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Abstract 
Background.  The development of new therapies for malignant gliomas has been stagnant for decades. Through 
the promising outcomes in clinical trials of oncolytic virotherapy, there is now a glimmer of hope in addressing this 
situation. To further enhance the antitumor immune response of oncolytic viruses, we have equipped a modified 
oncolytic adenovirus (oAds) with a recombinant interferon-like gene (YSCH-01) and conducted a comprehensive 
evaluation of the safety and efficacy of this modification compared to existing treatments.
Methods.  To assess the safety of YSCH-01, we administered the oAds intracranially to Syrian hamsters, which 
are susceptible to adenovirus. The efficacy of YSCH-01 in targeting glioma was evaluated through in vitro and in 
vivo experiments utilizing various human glioma cell lines. Furthermore, we employed a patient-derived xenograft 
model of recurrent glioblastoma to test the effectiveness of YSCH-01 against temozolomide.
Results.  By modifying the E1A and adding survivin promoter, the oAds have demonstrated remarkable safety and 
an impressive ability to selectively target tumor cells. In animal models, YSCH-01 exhibited potent therapeutic ef-
ficacy, particularly in terms of its distant effects. Additionally, YSCH-01 remains effective in inhibiting the recurrent 
GBM patient-derived xenograft model.
Conclusions.  Our initial findings confirm that a double-modified oncolytic adenovirus armed with a recombinant 
interferon-like gene is both safe and effective in the treatment of malignant glioma. Furthermore, when utilized in 
combination with a targeted therapy gene strategy, these oAds exhibit a more profound effect in tumor therapy 
and an enhanced ability to inhibit tumor growth at remote sites.

Key Points

• YSCH-01 is safe and effective for malignant gliomas in vitro and in vivo.

• Carrying recombinant interferon-like genes can improve remote tumor-killing effect.

• YSCH-01 performs superior efficacy in recurrent GBM PDX.

Double-modified oncolytic adenovirus armed with a 
recombinant interferon-like gene enhanced abscopal 
effects against malignant glioma  
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Glioblastoma (GBM), which accounts for 55% of all pri-
mary malignant brain tumors, is characterized by its 
highly malignant nature, poor prognosis, and tendency 
to recur.1,2 Newly diagnosed GBM patients have a median 
survival time of less than 20 months, with a 5-year sur-
vival rate of only 5%.3 The primary treatment approaches 
for GBM include surgical resection and postoperative 
chemoradiotherapy, while alternative methods encom-
pass targeted therapy, immunotherapy, and tumor electric 
field therapy.4–6 Despite these efforts, the survival time of 
GBM patients remains unacceptably static, and the devel-
opment of novel drugs faces substantial obstacles and a 
high failure rate. Furthermore, recurrent GBM lacks proven 
interventions and standardized therapy. Consequently, 
GBM’s 5-year survival rate has exhibited meager progress 
over the past 3 decades, highlighting a pressing need for 
effective interventions.

Notably, the use of oncolytic viruses has shown signif-
icant efficacy in treating recurrent GBM.7–9 The oncolytic 
virus Delytact (G47Δ), in particular, has obtained condi-
tional approval for market release in Japan based on its 
impressive survival benefits, observed in a Phase II clinical 
trial. Following OV treatment, the median overall survival 
for recurrent glioblastoma was 20.2 months.10

OVs are viruses that occur naturally or are genetically 
modified to have the ability to replicate within tumor cells. 
Their antineoplastic efficacy stems primarily from their 
direct tumor-killing effect and their indirect antitumor im-
munity effect.11 OVs can cause direct lysis of tumor cells 
by propagating within them. Additionally, by recruiting 
immune cells to the site of infection and exposing tumor 
antigens subsequent to tumor cell lysis, oncolytic virus 
therapy can indirectly alter the local tumor immune en-
vironment from “cold” to “hot,” triggering an antitumor 
immune response.12,13 This effect has been implicated as 
a possible reason for long-term survival in cases of recur-
rent glioblastoma multiforme (GBM) in clinical trials.9,14 
However, the immune environment also plays a role in 
clearing OVs. Therefore, accurately regulating the tumor 
immune environment in relation to OVs at various stages 
while facilitating effective viral replication and inducing 
long-term antitumor immune effects simultaneously has 
become an important direction for the next generation of 
OV therapy.

We have developed a cancer-targeting gene-viro-therapy 
strategy by creating an oncolytic adenovirus (named YSCH-
01) that incorporates an interferon-like immune anticancer 
gene (L-IFN). Based on our previous study, we optimized a 
new recombinant interferon termed sIFN-Ⅰ, which was veri-
fied to possess a better affinity for IFNAR1 and exhibited an 
extended half-life in mice against solid tumors.15 Therefore, 
we developed an interferon-like immune anticancer gene 
(L-IFN) carried by a double-regulated replicating human 

adenovirus type 5. The inserted L-IFN gene replicates within 
the tumor cells, along with the viral vector. Consequently, 
a substantial amount of L-IFN protein is expressed within 
the tumor cells and secreted into the extracellular space. 
By administering the L-IFN drug with the OV through direct 
injection, our cancer-targeting gene-viro-therapy strategy 
capitalizes on an optimal time window for virus replica-
tion and therapeutic gene expression (L-IFN). We have 
conducted comprehensive in vitro and in vivo studies to 
validate the safety and efficacy of YSCH-01. These investi-
gations strongly support our modification strategy, which 
exhibits enhanced potential for achieving an impactful 
oncolytic effect.

Materials and Methods

Ethics Statement

All human samples were collected with the approval 
of China Ethics Committee of Registering Clinical Trials 
(ChiECRCT20190201). All patient information and tumor 
samples were obtained with the informed consent of the 
patient before surgery.

Cell Culture

THE glioma cells included U-138 MG, LN-18, T-98G, LN-229, 
U-118 MG, U-87 MG, HFF-1, and U-87 MG-Luc were pur-
chased from National Collection of Authenticated Cell 
Cultures, Shanghai, China, which also provides STR pro-
filing information. All glioma cells were maintained in 
DMEM containing 10% FBS, except for U-138 MG which re-
quired an additional 1% non-essential amino acids. In ad-
dition, HFF-1 cell line was maintained in DMEM medium 
supplemented with 15% FBS. The culture conditions for all 
cells were 37°C and 5% CO2.

Establishment of Oncolytic Adenoviruses

The oncolytic adenovirus utilized in our study was devel-
oped by Shanghai Yuansong Biotechnology Co, Ltd. and 
is currently being used in a clinical trial (NCT05180851) 
for the treatment of various solid tumors, including breast 
cancer, lung cancer, and melanoma. The OncoMul-V2 used 
the human adenovirus type 5 (Ad5) genome as the back-
bone.16 Its E1A gene was deleted with a 24-bp sequence,17 
and its wild-type promoter was replaced with survivin pro-
moter. The YSCH-01 was constructed by inserting the com-
plete expression cassette of the L-IFN gene, a modified type 
I interferon gene, between the packaging signal region of 

Importance of the Study

Armed with interferon-like gene, YSCH-01 has further 
enhanced the efficacy of oncolytic virotherapy for ma-
lignant gliomas. In combination with in vitro and in vivo 

experiments, YSCH-01 shows unique remote tumor inhi-
bition effect, especially for recurrent GBM patients, and 
may have superior long-term survival benefits.
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Ad5 and the survivin promoter based on the structure of 
OncoMul-V2. The gene sequence of L-IFN was synthesized 
by multiplex PCR technique (General Biosystems, Anhui, 
China), and its expression was controlled by a human cyto-
megalovirus (HCMV) promoter.

Detection of the L-IFN Proteins in Supernatant

Briefly, GBM patient-derived primary tumor cells were 
seeded in 24-well plates at a density of 1 × 105 cells per 
well. After overnight incubation, those cells were treated 
with vehicle or infected with Mock (PBS), OncoMul-V2, 
replication-defective YSCH-01 or YSCH-01 at 1 ifu/cell. After 
72 hours, the L-IFN concentration in the cell culture su-
pernatant was measured using a commercially available 
human IFNα ELISA assay kit (#41100, PBL Assay Science, 
Piscataway, NJ, USA).

In Vitro Cytotoxicity Assay

Cells were plated on 96-well plates at a density of 4 × 103 
cells per well except U-87 MG at 1 × 103 cells per well. After 
overnight incubation, those cells were infected with 10 
μL oAds at different MOIs. Cell viability was determined 
4 days after viral infection by Cell Counting Kit-8 (CCK8) 
assay (#40203ES80, Yeasen Biotechnology, Shanghai, 
China), and the IC50 value was calculated with GraphPad 
Prism (ver. 8.0). All assays were performed at least 3 times.

In Vivo, Study to Evaluate the Antitumor Efficacy 
of OVs

Female Balb/c-nude mice at 4–5 weeks of age were pur-
chased from Lingchang Biotechnology Co., Ltd. (Shanghai, 
China). The mice were housed in a specific pathogen-free 
grade animal house, and the environment was controlled 
at a temperature of 20 to 26°C, a humidity level of 40% to 
70%, and a light cycle consisting of 12 hours of light, fol-
lowed by 12 hours of dark. All animal experiments were 
carried out in accordance with the National Institute of 
Health Guide for the Care and Use of Laboratory Animals.

Briefly, as for cell-derived xenograft (CDX) tumors, ali-
quots of 2 × 106 glioma cells were subcutaneously (s.c.) in-
jected into both flanks of the mice. When the tumor volume 
reached approximately 120 mm3, the animals were divided 
and received treatment into one side of the tumors. The 
tumor growth was measured every 3 days. The experi-
ment was terminated when the mean tumor volume in the 
Vehicle group reached about 2000 mm3.

For the intracranial glioma model, the subcutaneous 
U-87 MG-Luc tumor was removed and cut into tumor 
masses with a diameter of 0.5 to 1 mm. A tumor mass 
was transplanted intracranially (i.c) into the right lobe of 
nude mouse. After 7 days, the mice received treatments 
and the bioluminescence imaging (BLI) was performed 
(Viewworks, KOREA) every 7 days for 4 times.

For the Patient-derived tumor xenograft (PDX) model, 
human patient tissue samples were collected under the 
approval of China Ethics Committee of Registering Clinical 
Trials (ChiECRCT20190201). The recurrent glioblastoma 

tumor masses, which had been acclimatized to the 
fifth generation in immunodeficient mice, were trans-
planted on the right flank of nude mice. When the tumor 
volume reached about 150 mm3, the nude mice received 
treatment.

Detection of Apoptosis

Glioma cells were plated on 12-well plates at a density of 
2 × 105 cells per well. Following an overnight incubation, 
the cells were subjected to vehicle or infected with OVs 
at 10 MOI (LN-18, LN-229) in triplicate. After 48 hours, the 
cells were harvested for apoptosis detection (#40302ES60, 
Yeasen). The FACS assay was then performed with a flow 
cytometer (Agilent Technologies).

Western Blot Analysis of Cell Death-Related 
Proteins

Glioma cells were plated on 6-well plates at a density of 
4 × 105 cells per well. After overnight incubation, the cells 
were treated with vehicle or infected with OVs at 10 MOI 
(LN-18, LN-229). Briefly, after 48 hours later, aliquots of 
total 20 ug protein mixture were separated and trans-
ferred to polyvinylidene fluoride (PVDF) membranes. 
Protein bands were visualized using a chemilumines-
cence system (Tanon, Shanghai, China) in combination 
with enhanced chemiluminescence (ECL) detection re-
agents (#36208ES60, Yeasen). The primary antibodies in-
cluded: A-caspase 3 (#19677-1Ap, Proteintech, Wuhan, 
China), а-caspase 9 (#10380-1Ap, Proteintech), а-poly (ADP-
ribose) polymerase (PARP) (#9542, Cell Signaling, Danvers, 
MA, USA), а-LC3B (#2775s, Cell Signaling), and а-GAPDH 
(#CY6717, Abways). The secondary antibody (#33101ES60, 
Yeasen) was obtained from Yeasen Biotechnology Co., Ltd. 
(Shanghai, China).

Staining of Tumor Tissue Sections

In subcutaneously CDX models, tumors were collected 13 
days after the initial drug administration. The tissues were 
fixed and embedded in paraffin, cut into 3 um sections. 
For histological analysis, the sections were deparaffinized 
and stained with hematoxylin and eosin (H&E). Immuno-
histochemical analysis was performed on other sections. 
The primary antibodies used were а-Ki67 (#ab15580, 
abcam, Cambridge), а-CD45 (#ab208022, abcam), and 
а-CD31 (#ab182981, abcam). The HRP polymer secondary 
antibody and DAB reagents were obtained from the En 
Vision kit (#K5007, Dako, Denmark). Hematoxylin was used 
as a counterstain. Furthermore, additional sections under-
went the TUNEL assay with In Situ Cell Death Detection kit 
(#1168479591).

Toxicity and Pharmacokinetics Evaluation of 
YSCH-01 Intracranial Injection

Four to five-week-old hamsters were purchased from 
Beijing Vital River Lab Animal Technology Co., Ltd. 
and housed in a W-free environment, following a 
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protocol approved by the Institutional Animal Care and 
Use Committee. Prior to the experiments, the hamsters 
were acclimatized for 1–2 weeks.

To assess toxicity of YSCH-01, Syrian hamsters were 
randomly assigned into 3 groups at random. Each group 
consisted of 4 male and 4 female hamsters. After anes-
thetizing, intracranial injections of the drugs were per-
formed using a stereotaxic apparatus. Body weight were 
measured throughout the experiment. Brain tissues and 
major organs from hamsters treated with the drug were 
collected. Additionally, peripheral blood samples were 
collected from hamsters to analyze hemogram and liver 
function.

To quantify the copies of YSCH-01 vector, DNA was ex-
tracted from the samples using the tissue DNA extraction 
kit (#DE0596B, Emerther, China). Blood DNA was directly 
extracted from 200 μL thawed samples using blood ge-
nome extraction kit (#DE17002, Emerther) and the auto-
matic nucleic acid extractor. The copies of the YSCH-01 
vector in the tissue or blood DNA were determined using 
real-time PCR with Probe qPCR Mix (#RR392A, TAKARA, 
Japan).

To determine the content of L-IFN in the right brain, the 
collected tissues at different time points were dissolved 
in PBS (1g in 4 mL), homogenized, and centrifuged at 12 
000 rpm for 10 minutes at a low temperature. The super-
natants were then used for quantification using a human 
IFNa ELISA assay kit.

Statistical Analysis

All the data were expressed as the mean ± standard de-
viations (SDs). GraphPad Prism (ver. 8.0) was utilized for 
charting and statistical analysis. Certain specific analyses 
were performed using a one-way analysis of variance 
(ANOVA) or Log-rank (Mantel-Cox) test. Statistical signifi-
cance was considered at a P-value of < .05.

The details of methods can be found in Supplementary 
Materials.

Results

Modified oncolytic adenovirus armed with recombinant 
Type Ⅰ interferon that specifically targets glioma cells and 
be safe in the Syrian hamster model.

To enhance the targeting and efficacy of the oncolytic 
adenovirus, we implemented genetic engineering from 2 
perspectives: Modifying virus-specific initiation conditions 
and incorporating therapeutic genes. Initially, we mod-
ified the oncolytic adenovirus, named OncoMul-V2, by 
incorporating the survivin promoter and deleting 24 base 
pairs from the viral E1A genomic region (Figure 1A). These 
double modifications significantly improved the virus’s 
targeting ability towards glioma cells and tissues. Our find-
ings demonstrated that the IC50 of the modified virus on 
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human foreskin fibroblasts (HFF-1) cells was significantly 
higher compared to human glioma cell lines (U-87 MG, 
U-118 MG, LN-229, and LN-18) and GBM patient-derived 
primary tumor cell, indicating the safety of the modi-
fied oncolytic adenovirus on normal cells (Figure 1B and 
Supplementary Figure S1). In addition, we employed a 3D 
culture of patient-derived glioma tissue and found that 
the modified oncolytic adenovirus, labeled with the green 
fluorescent protein gene, expressed itself in tumor tissue, 
reaching its peak fluorescence intensity on the 14th day 
(Figure 1C and Supplementary Figure S2). Subsequently, 
we further equipped OncoMul-V2 with a gene encoding 
a novel recombinant Type I interferon (L-IFN), previously 
designed by our team (named YSCH-01) (Figure 1A). This 
recombinant L-IFN exhibited a greater affinity for the 

IFNAR1 chain of the IFN1 receptor, leading to stronger IFN1 
signaling and expression of IFN-inducible genes in human 
cells.15 As the virus infected and proliferated, the L-IFN 
gene was transcribed, translated, and released into the 
extracellular fluid in GBM patient-derived primary tumor 
cells (Figure 1D). Our triple modifications have endowed 
the adenovirus with enhanced targeting towards glioma 
and increased oncolytic potency.

Considering that adenoviruses replicate 1000-fold less 
efficiently in mouse cells than in human cells,18 we con-
ducted intracranial injections of YSCH-01 (0.25 × 109/ 
1 × 1010 VP per hamster) into the brains of Syrian hamsters. 
Syrian hamsters, one of the only 2 small mammals that 
support efficient adenovirus replication,19–22 were chosen 
to precisely evaluate the safety of the virus (Figure 2A). 
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Following virus injection, the hamsters exhibited a tem-
porary decrease in body weight, which gradually returned 
to normal levels (Figure 2B). Additionally, time-series ex-
periments were conducted to examine the viral phar-
macokinetics in the brain and major peripheral organs 
post-injection (Figure 2C and Supplementary Figure S3). 
The expression of L-IFN peaked on the first day after injec-
tion and then gradually decreased, only to increase again 
on the 7th day due to virus replication. Subsequently, the 
expression levels gradually declined, with only a few de-
tectable samples remaining after the 14th day (Figure 2D). 
Similar trends were observed in the YSCH-01 genomic 
copy numbers in brain tissue, major peripheral organs, 
and blood (Figure 2E). Collectively, the Syrian hamster 
model confirmed the replication capacity of the virus and 
the efficacy of L-IFN gene expression following intracranial 
administration.

YSCH-01 had better tumor-killing effectiveness in glioma 
subcutaneous xenografts and a distal tumor inhibition 
effect.

To validate the therapeutic efficacy of YSCH-01, we util-
ized different glioma cell lines to establish subcutaneous 
xenograft models in nude mice. For the LN-229 xenograft 
model, LN-229 cells were subcutaneously injected into the 
bilateral flank of nude mice. Once the tumors reached ap-
proximately 100 mm3 (24 days later), the mice were ran-
domly divided into 3 groups and injected with different 
drugs (vehicle, OncoMul-V2, YSCH-01) into unilateral tu-
mors at a dosage of 1 × 1010 VP/mouse. Tumor volumes were 
measured every 3 days. After 27 days of virus injection, the 
mice were euthanized for further analysis (Figure 3A). Our 
results demonstrated that YSCH-01 significantly reduced 
the tumor volumes on both the injection and contralateral 
sides. In contrast, treatment with OncoMul-V2 only mildly 
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suppressed the growth of the injected side tumor, without 
affecting the contralateral side (Figure 3B). Histological ex-
amination of tumor sections stained with HE revealed a 
significant reduction in the number of tumor cells and an 
increased infiltration of immune cells in tissues following 
YSCH-01 treatment (Figure 3C).

Similar experiments were also conducted using U-118 MG 
cells (Figure 3D). However, in contrast to the LN-229 mode, 
OncoMul-V2 exhibited a comparable tumor-killing effect to 
YSCH-01 at the injection site. Similar to the LN-229 model, 
OncoMul-V2 failed to suppress tumor growth in the con-
tralateral site, whereas YSCH-01 consistently demonstrated 
excellent efficacy (Figure 3E). The findings from HE staining 
images were in line with the tumor growth observed in the 
animal model. In tumors located on the injection side, both 
OncoMul-V2 and YSCH-01 led to a reduction in tumor cells 
and increased immune infiltration. However, only YSCH-01 
exhibited the ability to inhibit tumor cells (Figure 3F).

The oncolytic effect of YSCH-01 was further verified by 
intracranial glioma xenograft and patient-derived tumor 
xenograft.

To further confirm the efficacy of YSCH-01 in situ, we 
subcutaneously injected U-87 MG cells labeled with 
Luciferase into the unilateral hemisphere of nude mice. 

Bioluminescence imaging was performed 8 days after 
tumor implantation to monitor tumor growth. The mice 
were then divided into 3 groups and treated with either a 
vehicle, a single dose of YSCH-01, or 3 doses of YSCH-01 
(Figure 4A). Based on the fluorescence signal intensity 
and survival time, the results showed that a single injec-
tion of YSCH-01 significantly suppressed the growth of 
intracranial tumors and extended the survival time of the 
mice. While the 3-time repeat injections of YSCH-01 did not 
demonstrate a statistically significant advantage over the 
single injection (Figure 4B-D). Moreover, the inhibitory ef-
fect of YSCH-01 on distal tumors was confirmed in bilateral 
subcutaneous xenograft models (Figure 4E).

Furthermore, we aimed to investigate the oncolytic ef-
fect of YSCH-01 on heterogeneous tumor components. 
To achieve this, we established a recurrent glioblas-
toma patient-derived tumor xenograft by grafting cell 
suspensions derived from the patient’s tumor samples 
into immunodeficient mice (Figure 4F). Notably, YSCH-
01 exhibited significantly superior inhibition of tumor 
growth compared to treatment with TMZ (Figure 4G and 
Supplementary Figure S4A). Furthermore, YSCH-01 dem-
onstrated sustained tumor suppression even after a single 
dose (Supplementary Figure S5B).
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The results of in situ CDX and subdermal patient-
derived xenograft further confirmed the therapeutic ef-
ficacy of YSCH-01. The incorporation of dual promoter 
modifications on the adenovirus, along with the addition 
of the L-IFN gene, not only enhanced the killing effect on 
glioma models but also demonstrated a potential advan-
tage over TMZ treatment for recurrent glioblastoma.

YSCH-01 increased tumor cell apoptosis and inhibited 
tumor proliferation and angiogenesis.

In this study, we have successfully validated the safety 
and efficacy of YSCH-01 as a potential treatment for ma-
lignant glioma, both in vitro and in vivo. Additionally, we 
conducted molecular biochemical investigations to eluci-
date the underlying mechanism of YSCH-01 in inhibiting 
tumor cells. Our findings demonstrated that YSCH-01 in-
duced a significant increase in apoptosis in LN-18 human 
glioma cells, as evidenced by the results of flow cytometry 
(Figure 5A, B). However, this effect was less pronounced in 
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LN-229 cells (Figure 5C, D). The results observations were 
consistent with the results obtained from Western Blot anal-
ysis. Specifically, YSCH-01 treatment led to the up-regulation 
of Cleaved Caspase 3 and PARP cleavage in LN-18 cells, 
indicating the activation of the apoptotic pathway. In con-
trast, these effects were not as prominent in LN-229 cells 
(Figure 5E). Furthermore, immuno-histochemical staining 
images taken 13 days after YSCH-01 injection demonstrated 
a significant reduction in Ki67-positive U-118 MG tumor 
cells (Figure 5F), indicating a suppression of tumoral cell 
proliferation. Additionally, YSCH-01 treatment resulted in a 
decrease in CD31-positive cells, suggesting a significant re-
duction in angiogenesis within the tumor tissue at the injec-
tion site (Figure 5F). There was an increase in CD45-positive 
tumor cells after oncolytic viral therapy (Figure 5F). The 
TUNEL tests confirmed that tumor cell apoptosis was en-
hanced following YSCH-01 treatment (Figure 5G).

Discussion

We conducted a preclinical investigation to evaluate the 
safety and efficacy of YSCH-01, an oncolytic adenovirus 
carrying a recombinant interferon-like protein (L-IFN), for 
the treatment of malignant glioma. In a Syrian hamster 
model sensitive to human adenovirus and in human tumor 
tissues, we demonstrated that the inclusion of the Survivin 
promoter along with a 24-bp deletion ensured tumor-
specific infection and therapeutic safety of the oncolytic 
adenovirus. YSCH-01 exhibited superior long-term tumor 
inhibition and abscopal effect in both the CDX model of 
human glioma cell line and the recurrent-GBM PDX model.

The pharmacokinetics study of hamsters revealed 2 dis-
tinct peaks in the viral copy numbers of YSCH-01 and protein 
expression of L-IFN on days 1 and 7 following administra-
tion. These findings suggest that the fusion strategy of 
incorporating L-IFN therapeutic genes serves dual object-
ives by efficiently regulating local viral concentration while 
allowing ample space for viral replication. On one hand, as 
the YSCH-01 virus proliferates, the concentration of L-IFN 
concurrently increases at the first peak, impeding viral 
growth and maintaining a reasonable local concentration. 
On the other hand, as the first wave of L-IFN subsides, a per-
missive immune environment is established, promoting fur-
ther virus replication, which ultimately leads to the observed 
peak on day 7. The Cancer Targeting gene-viro Therapy 
strategy regards OV as not only therapeutic drugs but also 
therapeutic vectors. The piggyback strategies employed in 
the development of the next-generation oncolytic viruses 
primarily encompass direct therapeutic gene targeting for 
tumor eradication and targeted synergistic collaboration 
with other immunotherapies. In the field of combination 
therapy, the research and development of oncolytic virus 
therapy are changing from simple combination adminis-
tration to the design of specific target genes of oncolytic 
virus to specifically enhance the recruitment of CAR-T 
cells to solve the problem of insufficient abundance in the 
field of solid tumor treatment. For example, B7H3-targeted 
CAR-T cells were specifically recruited by an oncolytic ad-
enovirus expressing CXCL11 for the treatment of glioblas-
toma, which significantly enhanced the recruitment and 

chemotaxis of CAR-T cells and improved TME while playing 
oncolytic effect.23 As for direct therapeutic genes, they can 
be categorized into immune regulatory cytokines (such as 
GM-CSF,24 IL-2,25 L12,26 and IL1527), chemokines (including 
CCL5,28 CCL2029). Due to the limitation of viral vector ca-
pacity, how to select the best therapeutic gene becomes the 
main problem for this strategy. Although it is not possible 
to directly compare the advantages and defects of different 
gene-carrying strategies based on limited preclinical experi-
ments, in our current study, we further modified the inter-
feron gene (L-IFN) with the wild-type immune regulator to 
achieve significant in vivo efficacy of single gene carrying 
virus. At the same time, we also believe that with the pre-
cision modification of onboard therapeutic genes. Future 
oncolytic virotherapy also needs to evolve toward individu-
alized drug delivery. How to find the appropriate biomarker 
to predict the response of patients to different types of mod-
ified oncolytic viral therapy will be a major problem to be 
solved in the future.

Understanding the mechanisms underlying the oncolytic 
effect of adenoviruses, particularly their indirectly induced 
antitumor immune response, is vital for promoting long-
term survival in patients. Despite the notable distant effects 
observed with YSCH-01 in this study, a comprehensive ex-
ploration of the immune mechanism of this oncolytic virus 
is lacking due to the limited availability of suitable animal 
research models. It is worth noting that the replication 
ability of human adenovirus in rat or mouse cells is 1000 
times lower than in human cells, and Syrian hamsters do 
not provide readily available glioma tumor models. To over-
come this challenge, the literature describes the construc-
tion of an animal model using engineered Syrian hamster 
neural stem cells to investigate the immune mechanism of 
oncolytic adenovirus. Further elucidation of the immune 
mechanism of oncolytic virus therapy against tumors holds 
great promise in providing a theoretical foundation for the 
subsequent modification of oncolytic viruses.

Meanwhile, OncoMul-V2, a variant similar to the 
oncolytic adenovirus drug currently undergoing clinical 
trials, exhibited varying effects among different glioma 
cell lines. This observation suggests the presence of in-
herent differences in tumor cells, leading to heterogeneity 
in the effectiveness of oncolytic viruses within patients. 
Therefore, the identification of biomarkers that can ac-
curately predict therapeutic efficacy becomes crucial and 
presents a significant clinical necessity and challenge. 
Consequently, in the design of clinical trials, it is impera-
tive to place heightened emphasis on molecular profiling 
and analysis of patient tumor tissues.
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