
Article

Not peer-reviewed version

Investigation of the Oncolytic Properties

of Newcastle Disease Virus on Feline

Lymphoma Cells

Talita Gabriela Luna Alves , Pedro Luiz Porfirio Xavier , Taismara Kustro Garnica , Arina Lázaro Rochetti ,

Thiago Henrique Annibale Vendramini , Felipe Haddad , Muhammad Munir , Márcio Antonio Brunetto ,

Heidge Fukumasu 

*

Posted Date: 12 January 2024

doi: 10.20944/preprints202401.0983.v1

Keywords: cat; virotherapy; oncolytic Newcastle Disease Virus; new therapies; cancer; lentogenic; in vitro;

immunotherapy

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3312063
https://sciprofiles.com/profile/2452220
https://sciprofiles.com/profile/999007
https://sciprofiles.com/profile/460283
https://sciprofiles.com/profile/1001975
https://sciprofiles.com/profile/984238


 

Article  

Investigation of the Oncolytic Properties of 
Newcastle Disease Virus on Feline Lymphoma Cells 

Talita G. L. Alves 1, Pedro L. P. Xavier ¹, Taismara K. Garnica ¹, Arina L. Rochetti ¹,  

Thiago H. A. Vendramini 2, Felipe Haddad ³, Muhammad Munir 4, Marcio A. Brunetto ²,5  

and Heidge Fukumasu 1,* 

1 Department of Veterinary Medicine, School of Animal Science and Food Engineering, University of Sao 

Paulo USP, 13635-900 Pirassununga, São Paulo, Brazil 
2 Pet Nutrology Research Center, Department of Animal Nutrition and Production, School of Veterinary 

Medicine and Animal Science, University of Sao Paulo—USP, 13635-900 Pirassununga, São Paulo, Brazil 
3 Advanced Cellular Therapy Laboratory, Fundação Hemocentro de Ribeirão Preto, 14051-140 Ribeirão 

Preto, São Paulo, Brazil 
4 Division of Biomedical and Life Sciences, Lancaster University, LA1 4YW Lancaster, United Kingdom 
5 In memorian 

* Correspondence: fukumasu@usp.br; Tel.: +55-19-3565-4063. 

Abstract: Lymphoma is the most prevalent type of cancer in cats, and the search for alternative treatments is 

of utmost importance given the significant number of animals that exhibit tumor recurrence or are 

unresponsive to conventional chemotherapy treatment. Oncolytic viruses possess a unique ability to target and 

eliminate cancer cells while simultaneously stimulating an immune response against these malignant cells. The 

present study aimed to explore the oncolytic potential of Newcastle Disease Virus expressing green fluorescent 

protein (NDV-GFP) in a feline leukemia virus (FeLV)-positive lymphoma cell line. Our research suggests that 

NDV-GFP has a propensity to selectively target, infiltrate, and replicate with-in feline lymphoma cells, 

resulting in the induction of apoptosis in these cells, as opposed to non-tumor cells. Therefore, our research 

provides evidence supporting the development of novel oncolytic therapies based on NDV for the treatment 

of feline lymphomas. 

Keywords: cat; virotherapy; oncolytic Newcastle Disease Virus; new therapies; cancer; lentogenic; 

in vitro; immunotherapy 

 

1. Introduction 

Lymphoma is one of the most common types of cancer in cats, and chemotherapy is often the 

treatment of choice for this disease [1–6]. The expected survival rate in animals treated with multi-

drug chemotherapy protocols is 6-9 months, and the remission rate is approximately 65-75% [7]. The 

response to therapy can be considered a prognostic indicator, as animals that do not achieve complete 

remission have a shorter survival time [1,8,9].  

Another factor that influences a negative prognosis regarding the response to chemotherapy is 

feline leukemia virus (FeLV)-positive status [1,10], an important factor to consider in regions where 

there is still a high correlation between lymphomas and FeLV infection [5]. In these animals, the 

survival time is usually much shorter (3-4 months) [7].  

The side effects of chemotherapy are also a significant concern. Leukopenia is a treatment-

limiting factor, and cats may also experience anorexia, weight loss, lethargy, nausea, vomiting, 

neutropenia, thrombocytopenia, anemia, azotemia, and elevated Alanine Aminotransferase (ALT) 

[2,5,8,11], this can result in delays in chemotherapy sessions and, consequently, an increased risk of 

relapses [8,12]. The effects presented are mainly related to the fact that the drugs used are non-

specific, affecting healthy cells as well. Additionally, cats have specific metabolic pathways that can 

result in higher drug accumulation in the body, an extended half-life, and an increased risk of toxicity 
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compared to dogs [13]. As a result, there is a need to stimulate the development of new drugs that 

can extend survival time and ensure a good quality of life for patients with lymphoma. 

The use of oncolytic viruses is a therapeutic approach that has gained prominence in recent 

years, as they can directly induce oncolysis and have effects on the immune system, thereby 

modulating the tumor microenvironment [14,15]. These viruses can selectively replicate, destroying 

tumor cells without causing harm to healthy cells[16]. Most strains chosen for use in this type of 

treatment are attenuated strains or strains that can infect and replicate in the chosen species without 

causing significant harm [17].  

The genetically modified herpes simplex virus, Talimogene laherparepvec (T-VEC), has been 

recognized by the United States Food and Drug Administration (FDA) and the European Medicine 

Agency [17]. This was a significant step in expanding research efforts aimed at the development of 

oncolytic virus-based therapies in human medicine and veterinary medicine, the latter of which has 

a smaller number of studies conducted in the field. 

The Newcastle Disease Virus (NDV) is another viral vector whose oncolytic activity has been 

observed in various types of cancer, including lymphoma in human cells [18,19]  and canine cells 

[18]. NDV is an enveloped, non-segmented virus with negative-sense RNA, belonging to the genus 

Avulavirus and the family Paramyxoviridae (APMV-1) [20,21], exhibiting variable virulence and 

circulates in both domestic and wild bird species, with the more virulent strains causing Newcastle 

Disease [22]. NDV has the ability to induce apoptosis through both the intrinsic and extrinsic 

pathways, as well as trigger innate and adaptive immunity [23,24]. Its selectivity for neoplastic cells 

is related to a low antiviral response mediated by type I interferon (IFN)[24,25] and the high 

expression of viral proteins by tumor cells, so that the abundant expression of sialoglycoproteins on 

the surface of cancer cells promotes preferential association with neoplastic cells at the expense of 

healthy cells [26,27]. 

Hence, this study aimed to evaluate the antitumor activity of a recombinant lentogenic NDV 

LaSota strain expressing the GFP protein (NDV-GFP) in a feline lymphoma cell line and a non-

tumorigenic feline cell line. 

2. Materials and Methods 

2.1. Cell line 

The cell line (FeLV3281) was previously isolated, characterized [28] and acquired from the Cell 

Bank Riken (Japan). These cells originated from a cat (Felis catus) with thymic T-cell lymphoma and 

were positive for the Feline Leukemia Virus subtype A. The cells were maintained in 75 cm2 flasks at 

37°C and 5% CO2 in Gibco Roswell Park Memorial Institute (RPMI) 1640 medium supplemented with 

10% fetal bovine serum (FBS) and 1% Pen-Strep antibiotic. The cells were observed daily using optical 

microscopy (Axio Vert A1, Zeiss, Jena, Germany). All reagents used for cell culture were purchased 

from Thermo Fisher Scientific (California, USA) unless otherwise specified.  

2.2. Virus titration and morphological analysis 

The virus used in this study was a genetically modified LaSota strain expressing GFP [29] (NDV-

GFP) and was kindly provided by Dr. Muhammad Munir (Lancaster University, UK). The virus titer 

was obtained by calculating the median tissue culture infectious dose per milliliter (TCID50/mL) using 

the Reed and Muench method [30]. Briefly, FeLV3281 cells (CEUAx Nº 7900110523) were seeded at 

4.5x104 cells/well in 96-well plates containing RPMI 1640 medium supplemented with 2% FBS and 

1% Pen-Strep antibiotic. The cells were exposed to different concentrations of the virus (10-1-10-11) and 

the cytopathic effects were monitored for five days. Images of the cells were captured in both bright-

field and fluorescence field using ZEISS—Axio Vert A1 with an Axio Can 503 camera attached using 

a 520 nm wavelength filter for green color (ZEISS, Jena, Thuringia, Germany). 
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2.3. Isolation of Peripheral Blood Mononuclear Cells (PBMCs)  

The blood samples used in this experiment were kindly provided by the Pet Nutrology Research 

Center (CEPEN Pet, FMVZ USP) for the isolation of peripheral blood mononuclear cells (PBMCs) 

following the adapted protocol of Passarelli et al. [31]. Briefly, 1 mL of total blood from each cat was 

collected in EDTA tubes, diluted 1:1 with 1x Phosphate Buffered Saline (PBS), and then carefully 

layered on top of Histopaque®-1077 (Sigma-Aldrich, Sao Paulo, Brazil). Isolation was performed 

according to the manufacturer's recommendations. The cells were then suspended in RPMI 1640 

medium supplemented with 10% heat-inactivated fetal bovine serum and 1% Pen-Strep antibiotic. 

Cells from one sample were promptly used for the NDV cytotoxicity analysis.  

2.4. Virus infection and replication in cell lines 

During viral titration, cells were periodically evaluated under a bright-field inverted microscope 

every 24 h for five days to assess any morphological effects possibly caused by the virus. Cells were 

also assessed under fluorescence using the same microscope to visualize the presence of the virus in 

the cells through GFP expression. For the cytotoxicity assessment assays, neoplastic cells and PBMCs 

were analyzed under a bright-field and fluorescent inverted microscope every 24 h for 1 day. In the 

bright field, differences between wells treated with different virus dilutions and the control wells 

(without the virus) were compared.  

2.5. NDV cytotoxic assay 

FeLV3281 cells were added to 96-well plates at a density of 1 × 104 cells/well in RPMI 1640 

medium supplemented with 2% FBS, 1% Pen-Strep antibiotic, 2% GlutaMAX, and 1% HEPES. Then, 

cells were exposed to NDV-GFP that had undergone serial dilutions in pure RPMI 1640 with a 

multiplicity of infection (MOI) of 1 x 100, 2 x 10-1, 4 x 10-2, 8 x 10-3, 1.6 x 10-3, 3.2 x 10-4, 6.4 x 10-5, and 

1.28 x 10-5 based on TCID50/mL. The assay was conducted in triplicates. The plates were incubated for 

up to 24h. The cells were observed under bright-field and fluorescence conditions, and images of each 

dilution were captured. To analyze the cytotoxicity of NDV-GFP, the half-maximal inhibitory 

concentration (IC50) of the virus was determined using the CellTiter-Blue® reagent (Promega, USA) 

cell viability assay. At the end of the viral treatment, 20μL of CellTiter-Blue® was added to all wells, 

and the cells were incubated at 37°C for 24 h. The plates were analyzed using a spectrophotometer at 

wavelengths of 540 nm and 630 nm (LMR 96, Loccus, Brazil), and cell viability was measured in terms 

of absorbance. IC50 was determined using GraphPad Prism software (version 8.0; San Diego, CA, 

USA).  

2.6. Cell death assay 

FeLV3281 cells were added to T25 cm2 flasks at a concentration of 1x106 cells per flask in RPMI 

1640 medium supplemented with 2% fetal bovine serum (FBS), 1% Pen-Strep antibiotic, 2% 

glutaMAX, and 1% HEPES. Subsequently, the cells were exposed to IC50 values calculated in the 

cytotoxicity assay. The assay was conducted in triplicate, with three flasks treated with IC50 

(treatment) and three flasks left untreated (control). The flasks were maintained in a CO2 incubator 

at 37°C for 24 h. The cells were observed under bright-field and fluorescent conditions, and images 

in each field were captured. To analyze whether the observed cytopathic effects were triggered by an 

increase in the number of apoptotic cells, a flow cytometry assay using propidium iodide (PI) was 

conducted following a protocol adapted from Riccardi et al. [32]. For this, the cells were centrifuged 

at 1200 rpm for 5 min, and the supernatant was discarded and resuspended in 500 μL of PBS. Cells 

were fixed in 4.5 mL of chilled 70% ethanol and stored at -20°C for at least 24 h. The cells were 

centrifuged at 400G for 5 min, the supernatant was discarded, and the cells were washed in 5 mL PBS 

and centrifuged at 400G for 5 min. The cells were then resuspended in 1 mL of PI staining solution 

(200 μg in 10 mL PBS and 2 mg DNAse-free RNAse) and incubated for half an hour at room 

temperature. 20.000 events were captured using a flow cytometer (S3TM Cell Sorter, BIO-RAD, 
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Hercules, CA, USA) with a 488-nm laser line for excitation, measuring red fluorescence (4600 nm), 

and side scatter. 

3. Results 

3.1. Virus titration 

The titer obtained for NDV-GFP in FeLV3281 was 3.433x106 TCID50/mL. The main cytopathic 

effects evaluated under bright-field inverted microscopy included cell rupture with debris release 

and cell retraction. We also observed a reduction in the number of cells per well in cells treated with 

higher concentrations of the virus (Figure 1). Syncytium formation was not observed in this cell line. 

After 120 h of exposure, cytopathic effects were not observed in 50% of the wells from the seventh 

dilution onwards, whereas cytopathic effects were observed in all wells up to the third dilution. 

 

Figure 1. Analysis of cytopathic effects in bright-field 120 h post-infection. It can be observed, 

respectively, the control (A) and the concentrations 10-11 (B), 10-8 (C), 10-5 (D), 10-4 (E), 10-3 (F), 10-2 (G), 

and 10-1 (H) MOI. At concentrations of up to concentration 10-8, the cell concentration was similar to 

that of the control (untreated cells). From a concentration of 10-5 onwards, confluence gradually 

decreased, suggesting a dose-dependent effect. 50x magnification. 

3.2. NDV-GFP is cytotoxic and induces apoptosis in lymphoma cells 

The oncolytic potential of NDV-GFP was assessed by determining its IC50 value in FeLV3281 

cells. A decrease in cell viability was observed at MOI= 4 x 10-2 to MOI= 1 x 100 (Figure 2). GFP 

expression was observed at all virus concentrations, except in the control, with higher expression and 

number of infected cells at higher virus concentrations. The calculated IC50 value (MOI) was 3.201 x 

10-1 ± 0.04. In cells treated with the concentration corresponding to the IC50, a reduction in cell 

confluence was observed, along with a higher presence of cellular debris (Figure 2). Additionally, GFP 

expression was observed at this same concentration (Figure 2), indicating that the observed effects 

were triggered by viral infection. 
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Figure 2. Determination of the cytotoxic effect of the virus on feline lymphoma cells. In (A), a gradual 

reduction in cell viability was observed, with a sharp decline after multiplicity of infection (MOI) of 

0.01, as exemplified by the images obtained in the bright and fluorescent fields. A decrease in the 

number of viable cells and Green Fluorescent Protein (GFP) expression was observed in cells treated 

with the half maximal inhibitory concentration (IC50) (C, E and G) compared to that in untreated cells 

(B, D and F). Images were captured in the bright (B and C) and fluorescent (D and E) fields. 

Additionally, bright-field and fluorescence images were overlaid (F and G) to further highlight GFP 

expression. Images were obtained using a 40X objective and an optical microscope. Arrows (C) 

indicate cellular debris. 
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We also observed a significantly higher occurrence of apoptosis in cells treated with the IC50 

(61.95% ± 2.20%) compared to untreated cells (1.97% ± 0.54%, p < 0.01; Figure 3). 

 

Figure 3. Analysis of apoptosis using propidium iodide (PI) nuclear staining. The FeLV3281 cell line 

was treated with IC50 calculated for apoptosis analysis. A and B, we compared the percentage of 

apoptotic cells (M1) and viable cells (M2) in cells that were not treated with the calculated IC50 (G) 

and cells that were treated with the IC50 (H) using flow cytometry analysis. 

3.3. Lymphoma cells are prone to infection and replication by NDV-GFP 

Based on the expression of GFP in cells after exposure to NDV-GFP, we observed that NDV had 

a greater capacity to infect and replicate in lymphoma cells than in control PBMC (Figure 4). 

 

Figure 4. Comparison between the infectivity levels of FeLV3281 cells and freshly isolated PBMCs. 

Untreated cells (A and C) and cells treated with MOI=1 (B and D) during a 24-hour cytotoxicity assay. 

Higher GFP expression is observed in neoplastic cells (B) than in healthy cells (D). 

4. Discussion 

In the present study, we provided evidence of the oncolytic properties of NDV-GFP in feline 

lymphoma cells, demonstrating that NDV exhibits a selective capability for invasion, replication, and 

elimination of cancer cells. Our findings demonstrate that NDV-GFP exhibits a discerning preference 

for cancer cells over peripheral blood mononuclear cells (PBMCs), as NDV-GFP specifically induces 
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apoptosis in cancer cells. This is supported by the limited viral infection and replication observed in 

non-cancer cells. Therefore, this study corroborates our (and others) previous findings on the high 

specificity of NDV for cancer cells in contrast to non-cancer cells in humans [33–38] and dogs 

[18,25,39,40]. 

Cats are particularly vulnerable to the development of blood-related tumors such as lymphoma, 

and there is an urgent need for new therapies. Given that animals may not respond or become 

resistant to standard therapy, some factors are also associated with a poorer response to treatment, 

and feline leukemia virus (FeLV) infection is an important factor to be considered [41]. FeLV can 

further worsen the quality of life for the patient, as the animal may present various clinical signs 

resulting from the infection, such as non-regenerative anemia, leukopenia, and thrombocytopenia 

[42]. Therefore, in addition to the deterioration of the patient's overall condition, they also become 

more susceptible to secondary infections due to immunodeficiency resulting from chemotherapy and 

FeLV. Thus, FeLV poses an even greater obstacle for animals undergoing chemotherapy. Therefore, 

the search for new therapeutic approaches for these animals with a worse prognosis becomes urgent. 

Interestingly, lymphomas in both humans and canines are susceptible to the lentogenic strain 

NDV-MLS compared to control cells (PBMCs), as shown by Sanchez et al. [18]. These findings are 

similar to those observed in our study, where NDV-GFP decreased the survival of feline lymphoma 

cells in a dose-dependent manner. The use of NDV as an oncolytic agent can be considered safe, given 

that it is a type of virus that naturally affects domestic and wild birds. In a study conducted with non-

human primates, intravenous administration of a high dose of NDV was considered safe, as it did 

not lead to the manifestation of severe disease or alterations in hematological and biochemical tests 

[43]. More severe infections in mammals typically result in mild clinical signs, such as conjunctivitis 

when exposed to more virulent strains or higher doses of the virus [44]. Additionally, NDV 

demonstrates selective viral replication, preferring to infect neoplastic cells. 

To directly investigate the selective viral replication of NDV in cancer cells, some studies have 

employed a genetically modified virus for GFP expression, allowing the observation of green 

fluorescence only in infected cells at different time points post-infection through fluorescence 

microscopy. In a study conducted by Fiola et al., weak, or nonexistent fluorescence signals were 

observed in non-tumor cells, while tumor cell lineages exhibited an exacerbated and prolonged 

expression, similar to what was observed in our work. In the same study, it was found that the 

replication cycle of NDV stopped after the production of positive-sense RNA in non-tumor cells. 

Conversely, in tumor cells, replication commenced from 10 hours post-infection and continued up to 

50 hours, with viral genome copying occurring within this timeframe [45]. 

NDV replicates less efficiently in healthy cells, mostly because of the active interferon-response 

pathways [25,46]. The NDV-GFP used in this work is especially useful because it allows for the 

evaluation of virus infection and replication in cells by the detection of GFP. Therefore, when we 

compared GFP detection in feline lymphoma cells and healthy cells (PBMCs) exposed to NDV-GFP, 

it was possible to conclude that cancer cells are more susceptible to NDV-GFP replication and cell 

death by apoptosis. NDV induces cancer cell death through different mechanisms, including the 

induction of apoptosis in response to viral infection [23,47]. Although we could not perform a 

quantitative cytotoxicity assay with PBMCs, we detected less viral replication in PBMC via GFP 

expression. In addition, extensive literature demonstrates the selectivity of NDV for cancer cells in 

contrast to non-cancer cells in humans and other species.  

To the best of our knowledge, this is the first study to demonstrate NDV as a potential oncolytic 

therapy for cancer in cats. The oncolytic effect of NDV-GFP in feline lymphoma cells is supported by 

the demonstration of viral infection and replication by GFP detection and confirmation of lymphoma 

cytotoxicity by the induction of apoptosis. Additionally, it was demonstrated that the virus 

preferentially replicates in lymphoma cells compared to healthy cells. In conclusion, these results 

support the development of new oncolytic therapies based on NDV candidates in this species, which 

is an urgent need owing to the disadvantages of the present adopted treatment modalities such as 

chemotherapy. 
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