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Abstract

Oncolytic viruses (OVs) possess the unique ability to selectively replicate within tumor
cells, leading to their destruction, while also reversing the immunosuppression within
the tumor microenvironment and triggering an antitumor immune response. As a re-
sult, OVs have emerged as one of the most promising approaches in cancer therapy.
However, the effective delivery of intravenously administered OVs faces significant
challenges imposed by various immune cells within the peripheral blood, hindering their
access to tumor sites. Notably, neutrophils, the predominant white blood cell popu-
lation comprising approximately 50%-70% of circulating white cells in humans, show
phagocytic properties. Our investigation revealed that the majority of oncolytic vac-
cinia viruses (VV) are engulfed and degraded by neutrophils in the bloodstream. The
depletion of neutrophils using the anti-LY6G Ab (1-A8) resulted in an increased accumu-
lation of circulating oncolytic VV in the peripheral blood and enhanced deposition at the
tumor site, consequently amplifying the antitumor effect. Neutrophils heavily rely on
PI3K signaling to sustain their phagocytic process. Additionally, our study determined
that the inhibition of the PI3Kinase delta isoform by idelalisib (CAL-101) suppressed
the uptake of oncolytic VV by neutrophils. This inhibition led to a greater presence of
oncolytic VV in both the peripheral blood and at the tumor site, resulting in improved
efficacy against the tumor. In conclusion, our study showed that inhibiting neutrophil

functions can significantly enhance the antitumor efficacy of intravenous oncolytic VV.
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1 | INTRODUCTION

success.>? Clinically tested or approved OVs have shown the abil-

ity to target diverse tumor types, including head and neck cancer,>*

7.8

In the last decade, oncolytic viruses (OVs) have emerged as a prom- metastatic melanoma,>® glioblastoma,”® and other malignancies.

ising approach in cancer immunotherapy, demonstrating notable However, the conventional method of administering OVs through
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intratumoral injection, despite being effective to some extent,
poses limitations in treating tumors that are challenging to access.
Therefore, there is an urgent need to develop intravenous injection
as an alternative route.”'® Among the various types of OVs, vaccinia
virus (VV) has garnered significant attention in clinical treatment de-
velopment due to its wide tumor tropism, capacity to accommodate
numerous foreign gene sequences, replication within the host cell's
cytoplasm, and resistance to neutralization.!*™*® Intravenous injec-
tion of oncolytic VV has undergone clinical testing for the treatment
of various tumors, including advanced soft tissue sarcoma, pancre-
atic neuroendocrine and metastatic tumors, and advanced breast
cancer.***® However, before oncolytic VV can reach the intended
tumor site, it must surmount the obstacles presented by various im-
mune cells in the peripheral blood. Neutrophils, the most abundant

immune cells in human peripheral blood,1®

possess the capability to
engulf pathogens and act as antigen-presenting cells. 1920 Although
only a few studies have investigated the association between neu-
trophils and the efficacy of OVs in the past, notable findings have
emerged. In the context of oncolytic adenovirus therapy, patients
with a low neutrophil to lymphocyte ratio showed significantly
prolonged overall survival rates.?! In an animal model involving the
transplantation of a specific B cell malignant tumor cell line, the
antitumor effect of oncolytic measles virus was impacted by neu-
trophil depletion.?? Moreover, the administration of recombinant
VV in subcutaneous pancreatic tumors in mice and clinical patients
with malignant mesothelioma revealed an abundance of neutrophils
within tumor tissues.?>?* However, the impact of neutrophils on the
efficacy of intravenously delivered oncolytic VV in tumor treatment
remains poorly understood. In this study, we observed that the ma-
jority of oncolytic VV particles were phagocytosed and degraded by
neutrophils in the bloodstream. Notably, the depletion of neutro-
phils using anti-LY6G Ab (1-A8) or the inhibition of PI3Kinase delta
with idelalisib (CAL-101) resulted in increased viral load of oncolytic
VV both in the peripheral blood and at the tumor site, thereby en-
hancing the antitumor effect. These findings shed light on the in-
tricate interplay between neutrophils and oncolytic VV, providing

potential avenues for optimizing therapeutic outcomes.

2 | MATERIALS AND METHODS

2.1 | Celllines and cell culture
Detailed descriptions of the information of cell lines and cell culture
can be found in Appendix S1.

2.2 | Viruses

The original virus was a gift from Shenzhen Huayao Kangming
Biopharmaceutical Co., Ltd. It was constructed by deleting the TK
region, and inserting the GFP gene into the A46R region of VV
under the control of the early late stage vaccinia promoter H5
(Figure S1A).

2.3 | Acquisition of human primary
leukocyte subsets

A detailed description of the method is provided in Appendix S1.

2.4 | DNA extraction and quantitative PCR

The analysis method and primer sequence are shown in Appendix S1.

2.5 | Western blot analysis

The analysis method and Abs are shown in Appendix S1.

2.6 | Animal studies

The research scheme was approved by the Ethics Supervision
Committee of Zhengzhou University, and animal care was in ac-
cordance with Zhengzhou University guidelines (License ZZU-

LAC20211210[06]). A detailed description of animal experiments
can be found in Appendix S1.

2.7 | Immunohistochemistry

The analysis method is shown in Appendix S1.

2.8 | Live viral replication assay (TCID50)

The analysis method is shown in Appendix S1.

2.9 | Transmission electron microscopy

The analysis method is shown in Appendix S1.

2.10 | Statistical analysis

A detailed description of the method is provided in Appendix S1.

3 | RESULTS

31 |
in vivo

Neutrophils uptake oncolytic VV in vitro and

To investigate the correlation between neutrophils and oncolytic VV,
we undertook experiments using whole-blood samples obtained from
healthy donors. These samples were incubated with oncolytic VV, and
subsequent quantitative PCR (qPCR) analysis with a specific primer
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targeting the virus confirmed a decrease in the number of oncolytic
VV in the culture medium compared to the total amount of virus
initially added (Figure 1A). Additionally, we examined the viral load
within neutrophils isolated from the peripheral blood of three healthy
individuals. The findings revealed the presence of oncolytic VV ge-
netic material in neutrophils. This suggests that neutrophils in the
bloodstream are capable of absorbing the oncolytic VV, as shown in
Figure 1A. These findings are consistent with previous research out-
comes.?’ To investigate whether this phenomenon occurs in patients
with surgically challenging tumors, we collected neutrophils from the
peripheral blood of patients with pancreatic ductal adenocarcinoma
using the same methodology. Comparable to the findings in healthy
subjects, there was a reduction in the quantity of oncolytic VV in the
group where the virus and cells were coincubated, relative to the group
that received the full dose of the virus. In the group where the virus
and cells were coincubated, the genomic DNA of the oncolytic VV was
detected, unlike in the neutrophil-only group, as shown in Figure 1B.
Considering that neutrophil activation may occur during in vitro ex-
periments, leading to the uptake of oncolytic VV by neutrophils, we
undertook in vivo experiments to determine whether neutrophils can
take up oncolytic VV under homeostatic conditions (Figure 1C). We
explored the relationship between neutrophils and VV using C57BL/6
mice. Consistent with the in vitro tests, genomic DNA of oncolytic
VV was detected within neutrophils from C57BL/6 mice (Figure 1D).
The sorting efficiency of mouse neutrophils is depicted in Figure S1B.
Moreover, we utilized NCG (NOD-Prkdcem26Cd52112rgem26Cd22/
Nju) mice to establish a human peripheral blood immune environ-
ment. Flow cytometry analysis showed the successful reconstitution
of NCG mice with the human peripheral blood milieu within a short
time (Figure 1E). Notably, human neutrophils in NCG mice showed
uptake of oncolytic VV following intravenous injection of the virus
(Figure 1F). Collectively, these findings confirm that neutrophils can

take up oncolytic VV both in vitro and in vivo.

3.2 | Neutrophils take up more oncolytic VV than
other subsets of immune cells

We have successfully shown that neutrophils can take up oncolytic
VV both in vitro and in vivo. However, in the peripheral blood, there
exist various immune cell subsets such as monocytes, T cells, B cells,
and natural killer (NK) cells, some of which also possess phagocytic
capabilities. To explore whether these immune cells can also take up
oncolytic VV, we undertook experiments involving the incubation of
monocytes, T cells, B cells, and NK cells with oncolytic VV. The total
DNA extracted from the cells underwent PCR analysis to determine
the presence of oncolytic VV. This analysis identified measurable
amounts of the virus in various cell types, including monocytes, T
cells, B cells, and NK cells (Figure 2B), aligning with previous stud-
ies.?® Moreover, the level of VV in the culture medium decreased
in the group incubated with the cells and oncolytic VV compared to
the total amount of virus initially added (Figure 2A). These findings
suggest that all major subsets of immune cells in human peripheral
blood are capable of taking up oncolytic VV.

= 1131
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To identify which immune cell subset in human peripheral blood
shows a greater uptake of oncolytic VV, we collected peripheral
blood samples from healthy donors and incubated them with on-
colytic VV. Subsequently, we used a neutrophil sorting kit to sepa-
rate the neutrophil population from the non-neutrophil population
(monocytes, T cells, B cells, and NK cells) and extracted total cellular
DNA for gPCR analysis to detect the presence of oncolytic VV. The
results showed a reduction in the virus within the culture medium
compared to the total amount of virus initially added (Figure 2C).
Additionally, it was observed that the total neutrophil population
showed a greater uptake of oncolytic VV in comparison to the non-
neutrophil cells (Figure 2D).

3.3 | Degradation of oncolytic VV in neutrophils
Our study has provided evidence that all major subsets of immune
cells in human peripheral blood are capable of taking up oncolytic
VYV, with neutrophils showing a higher uptake rate. However, it is
crucial to investigate the fate of VV within neutrophils. To address
this, we incubated neutrophils with oncolytic VV for 48h, with
CV1 cells serving as controls. Under the fluorescence microscope,
we observed GFP fluorescence, indicating replication of oncolytic
AVAS Interestingly, flow cytometry analysis revealed no detect-
able GFP signal in neutrophils, suggesting that VV did not repli-
cate within neutrophils (Figure 3A). To gain further insights, we
performed transmission electron microscopy on neutrophils incu-
bated with oncolytic VV for 1h. The images revealed the pres-
ence of oncolytic VV within phagocytic vesicles of neutrophils
(Figure 3B).

In order to explore the kinetics of oncolytic VV within neutro-
phils, we incubated neutrophils with oncolytic VV for different time
intervals. Subsequently, we collected the culture medium and neu-
trophils to extract their total DNA for viral detection using qPCR.
The findings showed a decrease in the concentration of oncolytic
VV in the culture medium as time progressed. Additionally, the viral
load inside the neutrophils also diminished with extended incubation
periods (Figure 3C). To assess whether the number of live viruses
was also reduced, we used the TCID50 assay (tissue culture inhib-
itory dose 50%). The findings revealed a decrease in the amount
of oncolytic VV within neutrophils with increasing incubation time
(Figure 3D), indicating that neutrophils can take up and subse-
quently degrade oncolytic VV. Detection of human neutrophil activ-
ity at different time points in vitro experiments by flow cytometry
(Figure S2).

3.4 | Depletion of neutrophils enhances antitumor
effect of oncolytic VV

Our findings indicate that neutrophils have the ability to phagocy-
tose and degrade oncolytic VV, potentially compromising its antitu-
mor efficacy when delivered intravenously. To assess the impact of
neutrophils on the survival of intravenously injected oncolytic VV,



1132
ERWIB=YA Cancer Science

(A)

(B)

©

(E)

Control

Peripheral blood collection |

G600

200

DNA marker

Neutrophils

DNA marker

ZHOU ET AL.
> 3 s 3 5 5
; 2.0+ DNA marker N3 & 9 L £
=) mm Total virus=a1 Donor 1
= 5000
i = Donor 2 B Donor 3 3000
> 1.5
5 | — A 2000
T —
8 *kk
5 1.0 1000
2 750
3 500
: 0.5 250
2
s
K
g 0.0- ! ! Donor 1 Donor 2 Donor 3
Total virus Donor1 Donor2 Donor 3
Medium <> > >
Xl x> * *~ *
5 ¥ N R S 5
< DNA marker > X * = = =
4
0 1.5 )
T mm Totalvirus 3 Neutrophils+VV 5000
S 3000
> *kk *kk *kk
s — — — 2000
o 1:01
o
& 1000
2 750
S5 0.54 500
< 250
]
2
5 00- i 4
Y Donor 4 Donor 5 Donor 6 Donor 4 Donor 5 Donor 6
Medium
n (D) G)

Neutrophils

1.0K 7]
PE-%io770-4, SSC-A subset _-— T
056 1
: -
1]
g 600 =
£ 3 1
o ]
>
£ O uw
O
o <
25
£o
200
0
— T
10’ 10° 10°

PE-%io770-4, SSC-A subset

32.0

T T

101

Ty

10

T T T

ll:l3

% of cells hCD66b+



ZHOU ET AL.

Cancer Science R0

FIGURE 1 Neutrophil uptake of oncolytic vaccinia virus (VV) in vitro and in vivo. (A, B) Peripheral blood samples were obtained from

(A) healthy individuals and (B) patients diagnosed with pancreatic ductal adenocarcinoma. The collected samples were then incubated

with oncolytic VV at an MOI of 1 for a duration of 3h. Neutrophils (Neut) were isolated from the samples using a neutrophil sorting kit.
Quantitative PCR and PCR analyses were carried out to assess the viral load in the culture medium and to detect the presence of viral
genomic DNA in neutrophils. Data are presented as mean+SD. Statistical analysis was undertaken using an unpaired Student's t-test.

***p <0.001. (C) Schematic representation illustrating the experimental design for the in vivo study. (D) C57BL/6 mice were intravenously
injected with 1 x 108 pfu oncolytic VV through the tail vein. After 3h, neutrophils were purified from the collected blood, and genomic DNA
was extracted for PCR analysis to detect the presence of the oncolytic VV DNA. n=6/group. (E) The percentage of neutrophils was assessed
in NCG mice that were reconstituted with human peripheral blood immune cells, simulating the human peripheral environment. The
analysis included three mice per group. (F) NCG mice were reconstituted with human peripheral white blood cells. Thirty minutes following
reconstitution, the mice received an intravenous injection of oncolytic VV through the tail vein. Blood samples were collected from the

orbital venous plexus 1h after injection, and neutrophils were isolated from the blood for subsequent PCR analysis to detect the presence of
the oncolytic VV DNA. n=5/group.
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FIGURE 2 Neutrophils take up more oncolytic vaccinia virus (VV) than other subsets of immune cells. (A, B) Monocytes, T cells, B cells,
and natural killer (NK) cells were isolated from the peripheral blood of healthy individuals (1 x 10° cells each). The isolated immune cells were
incubated with oncolytic VV, and after 3h of incubation, the genomic DNA was extracted from both the culture medium and the specific
immune cell subsets. Quantitative PCR (QPCR) and PCR analyses were carried out to evaluate the amount of virus in the culture medium and
to identify the presence of viral genomic DNA within neutrophils. Data are presented as mean + SD. Statistical analysis was carried out using
an unpaired Student's t-test. (C, D) White blood cells (4 x 10%) were obtained from the peripheral blood of healthy individuals and incubated
with oncolytic VV in a 6-well plate for a duration of 3 h. Following the incubation, the immune cells were separated into neutrophils
(CD66b+) and non-neutrophilic (CD66b-) granulocytes using a neutrophil sorting kit. The viral load of the oncolytic VV in both the culture
medium and the immune cells was quantified using gPCR. Data are presented as mean+SD. Statistical analysis was carried out using an
unpaired Student's t-test. ***p <0.001; ****p <0.0001.

we used 1-A8, a neutrophil-specific Ab, for neutrophil depletion.?” To evaluate the benefits of increased circulating virus load in

The efficiency of neutrophil depletion was assessed using a previ-
ously described detection method.?® Figure S1C illustrates the de-
pletion efficiency of neutrophils. Animal experiments were designed
to investigate the implications of neutrophil depletion (Figure 4A),
confirming an increase in circulating virus load in the peripheral
plasma of neutrophil-depleted animals (Figure 4B).

neutrophil-depleted animals, we utilized a subcutaneous melanoma
B16-F10 tumor model (Figure 4C). Immunohistochemistry analysis
of tumor tissue was carried out using an Ab against the VV coat
protein. The results revealed the presence of VV in both the con-
trol VV group and the anti-LY6G+VV treatment group (Figure 4D).
Genomic DNA was extracted from tumor tissues for gPCR analysis
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FIGURE 3 Degradation of oncolytic vaccinia virus (VV) in neutrophils. (A) Neutrophils and CV1 cells were cultured in the presence of
oncolytic VV for 48 h, followed by the detection of virus replication using flow cytometry. (B) Transmission electron microscopy was used to
visualize the presence of oncolytic VV within neutrophils. (C) Neutrophils were incubated with oncolytic VV for varying durations, and the
viral genome DNA load in both the culture medium and neutrophils was quantified using quantitative PCR. Data are presented as mean+SD,
and statistical significance was determined using an unpaired Student's t-test. (D) Oncolytic VV and neutrophils were coincubated for
different time intervals, after which the culture medium and neutrophils were collected for viral titer assays using CV1 cells. ***p <0.001.

of VV, which showed an increased viral load in the tumor tissue of
the anti-LY6G+VV treatment group compared to the control VV
group (Figure 4E). Additionally, reduced tumor burden (Figure 4F)
and prolonged survival rate were observed in the anti-LY6G+VV
group (Figure 4G). These experimental results indicate that neutro-
phil depletion can enhance the antitumor effect of oncolytic VV.
However, it is important to acknowledge that neutrophils play
diverse roles in vivo, and one of the crucial mechanisms of oncolytic
viruses' antitumor activity is their ability to modulate the immune
system within the tumor microenvironment (TME). Irreversible neu-
trophil depletion using Abs could disrupt their beneficial functions
in the TME. Therefore, the clinical implementation of neutrophil-

depleted oncolytic VV treatment has certain limitations.

3.5 | CAL-101 enhances antitumor effect of
oncolytic VV by inhibiting viral uptake by neutrophils

CAL-101, an approved clinical treatment, is an inhibitor of the
PI3Kinase delta isoform.?’ It has primarily been utilized in the man-
agement of indolent B-cell tumors, including relapsed small lym-
phocytic lymphoma, relapsed follicular lymphoma, and relapsed/
refractory chronic lymphocytic leukemia (CLL).2"3® The combina-
tion of CAL-101 with rituximab has shown significant therapeutic
efficacy in CLL.?? Notably, CAL-101 has been shown to inhibit mac-
rophage adhesion to oncolytic VV and enhance its antitumor ef-
fect.3* Additionally, CAL-101 has been reported to inhibit neutrophil
phagocytosis.®®

To investigate whether CAL-101 can inhibit the uptake of onco-
lytic VV by neutrophils, we treated neutrophils with varying concen-
trations of CAL-101. Our results indicated that CAL-101 effectively
inhibited AKT phosphorylation, a downstream target of PI3Kinase
delta, in neutrophils (Figure 5A). Furthermore, we collected neutrophil

granulocytes from healthy individuals and treated them with CAL-
101. The findings revealed that CAL-101 reduced the uptake of onco-
lytic VV by neutrophils (Figure 5C) and increased the viral load in the
culture medium (Figure 5B). To confirm the inhibitory effect of CAL-
101 on the uptake of oncolytic VV by neutrophils in an in vivo setting,
we used C57BL/6 and NCG mouse models. CAL-101 was given orally
at a dosage of 10mg/kg prior to intravenous injection of oncolytic VV
(Figure 5D). The results indicated that CAL-101 inhibited the uptake
of oncolytic VV by neutrophils in vivo, resulting in an increased cir-
culating viral load in peripheral blood plasma (Figure 5E,F) and higher
viral load in tumor tissues (Figure 5G,H). Ultimately, this enhanced the
antitumor effect of oncolytic VV (Figure 51,J).

4 | DISCUSSION

In this study, we provide evidence that neutrophils can actively take
up and degrade oncolytic VV both in vitro and in vivo. To investigate
the impact of neutrophils on the therapeutic efficacy of oncolytic
VYV, we used specific Abs for neutrophil depletion or a selective in-
hibitor targeting the PI3Kinase delta isoform. Our findings reveal
that neutrophil depletion or inhibition leads to an increased viral
load in both the circulation and at tumor sites, ultimately enhanc-
ing the antitumor function and improving the survival rate of tumor-
bearing animals (Figure 6).

Previous reports have indicated that VV has the ability to bind
to various subtypes of immune cells in peripheral blood, including
monocytes, neutrophils, T cells, B cells, and NK cells.?%%%3” Notably,
studies have highlighted the enhanced binding and infection capabil-
ities of VV in monocytes.?*® Considering the phagocytic properties
of neutrophils and their abundant presence (50%-70%) in human
peripheral blood, we focused our investigation on the influence of

neutrophils on oncolytic VV both in vitro and in vivo.*”!8

FIGURE 4 Depletion of neutrophils enhances the antitumor effect of oncolytic vaccinia virus (VV). (A) C57BL/6 mice were
intraperitoneally injected with anti-LY6G Ab at a dose of 200 pg/day/mouse for two consecutive days prior to receiving an intravenous
injection of 1x108 pfu oncolytic VV into the tail vein every other day. (B) Viral load of oncolytic vaccinia in the peripheral plasma circulation
was quantified using quantitative PCR (QPCR). n=>5/group. Data are presented as mean +SD. Statistical analysis was carried out using
one-way ANOVA with the Brown-Forsythe test. (C) A subcutaneous melanoma tumor model was established by injecting 1 x 10° B16-F10
cells into the right flank of C57BL/6 mice. Mice received an intraperitoneal injection of anti-LY6G Ab at a dose of 200 pug/day/mouse for
two consecutive days prior to receiving an intravenous injection of 1x 108 pfu oncolytic VV into the tail vein. The group size is n=7/group.
(D) Immunohistochemistry was carried out to detect the presence of the oncolytic VV coat protein in tumor tissues; n=7/group. Images
were captured at an original magnification of x20. (E) Oncolytic virus load in tumor tissues was quantified using gPCR, n=7/group, and
data are presented as mean =+ SD. Statistical analysis was carried out using two-way ANOVA with Bonferroni multiple test correction. (F)
Tumor growth curve depicting the mean+SD of tumor size over time, n=7/group. (G) Kaplan-Meier survival curve representing the survival
analysis data of the animal tumor model. n="7/group. Significance was assessed using the log rank (Mantel-Cox) test. Tumor volume and
survival curve are derived from the same treated mice. *p <0.05; ****p <0.0001.
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FIGURE 5 CAL-101 enhances the antitumor effect of oncolytic vaccinia virus (VV) by inhibiting neutrophil viral uptake. (A) Peripheral
blood samples were collected from healthy individuals and treated with different concentrations of CAL-101 for 3h. Samples were then
incubated with oncolytic VV for 1 h. Neutrophils were isolated for the detection of the signaling molecule AKT through western blot
analysis. (B, C) Genomic DNA of oncolytic VV was extracted from (B) culture medium and (C) neutrophils to analyze oncolytic VV DNA
expression using quantitative PCR (qPCR). Data are presented as mean+SD. Statistical analysis was carried out using the unpaired Student's
t-test. (D) Diagram indicating the experimental setup for in vivo experiments. (E, F) CAL-101 was given orally to (E) C57BL/6 mice (n=6/
group) and (F) NCG mice (n=5/group) at a dose of 10mg/kg before intravenous injection of oncolytic VV. Peripheral plasma samples were
collected to evaluate the circulating viral load of oncolytic VV. Data are presented as mean + SD. Statistical analysis was carried out using
the unpaired Student's t-test. (G-J) A subcutaneous melanoma tumor model was established by injecting 1x 10° B16-F10 cells into the right
flank of C57BL/6 mice. CAL-101 treatment was given for 3h prior to intravenous infusion of oncolytic VV. (G) Immunohistochemistry was
carried out to detect the presence of the VV coat protein in tumor tissues, n=7/group. Images were captured at an original magnification of
x20. (H) Viral load of oncolytic vaccinia in different tumor tissues was determined using qPCR, n="7/group. Data are presented as mean+SD.
Statistical analysis was carried out using two-way ANOVA with Bonferroni multiple test correction. (I) Kaplan-Meier survival analysis

was undertaken using the animal tumor model, n=6/group. Significance was assessed using the log rank (Mantel-Cox) test. (J) Tumor
growth curves represent the mean+SD of tumor size over time, n=6/group. Statistical analysis was carried out using two-way ANOVA

with Bonferroni multiple test correction. Tumor volume and survival curve are derived from the same treated mice. *p <0.05; **p<0.01;
***p<0.001; ****p<0.0001.

Our in vitro experiments showed that neutrophils can effec- for VV uptake due to their numerical superiority compared to other
tively take up oncolytic VV, which aligns with previous findings.?® immune cells. When neutrophils were coincubated with oncolytic
Moreover, we observed that neutrophils showed a greater capacity VV, they engulfed and degraded the virus, indicating that the uptake
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FIGURE 6 Summary chart of article content. Neutrophils
present in the peripheral blood play a crucial role in the uptake and
degradation of oncolytic vaccinia virus (VV) following intravenous
injection. This process leads to a reduction in the circulating levels
of oncolytic VV, ultimately impacting the availability of the virus

to penetrate tumor tissues and exert its antitumor effects. Our
research has shown that the depletion of neutrophils through
Ab-mediated elimination or the inhibition of neutrophil activity
using CAL-101, a specific inhibitor targeting PI3Kinase delta
isoform, results in decreased uptake of oncolytic VV by neutrophils.
Consequently, this leads to an increase in the viral load within
peripheral plasma and tumor tissues, thereby enhancing the
antitumor effect of intravenously administered oncolytic VV.

mechanism by neutrophils likely involved phagocytosis rather than
infection. It is worth noting that VV is sensitive to neutrophil binding
but not necessarily to infection.? Considering that oncolytic VV is
commonly delivered intravenously in clinical trials, we undertook a
series of in vivo experiments to explore the relationship between
neutrophils and oncolytic VV.

Our investigations using C57BL/6 and NCG mice, which were
reconstituted with human peripheral blood to simulate clinical sce-
narios, confirmed that neutrophils can take up oncolytic VV. To fur-
ther elucidate the impact of neutrophils during intravenous injection
of oncolytic VV, we undertook a neutrophil depletion experiment.
Antibodies such as anti-Gr-1 (RB6-8C5) and anti-Ly6G (1-A8) have
been widely used for neutrophil depletion, with anti-LY6G Ab being
the most specific.27’39'40 We discovered that depletion of neutrophils
resulted in an increased viral load in the bloodstream, leading to
higher levels of viruses in tumor tissues. This outcome significantly
enhanced the antitumor effect of intravenously administered onco-
lytic VV. These findings underscore the crucial role played by neu-
trophils in the treatment of cancers using intravenous oncolytic VV,
highlighting their potential as therapeutic targets.

The functionality of neutrophils relies on the signaling pathways
involving PI3Kinase. Our study revealed that CAL-101, an inhibitor
of PI3Kinase delta isoform, effectively suppressed AKT phosphor-
ylation, a downstream target of PI3Kinase delta, in neutrophils.
Consequently, CAL-101 treatment reduced the phagocytosis of
oncolytic VV by neutrophils, resulting in an increased presence of
oncolytic VV in the bloodstream and higher virus levels in tumor

tissues. These findings align with previous reports demonstrating
the inhibitory effect of CAL-101 on neutrophil phagocytosis.®>!
Moreover, our study showed that CAL-101 enhances the antitumor
effect of intravenously injected oncolytic VV.

Apart from neutrophils, CAL-101 has also been reported to
inhibit macrophage functions in tissues, leading to an enhanced
antitumor effect upon intravenous administration of oncolytic
VV. Macrophages are distributed within tissues and can be either
monocyte-derived or tissue-resident. Due to the challenges associ-
ated with depleting tissue-resident macrophages, our study did not
assess their involvement in the intravenous delivery of oncolytic VV.
However, CAL-101's ability to inhibit both neutrophils and macro-
phages effectively dampens their functions, leading to an improved
antitumor effect. It is important to note that this study does not ad-
dress the specific contributions of these two phagocytic immune cell
types to the survival and antitumor activity of oncolytic VV in vivo.
Neutrophils were chosen as the focus due to their abundant pres-
ence in human peripheral blood, while the contribution of macro-
phages warrants further investigation.

It is worth noting that the in vivo experimental effects are modest
overall, which could be related to the low number of neutrophils in
the peripheral blood of mice; the proportion of neutrophils in human
peripheral blood is much higher than that of mice.*? Inhibiting neutro-
phil function can better improve the effect of intravenous injection of
VV. To simulate the human peripheral environment, we utilized NCG
mice reconstituted with human peripheral blood. These models suc-
cessfully demonstrated the significant role of neutrophils in clearing
oncolytic VV from the bloodstream. In addition to immune cells, stud-
ies have also concentrated on a new type of VV that carries the human
CD55 protein on its membrane. This modification enhances the virus's
endurance by shielding it from complement-mediated destruction and
helping it avoid neutralization by Abs specific to VV.*® These findings
provide vital theoretical support for future clinical interventions aimed

at improving the efficacy of intravenous oncolytic VV delivery.
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