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Autophagy and apoptosis are two key cellular pathways that are commonly promoted as therapeutic strategies
for inhibiting cancer growth. Newcastle disease virus (NDV) has shown strong potency as cancer therapeu-
tic agent and has been reported to induce both autophagy and apoptosis in malignant cells. NDV isolate
from Indonesia has demonstrated oncolytic activity; however, the underlying mechanisms are not yet fully
understood. Therefore, this study aimed to investigate the oncolytic mechanism of the Indonesian NDV isolate
Tabanan-1/ARP/2017 by examining the expression of mTOR and caspase-3. Paraffin-embedded tissue blocks
were obtained from a previous study. Six rats with breast cancer were divided into two groups: placebo group
receiving 0.5 mL PBS, and therapy group receiving 7 log, HAU of NDV Tabanan-1/ARP/2017 per 0.5 mL ad-
ministered intratumorally. Treatments were performed once daily for four consecutive days. After 15 days of
initial treatment, the tumor tissues were collected, processed into paraffin blocks, and immunohistochemically
stained with anti-mTOR and anti-caspase-3. The expression of both proteins was analyzed based on optical
density using Fiji (Imagel)). mTOR expression in the therapy group was significantly lower than in the placebo
group, whereas caspase-3 expression was significantly higher in the therapy group. These findings indicate that
NDV Tabanan-1/ARP/2017 therapy is associated with decreased mTOR expression and apoptosis induction, as
indicated by caspase-3 activation.

Introduction

Recently, there has been increased interest in virotherapy as cancer
treatment that use oncolytic viruses to selectively kill cancer cells (Lin et
al,, 2023). This approach represents as a potential alternative to conven-
tional therapy, such as chemotherapy that causes damage to non-target-
ed cells such as healthy cells (Juthani et al,, 2024). The high selectivity of
these viruses toward cancer cells is attributed to the presence of specific
receptors on the cancer cell surface and a tumor microenvironment that
supports viral replication (Al-Shammari and Salman, 2024). Newcastle
disease virus (NDV) is considered as strong potential cancer virotherapy
agent because it offers several advantages, including being non-patho-
genic to humans and posing minimal health risks to patients. Moreover,
it exhibits strong selectivity for cancer cells and does not exert cytotoxic
effects on normal cells (Ganar et al., 2014).

The NDV Tabanan-1/ARP/2017 from Indonesia has been reported
to possess oncolytic potential. Previous studies have demonstrated its
ability to suppress fibrosarcoma growth in mice and rat models (Sewoyo
et al., 2021; Rakhmawati et al., 2022), as well as to inhibit breast cancer
progression (Sewoyo et al., 2024; Sewoyo et al., 2026). Further research
has shown that this virus is able to reduce the expression of several bio-
markers, including Ki67 and VEGF in rat breast cancer models (Sewoyo et
al.,, 2026). The reduction of these proteins’ expression might be mediated
by apoptosis and autophagy induced by the virus.

Many have reported that NDV induces autophagy in cancer cells
(Meng et al, 2012; Bu et al, 2015; Ye et al, 2018; Kan et al, 2021). Au-
tophagy is a macromolecular degradation process that primarily targets
damaged proteins and organelles (Pyo et al., 2012). One of the signaling
pathways involved in autophagy regulation is the mTORC1-ULK1-AMPK
triangle. AMPK phosphorylates ULK1 at Ser555, thereby activating au-
tophagy, whereas mTORC1 phosphorylates ULK1 at Ser757, which leads
to the inhibition of autophagy (Gui et al, 2017; Wang et al., 2022). The

activated AMPK also contributed to decreased mTORC1 activity (Ren et
al., 2019). Suppression of MTORC1 releases this inhibition and allows au-
tophagy to proceed. In addition to autophagy, several studies have also
shown that the induction of apoptosis by NDV contributes to the inhibi-
tion of malignant tumor growth (Ghrici et al, 2013; Al-Shammari et al.,
2014; Wang et al., 2023; Al-Shammari and Salman, 2024). It is known that
one of cancer hallmarks is resistance to apoptosis (Hanahan, 2022), so in-
ducing apoptosis in cancer cells would be beneficial to reduce its growth.

Here we further investigated the oncolytic mechanism of NDV Ta-
banan-1/ARP/2017 in rat breast cancer models by assessing mTOR and
caspase-3 expression.

Materials and methods
Ethics Permission and Study Designs

This study received approval from the ethics committee of our fac-
ulty under permit number B/113/UN14.2.9/PT.01.04/2025. Paraffin-em-
bedded tissue blocks were obtained from a previous study (Sewoyo et al,
2026). Six virgin female Sprague Dawley rats with breast cancer (ductal
carcinoma in situ) experimentally induced with 7,12-dimethylbenz(a)an-
thracene were divided into two groups: placebo and therapy. Rats in the
placebo group received 0.5 mL of sterile PBS, while those in the therapy
group were administered NDV Tabanan-1/ARP/2017 at a dose of 7 log.
hemagglutination units (HAU)/0.5 mL. Both treatments were delivered in-
tratumorally once daily for four consecutive days. The observation period
is 15 days from the first day of treatment.

Immunohistochemistry

The paraffin-embedded tissue blocks were sectioned at a thickness
of 5 um, then mounted on glass slides and subjected to deparaffiniza-
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tion. Deparaffinization was performed using xylol | and II, each for 5 min,
followed by air drying for 10 min. The sections were then rehydrated
through a graded alcohol series (100% and 96%, 5 min each) and rinsed
with distilled water.

Antigen retrieval was conducted using a combined heat and enzy-
matic method by heating the slides in microwave (95°C) for 30 min in
citrate buffer. H202 (3%) in methanol was used to block endogenous
peroxidase. The primary antibodies used were anti-mTOR polyclonal an-
tibody (Catalog No. bs-3494R, Bioss Inc., USA), diluted at 1:50 and an-
ti-caspase-3 monoclonal antibody (Catalog No. bsm-552297R, Bioss Inc.,
USA), diluted at 1:100. The sections were incubated with the primary an-
tibodies overnight at room temperature, then washed twice with PBS for
4 min each. Subsequently, anti-mouse and -rabbit polymer conjugated
with horseradish peroxidase (Catalog No. 414151F, Nichirei Biosciences
Inc., Japan) was applied then incubated for 1 h at room temperature. The
slides were then washed with PBS. Diaminobenzidine (DAB) was used as
the chromogen and incubated for 5 min to visualize antigen-antibody
reactions.

Counterstaining was performed using Mayer's hematoxylin. The
sections were dehydrated through 96% and 100% ethanol (5 min each),
cleared in two changes of xylol (5 min each), and finally mounted with
Entellan® and covered with a coverslip.

mTOR and Caspase-3 Assessment
Observations were carried out using an Olympus CX53 microscope

equipped with digital camera (OptiLab®). Images were captured and an-
alyzed using Fiji (Image)) software. The initial step of image processing
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involved color deconvolution to separate the DAB and hematoxylin stain-
ing. Quantitative analysis was then performed on the DAB-stained images
that converted into 8-bit. Optical density (OD) was calculated using the
formula in which OD equals the logarithm of the ratio between the maxi-
mum intensity and the image intensity, where the maximum intensity for
8-bit images was set to 255 (Akram et al., 2023). Observations were made
in five different fields of view at 400x magnification, and the OD values
were then calculated each field and averaged to represent the expression
for each sample.

Statistical Analysis

The OD values for mTOR and caspase-3 were analyzed using an in-
dependent t-test with Statistical Package for the Social Sciences (IBM) for
Windows. A p-value<0.05 was considered statistically significant.

Results

The mTOR expression was evaluated using immunohistochemistry in
both the placebo and therapy groups. Positive cells against anti-mTOR
were observed in the cytoplasm, appeared brown in color. Placebo group
showed a stronger brown staining intensity compared to the therapy
group (Figure 1a,b). The OD value in the therapy group was significantly
lower than that in the placebo group, and statistical analysis using t-test
showed a significant difference (p<0.05, Figure 1c, Table 1).

Positive cells against anti-caspase-3 were observed in both nucleus
and cytoplasm, appeared brown in color. The therapy group showed a
stronger brown staining intensity, while placebo group almost none were
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Figure 1. Immunohistochemical staining with anti-mTOR (a, b) and anti-caspase-3 (d, e). (a) Placebo group showing intense and more extensive mTOR staining compared to (b) the therapy
group. (c) OD values of mTOR expression between the placebo and therapy groups. (d) Caspase-3 was not expressed in tumor cells of the placebo group, whereas (e) the therapy group
showed several positive cells. (f) OD values of caspase-3 expression between the placebo and therapy groups.

Table 1. The optical density (OD) of mTOR and caspase-3 in each group of treatments.

Treatment Rat no. mTOR Significance Caspase-3 Significance
1 0.035+0.020 0.002+0.001
Placebo 2 0.050+0.020 0.001+0.001
3 0.058+0.029 0.002+0.001
0.028* 0.048*
1 0.010+0.005 0.056+0.002
Therapy 2 0.015+0.004 0.051+0.001
3 0.011+0.002 0.013+0.001

Note: Placebo group was injected intratumorally with 0.5 mL PBS, whereas therapy group injected with NDV Tabanan-1/ARP/2017 7 log2 HAU/0.5 mL. *Significance level at p<0.05.

Analyzed with independent t-test.
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positive against anti-caspase-3 (Figure 1d,e). The OD value in the therapy
group was significantly higher than that in the placebo group, and statis-
tical analysis using t-test showed a significant difference (p<0.05, Figure
1f, Table 1).

Discussion

The mTOR is a central regulator of cell growth and metabolism, play-
ing an important role in autophagy and maintaining cellular homeosta-
sis (Forbes et al.,, 2011). Overactivation of mTOR occurs in approximately
70% of breast cancer cases and has been shown to contribute to tumor-
igenesis in both animal models and clinical cancer patients (Ciuffreda et
al., 2010; Lopez-Knowles et al.,, 2010). Because of its role in cancer pro-
gression, the mTOR pathway represents a key target for cancer therapy.
Inhibition of mTOR has been reported to increase apoptosis in cancer
cells and trigger autophagy, thereby helping to suppress cancer progres-
sion (He et al,, 2016; Pyo et al, 2012; Yun and Lee, 2018). However, it is
noteworthy that autophagy plays dual role in cancer, both tumor sup-
pression and promotor. Promoting autophagy can be beneficial in the
early stage of cancers and in apoptosis-defective cells, as autophagy can
induce cell death. Furthermore, autophagy can limit invasion and tumor
cells dissemination from primary site (Bhutia et al., 2013).

In this study, rats treated with NDV Tabanan-1/ARP/2017 showed
significantly lower mTOR expression compared to group that injected
with PBS. Ren et al. (2019) reported that the F and HN proteins of NDV
can suppress mTORC1 expression in A549 lung adenocarcinoma cells.
Both proteins induce cell membrane fusion, which activates AMPK. The
activated AMPK phosphorylates and inactivates Raptor, a component of
the mTORC1 complex, leading to decreased mTORC1 activity (Ren et al.,
2019). As previously mentioned, increased AMPK activity also phosphory-
lates ULKT at Ser555, triggering autophagy activation. On the other hand,
suppression of mTORC1 leads to dephosphorylation of ULK1 at Ser757,
thereby releasing the inhibition of autophagy (Gui et al., 2017).

Another study by Jiang et al. (2014) demonstrated that NDV/FMW
infection in paclitaxel-resistant A549 lung adenocarcinoma cells de-
creased PI3K/Akt/mTOR/p70S6K pathway activity, inducing autophagy
and enhancing the oncolytic effect. Similarly, Kim et al. (2024) reported
that infection with recombinant NDV carrying the PTEN gene in pan-
creatic cancer models with KRAS mutations significantly reduced PI3K/
AKT/mTOR pathway activity. This reduction not only suppressed tumor
proliferation but also increased apoptosis and inhibited tumor growth in
vivo. Based on these findings, the observed suppression of mTOR expres-
sion suggests a potential involvement of autophagy-related pathways.
However, no direct evidence of autophagy was assessed in this study,
and therefore, autophagy induction cannot be concluded. Further studies
examining autophagy-specific markers such as ULK1, Beclin-1, and LC3
are required to confirm this mechanism. Additional study is needed to
explain the specific signaling pathways involved in mTOR inhibition by
the virus. A reduction in mTOR expression following NDV therapy has
not been previously documented in breast cancer, making the findings
of this study novel.

This study showed increased caspase-3 expression following treat-
ment with NDV Tabanan-1/ARP/2017 compared to group that injected
with PBS. Caspase-3 is a key pro-apoptotic protein that functions as a
general marker of apoptosis (Noor et al., 2022). It acts as an apoptosis ex-
ecutioner, activated by caspase-8 in the extrinsic pathway or by caspase-9
in the intrinsic pathway (Boland et al, 2013). Many NDV isolates has
been reported to induce apoptosis through both pathways (Elankuma-
ran et al, 2006). In the intrinsic pathway, NDV infection promotes the
release of cytochrome c, which subsequently activates caspase-9 and
then caspase-3/7 to execute apoptosis. In the extrinsic pathway, NDV in-
duces apoptosis via the production of TRAIL and TNF-a, which activate
caspase-8, leading to the downstream activation of caspase-3/7 (Pathak
etal, 2023).

Ghrici et al. (2013) reported that NDV AF2240 rapidly activated the
apoptotic pathway through caspase-8 activation within two hours of in-
fection, followed by increased caspase-3 in MCF-7 breast cancer cells,
even before viral protein synthesis occurred. This early activation indi-
cates that apoptosis can occur independently of viral replication. Sim-
ilarly, Wang et al. (2023) demonstrated that the NDV LaSota strain in-
creased the expression of cleaved poly-[ADP-ribose]-polymerase (PARP),
caspase-3, and caspase-8 in canine mammary carcinoma cells both in
vitro and in vivo through TNF-o/NF-kB pathway, leading to apoptosis
induction. An increase in caspase-3 expression was also reported by
Al-Shammari et al. (2014), that local Iragi NDV strain administered intra-
tumorally to mouse mammary adenocarcinoma models resulted in sig-
nificant caspase-3 expression and extensive necrosis-apoptosis areas up
to 14 days post-infection. Furthermore, Al-Shammari and Salman (2024)
found that the NDV strain AMHAT1 effectively induced apoptosis in met-
astatic breast cancer cells through caspase-3 activation and proliferation
suppression, as indicated by decreased Ki67 expression, without causing
damage to normal cells. Together, these findings confirm that apoptosis
induction is one of the key mechanisms of NDV in suppressing malignant
tumor growth, as also demonstrated by NDV Tabanan-1/ARP/2017 in this
study. Further research is needed to determine whether NDV Tabanan-1/
ARP/2017 induces apoptosis through the intrinsic pathway, the extrinsic
pathway, or both.

Conclusion

Intratumoral therapy of NDV Tabanan-1/ARP/2017 in rat breast can-
cer models is associated with decreased mTOR expression and induction
of apoptosis, as indicated by caspase-3 activation.
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