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Abstract

Introduction: Newcastle disease virus (NDV) is a candidate oncolytic virus. This study assessed the preferential in vitro effects of the attenuated
LaSota NDV strain in p53-deficient H1299 non-small cell lung cancer (NSCLC) cells compared with BEAS-2B bronchial epithelial cells.
Materials and Methods: H1299 and BEAS-2B cells were infected with NDV LaSota at multiplicities of infection (MOls) of 1, 5, and 10 and
evaluated at 24, 48, and 72 h post-infection. MTT reduction, cytopathic effect (CPE) microscopy, Annexin V-FITC/PI flow cytometry, glucose
and lactate measurements, intracellular ATP assays, and hemagglutination (HA) assays were performed. Each condition was assessed in three
independent experiments. Publicly available LaSota-NDV RNA-seq data from KKU-055 and KKU-100 cells (NCBI BioProject PRJNA1114906)
were used for cross-cancer molecular validation.

Results: NDV induced a time- and MOI-dependent reduction in MTT-based metabolic activity that was more pronounced in H1299 than in
BEAS-2B cells. H1299 cells also exhibited greater CPE severity, higher Annexin V-positive fractions, and more pronounced reductions in glucose
consumption, lactate production, and intracellular ATP. At 48 h post-infection, HA titers increased with MOI, reflecting hemagglutinating
activity; however, HA titers are not equivalent to infectious virus titers. In the external dataset, LaSota NDV was associated with 368
differentially expressed genes (DEGs) in KKU-055 cells (321 upregulated and 47 downregulated) and 1,807 DEGs in KKU-100 cells (892
upregulated and 915 downregulated). In total, 131 genes were commonly altered, including six shared hub genes (DDX58, IFIH1, IRF7, ISG15,
GBP1, and DHX58), consistent with involvement of apoptosis, interferon, TNF-a/NF-kB, and IL-6/JAK/STAT3 pathways.

Conclusions: H1299 cells exhibited a preferential /n vitro response to LaSota NDV across multiple cellular and metabolic parameters. However,
direct evidence of infectious viral replication and its relationship to cytotoxicity remains to be established. Transcriptomic data support a
distinction between cell-killing programs in H1299 cells and the comparatively preserved responses in BEAS-2B cells. Further studies are
required to confirm infectious virus production and /n vivo relevance.
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Introduction
into a more inflammatory state.*’ Newcastle disease virus
(NDV), an avian paramyxovirus, has received sustained

Lung cancer remains the leading cause of cancer-related
mortality worldwide, and non-small cell lung cancer

(NSCLC) accounts for the majority of cases.'? Although
molecularly targeted therapies and immunotherapies have
transformed the management of selected NSCLC subgroups,
treatment resistance, tumor heterogeneity, and treatment-
related toxicity continue to limit durable disease control.>?
These support continued investigation of
therapeutic strategies that can selectively damage malignant
cells while engaging antitumor immunity.

Oncolytic virotherapy employs replication-competent
viruses to preferentially infect and lyse tumor cells and can
also convert an immunologically cold tumor microenvironment

limitations

attention as an oncolytic platform because of its tumor-
selective replication, broad experimental antitumor activity,
and favorable safety record in humans.®'® NDV-mediated
tumor killing involves direct viral cytotoxicity as well as
intrinsic and extrinsic apoptotic pathways and immuno-
modulatory mechanisms.'"'? The attenuated LaSota strain is
a well-characterized vaccine strain that provides a practical
experimental platform for evaluating NDV-host cell
interactions. !>

Recent studies continue to expand the evidence base for
NDV-based cancer therapy. In lung cancer models, NDV-
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based vaccination and virotherapy have been shown to
suppress tumor growth and promote antitumor immune
responses.”” NDV can also interact with cancer-cell
metabolism, including glycolytic and mitochondrial pathways.'®
Contemporary mechanistic studies have further identified
host factors and cell-death programs that influence NDV
susceptibility and oncolysis.!”!

The H1299 human NSCLC cell line lacks functional p53
expression and is therefore a useful model for investigating
oncolytic responses in a genetically defined, treatment-
relevant context.! This is important because metabolic
reprogramming, including increased dependence on aerobic
glycolysis, is a recognized feature of malignant cells.?’ For
oncolytic viruses, productive viral propagation and the extent
of tumor-cell killing are also closely linked, although viral
replication is not the only determinant of cytotoxicity.?!??
NDYV has consequently remained of translational interest as
both a direct oncolytic agent and a potential component of
combination cancer therapy.?

In this respect, the present study assessed the in vitro
performance of the NDV LaSota vaccine strain in the H1299
lung cancer line and used BEAS-2B bronchial epithelial cells
for comparison. The study evaluated multiple parameters,
including MTT-based metabolic activity, cytopathic
morphological changes, Annexin V/PI cell-death profiles,
cellular metabolic indicators, and hemagglutinating activity.
To provide molecular context without pooling data from
biologically distinct cell types, previously published RNA-
seq data from two human cholangiocarcinoma cell lines
infected with LaSota NDV were used as an independent
cross-cancer dataset. This approach was intended to
characterize the time- and dose-dependent oncolytic effects
of LaSota NDV in a p53-deficient NSCLC model while
acknowledging that direct infectious-virus titration remains
necessary to define the relationship between viral replication
and cellular damage.

Materials and Methods

Cell Lines and Culture Conditions

H1299 human non-small cell lung cancer cells and BEAS-
2B human bronchial epithelial cells were used. Cell-line
identifiers are provided for reference: NCI-H1299 corresponds
to ATCC CRL-5803 (19), and BEAS-2B corresponds to
ATCC CRL-9609;** a manufactured progeny of the BEAS-
2B lineage is available as ATCC CRL-3588.2%25 These
accession numbers are provided solely for cell-line
identification and do not indicate the original supplier, as
supplier records were not available in the archived data for
this revision. H1299 cells were maintained in RPMI-1640
medium (Gibco, USA), and BEAS-2B cells were maintained
in DMEM/F12 (Gibco, USA). Both media were
supplemented with 10% heat-inactivated fetal bovine serum,
penicillin (100 U/ml), and streptomycin (100 pg/ml) (Sigma,

USA). Cells were incubated at 37 °C with 5% COa.
Subculturing was performed using 0.25% trypsin-EDTA
when cultures reached 80-90% confluence.

Newcastle Disease Virus LaSota Vaccine Strain

The attenuated LaSota vaccine strain of Newecastle disease
virus (NDV) was used as the oncolytic agent. NDV was
propagated in 9—11-day-old specific-pathogen-free embryonated
chicken eggs. Allantoic fluid was collected after 48—72 h,
centrifuged at 3000 rpm for 10 min, aliquoted, and stored
at —80 °C. Virus-associated hemagglutinating activity was
determined using the hemagglutination (HA) assay and
expressed as hemagglutination units per milliliter (HAU/ml).'

Experimental Design and Viral Infection

H1299 and BEAS-2B cells were seeded in 96-well plates for
the MTT-based metabolic-activity assay and in 6-well plates
for apoptosis and metabolic analyses. At approximately 70—
80% confluence, cells were assigned to an untreated mock-
control group or to NDV-treated groups at the experimentally
recorded MOIs of 1, 5, or 10. Virus adsorption was
performed for 1 h at 37 °C with gentle agitation. The
inoculum was then removed, cells were washed with
phosphate-buffered saline (PBS), complete medium was
added, and samples were evaluated at 24, 48, and 72 h post-
infection. Post-infection HA measurements were used to
quantify hemagglutinating activity and were not treated as a
substitute for infectious-virus titration.

MTT-Based Metabolic Activity Assay

MTT reduction was used as an index of cellular reducing/
metabolic activity rather than as a direct cell-count viability
assay. At each time point, 20 pl of MTT solution (5 mg/ml)
(Sigma, USA) was added to each well and incubated for 3—4
h at 37 °C. Formazan crystals were dissolved in dimethyl
sulfoxide (Sigma, USA), and absorbance was measured at
570 nm using a microplate reader. The normalized MTT
signal was calculated as (A570 of NDV-treated cells / A570
of the corresponding mock-treated control) X 100 and
expressed as percent of the matched mock control.?

Morphological Assessment of Cytopathic Effects

NDV-induced morphological changes were examined by
inverted phase-contrast microscopy at 24, 48, and 72 h post-
infection. Cell rounding, shrinkage, detachment, membrane
blebbing, syncytium formation, and loss of monolayer
integrity were recorded. Cytopathic effect (CPE) severity
was summarized using the semi-quantitative scoring

approach applied in the original experimental dataset.!!

Annexin V-FITC/PI Flow-Cytometry Analysis
Cell-death analysis was performed using Annexin V-FITC in
conjunction with propidium iodide (PI) dual staining at 24,
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48, and 72 h post-infection. Cells were collected, rinsed with
cold PBS, and stained according to the manufacturer’s
recommendations.”’” The quadrants were designated as
follows: Q4, Annexin V—/PI- viable cells; Q3, Annexin
V+/PI- early apoptotic cells; Q2, Annexin V+/PI+ double-
positive cells compatible with late apoptosis and/or secondary
necrosis; and Q1, Annexin V—/PI+ primary necrotic cells.
The Q2 quadrant cannot be defined exclusively as late
apoptosis because it does not differentiate between late
apoptosis and secondary necrosis. The sum of Q2 and Q3
was reported quantitatively as the Annexin V-positive
fraction (Q2+Q3), not as total apoptotic cells.

Measurement of Cellular Metabolic Activity

Culture supernatants were collected at 24, 48, and 72 h and
used for glucose and lactate measurements with commercial
kit (Promega, USA) according to the manufacturer’s
recommendations. In all comparative graphs, glucose
consumption and lactate production are expressed as
percentages relative to the corresponding mock control,
which was set at 100%; lower percentages indicate lower
metabolic activity than the control.

ATP Measurement

Cellular ATP was quantified using the ATP Detection Assay
Kit-Luminescence (Item No. 700410; Cayman Chemical,
USA) according to the manufacturer’s protocol. Following
NDYV infection, cells were washed with pre-chilled PBS and
lysed with ice-cold 1x ATP Detection Sample Buffer. Ten
microliters of each lysate were mixed with 100 pl of ATP
Detection Assay Buffer containing the D-luciferin/luciferase
reaction mixture. After 15-20 min at room temperature in
the dark, luminescence was measured using a microplate reader
with luminescence-detection capability. ATP concentrations
were derived from the assay standard curve and expressed
relative to the corresponding mock-infected control, which
was set at 100%.

Hemagglutinating Activity Assay

Supernatants obtained at 24, 48, and 72 h after infection
were serially diluted in PBS and combined with 1% chicken
red blood cells. Hemagglutination was determined visually,
and HA endpoints were expressed in log2 HA units. HA
titers measure hemagglutinating ability but not virus
concentration, infectious agents, or successful viral replication.
Thus, TCID50 or PFU could not be calculated from HA
data.'#

External Public Transcriptomic Evidence

For external inter-cancer molecular validation, publicly
available data from Thanyaphoo et al.>* were used. The
original study investigated lentogenic NDV LaSota in
human cholangiocarcinoma cell lines KKU-055 (JCRB

1551) and KKU-100 (JCRB 1568). RNA-sequencing data
were analyzed 24 h after LaSota NDV exposure, while cell
counting and trypan-blue exclusion data were acquired 72 h
post-infection using 16 HAU per 10,000 cells. The authors
deposited raw FASTQ data in the NCBI Sequence Read
Archive under BioProject PRINA1114906 and provided
processed differential expression, pathway enrichment, and
hub-gene tables in PLOS ONE Supporting Information S1—
S4. In the present study, these published results were
organized into Supplementary Dataset S1 and used only to
assess whether cellular events observed in H1299 cells are
also evident in independently conducted human cancer
models treated with the same LaSota strain.

Biosafety and Ethical Considerations

Experiments involving live NDV and embryonated chicken
eggs were conducted under the institution’s approved
laboratory procedures and biosafety requirements. The study
used established cell lines and did not involve recruitment of
human participants or collection of identifiable human
specimens.

Statistical Analysis

Data are presented as mean = standard deviation (SD) of
three independent experiments (n = 3). GraphPad Prism was
used for analysis. Two-way ANOVA with Tukey’s post hoc
test was used to assess MTT-based metabolic activity and
Annexin V-positive fractions within each cell line, with
infection time and MOI as factors. One-way ANOVA was
used for H1299 CPE at fixed MOI and for HA titers at 48 h;
two-way ANOVA was used for BEAS-2B CPE and
metabolic endpoints. A p-value < 0.05 was considered
statistically significant. Exact p values or statistical symbols
are presented in the relevant figure legends. Public
transcriptomic data were summarized descriptively and were
not pooled with the primary H1299/BEAS-2B data for
inferential testing.

Results

Time- and MOI-Dependent MTT Reduction in HI1299
Cells

Treatment with NDV led to a greater reduction in the
normalized MTT signal in H1299 cells than in BEAS-2B
cells. In H1299 cells, MTT activity remained moderately
reduced at 24 h, with some MOIs showing reductions to 75—
80% of the mock control. At 48 h, the normalized MTT
activity decreased to approximately 55% at MOI 5 and 40%
at MOI 10. The most pronounced reduction occurred at 72 h
and MOI 10, reaching approximately 30% of mock activity.
In contrast, BEAS-2B cells-maintained MTT activity above
85% even at the highest MOI. Two-way ANOVA showed
significant effects of both MOI and time (p < 0.0001). These
changes in MTT signal should be interpreted as alterations in
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overall cellular reducing/metabolic activity rather than as
direct measurements of cell number. Because the original
figure and reader export file were unavailable, missing mean
values and error bars for some conditions, particularly at
MOI 1, could not be reconstructed; the reported values
therefore represent the descriptive data retained in the
archived manuscript.

Cytopathic Effects in H1299 Cells

CPE was assessed in H1299 cells at MOIs 1, 5, and 10 at 24,
48, and 72 h post-infection. Morphological injury increased
progressively with infection duration and viral dose. At MOI

1, CPE scores increased from 0.4 at 24 h to 0.8 at 48 h and
1.3 at 72 h. At MOI 5, scores were 1.2, 2.0, and 2.6 at 24,
48, and 72 h, respectively. At MOI 10, scores increased from
0.8 at 24 h to 1.8 at 48 h and 2.9 at 72 h. Early changes
consisted mainly of cell rounding. By 48 h, shrinkage,
membrane blebbing, loss of adhesion, and detachment
became more evident. At 72 h, the highest MOI produced
extensive monolayer disruption, syncytium formation, and
widespread cell death. The MOI-specific H1299 profiles are
shown in Figures 1-3. One-way ANOVA across time for
each fixed MOI confirmed significant progression of CPE
severity (p <0.05).

Time-Dependent Cytopathic Effects (CPE) in H1299 Cells
NDV Infection (MOI 1)
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Data are presented as mean + SD (n = 3). ** p < 0.01, *** p < 0.001 (one-way ANOVA with Tukey's post hoc test).

Figure 1. Semi-Quantitative Assessment of NDV-Induced Cytopathic Effects in H1299 Cells at MOI 1. CPE severity increased from mild cell
rounding at 24 h to greater shrinkage and detachment at 48 h and advanced morphological damage at 72 h. Data are presented as mean + SD (n = 3).

Time-Dependent Cytopathic Effects (CPE) in H1299 Cells
NDV Infection (MOI 5)
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Data are presented as mean + SD (n = 3). ** p < 0.01, *** p < 0.001 (one-way ANOVA with Tukey’s post hoc test).

Figure 2. Semi-Quantitative Assessment of NDV-Induced Cytopathic Effects in H1299 Cells at MOI 5 Across 24, 48, and 72 h Post-Infection. Data

are presented as mean = SD (n = 3).
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Time-Dependent Cytopathic Effects (CPE) in H1299 Cells
NDV Infection (MOI 10)
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Data are presented as mean + SD (n = 3). ** p < 0.01, *** p < 0.001 (one-way ANOVA with Tukey's post hoc test).

Figure 3. Semi-Quantitative Assessment of NDV-Induced Cytopathic Effects in H1299 Cells at MOI 10 Across 24, 48, and 72 h Post-Infection. Data

are presented as mean + SD (n = 3).

Cytopathic Effects in BEAS-2B Cells

BEAS-2B cells displayed substantially less morphological
injury than H1299 cells across the tested time points and
MOIs. CPE scores in BEAS-2B cells remained low, ranging
from 0.10 to 0.62 across all conditions. At 24 h, scores were
0.10, 0.18, and 0.30 for MOIs 1, 5, and 10, respectively. At
48 h, the corresponding scores were 0.22, 0.28, and 0.46,
and at 72 h they were 0.30, 0.40, and 0.62. By comparison,
H1299 cells reached a CPE score of 2.9 at MOI 10 and 72 h.
Only minor time- and dose-associated changes were
observed in BEAS-2B cells, and monolayer integrity was
largely preserved. Figure 4 presents the BEAS-2B data
together with the corresponding H1299 CPE panels to
facilitate direct comparison across cell types, time points,
and MOIs. Two-way ANOVA with time and MOI as factors
confirmed significantly lower CPE severity in BEAS-2B
cells than in H1299 cells.

NDV Suppresses Cellular Metabolic Activity in HI1299
Cells
NDYV infection was accompanied by progressive suppression
of metabolic endpoints in H1299 cells. At MOI 10, glucose
consumption in H1299 cells declined to 75%, 62%, and 50%
of mock levels at 24, 48, and 72 h, respectively. Lactate
production declined to 78%, 60%, and 55%, and intracellular
ATP declined to 70%, 58%, and 50% over the same time
points. In BEAS-2B cells at MOI 10, glucose consumption
remained at 95%, 93%, and 88% of mock levels; lactate
production at 95%, 93%, and 90%; and ATP at 96%, 93%,
and 91%.

At MOI 5, H1299 cells showed glucose consumption of
80%, 65%, and 55% of mock levels at 24, 48, and 72 h;

lactate production of 85%, 65%, and 60%; and ATP of 78%,
63%, and 52%. The corresponding BEAS-2B values
remained above 90% for glucose, 90% for lactate, and 92%
for ATP across all time points.

At MOI 1, HI1299 cells exhibited a milder but
progressive reduction, with glucose consumption of 90%,
80%, and 70% of mock levels at 24, 48, and 72 h; lactate
production of 88%, 75%, and 65%; and ATP of 88%, 72%,
and 60%. BEAS-2B cells at MOI 1 maintained glucose
consumption at 97%, 95%, and 93%; lactate production at
97%, 94%, and 92%; and ATP at 98%, 96%, and 94%.
Overall, metabolic suppression in H1299 cells was time- and
MOI-dependent, with the largest reductions observed at
MOI 10 and 72 h. BEAS-2B cells showed much smaller
changes, generally below 15%. Figures 5—7 present H1299
(Panels A—C) and BEAS-2B (Panels D-F) in corresponding
side-by-side panels for direct comparison at each fixed MOI.
Two-way ANOVA evaluated time and cell type for each
metabolic endpoint, followed by Tukey-adjusted comparisons
where applicable.

Time- and MOI-Dependent Annexin V/PI Changes

Flow cytometry using Annexin V-FITC/PI showed that
NDV infection in H1299 cells resulted in a progressive shift
from viable cells to populations positive for Annexin V. At
MOI 10, the Annexin V-positive fraction (Q2+Q3) was
37.1% at 24 h, increasing to 48.7% at 48 h and 62.5% at 72
h. In contrast, BEAS-2B cells at the same MOI and time
points showed markedly lower Annexin V-positive fractions
of 8.7%, 9.2%, and 9.9%, respectively. At lower MOlIs,
Annexin V-positive fractions were lower but increased with
time; however, the archived record provided quantitative
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Side-by-side comparison of NDV-induced cytopathic effects

Time-Dependent Cytopathic Effects (CPE) in H1299 Cells
NDV Infection (MOI 1)
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Time-Dependent Cytopathic Effects (CPE) in H1299 Cells
NDV Infection (MOI 10)
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Time-Dependent Cytopathic Effects (CPE) in H1299 Cells
NDV Infection (MOI 5)
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Cytopathic Effects (CPE) in Normal BEAS-2B Cells

(NDV Infection: Time and MOI)

S Mol
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48 h
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Figure 4. |de-by-Side Comparison of NDV-Induced Cytopathic Effects (CPE) in H1299 and BEAS-2B Cells. Panels A-C show the time-dependent

H1299 CPE profiles at MOlIs 1, 5, and 10, respectively, whereas

Panel D shows BEAS-2B CPE across the corresponding times and MOls. H1299

cells displayed substantially greater morphological injury under the tested conditions, while BEAS-2B CPE remained comparatively low. H1299
fixed-MOI panels were analyzed by one-way ANOVA across time; the BEAS-2B panel used two-way ANOVA with time and MOI as factors,

followed by Tukey-adjusted comparisons.

NDV-Associated Metabolic Changes at MOI 10
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At MOI 10, H1299 metabolic endpoints decreased over time, whereas smaller changes were observed in BEAS-2B cells.
These measurements should be interpreted with other cellular readouts and not as an independent measure of viable cell number.

Data are presented as mean + SD (n = 3). Statistical analysis: Two-way ANOVA with Tukey’s post hoc test.
Significantly different from Mock (0): * p < 0.05, ** p < 0.01, *** p < 0.001.

Figure 5. NDV-associated metabolic changes at MOI 10 presented in corresponding panels for direct cell-type comparison. Panels A-C show H1299
glucose consumption, lactate production, and intracellular ATP, respectively; Panels D—F show the matched BEAS-2B endpoints at 24, 48, and 72 h.
Data are mean = SD (n = 3). Two-way ANOVA evaluated time and cell type for each endpoint, followed by Tukey-adjusted comparisons as applicable.
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NDV-Associated Metabolic Changes at MOI 5
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At MOI 5, H1299 metabolic endpoints decreased over time, whereas smaller changes were observed in BEAS-2B cells.
These measurements should be interpreted with other cellular readouts and not as an independent measure of viable cell number.

Data are presented as mean + SD (n = 3). Statistical analysis: Two-way ANOVA with Tukey’s post hoc test.
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Figure 6. NDV-associated Metabolic Changes at MOI 5 Presented in Corresponding Panels for Direct Cell-type Comparison. Panels A-C show H1299
glucose consumption, lactate production, and intracellular ATP, respectively; Panels D—F show the matched BEAS-2B endpoints at 24, 48, and 72 h.
Data are mean = SD (n = 3). Two-way ANOVA evaluated time and cell type for each endpoint, followed by Tukey-adjusted comparisons as applicable.
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Data are presented as mean + SD (n = 3). Statistical analysis: Two-way ANOVA with Tukey'’s post hoc test.

*p<0.05 **p<0.01, ***p<0.001 compared to Mock (0).

Figure 7. NDV-associated Metabolic Changes at MOI 1 Presented in Corresponding Panels for Direct Cell-type Comparison. Panels A-C show H1299
glucose consumption, lactate production, and intracellular ATP, respectively; Panels D—F show the matched BEAS-2B endpoints at 24, 48, and 72 h.
Data are mean = SD (n = 3). Two-way ANOVA evaluated time and cell type for each endpoint, followed by Tukey-adjusted comparisons as applicable.
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values only for MOI 10. Q3 indicates early apoptotic
Annexin V+/PI— cells, whereas Q2 refers to Annexin
V+/PI+ cells that may include both late-apoptotic and
secondary-necrotic cells; therefore, Q2 cannot be strictly
interpreted as late apoptosis. Q4 represents viable cells, and
QI indicates primary necrotic cells. Representative gating
results are presented in Figure 8, and quantitative Annexin
V-positive fractions are shown in Figure 9. Two-way
ANOVA with time and MOI as factors confirmed significant
increases in Annexin V positivity in H1299 cells and
significantly lower values in BEAS-2B cells.

MOI-Dependent HA Activity at 48 h

HA titers in the culture supernatants of H1299 cells at 48 h
post-infection increased with MOI. The mean HA titers were
6.2, 84, and 9.8 log2 units for MOIs 1, 5, and 10,

respectively. One-way ANOVA with Tukey’s test indicated
significant differences between MOI groups, as shown in
Figure 10. These data demonstrate a clear MOI-dependent
increase in hemagglutinating activity; however, HA values
are not considered reliable for estimating the concentration
of infectious virus. The correlation between TCID50 and
cytotoxicity could not be analyzed because post-infection
TCID50 data were not available in the archived dataset.

Public LaSota NDV Transcriptomes: Conserved Cell-
Death and Antiviral Programs

The external public dataset provided molecular data from
independent cell comparisons using two human cholangio-
carcinoma cell lines infected with LaSota.?* At 24 h post-
infection, a total of 368 differentially expressed genes (DEGs)
were reported in KKU-055 cells, comprising 321 upregulated
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Figure 8. Representative Annexin V-FITC/PI Flow Cytometry Plots for H1299 and BEAS-2B Cells Across the Tested Times and MOls. Q4 (Annexin
V—/P1-) represents viable cells, Q3 (Annexin V+/Pl—-) early apoptotic cells, Q2 (Annexin V+/Pl+) a double-positive population compatible with late
apoptosis and/or secondary necrosis, and Q1 (Annexin V—/PI+) primary necrotic cells. Q2 was not interpreted exclusively as late apoptosis. The

descriptive Annexin V-positive fraction is Q2+Q3.

and 47 downregulated genes. In KKU-100 cells, 1,807
DEGs were identified, including 892 upregulated and 915
downregulated genes (Table 1). At 72 h, KKU-055 cells
reached total-cell levels of 23.31% and 68.46% of
corresponding mock controls, with live-cell fractions of
16.77% and 60.75%, respectively. These data indicate
significant variation in LaSota NDV effects across human

cancer cell lines, although the magnitude of the H1299
response remains unconfirmed.

In total, 131 genes were commonly affected across both
models. Network analysis identified DDXS58, IFIH1, IRF7,
ISG15, GBP1, and DHXS58 as six hub genes whose expression
was upregulated by LaSota NDV. Hallmark enrichment
showed that apoptosis, interferon-alpha response, interferon-
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Figure 9. Quantitative Annexin V-positive Fractions (Q2+Q3) in H1299 and BEAS-2B Cells Following NDV Infection. The plotted quantity is
reported as Annexin V positivity rather than definitive total apoptosis because Q2 (Annexin V+/Pl+) may contain both late-apoptotic and secondary-
necrotic cells. The H1299 fraction increased with time and MOI, whereas BEAS-2B values remained comparatively low. Data are mean + SD (n =
3); two-way ANOVA used time and MOI as factors within each cell line, followed by Tukey-adjusted comparisons as applicable.
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Figure 10. Hemagglutination (HA) Titers in H1299 Culture Supernatants at 48 h Post-Infection Across MOls 1, 5, and 10. Mean HA titers were 6.2,
8.4, and 9.8 log2 units, respectively. Data are mean + SD (n = 3); **p < 0.01, ***p < 0.001, ****p < 0.0001 (one-way ANOVA with Tukey’s post
hoc test). HA titers represent hemagglutinating activity and are not equivalent to infectious-virus TCID50 or plaque titers.

Table 1. Public LaSota NDV Transcriptomic Dataset Used for Cross-Cancer Molecular Validation. DEGs, differentially expressed genes; data from
Thanyaphoo et al.?*

- 1 - () - 1 0y
Public model RNA seq time Total DEGs Up DEGs Down DEGs 72-h total cells (% of 72-h live cells (% of

point mock) mock)
KKU-055 24 h 368 321 47 23.31 16.77
KKU-100 24 h 1,807 892 915 68.46 60.75

gamma response, TNF-alpha signaling via NF-xB, IL-6/ cell-death phenotype observed in H1299 cells, although it

JAK/STATS3 signaling, inflammatory response, and hypoxia- should be regarded as indirect corroboration rather than as
related programs were activated in both cell lines.?* Thus, direct transcriptomic evidence from H1299 cells themselves
the observed cross-model agreement is consistent with the (Table 1).
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Discussion
The present study demonstrates that the attenuated NDV
LaSota vaccine strain exerts time- and MOI-dependent
effects in p53-deficient H1299 NSCLC cells, with
substantially smaller effects in BEAS-2B bronchial
epithelial cells. The concurrent reduction in MTT-based
metabolic activity, increased CPE severity, higher Annexin
V-positive fractions, suppressed glucose consumption,
lactate production and intracellular ATP, and increased HA
activity in H1299 cultures provide internally consistent
evidence of a preferential in vitro response in the malignant
cell line. These findings are relevant to ongoing efforts to
engineer NDV-based platforms through transgene
expression and rational viral modification.?8-3

The differential response between H1299 and BEAS-2B
cells supports, but does not prove, tumor selectivity.
Previous work has shown that NDV can preferentially kill
malignant cells with altered apoptotic
responses.’! In the present experiments, increasing cell
rounding, shrinkage, detachment, syncytium formation, and
monolayer loss at higher MOI and longer infection times are
consistent with progressively stronger viral cytopathic
activity. MTT reduction provides additional evidence of
decreased cellular reducing/metabolic activity; however, it
should not be equated with direct viable-cell counting,

and antiviral

particularly because ATP, glucose consumption, and lactate
production were concurrently reduced. Because the study
was performed in established monolayer cultures, the
magnitude of the observed differential effect should not be
extrapolated directly to intact lung tissue or in vivo
therapeutic safety.

Flow-cytometric findings indicate that programmed cell-
death processes are an important component of the H1299
response. Previous studies with LaSota and other NDV
strains have documented apoptosis induction in cancer
cells,> and work in lung cancer systems has shown that
mitochondrial quality-control pathways can modulate the
balance between NDV propagation and intrinsic apoptosis.*
In the present analysis, Annexin V+/PI- cells were
interpreted as early apoptotic, whereas Annexin V+/PI+ cells
were reported separately because this double-positive
population can include both late-apoptotic and secondary-
necrotic cells. The increase in the combined Annexin V-
positive fraction (Q2+Q3) therefore indicates greater
Annexin V positivity but is not treated as proof that every
Q2 cell represents late apoptosis.

The metabolic findings add another dimension to the
cellular response. Decreases in glucose consumption, lactate
production, ATP, and MTT reduction were greatest under
conditions that also produced the strongest cytopathic and
Annexin V/PI changes. NDV infection is known to interact
with cellular energy metabolism and mitochondrial pathways.**
Nevertheless, reductions in metabolite consumption or

production and MTT signal in a strongly injured culture can
partly reflect loss of metabolically active cell mass.
Accordingly, the present data support an association
between NDV infection and metabolic disruption but do not
establish a specific causal metabolic pathway. Future work
using normalization to independently measured viable cell
number and pathway-specific metabolic-flux assays would
help distinguish direct metabolic reprogramming from
secondary effects of cell injury or loss.

The HA results showed that in H1299 culture supernatants,
hemagglutinating activity increased with MOI at 48 h. The
HA method can only show that virus-related hemagglutination
occurred and does not differentiate between infectious and
non-infectious virus particles; therefore, it cannot be used to
infer TCID50 or plaque titers. Consequently, no conclusion
can be drawn regarding infectious virus output or its
relationship to cytotoxicity from HA alone. Further studies
based on direct infectious-virus titration of supernatants at
different MOIs and time points will be needed to determine
whether infectious viral output correlates with the cytotoxicity
observed in cells. Another aspect of NDV that could
contribute to its therapeutic potential is the possibility of
triggering immune-mediated cell death and antitumor
immunity,3® which cannot be assessed in vitro.

The external transcriptomic evidence introduces an
independent molecular layer over the cellular findings while
illustrating that LaSota NDV responses are not uniform
across cancer types. The two publicly available CCA models
varied considerably in the magnitude of gene-expression
changes and in cell survival at 72 h but shared antiviral and
apoptosis-related pathways involving DDX58/IFIH1/IRF7,
interferon responses, apoptosis, TNF-alpha/NF-xB, and IL-
6/JAK/STAT3 signaling.3>%¢ The agreement between
apoptosis signaling and the H1299 Annexin V/PI and CPE
results increases biological credibility for a conserved death
signal associated with LaSota. However, the public data do
not confirm the magnitude of the H1299 phenotype, nor do
they validate the metabolic endpoints or infectious virus
production, because the external models use different cancer
genetics, doses, and molecular readouts.

Several limitations were identified. The study used two
previously validated cell lines, three independent experiments,
and semi-quantitative CPE assessment, without three-
dimensional cultures, additional NSCLC genotypes, animal
models, or independent direct viable-cell-count assays.
Annexin V/PI staining cannot differentiate late apoptosis
from secondary necrosis in the double-positive population.
Analyses of caspases, interferon pathways, mitochondrial
function, and viral gene expression were not included. In
addition, infectious virus titers were not determined, and HA
was not used as a surrogate for infectious titer; therefore, the
relationship between input MOI and productive infection
remains undefined. Moreover, certain manufacturer- and
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instrument-specific metadata were lost in the archival data
available for revision, making them impossible to
reconstruct without speculation. Another limitation is that
the external transcriptomic evidence was derived from
cholangiocarcinoma rather than NSCLC and was curated
from published studies rather than generated from matched
H1299 RNA-seq. Future work should include RNA
sequencing or targeted validation using H1299 and BEAS-
2B cells under precisely the same conditions as those
outlined in these assays.

Conclusion

The attenuated NDV LaSota strain induced preferential in
vitro effects in p53-deficient H1299 NSCLC cells compared
with BEAS-2B bronchial epithelial cells. Increasing MOI
and infection duration resulted in decreased MTT-based
metabolic activity, progressive cytopathic changes, increased
Annexin V positivity, and reduced glucose consumption,
lactate production, and intracellular ATP. HA titers increased
with MOI at 48 h, indicating enhanced hemagglutinating
activity; however, HA does not measure infectious virus,
and no infectious viral replication was demonstrated.
Overall, these observations indicate that LaSota NDV causes
cellular damage in H1299 cells that is less pronounced in
BEAS-2B cells. Further studies are required, including direct
infectious-virus titration, alternative viability assays, additional
NSCLC models, three-dimensional cultures, and in vivo
experiments, to confirm the therapeutic potential and safety
of this approach.
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