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Beclinl-armed oncolytic Vaccinia virus enhances the therapeutic
efficacy of R-CHOP against lymphoma in vitro and in vivo
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Abstract. Non-Hodgkin lymphoma (NHL) is a form of
lymphoid malignancy, with diffuse large B cell lymphoma
(DLBCL) being the most common NHL isoform.
Approximately half of patients with DLBCL are success-
fully cured via first-line Rituximab, Cyclophosphamide,
Epirubicin, Vindesine, Prednisolone (R-CHOP) treatment.
However, 30-40% of patients with DLBCL ultimately suffer
from treatment-refractory or relapsed disease. These patients
often suffer from high mortality rates owing to a lack of suit-
able therapeutic options, and all patients are at a high risk of
serious treatment-associated dose-dependent toxicity. As such,
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it is essential to develop novel treatments for NHL that are less
toxic and more efficacious. Oncolytic Vaccinia virus (OVV)
has shown promise as a means of treating numerous types of
cancer. Gene therapy strategies further enhance OV V-based
therapy by improving tumor cell recognition and immune
evasion. Beclinl is an autophagy-associated gene that, when
upregulated, induces excess autophagy and cell death. The
present study aimed to develop an OVV-Beclinl therapy
capable of inducing autophagic tumor cell death. OV V-Beclinl
was able to efficiently kill NHL cells and to increase the
sensitivity of these cells to R-CHOP, thereby decreasing the
dose-dependent toxic side effects associated with this chemo-
therapeutic regimen. The combination of OVV-Beclinl and
R-CHOP also significantly improved tumor growth inhibition
and survival in a BALB/c murine model system owing to
the synergistic induction of autophagic cell death. Together,
these findings suggest that OV V-Beclinl infection can induce
significant autophagic cell death in NHL, highlighting this as
a novel means of inducing tumor cell death via a mechanism
that is distinct from apoptosis and necrosis.

Introduction

Non-Hodgkin lymphoma (NHL) is a form of lymphoid malig-
nancy that can manifest in lymph nodes and other lymphatic
organs (1). NHL is one of the 10 most common forms of cancer
globally, with ~500,000 newly diagnosed cases annually. There
are =40 major subtypes of NHL with various genetic, clinical,
and morphological features. Diffuse large B cell lymphoma
(DLBCL) is the most common form of NHL, accounting
for 30-40% of new cases. Rituximab, Cyclophosphamide,
Epirubicin, Vindesine, Prednisolone (R-CHOP) is the first-line
standard of care treatment for these patients and can achieve
a 60% overall survival (OS) rate (2); however, up to 40% of
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patients suffer from treatment-refractory or relapsed disease
with associated high mortality rate (3,4).Chemotherapeutic
drugs can cause extensive DNA damage within both tumor
and healthy cells (5), such that even patients that survive
chemotherapy suffer significant systemic toxicity and renal
failure in a dose-dependent manner (6).

A number of alternative therapeutic regimens have
been developed to overcome the aforementioned limita-
tions and toxicity of standard R-CHOP therapy, including
oncolytic Vaccinia virus (OVV) and gene therapies (7-9).
OVYV approaches allow for direct tumor cell targeting, whereas
gene therapy allows precise genetic manipulation in target
cells. A previous OVV and gene therapy-based study have
focused on the induction of apoptosis within tumor cells (10).
However, apoptosis is a complex process and certain tumor
cells are resistant to apoptotic cell death (11), limiting the
potential utility of correlative therapeutic strategies. In addition
to apoptotic death, cells can also undergo autophagic death.
Under normal physiological conditions, autophagy is a process
whereby cells respond to stress and maintain homeostasis
and proper protein folding by degrading intracellular protein
aggregates and organelles (12,13). Beclinl is a key regulator of
autophagy that facilitates co-localization of other autophagic
proteins to promote autophagosome formation and maturation
in mammalian cells (14). Beclinl has been found to function as
a tumor suppressor gene in breast, ovarian and other types of
cancer (15,16). The specific degree of autophagy is important:
Moderate levels of autophagy improve cell survival under
stressful conditions, whereas excessive autophagy triggers cell
death (17-19). Chemotherapeutic drugs cause extensive DNA
damage, but tumor cells can develop resistance to such damage
by modulating intracellular DNA repair capability (20).
Increasing autophagic activity within tumor cells can lead to
the degradation of these organelles and proteins associated
with DNA repair, potentially increasing their susceptibility to
chemotherapy (21-23).

The present study investigated a potential therapeutic
strategy aimed at increasing intratumoral Beclinl expression
levels as a means of inducing autophagic cell death, based on
previous research (24-26). OVV-Beclinl was developed as a
therapeutic approach to induce NHL cell death and increasing
sensitivity to chemotherapeutic treatment. Levels of the
autophagosome marker LC3B in NHL cells were assessed via
western blotting following OV V-Beclinl treatment to confirm
efficacy. Tumor inhibitory effects of OVV-Beclinl treatment
were confirmed via MTT and colony formation assays, as well
as an in vivo murine model system.

Materials and methods

Human samples, cell lines and reagents. Pathological biopsy
and paracancerous tissue samples were obtained from
10 patients with NHL that underwent fine-needle aspira-
tion and biopsy at Zhejiang Provincial People's Hospital
(Hangzhou, China) from January 2015 to December 2016. All
samples were collected in a manner consistent with Chinese
law and the study was approved by the Ethics Committee
of Zhejiang People's Hospital (approval no. 2019KY232),
and all patients provided written informed consent. As
DLBCL tumors are invasive, paracancerous tissue samples
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were selected from the same region as the primary tumor
(distance, >5 cm).

OCI-LY3 and Pfeiffer cells were obtained from the Cell
Bank of the Chinese Academy of Sciences (Shanghai, China),
and were grown in RPMI-1640 (HyClone; GE Healthcare
Life Sciences) containing 10% FBS (Gibco; Thermo Fisher
Scientific, Inc.) and 1% penicillin/streptomycin. Additionally,
293 cells were obtained from the Institute of Clinical Medicine
of Zhejiang Provincial People's Hospital and maintained in
DMEM containing 10% FBS, 2 mM L-glutamine (both Gibco;
Thermo Fisher Scientific, Inc.) and penicillin/streptomycin.
Cells were cultured in a humidified 5% CO, incubator at 37°C.

Anti-Beclinl (1:1,000; clone 2A4; cat. no. 4122),
anti-LC3A/B (1:1,000; clone D3U4C; cat. no. 13118) and
anti-P62 (1:1,000; clone Ser403; cat. no. 39786) were obtained
from Cell Signaling Technology, Inc., while anti-caspase-3
(1:500; cat. no. ab13847) was from Bioworld Technology.
Anti-PARP (1:500; cat. no. 100984-T46) was purchased Sino
Biological, Inc. and anti-pB-actin (1:1,000; cat. no. ER62585)
was from Huangzhou HuaAn Biotechnology Co.,Ltd. Acridine
orange stain was obtained from Vacutainer (Becton-Dickinson
and Company). For R-CHOP, Rituximab was from Roche
Diagnostics GmbH, Cyclophosphamide was from Baxter
Oncology GmbH, Epirubicin was from Shenzhen Main Luck
Pharmaceuticals, Inc., Vindesine was from Yangtze River
Pharmaceutical Group Co., Ltd. and Prednisolone was from
Pfizer, Inc.

Immunohistochemistry (IHC) and hematoxylin and eosin
(H&E) staining. Samples from patients with DLCBL (n=10;
median age: 70; range: 55-81 years) were fixed with 10%
formalin at room temperature for >24 h, embedded in paraffin
and cut into 4-ym sections. Sections were deparaffinized with
xylene, rehydrated using an ethanol gradient (100, 95, 90, 80
and 70%) and antigen recovery was performed using sodium
citrate buffer at 121°C and 80 kPa. Endogenous peroxidase
activity was quenched using a 3% H,0O, solution to treat
samples for 15 min at room temperature. Following three
washes in PBS, sections were stained with anti-Beclinl (1:200)
overnight at 4°C. Sections were then washed and stained with
appropriate horseradish peroxidase (HRP)-labeled secondary
antibodies for 30 min at room temperature, as previously
described (16). Sections were again washed with PBS, stained
for 15 min with 3'3'-diaminobenzidine at room temperature,
and then counterstained with hematoxylin at room tempera-
ture for 4 min. Sections were examined via light microscopy
(Shanghai Laika Microscope Co., Ltd.; magnification, x400)
and were then assessed with Image-Pro Plus software
(Image-Pro Express 6.0; Media Cybernetics, Inc.). A total of
five fields of view per sample was analyzed. After fixing the
tissue as aforementioned, the tissue was dyed with hematoxylin
for ~10 min, rinsed with PBS three times (3 min each), washed
with running water, dyed with eosin for 2 min, rinsed with
PBS three times (3 min each), dehydrated with alcohol and
xylene and finally sealed (all at room temperature), observed
and photographed under a light microscope.

OVV-Beclinl preparation and characterization. A homol-
ogous recombination approach was used for OVV and
OVV-Beclinl preparation, as previously described (27-29). The
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complete Beclinl gene sequence was amplified via PCR from
the plasmid (cat. no. HG11162-ACG; Sino Biological, Inc.) with
the following primers: Forward, 5'-CCGGAATTCACCATG
GAAGGGTCTAAGACGTCCAAC-3" and reverse, 5'-ACG
CGTCGACTTATCATTTGTTATAAAATTGTGAGG-3'. The
PCR conditions were as follows: Initial denaturation, 95°C,
3 min; denaturation, 95°C, 45 sec; annealing, 55°C, 45 sec;
elongation, 72°C, 90 sec (30 cycles) and final extension, 72°C,
5 min. This sequence was then inserted into the pCB plasmid
via molecular cloning. The sequence was verified, after which
pCB or pCB-Beclinl underwent homologous recombination
with wild-type Vaccinia virus in 293A cells, as previously
described (28). When significant infection and associated
suppression effects were evident, as previously described (30),
these 293 cell cultures were expanded and used to harvest
prepared virus particles. Viral particles were then purified by
repeatedly freezing and thawing (freezing temperature, -80°C;
thawing temperature, 37°C; 3 cycles at 15 min each). Cell
samples followed by ultracentrifugation (750 x g; 4°C; 10 min).
The median tissue culture infective dose for these OV'V particles
was then measured.

Acridine orange staining. Acridine orange was used to stain
acidic autophagosomes within NHL cells, as previously
described (31,32). Briefly, these cells were treated with PBS,
OVYV, or OVV-Beclinl (MOI, 50) for 48 h at 37°C and were
then stained with acridine orange for 15 min. Cell fluoresce
was then assessed via fluorescence microscopy (magnification,
x400; excitation, 560 nm; emission, 645 nm) as previously
described) (32).

Western blotting. Proteins in OCI-LY3 cells and murine
tumor tissue were extracted using RIPA (Beyotime Institute
of Biotechnology) buffer containing protease inhibitors, after
which a BCA assay kit was used to measure protein levels in
these samples. Equal amounts of protein (10 ug) were then
separated via SDS-PAGE (10-15%), and samples were trans-
ferred to PVDF membranes and probed at 4°C overnight with
appropriate primary antibodies. Membranes were blocked
with ~5% milk in TBST (0.05% Tween-20) for 1 h at room
temperature. Blots were then probed at room temperature for
1 h with secondary HRP-conjugated antibody (1:4,000; HuaAn
Biotechnology Co., Ltd) for 1 h. Protein bands were detected
via enhanced chemiluminescence detection system (Thermo
Fisher Scientific, Inc.) and quantification was performed using
ImagelJ software (1.48v; National Institutes of Health).

MTT assay. OCI-LY3 cells were seeded in 96-well plates
(2x10* cells per well) and cultured at 37°C for 12 h. PBS was
used as the control. In order to assess cell death, cells were
treated with the apoptosis inhibitor z-VAD and/or the autophagy
inhibitor bafilomycin A1 (BAFI1; both 10 xM; both Selleck
Chemicals). Following incubation at 37°C for 72 h, 20 ul MTT
reagent (Promega Corporation) was added to each well and
cultured for 4 h at 37°C with 5% CO,. Finally, the absorbance
was detected at a wavelength of 490 nm using a Microplate
Reader Model 550 nm. (Bio-Rad Laboratories, Inc.).

Colony formation assay and growth curves. OCI-LY3 cells
were infected with OV V-green fluorescent protein (GFP) or
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OVV-Beclinl(MOI=50 and 100) in a 6-well plate for 12 h
at 37°C, and the cell density is 10°/well. After which they were
washed twice in PBS, seeded in 24-well plates (density, 10*/ml)
in a solution containing 2.7% methylcellulose and 200 ul
FBS and cultured for 10 days at 37°C, after which colonies
(>50 cells) were counted via light microscopic examination.
(magnification, x10).

Murine xenograft experiments. Female nude mice (n=25;
age, 5 weeks; weight, 23.5 g) were raised in the Experimental
Animal Center of the Chinese Academy of Sciences
(Shanghai, China) received a subcutaneous right flank
injection of 1x10” OCI-LY3 cells. Mice received standard
diet and water ad libitum and were housed under specific
pathogen-free conditions. Beginning on day 9 after injec-
tion of OCY-LY3 cells, when tumors were ~100 mm?, tumor
volume was measured and animals were randomized into
five treatment groups (n=5/group): PBS (100 ul), OVV (10®
PFU/animal; intratumoral injection), OVV-Beclinl (108
PFU/animal; intratumoral injection), R-CHOP (Rituximab,
375.0; Cyclophosphamide, 750.0; Epirubicin, 50.0; Vindesine,
1.4; Prednisolone, 15.0 mg/m?; caudal vein injection) and
R-CHOP + OV V-Beclinl (administered with the same dosing
strategies as in the R-CHOP-alone and OV V-Beclinl-alone
groups). For mice administered R-CHOP therapy, Rituximab
(2.74 mg) was administered on day 1 (the day on which tumor
volume reached ~100 mm*) CHO (5.40, 0.36 and 0.01 mg,
respectively) was administered on day 2 (the day after
R-CHOP therapy) and Prednisolone (0.11 mg) administered
on days 2-5. For animals treated with both OV V-Beclinl and
R-CHOP, OV V-Beclinl was administered prior to R-CHOP
as aforementioned. Following treatment, tumor volume was
monitored every other day using calipers and calculated
as follows: 0.5 x length x width?. After 30 days, mice were
sacrificed via cervical dislocation. Tumors were harvested,
fixed with 10% formalin, paraffin-embedded and used for
downstream analysis as aforementioned. The Animal Center
of Zhejiang Chinese Medical University (Hangzhou, China)
approved the present study, which was performed in accor-
dance with appropriate guidelines and regulations (33).

Statistical analysis. SPSS 17.0 software (SPSS, Inc.) was used
for statistical analysis. Data are presented as the mean + SD
of three independent repeats. Continuous data were compared
via unpaired two-tailed Student's t-tests or two-way ANOVA
followed by Tukey's multiple comparisons post hoc test
as appropriate. The Kaplan-Meier approach and log-rank
test were used to compare survival outcomes and Prism
(version. no. 8.0.2; GraphPad Software, Inc.) was used to
construct figures. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Clinical characteristics of patients with NHL. The clinical
characteristics of patients with NHL are shown in Table I.
Beclinl expression levels in these NHL tumor tissue
samples were assessed via IHC, revealing notably decreased
Beclinl levels in tumor cells compared with normal control
cells (Fig. 1). Beclinl staining (brown) was very weak in NHL
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Table I. Clinical characteristics of patients with non-Hodgkin lymphoma. Beclinl levels were analyzed in 10 randomly selected
patients with DLBCL, revealing no association between Beclinl levels and patient sex, age or immunophenotype.

Patient Sex/age, years Classification Immunohistochemical staining results
1 Female/81 GCB CD3(-), CD20(+), CD45(-), CD10(+), PAX5(+)
2 Male/55 Non-GCB PAXS5(++), CD45(-), CD10(-), BCL-6(+), MUMI(+)
3 Male/62 Non-GCB CD3(-), CD20(+), CD45(-), CD10(-), BCL-6(-), MUMI(-)
4 Male/64 GCB CD3(-), CD20(+), CD45(-), CD10(-), BCL-6(+), MUMI(-)
5 Male/77 Non-GCB CD3(-), CD20(+), CD45(-), CD10(-), BCL-6(+), MUMI(+)
6 Female/67 Non-GCB CD3(-), CD20(+), CD45(-), CD10(-), BCL-6(+), MUMI(+)
7 Female/76 Non-GCB CD3(-), CD20(+), CD45(-), CD10(-), BCL-6(+), MUMI(+)
8 Male/55 Non-GCB CD3(-), CD20(+), CD45(-), CD10(-), BCL-6(-), MUMI(+)
9 Female/51 Non-GCB CD3(-), CD20(+), CD45(-), CD10(-), BCL-6(-), MUMI(+)
10 Female/63 Non-GCB CD3(-), CD20(+), CD45(-), CD10(-), BCL-6(+), MUMI(+)

Pan B cell type: CD3(-), CD20(+), CD45(-), PAX5(+). GCB: CD10(+) or BCL-6(+), MUMI(-). Non-GCB: CD10(-), MUMI(+) or BCL-6(-),
MUMI(-). DLBCL, diffuse large B cell lymphoma; GCB, germinal center type DLBCL.

™ &7,
Ty
Patit~)nlt‘4‘s '-'j‘

av

. :
L
#

< ¥
‘v

@

Figure 1. Beclinl expression levels are decreased in patients with DLBCL. DLBCL (affected lymph nodes) and adjacent normal tissue were stained for
Beclinl. Cytoplasmic Beclinl levels (brown) were lower in DLBCL compared with paired normal tissue. Representative images are shown. Scale bar, 50 ym.

DLBCL, diffuse large B cell lymphoma.

tissue, suggesting that Beclinl downregulation may be associ-
ated with NHL progression.

Assessment of OVV-Beclinl infectivity in NHL cells.
OVV-Beclinl was generated via homologous recombination
(Fig. 2A). OVV infectivity was assessed using an OVV-GFP
construct, which was used to infect the OCI-LY?3 and Pfeiffer
NHL cell lines. These cells were readily infected by this
virus, with a dose-dependent increase in the frequency of
GFP-positive cells from 30 to 60% on day 2 post-infection
as viral MOI rose from 10 to 50 (Fig. 2B and C). Autophagic
changes in cells were assessed. Western blotting demonstrated
that the OVV-Beclinl treatment was associated with notably
increased Beclinl and LC3B levels and decreased those of
P62 (Fig. 2D), suggesting that cytotoxicity was associated with

increased induction of autophagy. In order to confirm that the
OV V-Beclinl virus was capable of inducing autophagy in NHL
cells, Beclinl levels in these cells were measured via western
blotting; OV V-Beclinl led to a dose-dependent increase in
levels of this protein in NHL cell preparations (MOI=10-50).
By contrast, mock-infected cells exhibited relatively low
levels of Beclinl protein. Other autophagy-associated protein
levels in these cells were assessed, including levels of LC3B,
which forms during autophagy and is associated with the
membrane of autophagosomes, and SQSTM1(P62), which is a
ubiquitin-binding protein that exhibits decreased expression as
autophagy progresses (34). Measurements of these proteins in
OV V-Beclinl-infected NHL cells (Fig. 2E) further confirmed
that the virus was able to effectively induce autophagy within
NHL cells following infection. This indicates that these cells
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Figure 2. OVV-Beclinl infects NHL cells. (A) Structure of OV V-Beclinl. OVV and OV V-Beclinl were prepared via homologous recombination using VV-WT;
Beclinl expression cassette was introduced into the TK region of the virus. (B) OCI-LY3 and Pfeiffer cells were infected with OVV-GFP (MOI=10, 25 or 50)
and analyzed via fluorescence microscopy after 24 h (magnification, x200). (C) Quantitative analysis of fluorescence microscopy results. (D) OCI-LY3 cells
were treated with OVV or OV V-Beclinl (MOI=50); after 48 h, expression levels of Beclinl, LC3 and actin were measured via western blotting. (E) Western
blotting was used to quantify levels of Beclin-1, LC3A/B, and P62 in NHL cells at 48 h post-OV V-Beclinl infection. Actin was used as a loading control.
(F) Determination of virus titer to determine the time of optimal infection. Detection of virus titers after infection 24 and 48 h. (G) OV V-Beclinl inhibits NHL
cell proliferation. Compared with the OVV group, OV V-Beclinl significantly inhibited frontal growth of NHL cells. The inhibitory effect was greater as MOI
increased from 50 to 100. OVV, oncolytic Vaccinia virus; NHL, non-Hodgkin lymphoma; WT, wild-type; TK, thymidine kinase; Pse/L, synthetic early/late
promoter; P7.5, VV early-late promoter; gpt, mycophenolic acid resistance gene; ITR, inverted terminal repeat; GFP, green fluorescent protein.

were highly sensitive to OV V-Beclinl infection. Infection with
a 50 or 100 MOI dose of OVV-Beclinl notably inhibited cell
viability, as demonstrated by colony formation assay. In order
to ensure the best infection effect, virus titer was tested during
the experiment. The results showed that after 48 h infection, the
virus titer was significantly higher than at 24 h (Fig. 2F and G).

OVV-Beclinl induces autophagic cell death in NHL. Having
demonstrated that the OV V-Beclinl was capable of efficiently
infecting NHL cells and inducing autophagy, it was next deter-
mined whether this virus drove autophagic cell death. Levels
of apoptosis-associated proteins were measured via western
blotting; expression levels were not significantly altered
following OV V-Beclinl infection (Fig. 3A). In further support
of this result, treatment of NHL cells with the apoptosis inhib-
itor z-VAD did not prevent OV V-Beclinl-induced cell death
(Fig. 3B), indicating that death occurred in a caspase-indepen-
dent manner. During autophagy, acidic autophagosomes form
and interact with microtubule-associated protein LC3B (35).
Autophagic vesicles were therefore detected via staining with
acid-sensitive acridine orange (Fig. 3C). These autophagosomes

contained protein, debris and organelles such as mitochondria,
confirming successful OVV-Beclinl-mediated autophagic
induction. Treating these cells with the autophagy inhibitor
BAF]1 prevented OV V-Beclinl-induced cell death. Together,
these findings confirmed the ability of OVV-Beclinl to
induce autophagy in NHL cells, with BAF1 inhibiting this
process (Fig. 3D).

OVV-Beclinl and R-CHOP exhibit synergistic efficacy
in vivo. The aforementioned results were next assessed
in vivo to determine whether OVV-Beclinl in combination
with R-CHOP may be a viable treatment for NHL. A murine
NHL xenograft model was established by subcutaneously
implanting BALB/c nude mice with OCI-LY3 cells. After
tumors had grown to ~100 mm?, animals were randomized
into 5 treatment groups (PBS, OVV, OVV-Beclinl, R-CHOP
and OVV-Beclinl + R-CHOP). OVV-Beclinl was admin-
istered intratumorally every third day over the course of
three treatment cycles and PBS and R-CHOP were injected
via the caudal vein. Tumor volume in these mice was then
monitored =3 times per week, and animals exhibiting signs of
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Figure 3. OVV-Beclinl induces autophagic death of NHL cells. (A) Levels of apoptosis-associated proteins (PARP and caspase-3) were assessed via western
blotting using OCI-LY3 and Pfeiffer cells infected with OVV-Beclinl (MOI=0, 10, 25 or 50). Actin was used as a loading control. (B) OCI-LY3 cells were
treated with OVV-Beclinl in the presence or absence of z-VAD (10 uM) for 72 h, after which MTT assay was used to measure viability. (C) Autophagosomes
in NHL cells were stained using acridine orange following treatment with PBS, OVV or OV V-Beclinl (MOI=50) for 48 h. Finally, fluorescence was observed
under a microscope (magnification, x400). (D) OCI-LY3 cells were infected with OVV-Beclinl (MOI=50) in the presence or absence of 10 M BafAl
Viability was assessed via MTT assay. “P<0.05. OVYV, oncolytic Vaccinia vaccine; NHL, non-Hodgkin lymphoma; PARP, poly(ADP-ribose) polymerase;

ns, not significant; BafAl, bafilomycin Al.

terminal disease or excessive tumor growth were euthanized
(Fig. 4A). Mice treated with PBS or OVV exhibited larger
tumors than mice treated with OVV-Beclinl, R-CHOP or
OVV-Beclinl + R-CHOP, suggesting that OV V-mediated
Beclinl expression significantly suppressed tumor growth and
final tumor weight (Fig. 4B-C). Compared with OV V-Beclinl-
or R-CHOP-alone, combined OVV-Beclinl + R-CHOP
treatment significantly prolonged survival (Fig. 4D).

These results suggested that OVV-Beclinl treatment
was able to confer significant survival benefits. In order to
confirm that Beclinl levels were altered, Beclinl levels in
murine tumor tissue were assessed via IHC. This analysis
revealed that tumors from the PBS, OVV and R-CHOP
groups exhibited less pronounced Beclinl staining compared
with the OV V-Beclinl and OV V-Beclinl + R-CHOP groups.
This was confirmed this by calculating the frequency of
Beclinl-positive cells per unit area relative to that in the PBS
control group. H&E staining was performed to observe the
changes of cells in tumor tissue samples: Necrosis was highest
in the OV V-Beclinl + R-CHOP, indicating that the combina-
tion of OVV-Beclinl and OV V-Beclinl and R-chop exerted a
cytotoxic effect (Fig. 4E and F).

Discussion

A previous study (36) has demonstrated the value of OVV
approaches to cancer treatment, as these viruses exhibit
superior tumor selectivity and decreased toxicity compared
with traditional therapies (37-39). OVV is harmless in
normal cells but can effectively kill target tumor cells (40).
The OVV genome is large, stable and contains a number of
non-essential genes, making it an ideal vector for the delivery
of recombinant genes into tumor cells. Tumor-specific OVV
strains can be produced by deleting specific virulence genes
from the viral genome. The OVV genome is replicated in the
cytoplasm of cells, and thus has no significant risk of genomic
integration (41). In the present study, the Beclinl gene was
inserted into the OVV genome in a stable manner and these
OVV-Beclinl particles were used to infect NHL cells. Once
expressed in tumor cells, Beclinl induces autophagy and
increases the sensitivity of these cells to chemotherapy-induced
cell death (42). Beclinl-mediated autophagy can further lead
to the autophagic degradation of proteins and organelles
essential for chemotherapy resistance, rendering tumor cells
more susceptible to DNA damage and death (Fig. 5).
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Figure 4. Combination OVV-Beclinl and R-CHOP inhibits tumor growth in vivo. (A) Establishment of mouse model. A murine non-Hodgkin lymphoma
xenograft model was established by implanting BALB/c nude mice with OCI-LY3 cells. Blue arrow, i.t.; red arrow, i.v.; black arrow, S.C. (B) Tumor growth in
a murine diffuse large B cell lymphoma xenograft model system was monitored for 30 days. (C) Representative tumor images (n=5). (D) Tumor weight was
measured. (E) Murine survival was monitored; mice treated using OVV-Beclinl exhibited greater survival vs. other treatment groups (P=0.0072). (F) Tumor
sections from mice were used for Beclinl staining; positive cells stained brown. Scale bar, 50 pm. (G) Beclinl-positive cells relative to PBS control animals
were counted. Data are presented as the mean + SD. "P<0.05 and “P<0.01. OVV, oncolytic Vaccinia virus; R-CHOP, Rituximab, Cyclophosphamide, Epirubicin,

Vindesine, Prednisolone; i.t., intratumoral; i.v., intravenous; S.C., subcutaneous.

While a previous study focused on the development of thera-
peutic approaches capable of inducing apoptotic cell death (43),
other modes of cell death also serve as an effective anticancer
modality. However, induction of autophagic death is not always
successful, underscoring the importance of tailoring cancer
treatments to specific targets and disease types (44,45). Previous
studies have detected Beclinl downregulation in human

esophageal, breast, cervical, lung and liver cancer (46,47).
The upregulation of Beclinl can induce excessive autophagy
in leukemia cells, leading to their death (6). Here, the func-
tional role of Beclinl in NHL was investigated; Beclinl was
downregulated in this cancer type suggesting that these cells
may be sensitive to autophagic induction. These findings are
consistent with work by Huang et al (48) demonstrating that
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85% of patients with DLBCL exhibited decreased Beclinl
protein levels following R-CHOP treatment.

The present study developed an OV V-Beclinl vector which
could be used to infect NHL tumor cells and induce excessive
autophagy, culminating in cell death. Our previous research
showed that OV V-Bclinl exhibits good therapeutic effects
on leukemia and myeloma via dissolving tumor cells and
inducing autophagy death (30). Additionally, previous work
has shown that Beclinl upregulation in DLBCL increases
PI3KC3 expression and associated phosphorylated-AKT1
activation. Beclinl interacts with PI3KC3 and then with
autophagy-related 12, 5 and 16L and LC3B to facilitate the
gradual expansion and maturation of autophagosomes within
the cell (49). Autophagy has been found to serve a role in
R-CHOP resistance in patients with lymphoma, suggesting
that inducing autophagy may be a valuable therapeutic
strategy (30).

The present study was able to confirm that OV V-Beclinl
induced autophagic death of NHL cells, indicated by
detection of autophagosome formation in these cells.
OVV-Beclinl-treated cells did not undergo apoptotic death
and dose-dependent increases in virus-induced cytotoxicity
were not associated with increases in apoptotic staining
or protein levels. At low levels, the induction of autophagy
can help tumor cells resist treatment by degrading damaged
organelle and proteins. However, excessive autophagy can
lead to unrestrained destruction of functional proteins and
organelles, compromising cell viability and leading to tumor
cell death (50). Here, OV V-Beclinl-induced autophagic death

also resulted in the release of viral particles that can then
infect proximal tumor cells, leading to further cell death and
enhanced R-CHOP efficacy.
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