal and rectal cancers.”® Another phase I clinical trial combining
OH2 with anti-PD-L1 antibody for colorectal cancer (CRC)
showed a 35.9% tumor response rate, with partial responders
achieving a progression-free survival of 313 days.*
demonstrate that OH2 is a promising OV therapeutic strategy,
and its combination with other immunotherapies can elicit stron-

These results

ger antitumor immune responses.

Although many previous studies have explored the clinical benefits
of OVs in cancer therapy, they have mainly focused on adaptive im-
munity. Enhancing the antitumor functions of innate immune cells
such as DCs and combining them with OVs remains an emerging
strategy. The initiation and persistence of antitumor immunity
depend on the presentation of tumor antigens to naive T cells. How-
ever, the low infiltration of effector immune cells in immune-evasive
TMEs, or "cold tumors," significantly hinders this process.”” >’
FLT3L, a transmembrane/soluble cytokine critical for B cell and den-
dritic cell (DC) development,'>*° ** drives the differentiation of DC
progenitor cells (CDPs) into conventional DC subsets (cDCls and
cDC2s) through FLT3 receptor signaling.’** This process expands
DC abundance and enhances their functional maturation within
the tumor microenvironment (TME), thereby amplifying antigen
presentation and subsequent T cell-mediated antitumor immunity.
Earlier studies have demonstrated that FLT3L administration pro-
motes DC proliferation and activation, correlating with improved
tumor control in animal models.””**

Many studies have explored the combination of replication-defective
vectors, such as adenoviruses, with FLT3L for cancer therapy.39
Bernt et al. showed that adenoviral vectors expressing FLT3L could
compensate for the inability of FLT3L to induce DC maturation."’
In brain glioma models, Ali et al. demonstrated that engineered ad-
enoviruses expressing FLT3L increased DC infiltration in CNS-1 tu-
mors in rats.*’ A Phase 1 clinical trial demonstrated the safety and
efficacy of adenoviral vectors expressing FLT3L in the treatment of
adult high-grade gliomas.”> Other studies have further confirmed
that intratumoral (i.t.) injection of FLT3L not only activates and ex-
pands DCs but also recruits them to the TME and TDLNs, 44
similar to the results observed in our study.

Oncolytic viruses, in contrast to replication-defective vectors, have
stronger replication capacities, allowing them to spread more widely
within tumor tissues and effectively infect more tumor cells. Barnard
et al. showed that treatment with G47A, an oncolytic virus express-
ing FLT3L, increased survival rates in glioma-bearing mice.** Simi-
larly, in our study, the OH2-FLT3L virus demonstrated a marked
improvement in tumor control and immune response activation in
the 4T1 mouse model. Compared with the CT26 model, both
OH2-FLT3L alone and in combination with anti-PD1 antibody
showed significant tumor growth inhibition and prolonged survival
in the 4T1 model compared with anti-PD1 antibody alone. This
could be because 4T1 tumors, which are poorly infiltrated by im-
mune cells and considered "cold tumors," typically respond poorly
to ICIs alone. However, OH2-FLT3L may improve the TME by re-
cruiting DCs and T cells. These results indicate that OH2-FLT3L en-
hances DC recruitment and function, showing great potential in
overcoming the immunosuppressive TME of cold tumors and
providing strong support for further optimization of CIT, particu-
larly in combination with ICIs.

Based on the aforementioned effect of OH2-FLT3L on DC recruit-
ment, we further investigated its specific effects on DC maturation
in vitro. Our in vitro DC induction experiments showed that the sur-
face costimulatory molecules CD40, CD80, CD86, and MHC II were
significantly upregulated on DCs treated with OH2-FLT3L oncoly-
sates. CD40 is an important immunological mediator linking innate
and adaptive immunity, promoting the production of cytokines and
chemokines by DCs, inducing the expression of costimulatory mol-
ecules, and facilitating antigen presentation to T cells.*>*® CD80 and
CD86 provide necessary costimulatory signals that promote T cell
survival and proliferation,47 while MHC II molecules are critical
for presenting processed tumor antigens to CD4+ T helper cells.”
Furthermore, our study observed a significant increase in IL-12
and TNF-a secretion by OH2-FLT3L-induced DCs. Concurrently,
OH2-FLT3L-induced CTLs exhibited a marked elevation in IFN-y

secretion, which may activate ¢cDCs to secrete more IL-12, further

cells (defined as CD3-CD49b+) (G), Gr-1+CD11b+ myeloid cells (defined as Gr-1+CD11b+) (H), and memory T cells (defined as CD4+CD44+ or CD8+CD44+) (I and J).
Data are presented as individual independent replicates. Error bars represent the SEM, and statistical analysis was conducted using multiple comparisons ANOVA. ns
indicates no significant differences; *p < 0.05; **p < 0.01; ***p < 0.001; ***p < 0.0001. Collectively, these results suggested that OH2-FLT3L effectively inhibited tumor
growth, enhanced antitumor immune responses, and promoted the formation of immune memory in vivo.
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Figure 5. OH2-FLT3L induced systemic immune responses in the 4T1 and CT26 models, and its combination with anti-PD-1 antibody further enhanced
antitumor immune responses
(A-C) Five- to 8-week-old BALB/c mice were injected bilaterally with 3 x 10° CT26 or 4T1 cells, and on the sixth day post-tumor implantation, PBS, OH2, or OH2-FLT3L was
administered only at the right-side tumor site. (A) Tumor growth curves of mice in different treatment groups of the CT26 model, n = 5-6 mice per group. (B) Photos of tumors
harvested from mice in all groups of the CT26 model on day 18 after tumor inoculation. CR: complete response. (C)Tumor growth curves of mice in different treatment groups
of the 4T1 model, n = 8 mice per group. (D) Schematic representation of the combined treatment experimental design for the CT26 model. (E) Tumor growth curves of mice in
different treatment groups of the CT26 model, n = 5 mice per group. (F) Kaplan-Meier survival curves of mice in different treatment groups of the CT26 model were analyzed
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stimulating CD8+ T cells, enhancing DC-T cell crosstalk,"® thereby
inducing a stronger antitumor immune response compared with
OH2. This aligns with previous findings showing that cDC1-medi-
ated presentation induces a stronger immune response by CD8+
CTLs."”

Our study, however, has certain limitations. While OH2-FLT3L has
demonstrated its capacity to remodel the TME through DC activa-
tion, the precise mechanisms, such as how FLT3L affects various
DC subsets and their roles within the TME, require further inves-
tigation. Moreover, the optimal combinations and administration
regimens for using OH2-FLT3L with other immunotherapies
need to be systematically studied to fine-tune dosage and fre-
quency. Finally, the abundance of DC subsets and the tumor
type-specific differences in patients could impact the efficacy and
clinical outcomes of OH2-FLT3L. Variability in tumor type or
heterogeneity may influence patient responses to viral infection
and immunotherapy, highlighting the need for further studies on
tailoring OH2-FLT3L’s clinical application strategies to these
differences.

The safety and tolerability of OH2 have been confirmed in clinical
trials, and the new virus OH2-FLT3L did not exhibit significant
toxicity in mouse models, laying the groundwork for its clinical
application. Although our murine model employed an every-
other-day dosing regimen to counteract the rapid progression of tu-
mors, inherent differences in pharmacokinetics and pharmacody-
namics between mice and human patients suggest that a longer
dosing interval may be necessary for clinical translation—consistent
with the phase I/II trial design of our parental OH2, which involves
dosing every 2 weeks.”” Our preclinical model serves to validate the
enhanced immune effects of FLT3L within the OH2 platform, while
the clinical safety data of the parental virus provide further assurance
for human application. Future clinical optimization could explore an
intermediate dosing frequency to ensure safety while effectively
managing high tumor burdens in patients.

Additionally, the production process for engineered OV is relatively
mature, enabling large-scale cultivation and reducing production
costs, thus promoting the accessibility of CIT. OH2-FLT3L can
reshape the TME by activating DCs, enhancing tumor-specific im-
mune responses, and demonstrating superior tumor inhibition in
mouse models. Additionally, the remarkable efficacy of OH2-
FLT3L in combination with anti-PD-1 suggests potential synergies
with other immunotherapeutic approaches, such as Toll-like recep-
tor agonists, which could further enhance DC maturation and
activation. Alternatively, adoptive cell therapy (ACT) could be
combined, where DC activation enhances antigen presentation,
improving T cell recognition and cytotoxicity against tumors.

In summary, our data support the feasibility of OH2-FLT3L as a
novel oncolytic viral therapy. The introduction of FLT3L enhances
the efficacy of CIT by promoting the cross-presentation of tumor an-
tigens from DCs to T cells.

MATERIALS AND METHODS

Cell lines

The cell lines used in this study included Vero (African green mon-
key kidney cells), CT26 (murine colon cancer cells), B16R (murine
melanoma cells), and 4T1 (murine breast cancer cells). Vero cells
were obtained from ATCC and maintained in our laboratory. The
4T1 and CT26 cells were purchased from the National Infrastructure
of Cell Line Resource (Beijing, China). BI6R was constructed in our
laboratory by stably transfecting parental B16F10 cells with HSV re-
ceptors.”” CT26 and 4T1 were cultured in RPMI-1640 medium
(Gibco) supplemented with 10% fetal bovine serum (FBS). All cell
lines were grown at 37°C in a 5% CO, incubator.

Oncolytic virus

OH2 was provided by Binhui Biopharmaceutical Co., Ltd. (Wuhan,
China). It is an attenuated OV derived from the wild-type HSV-2
strain HG52, with deletions of the ICP47 and ICP34.5 genes.ZI’Sl

OH2-FLT3L was engineered from OHZ2. First, using a previously
constructed pHG52d34.5-CMV-eGFP plasmid,”> we generated
the pHG52d34.5-CMV-FLT3L plasmid following the same meth-
odology. Vero cells were cultured, infected with the OH2-eGFP
virus, and the viral genome was extracted. The pHG52d34.5-
CMV-FLT3L plasmid, OH2-eGFP viral genome, and sg GFP-
gRNA-Cas9 were co-transfected into Vero cells, facilitating the
replacement of the eGFP gene with FLT3L through CRISPR-Cas9
homologous recombination, resulting in the OH2-FLT3L recombi-
nant virus. The recombinant OH2-FLT3L virus was purified
following 5-8 rounds of plaque assays under fluorescence micro-
scopy. The construct was validated via sequencing, expanded in
Vero cells, titrated, aliquoted, and stored at —80°C until use. The
modified region of the viral structure was confirmed by PCR fol-
lowed by agarose gel electrophoresis (Figures S1A and S1B) and
sequencing (Figure S1C).

Mice

Female BALB/c mice, aged 6-8 weeks, were purchased from Beijing
Vital River Laboratory Animal Technology Co., Ltd. All animals
were housed under specific pathogen-free (SPF) conditions in indi-
vidually ventilated cages (IVC). Some of the animal experiments
were conducted at Beijing Keweite Animal Technology Co., Ltd.
All animal-related procedures were approved by the Animal Exper-
iment Ethics Committee of the National Cancer Center/Cancer

using the log rank test. (G) Schematic representation of the combined treatment experimental design for the 4T1 model. (H) Tumor growth curves of mice in different
treatment groups of the 4T1 model. PBS group, n = 8; OH2 group, n = 7; OH2-FLT3L group, n = 8; anti-PD1 group, n = 10; OH2-FLT3L + anti-PD1 group, n = 9. (I) Kaplan-
Meier survival curves of mice in different treatment groups of the 4T1 model were analyzed using the log rank test. Error bars represent the SEM, and statistical analysis was
conducted using multiple comparisons ANOVA. ns indicates no significant differences; “p < 0.05; **p < 0.01; **p < 0.001; ***p < 0.0001.
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Figure 6. Single-cell sequencing revealed the tumor immune microenvironment in tumor tissues from different treatment groups
(A) Clustering of various cell types across single-cell data in the overall dataset and in each treatment group. SMC: smooth muscle cell. (B) Proportions of different immune cell
subsets in the single-cell data. (C and D) Proportions of Tex CD8+T cells and naive CD8+ T cells in each treatment group. (E-G) Network diagrams showing differences in
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Figure 7. OH2-FLT3L induced T and NK cell interactions mediated by 0X40 and FASLG signaling pathways
(A) Network diagram of cell interactions via the OX40 signaling pathway and its ligand-receptor pair, Tnfsf4-Tnfrsf4. (B) Violin plots showing expression levels of Tnfsf4 and

Tnfrsf4 in different T cell and NK cell subsets within the OH2-FLT3L treatment group. (C)

Network diagram of cell interactions via the FASLG signaling pathway and its ligand-

receptor pair, Fasl-Fas. (D) Violin plots showing expression levels of Fasl and Fas in different T cell and NK cell subsets within the OH2-FLT3L treatment group.

Hospital, Chinese Academy of Medical Sciences and Peking Union
Medical College (No. NCC2021A282).

CCKaS cell viability assay

The cell viability was assessed using a CCK8 assay (Cell Counting
Kit-8, DOJINDO, Japan). Cells were seeded in 96-well plates at
densities ranging from 5 x 10’ to 1 x 10* cells per well, with each
condition tested in triplicate. Twenty-four hours later, the cells
were infected with either OH2 or OH2-FLT3L at MOIs of 0.1, 1,
and 5 to assess the impact of MOI on cell viability. At 24, 48, and
72 h post-infection, the culture medium was removed, and 100 pL
of a mixture containing 10% CCKS8 reagent was added to each
well. The plates were then incubated for an additional 2 h. Finally,

cell viability was quantified using the iMark Microplate Absorbance
Reader (Bio-Rad, Japan) at a wavelength of 450 nm.

FLT3L expression confirmation

Logarithmically growing 4T1, CT26, and Vero cells were seeded into
six-well plates. When cells reached 70%-80% confluence, they were
washed with PBS and then incubated with 1 mL of serum-free RPMI-
1640 medium. The cells were subsequently infected with either OH2
or OH2-FLT3L at MOIs = 0.1, 1, and 5. After 1 h, the cells were re-
plenished with 1 mL of RPMI-1640 medium containing 10% FBS.
Culture supernatants were collected at 24, 48, and 72 h post-infec-
tion. The supernatants were centrifuged at 400 x g for 5 min at
4°C to remove any cell debris and then stored at —80°C until further

interaction strength between T and NK cells among treatment groups. Tcm CD8+T: central memory CD8+ T cells; Trm CD4+ T: tissue-resident memory CD4+ T cells; Treg
CD4+T: regulatory CD4+ T cells. (H-J) Heatmaps illustrate differences in interaction intensity between T and NK cells across treatment groups. n = 3 mice per group, with
each biological sample generating two independent FASTQ files. Statistical significance was determined using an independent samples t test. ns indicates no significant

differences; *p < 0.05; **p < 0.01; ***p < 0.001; ***p < 0.0001.
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analysis. FIt3L levels in the culture supernatants were quantified us-
ing a Mouse FMS-like Tyrosine Kinase 3 Ligand ELISA Kit (Jingmei
Biotechnology) following the manufacturer’s protocol.

Silver staining and western blotting

Logarithmically growing CT26 cells were passaged into 10 cm” culture
dishes. When the cells reached 70%-80% confluence, they were
washed with PBS, followed by the addition of 8 mL of serum-free
RPMI-1640 medium. The cells were then infected with OH2 or
OH2-FLT3L (MOI = 1). At 8 h, 24 h, and 48 h post-infection, the su-
pernatant proteins were collected by centrifugation at 4500 rpm
for 15 min at 4°C using Millipore Amicon Ultra filters (10 kDa
MWCO). Protein concentrates were retrieved on ice. The cell pellet
proteins were obtained by directly adding the mixture of RIPA and
cocktail. SDS-PAGE was performed using 10% and 12.5% gels from
the PAGE Gel Fast Preparation Kit (Epizyme, PG212, PG213). Silver
staining was performed with the Fast Silver Stain Kit (Beyotime
Biotechnology, P0017S). Western blot analysis was conducted using
the following antibodies: HSP70 Rabbit mAb 8196 (Nature Biosci-
ences, A15575) at a dilution of 1:1,000, HSPA14 Rabbit mAb [O]G2]
(Nature Biosciences, A72794) at a dilution of 1:1,000, HMGB1
(D3E5) Rabbit mAb (Cell Signaling Technology #6893) at a dilution
of 1:1,000, Beta Actin Rabbit mAb [SLMD] (Nature Biosciences,
RAO0001) at a dilution of 1:5,000, and Sodium Potassium ATPase Rab-
bit mADb [GJ8D] (Nature Biosciences, A54551) at a dilution of 1:1,000.

Preparation of oncolysate

Logarithmically growing CT26 cells were passaged into 10 cm” cul-
ture dishes. Once cells reached 70%-80% confluence, they were
washed with PBS, and 4 mL of serum-free RPMI-1640 medium
was added. Cells were then infected with OH2 or OH2-FLT3L
(MOI = 1). After 1 h, 4 mL of RPMI-1640 medium containing
10% FBS was added. At 48 hpi, the supernatant was collected, centri-
fuged at 400 x g for 5 min at 4°C, and stored at —80°C for future use.

BMDC isolation

BMDC:s were isolated from the femurs and tibias of 6- to 8-week-old
mice using a modified Inaba method.” BMDCs were cultured in
RPMI-1640 medium containing 10% FBS, supplemented with gran-
ulocyte-macrophage colony-stimulating factor (GM-CSF) (25 ng/
mL) and IL-4 (10 ng/mL). On day 6, iDCs were harvested.
Throughout DC handling, GM-CSF and IL-4 concentrations re-
mained constant. On day 7, 1 mL of the prepared oncolysate was
added to 1 x 10°iDCs for 24 h to obtain OH2 or OH2-FLT3L onco-
lysate-induced DCs. To generate mDCs, LPS (1 pg/mL) was added to
the iDC culture medium for 24 h. On day 8, BMDCs were collected
from the culture suspension for subsequent flow cytometry and
ELISA analyses (Mouse IL-12 p70 ELISA Kit, abs520006-96T, Absin;
Mouse TNF-a ELISA Kit(Plus), abs552204-96T, Absin).

Flow cytometric analysis of DC activation phenotypes

After collecting iDCs, mDCs, and OH2 or OH2-FLT3L oncolysate-
induced DCs, cells were divided into multiple staining panels. They
were incubated in the dark on ice with antibodies: CD11c (FITC,

14 Molecular Therapy: Oncology Vol. 33 June 2025

Molecular Therapy: Oncology

117306; BioLegend), CD40 (APC, 124612; BioLegend), CD80 (APC,
104714; BioLegend), CD86 (APC, 159216; BioLegend), and I-A/I-E
(APC, 107614; BioLegend). Flow cytometry was performed using a
BD-LSRII system, and results were analyzed with Flow]Jo software.

In vitro study on OH2-FLT3L oncolysate stimulating DC-driven

T cells

iDCs, mDCs, and OH2 or OH2-FLT3L oncolysate-induced DCs were
obtained following the previously described steps. On day 8 of DC cul-
ture, lymphocytes were isolated from mouse spleens using lymphocyte
separation liquid (DKW33-R0100, Shenzhen Dakewei Biotechnology
Co., Ltd). The ratio of DCs to splenic T cells was adjusted to 1:10. Both
DCs and T cells were seeded in 24-well plates pre-coated with 5 pg/mL
Anti-Mouse CD3 SAFIRE Purified (Biogems, 05112-25) and Anti-
Mouse CD28 SAFIRE Purified (Biogems,10312-20), which provided
essential survival and proliferation signals for T cells. CTL stimulation
medium was added (RPMI1640 with 10% FCS, 2 mM L-glutamine,
20 mM HEPES, 1 mM sodium pyruvate, 0.1 mM MEM non-essential
amino acids, 100 IU/mL penicillin, 100 IU/mL streptomycin, and
5 x 107> M B-mercaptoethanol), maintaining T cell density at
2 x 10° cells/mL. On day 3, 100 U/mL IL-2 was added, and every
4-5 days, an additional 50 U/mL was supplemented. On days 12-
14, T cells were harvested, counted, and used as effector cells in
CTL assays.

CTL assay

Tumor cells were used as target cells, labeled with 0.5 mM CFSE at
37°C for 8 min. After labeling, cells were collected and adjusted to
4 x 10°/mL. Then, T cells (effectors) and tumor cells (targets)
were mixed at E:T ratios of 20:1, 10:1, and 5:1 (for in vivo experi-
ments, 100:1, 50:1, and 25:1) and plated onto untreated U-bottom
96-well plates (Corning, 3795). After incubation at 37°C with 5%
CO, for 4-6 h, cells were collected and stained with 2.5 pg/mL PI
for 5 min at room temperature, followed by flow cytometry analysis.
Cytokine expression in the co-culture supernatant was assessed via
ELISA (Mouse IFN-y ELISA Kit, MultiSciences; Mouse Granzyme
B ELISA Kit, MultiSciences).

Animal model construction

Single-lesion animal model

Tumor cell lines (3 x 10°) were injected subcutaneously into the right
dorsal region of the mice. When tumor diameters reached 3-5 mm
(approximately 5-7 days), mice were divided into three groups
(OH2-FLT3L, OH2, and control groups), with n = 5-11 mice per
group. The treatment protocol was as follows: (1) OH2 or OH2-
FLT3L (2 x 10° pfu) was injected i.t. every other day for a total of
five injections; (2) PBS (100 pL) was used as a control, injected i.t.
every other day for a total of five injections. Tumor diameter, mouse
body weight, and overall health status were monitored every other day
to assess treatment effects and potential adverse reactions. Any signs of
distress, severe weight loss (>20% of initial body weight), abnormal
behavior, or mortality were recorded. Three days after the final treat-
ment, tumor tissues were excised for immunohistochemical staining,
and spleen lymphocytes were isolated for CTL assays and immune cell
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phenotyping. Mice in the survival observation group were monitored
until humane endpoints were reached, defined as a tumor volume of
2,000 mm? or when tumor metastasis or rapid growth caused ulcera-
tion, necrosis, or infection that impaired feeding or mobility, after
which they were euthanized. After tumor regression, mice were re-
challenged with the same cell line (3 x 10°) on the opposite side
(left) of the back, and tumor size was measured every other day. Tu-
mor volume was calculated as volume = (length x width?)/2.

Bilateral tumor model

Tumor cells (3 x 10%) were injected subcutaneously on both sides of
the mouse back. When the tumor diameter reached 3-5 mm (approx-
imately 5-7 days), the mice were divided into three groups (OH2-
FLT3L, OH2, and control groups), with n = 5-8 mice per group.
The right-side tumor was treated. Treatment methods were as follows:
(1) OH2 or OH2-FLT3L (2 x 10° pfu), administered i.t. every other
day for a total of five injections; (2) PBS (100 pL) as a blank control,
administered i.t. every other day for a total of five injections. Tumor
diameter, mouse body weight, and overall health status were moni-
tored every other day to assess treatment effects and potential adverse
reactions. Any signs of distress, severe weight loss (>20% of initial
body weight), abnormal behavior, or mortality were recorded.

Combination therapy model

Tumor cells (3 x 10%) were injected subcutaneously into the right
flank of mice. When the tumor diameter reached 3-5 mm (approx-
imately 5-7 days), mice were divided into five groups: OH2-FLT3L,
OH2, anti-PD1 antibody, OH2-FLT3L and anti-PD1 combination
therapy, and control groups, with n = 5-10 mice per group. Treat-
ment methods were as follows: (1) OH2 or OH2-FLT3L (2 x 10°
pfu), administered i.t. every other day for five injections; (2) PBS
(100 pL) as a blank control, administered i.t. every other day for
five injections; (3) anti-PD1 antibody (200 pg), administered intra-
peritoneally (i.p.) every other day for five injections. Tumor diam-
eter, mouse body weight, and overall health status were monitored
every other day to assess treatment effects and potential adverse re-
actions. Any signs of distress, severe weight loss (>20% of initial body
weight), abnormal behavior, or mortality were recorded.

Immunohistochemical staining

Immunohistochemistry was performed by Wuhan Servicebio Tech-
nology Co., Ltd. The following primary antibodies were used: Recom-
binant Anti-CD3 antibody (Rabbit mAb, Servicebio, GB151137) at a
dilution of 1:1,000, Recombinant Anti-CD4 antibody (Rabbit mAb,
Servicebio, GB15064) at a dilution of 1:200, Recombinant Anti-CD8
alpha antibody (Rabbit mAb, Servicebio, GB15068) at a dilution of
1:400, and Anti-CD11c Rabbit pAb (Servicebio, GB11059) at a dilu-
tion of 1:200. The secondary antibody was horseradish peroxidase-
conjugated Goat Anti-Rabbit immunoglobulin (Ig)G (Servicebio,
GB23303) at a dilution of 1:200.

Immunocyte flow phenotyping
Three days after the final treatment, mice (three per group) were
euthanized by cervical dislocation to analyze immune cell pheno-

types (DC, CD4+ T cells, CD8+ T cells, Gr-1+ CD11b+ myeloid cells,
NK cells, etc.) in the spleen. Spleen lymphocytes were separated by
gradient centrifugation at room temperature and washed twice
with PBS. Lymphocytes from each mouse were divided into multiple
staining panels and incubated on ice in the dark with the following
flow cytometry antibodies (DCs: Gr-1 [FITC, 108405; BioLegend],
I-A/I-E [APC, 107614; BioLegend], CD11c [PerCP, 117325; Bio-
Legend], CD11b [PE, 101208; BioLegend]; T cell: CD3[FITC,
100204; BioLegend], CD4 [PerCP, 100432; BioLegend], CD8a [PE,
162304; BioLegend], CD44 [APC, 103012; BioLegend]; NK cell:
CD3 [FITC, 100204; BioLegend], CD49b [APC/Cyanine7, 108920;
BioLegend]; Gr-1+ CD11b+ myeloid cells: Gr-1 [FITC, 108405;
BioLegend], CD11b [PE, 101208; BioLegend]). Flow cytometry
(BD-LSRII) was performed, and results were analyzed using FlowJo.

Single-cell sequencing

Tumor tissues were isolated from the control, OH, and OH2-FLT3L
groups in the CT26 mouse model 21 days after tumor inoculation for
single-cell sequencing. The single-cell sequencing technology used in
this study was provided by BGI. Tumor tissues were dissociated us-
ing the Tumor Dissociation Kit (Mouse, MACS) to remove dead
cells, leaving a single-cell suspension of live cells for sequencing.
The data obtained were analyzed by RepuGene Technology.

Statistical analysis

Statistical analyses were performed using GraphPad Prism version 8,
with statistical significance set at p < 0.05. ELISA, flow cytometry,
immunohistochemical quantification results, and tumor volume
data were analyzed using Turkey’s multiple comparisons test and
ANOVA. Kaplan-Meier curves were used to represent animal sur-
vival, and statistical analysis was performed using the log rank
(Mantel-Cox) test. Results are expressed as mean + SEM. All exper-
iments were performed at least three times unless otherwise stated.
Ns: no significant differences; *p < 0.05; **p < 0.01; ***p < 0.001;
00t < 0.0001.
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