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ABSTRACT

Background Glioblastoma (GBM) is the most aggressive
form of cancer of the central nervous system. Despite
advances in immunotherapies and standard-of-care
treatments for GBMs, clinical outcomes remain limited—
owing to the immunosuppressive tumor microenvironment
and the intrinsic resistance of GBM to conventional
approaches. As a result, there is growing interest in
rational combination strategies, particularly those

pairing oncolytic viruses with immune-based therapies

or established treatment modalities. Oncolytic viruses,

by displaying conditionally enabled tumor cell-restricted
replication, while stimulating antitumor immune responses
and leaving healthy tissue unharmed, have the potential
to reshape the therapeutic landscape in GBM and aid in
achieving more durable benefits for patients. This study
investigates the use of infectious bursal disease virus
(IBDV) as a potential virotherapy for GBM.

Methods and results In vitro, IBDV infects and replicates
within murine GBM cells and patient-derived GBM

stem cells, inducing direct oncolysis and activating
proinflammatory gene expression programs. IBDV also
enhances the cytolytic activity of temozolomide (TMZ) in
treated GBM cells, complementing TMZ chemotherapeutic
activity. In vivo, treatment with IBDV in CT-2A GBM-
bearing syngeneic mice significantly reduced tumor
growth and improved survival compared with control
mice. Intratumoral administration of IBDV induces a deep
remodeling of the tumor immune microenvironment,
reducing immunosuppressive M2-like macrophages and
increasing the ratio of CD8+T cells to regulatory T cells.
This reversion of immunosuppression linked to monocyte-
derived macrophages has been confirmed on experimental
ex vivo infections of explants derived from human GBM
donors.

Conclusion These findings support further consideration
of IBDV as a novel virotherapeutic agent for GBM.

.23 Angel Ayuso-Sacido,

4,14,15

WHAT IS ALREADY KNOWN ON THIS TOPIC

= (Glioblastoma (GBM) is the most aggressive primary

brain tumor, with limited treatment options and a
median survival of only 15 months despite standard
care with surgery, radiotherapy, and temozolomide
(TMZ2). Resistance to TMZ and the immunosuppres-
sive tumor microenvironment (TME) present signif-
icant challenges to current treatments. Oncolytic
viruses (OVs) have shown promise as a therapeutic
strategy by selectively infecting tumor cells and ac-
tivating potent immune responses.

WHAT THIS STUDY ADDS

= This study introduces infectious bursal disease vi-

rus (IBDV) as a novel oncolytic virotherapy for GBM.
IBDV effectively infects and replicates in patient-
derived glioblastoma stem cells and murine GBM
cells, inducing tumor cell death and immune acti-
vation. The virus synergizes with TMZ to enhance
cytotoxic effects and remodels the TME by reducing
immunosuppressive cells, such as M2-like macro-
phages and regulatory T cells, while increasing cy-
totoxic CD8+T cells. These findings establish IBDV
as a safe and potent virotherapy candidate.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= IBDV’s ability to complement TMZ, reduce immuno-

suppression, and activate antitumor immunity po-
sitions it as a promising addition to GBM treatment
regimens. Its non-human origin and that avoids pre-
existing immunity issues seen with other OVs in the
general population. This study lays the groundwork
for further preclinical and clinical research on IBDV,
potentially leading to innovative combination thera-
pies that improve patient with GBM outcomes and
inform policies on oncolytic virotherapy integration
into standard cancer care.

BM) Group

Tur-Planells V, et al. J Immunother Cancer 2025;13:€011741. doi:10.1136/jitc-2025-011741

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq 920z Atenuer 2z uo wod fwg omnly:sdny wouy papeojumod 'SzZ0zZ J8qUISAON ¢ U0 T#/TT0-G20Z-0Ul/9eTT 0T Se payslignd 1siy :1aoue) jo Adesay ] ounwiwyi oy peuinop


https://jitc.bmj.com/
https://orcid.org/0000-0001-7427-5654
https://orcid.org/0000-0003-2458-8833
https://orcid.org/0000-0002-9400-746X
https://doi.org/10.1136/jitc-2025-011741
https://doi.org/10.1136/jitc-2025-011741
https://crossmark.crossref.org/dialog/?doi=10.1136/jitc-2025-011741&domain=pdf&date_stamp=2025-10-05

INTRODUCTION

Glioblastoma  (GBM) is a diffuse astrocytic-
oligodendroglial tumor. It is the most aggressive malig-
nant primary brain tumor, which accounts for 77%-81%
of all primary malignant central nervous system (CNS)
tumors.' It is classified as a Grade 4 glioma in the latest
version of the WHO (CNS5), based on molecular and
histopathological features.? GBM is characterized by cyto-
logically malignant, highly mitotic, and necrosis-prone
neoplasms, typically associated with a high proliferation
rate and rapid disease progression both before and after
surgery, leading to a fatal outcome. Current treatment
consists of a combination of surgery, radiotherapy, and
chemotherapy with the DNA alkylating agent temo-
zolomide (TMZ). However, despite advances in clinical
diagnosis and the development of novel therapies, no
effective treatment exists, and the overall survival remains
at 15 months.” Several factors contribute to the failure of
current treatments, including TMZ resistance palthwalys,4
high invasive and infiltrative potential, significant intra-
tumoral and intertumoral heterogeneity, limited access
to chemotherapeutic drugs like TMZ to the CNS due to
the presence of the blood-brain barrier, low permeability
of blood vessels within the tumor mass,” a highly immu-
nosuppressive tumor microenvironment (TME),” and
the presence of a tumor cell subpopulation called cancer
stem cells (CSCS).7

The study of CSCs has gained relevance due to their
stem cell-like properties and their implications in tumor
development and cancer prognosis. CSCs are respon-
sible for GBM tumor dissemination through brain paren-
chyma,” contributing to glioma genesis, as well as drug
resistance, metastasis, and tumor recurrence.’ Addition-
ally, various mutations have been identified in these
tumors. Particularly interesting are the heterozygous
or homozygous deletions at Ch9p21."” These deletions
involve the genetic loss of the cyclin-dependent kinase
inhibitor 2A gene (CDKN2A)."" The type I interferon
(IFN) gene cluster is in the same chromosomal region as
CDKN2A, and co-deletion of both, CDKN2A and the type
LIFN cluster, is common.'?"* TFN activity functions as one
of the primary immune defense mechanisms against viral
infections. The absence of IFN type I cluster may render
these tumors more permissive to viral replication and
potentially to oncolytic therapies.'* Therefore, it is crucial
to develop new therapeutic approaches that address both
the limited access to the CNS and the genetic character-
istics of the tumors.

Oncolytic viruses (OVs) represent a novel class of multi-
mechanistic therapeutic agents for cancer treatment. OVs
display conditionally enabled, tumor cell-restricted repli-
cation while stimulating antitumor immune responses
and leaving healthy tissue unharmed."” The susceptibility
of cancer cells to support viral replication depends on
unique molecular features mainly related to dysfunction
in antiviral signaling pathways, while OVs remain inactive
or unable to replicate in normal, healthy cells—where the
antiviral defense machinery remains intact.'®'” The death

of tumor cells leads to the release of tumor antigens, cyto-
kines and chemokines that stimulate the recruitment and
activation of innate cells, leading to a deep remodeling
of the immunosuppressive TME; importantly, the recruit-
ment and activation of antigen-presenting cells (APCs)
capable of presenting both tumor and viral epitopes is
critical to achieve T cellspecific tumor elimination.'®
Numerous preclinical and early-phase clinical studies
(phase I and II) have explored both DNA and RNA
OVs." A recent example is the conditional approval of an
attenuated type I herpes simplex virus (Delytact) in Japan
to treat GBM.? As of today, the major challenges facing
OVs in GBM treatment are linked to the highly immuno-
suppressive microenvironment of GBM often limits viral
infection, spread, and the induction of robust antitumor
immune responses, as well as pre-existing antiviral immu-
nity that can lead to rapid immune clearance of the virus
and reduce treatment efficacy.”' **

Infectious bursal disease virus (IBDV) is a bi-seg-
mented double-stranded RNA virus that belongs to the
genus Avibirnavirus within the family Birnaviridae. IBDV
primarily infects young domestic chickens, targeting
immature IgM-bearing B lymphocytes localized in the
bursa of Fabricius through several proposed surface
proteins, including surface immunoglobulin M, integrin
04B1, and heat shock protein 90,23 2 \which facilitate viral
attachment, internalization, and uncoating. IBDV can
also infect macrophages and monocytes, although to a
lesser extent.”” As a result, chickens develop immunosup-
pression, making them more susceptible to opportunistic
and secondary infections that can exacerbate disease
severity.

To date, there have been no reports of IBDV causing
infections in mammals, including humans.”® Previous
studies have explored whether IBDV can infect and
replicate in mammalian cell lines—under laboratory
conditions—demonstrating that IBDV typically does
not establish productive infection or cytopathic effect in
mammalian cells, and many IBDV strains require adap-
tation through serial passages to replicate efficiently in
mammalian cells.””* In the case of IBDV, this restriction
is likely due to the incompatibility of viral entry mecha-
nisms, the absence of the required host factors for repli-
cation, and strong mammalian antiviral defense. Yet, to
date, only one report has shown IBDV ability to infect
human cervix adenocarcinoma HeLa cells.”

In this work, we investigate the potential of IBDV as
OV. As of today, several avian viruses are under investiga-
tion for cancer therapy, including Newcastle disease virus
(APMV-1, Avian avulavirus 1, aka Avian paramyxovirus
1),>' 3% avian reoviruses,” avian avulavirus (APMV-4
and certain avian influenza strains.” Research into avian
viruses as cancer therapeutics is robust and expanding,
as their inherent oncolytic features, combined with host
restrictions and lack of pre-existing immunity in humans,
are major advantages to be used as therapeutics in
human cancer. Furthermore, IBDV has also been inves-
tigated for its potential broad-spectrum antiviral effects

)34
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in non-oncologic contexts, including the postinfection
treatment of acute and chronic viral diseases, reinforcing
its safety and therapeutic versatility beyond cancer.”

Here, we have studied responses elicited by IBDV in
different models of GBM. In addition to inducing tumor
cell oncolysis, IBDV stimulates antiviral and proinflamma-
tory immune responses in different glioma cells. In vitro,
the susceptibility of GBM cells to IBDV infection and
killing is further boosted in combination with the chemo-
therapeutic TMZ—current standard of care in GBM
management. In preclinical studies in mice, intratumoral
administration of IBDV delays tumor growth, concomi-
tant to a robust immune cell remodeling at the TME. In
human explant studies, short exposure to IBDV demon-
strates a reduction of the immunosuppressive nature of
GBM TME.

MATERIAL AND METHODS

Cell lines and viruses

Murine glioma cell lines CT-2A (ATCC cat# SCC194)
and GL261 (ATCC cat# ACC 802) were maintained
in Dulbecco’s Modified Eagle Medium (DMEM)/F-12
supplemented with 10% FBS (Fetal Bovine Serum), 1%
antibiotics, and 2mM of L-glutamine. Human patient-
derived primary GBM cells (GBM18 and GBM27) were
obtained according to Garcia-Romero, Gonzalez-Tejedo et
al, and subcultured in supplemented DMEM /F-12 (Gibco,
11039) containing non-essential amino acids (10mM;
Gibco, 11140), Hepes (1 M; Gibco, 15630), D-glucose
(45%; Sigma, St. Louis, Missouri, USA; G8769), BSA-F5
(7.5%; Gibco, 15260), sodium pyruvate (100 mM; Gibco,
11360), L-glutamine (200mM; Gibco, 25030), antibiotic-
antimycotic (100x; Gibco, 15240), N2 supplement
(100x; Gibco, 17502), hydrocortisone (1pg/pL; Sigma,
HO0135), tri-iodothyronine (100pg/mL; Sigma, T5516),
EGF (25ng/pL; Sigma, E9644), bFGF (25ng/pL; Sigma,
F0291), and heparin (1 pg/pL; Sigma, H3393). QM7 cells
(ATCC cat# CRL-1962) were cultured in DMEM supple-
mented with 10% FBS. Murine BMDMs (Bone Marrow-
Derived Macrophages) were isolated from the femur,
tibia, and fibula of bone marrow of 8-week-old C57BL/6
mice. Bone marrow was liberated through the injection
of phosphate-buffered saline (PBS) and clogs were disag-
gregated mechanically by a syringe. Afterwards, cells were
centrifuged for 5min at 1,500rpm and the supernatant
was discarded. Finally, cells were resuspended in RPMI
(Roswell Park Memorial Institute medium) medium
supplemented with GM-CSF (Granulocyte-Macrophage
Colony-Stimulating Factor) (Gibco, Waltham, Massachu-
setts, USA) (30ng/mL) before plating. After 4days, cell
medium was replaced with a fresh stock for 3 more days to
complete cell differentiation before viral infections. The
human microglia HMC3 cell line (ATCC cat# CRL-3304)
was maintained in DMEM supplemented with 10% FBS.
Cells were maintained at 37°C with 5% of CO, and 90%
humidity. )

IBDV, Soroa strain, and serotype I, being low patho-
genic in birds, were provided by Professor José F Rodri-
guez (CNB-CSIC, Spain); viral stocks were propagated in
OM7 cells and cleared-purified following the protocol
previously described.”’” The recombinant Newcastle
disease virus LaSota strain NDV-LS-L289A, was propa-
gated in 9-day-old chicken-embryonated eggs and clear-
purified by ultracentrifugation in 30% sucrose gradient.

Fluorescence microscopy and image acquisition

Cancer cells were infected at the indicated multiplicity of
infection (MOI) for 24 hours. Cell fixation was performed
using 2% paraformaldehyde in PBS for 10min. Cell
membrane permeabilization was carried out using 0.2%
Triton-PBS for 10min and blocked in PBS 1% BSA
(Bovine Serum Albumin) for 1hour. Specific antibodies
used for indirect immune detection are described in
online supplemental table 1. Images were taken using an
EVOS FL cell imaging system (Thermo Fisher Scientific).

Virus replication kinetics and tittering assays
Supernatants of IBDV-infected GBM cells at corre-
sponding time points were tittered

in QM7 cells plated the day before in 96-well plates
in DMEM supplemented medium. IBDV supernatants
were diluted by 1/10 dilutions in DMEM supplemented
medium and left on QM7 cells for 72 hours. Negative
control wells had GBM supernatants without IBDV infec-
tion. The cytopathic effect was analyzed by optical micros-
copy 72 hours postinfection. Tissue culture infectious
dose 50 (TCID50/mL) viral titers were calculated using
the Reed-Muench method.*

Viability assays

An (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium) MTS assay
was used to assess cell viability. A total of 1x10* cells per
well were plated in a 96-well plate containing complete
medium and allowed to adhere for 24 hours. After attach-
ment, cells were treated with TMZ or infected with IBDV
or NDV-LS viruses for the corresponding experimental
conditions. PBS was used as a control, with five replicate
wells per condition. After the designated treatment time,
20 pL of MTS solution (b mg/mL) was added to each well.
The plates were then incubated at 37°C, protected from
light, for 1.5hours. Following incubation, the solutions
in the wells were mixed, and absorbance was measured
at 450nm (for tetrazolium salts) and 630 nm (for back-
ground) using a microplate reader (Varioskan Lux).
Relative cell viability was calculated as the percentage of
absorbance compared with the control group.

Western blots

Protein was extracted from the cultured cells with radio-
immunoprecipitation lysis buffer on ice and centrifuged
at 12,000xg for 15min at 4°C to eliminate cell debris.
The total protein concentration was determined using a
Bicinchoninic Acid (BCA) protein assay kit, and whole
lysates mixed with 5xsodium dodecyl sulfate (SDS)

Tur-Planells V, et al. J Immunother Cancer 2025;13:€011741. doi:10.1136/jitc-2025-011741 3

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq 920z Atenuer 2z uo wod fwg omnly:sdny wouy papeojumod 'SzZ0zZ J8qUISAON ¢ U0 T#/TT0-G20Z-0Ul/9eTT 0T Se payslignd 1siy :1aoue) jo Adesay ] ounwiwyi oy peuinop


https://dx.doi.org/10.1136/jitc-2025-011741

loading buffer were denatured with a 5min incubation
at 95°C. Then, equal amounts of protein were separated
by SDS-polyacrylamide gel electrophoresis and trans-
ferred to a polyvinylidene difluoride membrane. Blocked
membranes were then incubated with their corre-
sponding antibodies described in online supplemental
table 1. The horseradish peroxidase immune complexes
were detected using an enhanced chemiluminescence
kit (Alkali Scientific) in a ChemiDoc imaging system
(Bio-Rad).

Transcription analysis by qRT-PCR

Cells were mock treated or infected with the specified
virus at an MOI of 3 Plack formation units (PFU)/cell
in 500 pL. of OptiMEM-I. After allowing virus adsorp-
tion for 1 hour, the cells were incubated with an addi-
tional 1,500 pL of supplemented media. Total RNA
was isolated using a Qiagen RNeasy Minikit (catalog
no0.74106, Qiagen) at the indicated time post-infection.
Complementary DNA (cDNA) synthesis was performed
using the Maxima First Strand cDNA Synthesis Kit for
quantitative Real-time reverse transcription-polymerase
chain reaction (RT-PCR) (catalog no. K1671, Thermo
Fisher Scientific). Mean n-fold expression levels of cDNA
from three individual biological samples were normal-
ized to housekeeping gene levels and calibrated to mock-
treated samples according to the 27**“ method.” Results
are expressed as relative cycle threshold (Ct) values to
the mock-treated group. Human and murine primer
sequences are compiled in online supplemental table 2.

Histological staining

Spleen, bone marrow, lymph nodes, and liver were
harvested in 9-week-old C57BL/6 mice after 24 hours
of one IBDV (10”7 PFU) tail vein injection for systemic
administration (n=3). PBS was used for negative controls.
Tissue fragments were fixed in a 4% buffered formalin
solution, pH 7.2, for 24 hours. The buffer was changed
to ethanol solution 70% and organs were embedded
in paraffin. Paraffin blocks of each organ were cut in a
microtome (3pm slices) and mounted on slides prior to
routine histological analysis (H&E). Histological slides
were qualitatively analyzed under light microscopy.

Systemic and intracranial virus delivery studies
9-week-old CH7BL/6 mice (Charles River Laboratories,
Wilmington, Massachusetts, USA) were stereotactically
injected with viral doses of 104, 105, and 10° PFU into
the striatum of the right hemisphere (0 mm anterior and
2.5mm lateral to the bregma; 3.5 mm intraparenchymal).
PBS was used as a control vehicle. Mice weight was moni-
tored weekly for 6 weeks. Procedures used on mice were
approved by and performed according to the guidelines
of the institutional animal-care committee of Universidad
Francisco Vitoria under the accession PROEX 142.8/24.
The protocol for biodistribution studies was
approved by Universidad de Leon under the access
OEBA-ULE-001-2023.

Tumor model
Tumor progression and survival studies were performed
following Institutional Animal Care and Use Committee
(IACUC) guidelines and have been approved by the
IACUC of Icahn School of Medicine at Mount Sinai
(IACUC-2014-0234). 6-8weeks old of age female
C57BL/6] mice used in our in vivo studies were purchased
from Jackson Laboratory.

1.5x10° CT-2A cells were intradermally engrafted on the
right hind leg and tumors were allowed to grow to 50 mm”
before treatment initiation. Tumor-bearing mice were
treated by intratumoral injection of IBDV, NDV, or PBS
with viral doses of 1x10” PFU/50 pL PBS. Intratumoral
injections were administered every other day for a total
of four treatment doses or as specified for downstream
analysis or tissue samples. Tumor volume was monitored
every 48 hours, and every 24 hours as tumor volumes
approached the experimental endpoint of 1,000 mm”.
Mice were humanely euthanized on the day when the
volume exceeded the predefined endpoint or at any sign
of distress, including tumor ulceration. Tumor measure-
ment was determined using a digital caliper, and the total
volume was calculated using the formula: tumor volume
(V)=L2xW, where L (tumor length) is the larger diameter
and W (tumor width) is the smallest diameter.

Human GBM explants study

Human GBMs-isocitrate dehydrogenase (IDH) wild-type
tumor biopsy was obtained from the Biobank of Hospital
Universitario Puerta de Hierro Majadahonda/Instituto
de Investigacion Sanitaria Puerta de Hierro-Segovia de
Arana. Ethical approval for the use of these samples was
granted by the institutional review board of HM Hospi-
tals (CEIm No: 23.06.2206-GHM). All patients provided
written informed consent prior to enrollment, and all
procedures were conducted in accordance with the prin-
ciples of the Declaration of Helsinki. Fresh tumor samples
were placed in ice-cold Hibernate-A medium supple-
mented with penicillin-streptomycin immediately after
resection and processed within 2hours of surgery. GBM
tissue was cut into 20-30 mm? fragments under a dissec-
tion microscope, washed three times with ice-cold PBS,
and then placed in 24-well plates containing specialized
growth medium (DMEM-F12, Neurobasal, non-essential
amino acids, N2 supplement, B27 supplement, human
insulin, penicillin-streptomycin, and 2-mercaptoethanol).
The tissue slices were maintained at 37°C in a humidi-
fied atmosphere with 5% CO . Explants were subjected to
TMZ treatment (1 mM) and/or IBDV infection (107 PFU)
and cultured for 72 hours prior to downstream processing
and flow cytometry analysis.

Flow cytometry

Murine tumors and tumor-draining lymph nodes
(tdLLN) were excised from terminated animals at the
indicated time points and tissues were processed
for downstream analysis by flow cytometry. Briefly,
samples were incubated in FC-blocking antibody
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(BD #b553141) diluted in Fluorescence-Activated
Cell Sorting FACS buffer (1% BSA, 0.5 mM EDTA in
PBS) for 20 min on ice, then resuspended in Fixable
Viability Dye eFluor 780 (Thermo Fisher #65-0865-
14; 1:3000) in PBS for 10min at room tempera-
ture. Samples were incubated with corresponding
extracellular antibodies prepared in FACS buffer
for 30 min. Samples were then fixed according to
manufacturer’s instructions using the eBioscience
Foxp3/Transcription Factor Staining Buffer Set
(Thermo Fisher, Ref. 00-5523-00).
staining was performed in permeabilization wash
buffer (eBioscience, Ref. 00-8333-56,/88-8824-00).
Antibodies used for intracellular and extracellular
staining of isolated immune cells are itemized in
(online supplemental table 1). Samples were run on
an LSRFortessa X-20 flow cytometer (BD); immuno-
phenotyping analysis was performed using Flow]Jo
V.10 software.

Intracellular

Single-cell isolation from GBM explants for spectral flow
cytometry analysis

GBM tumor biopsy specimens were preserved in
MACS Tissue Storage Solution (Miltenyi Biotec,
Bergisch Gladbach, Germany), maintained at 48°C,
and processed within 3 hours after collection. To
obtain single-cell suspensions, samples were enzy-
matically digested in 10mL of RPMI with Ca2+/
Mg2 +(Gibco) containing 2% FBS (ATCC, Manassas,
Virginia, USA), 0.5 mg/mL DNase I (grade II, from
bovine pancreas; Roche, Penzberg, Germany), and
0.5mg/mL collagenase IV (Gibco) for 40min at
37°C with continuous shaking of 150rpm. Tissues
were disrupted, passed through a 70 mm cell strainer,
and washed two times with RPMI medium (Gibco).
Isolated cells were centrifuged and directly used for
phenotyping. Immune phenotyping of GBM biopsy
specimens was performed by staining the cells for
spectral flow cytometry analyses using the flow anti-
bodies listed in online supplemental materials, and
samples were acquired with a Cytek Aurora 5-laser
cytometer (Cytek Biosciences, Fremont, California,
USA). Immunophenotyping analysis was performed
using FlowJo V.10 software.

Statistical analysis

Data analysis was performed using GraphPad Prism
V.10 package. One-way analysis of variance (ANOVA)
or two-way ANOVA was used to compare multiple
groups with one or two independent variables, respec-
tively. Results are expressed as mean value+SEM or
+SD as indicated. Comparisons of survival curves
were performed using the log-rank (Mantel-Cox) test.
Survival analysis was carried out using the Kaplan-
Meier method. P values>0.05 were considered statisti-
cally non-significant; *p<0.05; **p<0.01; ***p<0.001;
#EEEP<0.0001.

RESULTS

Patient-derived GSCs and murine GBM models support IBDV
replication

While the cell cycle and immune responses to IBDV
have been vastly covered in chicken models, our current
understanding of the capacity of IBDV to infect and drive
antiviral responses in mammalian cancer cells is limited
to a single study performed using HeLa cells.*

To assess the ability of IBDV to infect brain cancer cells,
murine gliomas (CT-2A, GL261) and patient-derived glio-
blastoma stem cells (GSCs), monolayers were exposed to
IBDV for 24 hours. Indirect immunodetection targeting
the viral protein VP3 revealed that IBDV is capable of
efficiently infecting both human and murine cancer cells
(figure 1A). Furthermore, all tested cancer cell types
supported productive viral replication, as demonstrated
by the cumulative recovery of infectious viral particles over
the course of 120 hours (figure 1B,C). Additionally, IBDV
displayed differences in replication kinetics and viral titers
in a cell-specific manner: in murine GBMs, earlier accu-
mulation of VP3 protein in GL261 cells (online supple-
mental figure S1) correlated with an increase in viral titers
over time when compared with CT-2A cells (figure 1B). In
the case of human GSCs (figure 1C), there was a strong
correlation between the capability of the infected cells to
induce type-I IFN responses during viral infection and
limit IBDV production (GBM18), as compared with GBM
27, which lacked the type I IFN cluster'* and rendered
a higher viral yield. These data present evidence of the
distinct cell-dependent behavior of IBDV in different
mammalian brain cancer cells.

Additionally, the cytopathic effect of IBDV infection
was evaluated in different GBM cells, including the GSCs
GBM18 and GBM27. Microscopy analysis at 120 hours
post-inoculation revealed a direct correlation between
higher MOIs and an increased cytopathic effect, noticed
by the presence of cellular debris and small vesicles
(figure 1D,E). Remarkably, IBDV effectively disrupted
GBM27 sphere architecture at an MOI as low as 1.

MTS assay was used to evaluate the impact of the
infection on cell viability at 24, 48, and 72 hours post-
infection (hpi) with cells now exposed to a fixed MOI
of 3 (figure 1F-I). The kinetics of the cytopathic effect
of IBDV were compared with those of the NDV-LS as a
reference.”’ The results showed that IBDV significantly
reduced the viability of human and murine GBM cells
at 72 hpi compared with NDV-LS in murine CT2A and
GL261. In CT-2A and GL261 cells, a rebound effect was
observed, where the cell viability increased at this time
point, allowing for resumed growth and counteracting
the effects of NDV-LS infection (figure 1F,G). In GBM 18
and GBM 27 cells, both viruses reach their peak cytotoxic
effect at 72 hpi, with similar kinetics (figure 1H,I). In
contrast, experimental infection of HFF-1 human fibro-
blast cell line cells showed no detectable viral replication
at 72 hpi, with titers remaining low (10’102 TCIDso/mL),
as shown in online supplemental figure S2B. Viability
assays conducted at 48 and 72 hpi—time points when
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Figure 1 Infectivity and replication capacity of IBDV in murine GBM and patient-derived GSC cells. (A) Indirect
Immunofluorescence microscopy: immunodetection of IBDV’s VP3 protein on GBMs 24 hours post viral exposure (MOI=3).
Images were taken at 40x magnification. (B, C) IBDV’s replication kinetics—growth curves: viral titers were calculated by
TCID50/mL method; initial input=MOI 0.01 (n=3). (D, E) Cytopathic effect: brightfield microscopy of GBMs monolayers 120
hours post-infection with IBDV at specified MOI. 20x magnification. (F, G, H, I) Viability analysis: cell viability was assessed via
standard MTS assay at indicated times post infection (24, 48, and 72 hours). Two-way ANOVA analysis: *p<0.05; ***p<0.001;

KKk

p<0.0001. ANOVA, analysis of variance; GBM, glioblastoma; GSC, glioblastoma stem cell; IBDV, infectious bursal disease

virus; MOI, multiplicity of infection; ns, non-significant; TCID50, tissue culture infectious dose 50.
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IBDV induces cytotoxic effects in GBM cells—showed
no decrease in fibroblast viability (online supplemental
figure S2C). These findings confirm IBDV’s capability to
effectively infect, replicate and induce oncolysis in vitro
across different brain cancer cells, including patient-
derived GSCs and murine GBM cell lines with minimal
impact in survival on healthy cells.

IBDV infection triggers type-l interferon and pro-inflammatory
cytokine release in GBMs

Viruses with therapeutic potential against diverse tumors
have been demonstrated to stimulate antiviral responses
in infected cells. This primarily involves the induction of
type-I IFN and cytokine release and ultimately promotes
the activation of cell death programs.***

To study the intrinsic immunological response of
GBM cells to IBDV infection, murine and human GBMs,
including the human GSCs GBM18 and 27, were infected
with IBDV at an MOI=3 for 16 hours. Subsequently, we
analyzed the expression of IFNs (IFNBI, IL28) and the
IFN-stimulated gene MXI as well as pro-inflammatory
(IL1B, IL6) by RT-qPCR. The clinical candidate NDV-LS
virus was included as reference for comparative purposes.
Both murine and human GBM infected cells trigger
a moderate type I IFN response, characterized by the
expression of IFNBI and MXI genes, together with
induction of type-IIl IFN (IL28B) cytokines and pro-
inflammatory genes (figure 2A-D), similarly to the effect
elicited by NDV-LS infection.

During natural infection, IBDV has been shown to
exert modulatory effects on cells of the monocyte-
macrophage lineage (Mo-Macs), with IBDV-infected
Mo-Macs releasing chemotactic, proinflammatory and
immunoregulatory cytokines.* This delays the resolu-
tion of the viral infection and associated pathology in
its natural host. In GBM, tumor-associated macrophages
(TAMs) and microglia are the most abundant immune
cell populations in the TME and the major drivers of
immunosuppression and progression of the disease.®
Due to their relevance in GBM biology, IBDV-triggered
pro-inflammatory gene expression signatures in mamma-
lian murine bone-marrow-derived macrophages (M1-
Mo) and HCM3 human microglia myeloid-derived cells
were analyzed by RT-qPCR 72 hours after exposure to the
virus (figure 2E,F). IBDV stimulates MX1I gene expression
in both cell types and, consistently with the responses
observed in GBMs, to a lower extent than NDV-LS, high-
lighting IBDV’s moderate inflammatory behavior. Gene
expression analysis of infected HFF-1 human fibroblast
cell line revealed that it activates an antiviral response,
with expression of IFN-f and Mx1 detected at 24 hpi
(online supplemental figure S2D). These latest results
further support the lack of antagonism of type-I IFN
signaling of IBDV in healthy human cells.

Overall, these findings indicate that IBDV infection
induces a moderate immunostimulatory effect across
different GBM cells, including patient-derived and
murine lines, as well as in mouse and human myeloid

cells and that mammalian healthy cells can efficiently
counteract the replication of IBDV through the activation
of antiviral signaling pathways.

Combination of IBDV and TMZ exhibits synergistic impact on
GBMs survival

TMZ is the standard firstline treatment for patients
newly diagnosed with gliomas.*® However, approximately
50% of GBMs exhibit resistance to TMZ, which can be
attributed to both intrinsic and acquired resistance mech-
anisms.* TMZ-induced cell death presents differences in
the murine and human GBM models under the current
study (figure 3A-C). Specifically, the human GBM27
cell line was the most refractory to TMZ treatment,
while GBM18 exhibited a dose-dependent response. In
contrast, murine GBM cells (CT-2A) showed the greatest
reduction in cell viability at lower TMZ doses.

Considering these phenotypes—the differential
sensitivity to TMZ by GBMs, we next investigated
whether TMZ treatment could alter the suscepti-
bility of GBM cells to IBDV infection (figure 3D-F).
At 0.5 mM, the viability of GBM cell lines and GSCs
decreases to around 60% with TMZ administra-
tion alone, having a similar impact on cell viability
as IBDV infection only. Interestingly, concomi-
tant administration of TMZ and IBDV significantly
reduced viability when compared with each treat-
ment individually. Follow-up highest single-agent
statistical analysis confirmed a synergistic effect of
both treatments reducing GBM cell viability, with a
remarkable impact on GBM27 cells. Data to assess the
combinatory effect of both treatments is compiled in
(figure 3G-I and online supplemental figure S3A).
Furthermore, sustained exposure to TMZ and IBDV
demonstrated a dual effect in GBMs: the reduction in
cell viability exerted by the combination was accom-
panied by enhanced IBDV replication (online supple-
mental figure S3B and C), as indicated by a significant
increase in viral release at the peak of replication (72
hpi). This boost in viral production was not a reflec-
tion of a diminished antiviral responses, as indicated
by the levels of expression of IFN-B and MXI1 genes
(online supplemental figure S3D and E).

These results highlight the complementary and
synergistic interaction between TMZ and IBDV in
GBM models that exhibit different sensitivity to the
chemotherapeutic TMZ. The clear effects demon-
strated in vitro merit further investigation to clarify
its mechanisms and clinical implications.

Intratumoral administration of IBDV results in control over
tumor growth and extended survival in CT-2A tumor-bearing
mice

Our in vitro studies demonstrated that IBDV can
induce both immunostimulatory and cytotoxic
responses in various GBMs, exhibiting a profile
similar to that of the clinical OV candidate NDV-LS.
To assess the feasibility of using IBDV as a therapeutic
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Figure 2 Antiviral and pro-inflammatory gene expression triggered by IBDV infection. Gene expression analysis (RT-gPCR).
Cancer cell monolayers (A-D), bone-marrow-derived macrophages and human microglia HCM3 (E-F) cells were infected

with IBDV and NDV-LS at an MOI=3for 16 hours. Expression levels for each individual gene were calculated as log10 of fold
induction over mock-infected cells. Two-way ANOVA analysis: *p<0.05; **p<0.001; ***p<0.0001. ANOVA, analysis of variance;
IBDV, infectious bursal disease virus; IFN, interferon; IL, interleukin; MOI, multiplicity of infection; mRNA, messenger RNA; ns,
non-significant.

for GBM, we first conducted safety studies in immuno-
competent C57B1/J6 mice through both systemic and
intracranial administration of IBDV (figure 4A,B).

Histological analysis of tissue samples, 24 hours after
systemic inoculation of a high dose of IBDV (10’
PFU), revealed no virus-associated pathology in any
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Figure 3 Combinatory effect of TMZ with IBDV. (A, B, C) TMZ cytotoxicity analysis: at 72 hours, cell viability was measured

via standard MTS assay compared with a Mock control after treatment with different concentrations of TMZ (DMSO control
concentrations correspond to the final concentrations of TMZ used in each condition). (D, E, F) Combination effect of TMZ and
IBDV: GBM cell viability was measured after treatment with 0.5mM of TMZ, IBDV infection (MOI 1), or both conditions together.
(G, H, I) HSA statistical test: the HSA statistical analysis was performed based on the effect of drug combinations relative to the
effect of each treatment alone to assess additive, synergistic or antagonistic effects. DMSO was used as the vehicle for TMZ,
and final DMSO concentrations in each well correspond to those of the TMZ treatments (eg, 2mM TMZ corresponds to 2%
DMSO). Equivalent DMSO concentrations were included in vehicle controls. Two-way ANOVA analysis: *p<0.05; ***p<0.001;
***p<0.0001. ANOVA, analysis of variance; GBM, glioblastoma; HSA, highest single agent; IBDV, infectious bursal disease virus;
MOI, multiplicity of infection; ns, non-significant; TMZ, temozolomide.

Tur-Planells V, et al. J Immunother Cancer 2025;13:€011741. doi:10.1136/jitc-2025-011741 9

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq 920z Atenuer 2z uo wod fwg omnly:sdny wouy papeojumod 'SzZ0zZ J8qUISAON ¢ U0 T#/TT0-G20Z-0Ul/9eTT 0T Se payslignd 1siy :1aoue) jo Adesay ] ounwiwyi oy peuinop



Open access

IBDV (107PFU)
T : -©- Control (PBS)
fs 6
' Srieen . 2 ¥ IBDV 105
= 3 - ¥ IBDV 10
Sysiomis ; g 241 ™ BDV10*
Inoculation 5,22-
L = o —e— Jos
il A £ 20 [
“ = P2
/;"". ) 518-
16 T T T
0 2 a4 6
Weeks after injection
C D 400
Inkratarmoral "’E
CT-2A cells Injection |
Intradermal [ IBDV 107pFU g o P
lmphn ation MOV 107 PFu 3 200 v - PBS
&0mm? Fas g i ',U \BOV
A 5 - A
. _‘ l L ‘ i Tumor progression E 100 Mg 4 _m ~£- NDV
L g ‘ YUMOR | B Survival - ,&.,H ==
. VOLUME
! ) Experimental day 0 2 4 6 8 10
Days after treatment
E F =+ 00,0001
-Rank (Mantel-Cox) Test
wo. PBS wo.  IBDV wo. NDV 100 Log-Rank (Mantel-Cox) Te
% T T S 8 '
‘E' m E m E— g EiM *+*p<0.0002 - PBS
© ] .
E o E g L -5 NDV
3 3 ol 3 £
> s 2 § 40 ¥ IBDV
E 200 E i E o
= 5 2 a 204
0+ i} T o 0 T 1
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 50

Days after treatment Days after treatment

Figure 4
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In vivo antitumor effect of IBDV. (A-B) Pathogenicity studies. (A) 6-8 weeks old C57BL/6 mice (N=3) were

intravenously administered with either PBS or 107 PFU of IBDV; H&E histochemistry of indicated organs processed 24 hours
post systemic viral dissemination. (B) IBDV intracranial toxicity: body-weight progression of C57BL/6 mice (N=3) after exposure
to a single intracranial injection of IBDV at the indicated dose. (C-E) Antitumor capacity of IBDV. (C) Schematic representation
of the study. CT-2A tumor-bearing mice were intratumorally administered 10" PFU of IBDV/NDV or PBS, once every other day,
for a total of four doses. Tumor volume was monitored every 48 hours. Experimental end-point: 1,000 mm3 tumor volume. (D)
Average of tumor volume per experimental group at the time of first death. Two-way ANOVA. *p<0.05, **p<0.01. (E) Individual
tumor growth curves. (F) Survival analysis: log-rank (Mantel-Cox) test. **p<0.001, ***p<0.0001. ANOVA, analysis of variance;
IBDV, infectious bursal disease virus; PBS, phosphate-buffered saline.

organ or tissue processed. Additionally, no signs of
distress were detected in any of the experimental
animals. Similarly, exploratory intracranial adminis-
tration of IBDV at high doses resulted in absence of
morbidity or mortality over the 6-week study period
(figure 4B).

Next, we investigated if IBDV could drive antitumor
responses in a syngeneic CT-2A experimental tumor
model developed in the flank of immunocompetent
mice. As a reference and for comparative purposes,
we included an experimental group treated with
NDV-LS virus (figure 4C). Results showed that both
IBDV and NDV-LS treatments can control tumor
growth (figure 4D) compared with untreated control

mice. Individual tumor growth volume curves indi-
cated that while none of the viruses could completely
inhibit tumor progression, both treatments signifi-
cantly delayed tumor growth compared with PBS-
treated controls (figure 4E). Moreover, both IBDV
and NDV-LS treatments significantly extended
survival in treated mice compared with the control
group (figure 4F). No signs of distress or morbidity
associated with IBDV treatment were observed in any
of the experimental animals.

Overall, these results confirmed that IBDV is safe in
immune-competent mice and exhibits significant onco-
lytic activity, comparable to NDV-LS, in delaying CT-2A
GBM progression and improving mouse survival.
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IBDV virotherapy remodels TME reducing immunosuppression

priming tumors for cytotoxic responses

The architecture and immune landscape of the TME
are critical determinants of the efficacy and durability of

Given that IBDV demonstrated a beneficial antitumor
effectin GBM in vivo, we assessed changes in immune cell
populations within the TME. Mice were divided into two
groups: those receiving either a single injection (Day 1)

targeted antitumor responses.47 or three injections (Day 5) of IBDV (10" PFU), compared
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Figure 5 Immunostimulation of innate and adaptive immune response in TME on IBDV treatment in CT-2A murine GBM model.
(A) Schematic representation of the study: CT-2A tumor-bearing mice were intratumorally treated every other day with a total of
either one or three doses of 107 PFU of IBDV. Mice were sacrificed 1day after the first or third injection in which tumor masses
(TME) were harvested and probed with primary-conjugated antibodies against main biomarkers of immune cells. (B) Analysis

of main immune populations in TME: temporal distribution of immune cell populations within TME of IBDV/PBS-treated mice.
(C-J) Analysis of myeloid and lymphoid immune cell populations in TME: changes in innate and adaptive immune response in
IBDV-treated compared with PBS-treated mice were analyzed in both groups (day 1 and 5). Two-way ANOVA analysis: *p<0.05;
***p<0.001; ***p<0.0001. ANOVA, analysis of variance; dLN, draining lymph nodes; GBM, glioblastoma; IBDV, infectious bursal
disease virus; PBS, phosphate-buffered saline; TAM, tumor-associated macrophage; TME, tumor microenvironment; Treg,
regulatory T cell.
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with PBS-treated controls (figure 5A), to identify earlier
(Day 1) and delayed (Day 5) immunological changes
in the tumor composition induced by IBDV treatment.
Flow cytometry was employed to analyze lymphoid and
myeloid immune cell populations, using the gating
strategy outlined in online supplemental figure S4.
Analysis of treated tumors revealed differential
enrichment of T cells, macrophages, and Dendritic
cells (DCs) in IBDV-treated tumors when compared
with control mice (figure 5B). Specifically, mice
receiving three doses of IBDV exhibited an enrich-

with a single injection showed a decrease in total
CD4+T cells (figure 5D) compared with controls.
This reduction in total CD4+T cells was associated
with a decrease in immunosuppressive regulatory T
cells (Treg) (figure bF), rather than effector T cells
(figure 5E). These findings suggest that IBDV breaks
TME immunotolerance, facilitating cytotoxic T-cell
functions, as defined by a higher CD8+T cell/Treg
ratio after repeated doses of IBDV (figure 5G).
Analysis of the myeloid compartment showed a reduc-
tion in the presence of immunosuppressive M2-like

ment in CD8+T (figure 5C), while those treated  macrophages (CDllc-, CDIllb+, Ly6G-, Ly6C-,
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Figure 6

Immunophenotyping of tdLN in CT-2A murine GBM model. (A) Analysis of immune populations in tdLN: temporal

distribution of immune cell populations within tdLN of IBDV/PBS-treated mice over the course of the treatment. (B-H) Analysis
of myeloid and lymphoid immune cell populations in tdLN: changes in lymphoid and antigen-presenting cells were analyzed

in IBDV-treated mice compared with PBS-treated mice in both groups (day 1 and 5). Two-way ANOVA analysis: “p<0.05;
***p<0.001; ***p<0.0001. ANOVA, analysis of variance; tdLN, tumor-lymph nodes; GBM, glioblastoma; IBDV, infectious bursal
disease virus; PBS, phosphate-buffered saline; Treg, regulatory T cell.
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MHC-II+) (figure 6I; online supplemental figure S5A-C).
This effect was accompanied by an increased presence of
inflammatory MIl-like macrophages (CDI1lc—, CDI11b+,
Ly6G-, Ly6C+, MHC-II+) in mice treated with a single
dose of IBDV (figure 5H).

Overall, IBDV virotherapy demonstrated significant
impact on TME remodeling, reducing the presence of
immunosuppressive populations and promoting T-cell
functions.

IBDV therapy induces CD8+ T-cell migration and expansion of
effector CD4+ T cells in tumor-draining lymph nodes

As tdLNs are pivotal hubs for initiating adaptive immune
responses against tumors, their immune makeup was
analyzed in the context of IBDV treatment by flow cytom-
etry. Results presented no variation in the number of total
T cells, but a higher infiltration of monocytes and DCs in
the tdLLN of mice treated with three injections of IBDV as
compared with the PBS-treated control mice (figure 6A).
Furthermore, the abundance of conventional type II DCs
(cDC2) increased with repeated IBDV treatment (online
supplemental figure 6D) denoting a sustained stimula-
tion of DC migration.

T-cell analysis revealed a modest reduction in the
percentage of cytotoxic CD8+T cells (figure 6B) accompa-
nied by a significant increase in total CD4+T cells in IBDV-
treated mice following three injections (figure 6C). The
increase in total CD4+T cells was mainly due to effector
helper T cells (figure 6D) rather than Tregs (figure 6E).
Notably, the proportions of Tregs were already influenced
by a higher ratio of effector CD4+T cells to Treg in mice
treated with a single injection of IBDV (figure 6F). This
suggests that, at this stage, helper T cells outnumbered
compared with the immunosuppressive Tregs. Lastly, mice
treated with three injections of IBDV showed an increase
in resident DCs (intermediate major histocompatibility
complex (MHC)-II) (figure 6G) while migratory DGCs
(high MHC-II) were significantly reduced (figure 6H) in
tdLLNs.

These findings highlight IBDV’s capacity to reshape
key immunological hubs characterized by increased resi-
dent DGs, increased effector CD4+T cell responses, and
reduced immunosuppressive Tregs.

IBDV virotherapy converts immunosuppressive macrophages
into immunoreactive effectors in murine and human tumors
GBMs are among the so-called immune desert tumors,
characterized by minimal, if any, cytotoxic CD8+T cells,
dominance of myeloid immunosuppressive populations
and poor antigen presentation, with DCs often preserved
in a dysfunctional state due to the lack of inflammatory
signaling.” In GBMs, glioma-associated macrophages
and microglia (GAMs) are central regulators of GBM
TME. Presenting a phenotype skewed towards an M2-like
immunosuppressive state, GAMs could represent up to
40-50% of the TME and conditionate tumor progression,
invasion, angiogenesis, immunosuppression and resis-
tance to therapy."’ M2-like GAMs presence is associated

with poor clinical outcome and shorter survival and many
ongoing works to improve these outcomes are focused on
shifting this restrictive phenotype into an immunoreac-
tive pro-antitumoral one.”

Our analysis of the myeloid compartment in mice
carrying CT-2A tumors showed a rapid inflammatory
response characterized by a reduction in the presence
of immunosuppressive M2-like TAMs (CD11c-, CD11b+,
Ly6G-, Ly6C-, MHC-II+). This effect was accompanied
by an increased presence of inflammatory M1-like TAMs
(CDllc-, CDI11b+, Ly6G-, Ly6C+, MHC-II+) after a
single dose of IBDV (figure 5H,I; online supplemental
figure 5A-C).

Due to the importance of these findings, we wanted to
further investigate whether this early effect induced by
IBDV can also be translated into human immune cells.
To do so, we carried out a study of ex vivo exposure to
IBDV of tissue explants generated from a human GBM-
IDH wild-type tumor biopsy (supplementary figure 7A). A
TMZ-only (1mM) and a combination TMZ-IBDV condi-
tions (1 mM / 107 viral particles) were also included in the
experimental set-up, aiming to identify possible synergetic
effects and for comparative purposes. Due to the charac-
teristics of the model and the aim of the study, experi-
mental conditions were setup to 72 hours of sustained
exposure, to warranty tissue stability, and we focused the
analysis on the myeloid populations—myeloid-derived
monocytes (MDMs) and DCs—as shown in the gating
(supplementary figure 7B).

Explantsexposed toIBDVshowed asignificantreduction
in immunosuppressive M2-like macrophages (HLA-DR+,
CD64+, CD14+, CD11b+, arginase I high) accompanied
by a marked increase in inflammatory MIl-like macro-
phages (HLA-DR+, CD64+, CD14+, CD11b+, arginase I
low) (supplementary figure 7D). Compared with other
treatment modalities, IBDV induced the most signifi-
cant shift in MDMs polarization. Further analysis of the
Ml-like MDMs population revealed an immunoreac-
tive phenotype, as indicated by the expression of CD80,
confirming the functional reprogramming (supplemen-
tary figure 7E).

IBDV-treated samples exhibited a higher prevalence of
DCs at the time of the analysis (supplementary figure 7F).
Notably, while the proportion of activated DCs—char-
acterized by elevated expression of CD80 and HLA-DR
high—was greater than in both TMZ and control groups.
Interestingly, the combination of TMZ and IBDV further
enhanced APC reprogramming, resulting in a larger
proportion of activated DCs (supplementary figure 7G).
Given the observed synergistic effect on cell viability,
this phenotype might be associated with a more immu-
nostimulatory mode of cancer cell death induced by the
combined treatment.

Overall, these results demonstrate that IBDV effectively
reprograms the myeloid compartment in GBM, both in
murine and human model systems, promoting a shift
toward an immunoreactive phenotype and enhancing
dendritic cell activation. This last effect is further
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amplified when combined with TMZ, suggesting a syner-
gistic immunostimulatory response.

DISCUSSION

IBDV is introduced here as a potential oncolytic
virotherapy candidate with attributes that address key
challenges in GBM, including immune evasion and resis-
tance to chemotherapy. As an alternative to current treat-
ments, it shows promise in activating both innate and
adaptive immune responses and serving as a complemen-
tary agent in combination therapies.

Efficient innate immune activation is essential for
a successful adaptive antitumor response.”’ The data
presented here show the induction of some key gene
markers of innate immune activation programs following
IBDV infection in human and murine GBM cells, as well
as myeloid cells. A notable feature of IBDV infection is
its moderate pro-inflammatory response compared with
NDYV, as observed in some GBM cell lines (figure 2A-C)
and M1-like BMDMs (figure 2F). This characteristic could
potentially minimize the risk of excessive inflammation in
specific CNS tumor contexts, where excessive inflamma-
tion can damage neural tissues.”

IBDV infection can induce type III IFN-mediated
immune responses, stimulating /L28B and MxI expres-
sion in GBM27 cells, which lack the type I IFN gene
cluster."* This presents an opportunity to explore the
priming of type III IFN-mediated immune responses in
the context of type I IFN-deficient tumor cells as well as to
compare these responses with cells possessing both type I
and type III IFN pathways. Identifying factors that could
promote an improved adaptive immune response while
minimizing excessive inflammation will aid in reducing
immunosuppressive effects associated with immunother-
apeutic strategies.”

While in vitro quantitative PCR analyses revealed differ-
ences in expression of key inflammatory genes between
IBDV-infected and NDV-infected cells, these differences
did not translate into significant therapeutic differences
in vivo in the CT-2A GBM model (figure 4D). Both viruses
showed comparable efficacy in controlling tumor growth
and extending survival (figure 4,F). However, despite
the observed improvement, all treated mice eventually
reached the experimental endpoint and were termi-
nated, highlighting the necessity for further refinement
of IBDV’s therapeutic strategy.

To gain a deeper understanding of the immune responses
that made IBDV-treated mice outperform controls in
restricting tumor growth, flow cytometry was used to
analyze key immune populations in the TME and tdLN. In
the TME, results revealed a reduction in immunosuppres-
sive cells, including M2-like macrophages (figure 5I) and
Tregs (figure 5E), and an increase in cytotoxic CD8+T cells
(figure 5C) and M1-like macrophages (figure 5H), associated
with a more favorable immune landscape to prime antitumor
responses.”*

The analysis of tdLN revealed additional insights into the
immune dynamics induced by IBDV treatment. A marked
increase in effector CD4+Tcells (figure 6D) suggests an
enhanced priming and activation within the lymph nodes.”
Concurrently, there was a reduction in Tregs (figure 6E),
indicative of a shift away from immunosuppressive condi-
tions.” * Notably, a lower presence of CD8+Tcells in the
tdLN (figure 6B) implies a potential migration of these cyto-
toxic cells toward the tumor, reinforcing the idea of a coordi-
nated systemic immune response being directed against the
GBM tumor.®*

While these results demonstrate the robust immunostim-
ulatory effect of intratumoral administration of IBDV, the
treatment failed to elicit long-lasting responses that resolve
in tumor elimination. For instance, the increase in migratory
¢DC2 rather than cDCI suggests a priming of T cells that
could lead to an antitumoral Th2 response or, alternatively,
the priming of Tregs, counteracting an effective cytotoxic
immune response by inducing immune tolerance (online
supplemental figure $6).” Furthermore, while IBDV treat-
ment induces a shift towards Ml-like polarization in tumor
macrophages (figure 5H), this does not translate into an
activation of those macrophages, potentially limiting their
contribution to the antitumoral immune response (online
supplemental figure S5A). Similarly, while our results support
an active T-cell engagement in response to IBDV, a deeper
understanding of T-cell functionality could help to narrow
down mechanisms of resistance due to Twell exhaustion.
Chronic inflammation within the TME can impair immune
cell functionality.” ®® Understanding how these immunolog-
ical shifts contribute to tumor control and survival will be
important to fully unlock IBDV potential as a virotherapeutic
agent.

Early administration of IBDV and NDV treatments led to
significant control of tumor growth and extended survival;
however, complete tumor elimination was not observed, indi-
cating the presence of resistance mechanisms that warrant
further investigation. The inability to achieve sustained ther-
apeutic responses, such as long-term survivors or complete
responders, limited the scope of deeper analyses like tumor-
specific and virus-specific T-cell profiling, which are essential
for understanding the balance between antiviral and anti-
tumor immune responses as well as the durability of IBDV-
induced immunity. Nonetheless, this initial demonstration
of the oncolytic and immunomodulatory potential of IBDV
in GBM provides a solid foundation for future studies. The
integration of translational strategies—optimized dosing,
combinatorial regimens, and advanced responsive models—
is anticipated to unlock conditions that enable comprehen-
sive investigation of T-cell specificity and the mechanisms
underpinning long-lasting antitumor immunity, advancing
both mechanistic understanding and clinical application in
the field of cancer virotherapy.

Our studies have demonstrated that IBDV can replicate
and complement TMZ-induced cytotoxicity in vitro (figure 3;
online supplemental figure S3). Moreover, exposure to TMZ
did not impair GBMs’ susceptibility to be infected by IBDV
but potentiated the replication capacity and viral release of
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the virus without diminishing antiviral responses. Further-
more, in our ex vivo GBM’s explants study (supplementary
figure 7), we detected a trend towards increased activation of
APCs on the combination IBDV+TMZ treatment, as demon-
strated by the percentage of CD80-HLA-DR (high) DCs,
initially supporting the idea that the combination might be
more immunogenic than the monotherapies. Yet, although
our data provide insights into the multimodal advantage of
pairing IBDV and TMZ, additional in vivo research is needed
to explore the full scope and molecular basis of these findings
to confirm the feasibility of this combination and support its
clinical application.

In this regard, and based on similar observations, multiple
studies aiming to overcome resistance to TMZ and to improve
therapeutic outcomes have been focused on the combina-
tion of TMZ with different OVs:*** the oncolytic adenovirus
DNX-2401 has been tested alongside TMZ in patients with
recurrent GBM (NCT01956734), showing enhanced survival
benefits compared with monotherapy.66 Similar synergistic
effects have been observed in preclinical studies combining
TMZ with oncolytic herpes simplex virus (G47A).%” % Chinese
clinical trials have also used H101, an adenovirus-based OV,
in combination with TMZ and chemoradiotherapy across
various tumor types (ChiCTR2400085353). Overall, our
data concurred with these advanced studies supporting that
TMZ can enhance viral replication or immune activation,
improving therapeutic outcomes.

In conclusion, IBDV presents an oncolytic profile that
combines direct oncolysis, TME remodeling, and immune
system activation. Its non-human origin further adds to its
appeal, potentially enabling it to evade pre-existing immune
responses that might limit the efficacy of other virothera-
pies.” These attributes make it a promising candidate for
addressing unmet needs in GBM treatment. Further preclin-
ical and clinical evaluations are essential to fully unlock its
potential to expand its application in oncolytic virotherapy.
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