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Application of viral vectors in clinical trials to treat cancer
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IFNa-2b rAd-IFNa/Syn3 (Ad5)+ polyamid surfactant (Syn3); patients with
non-muscle-invasive bladder cancer (Boorjian, et al. Intravesical
Nadofaragene Firadenovec Gene Therapy for BCG-Unresponsive Non-
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Table 1. Comparison of viral vectors.

Virus Type Insert Capacity Cell Receptor/Tropism Advantages Limitations
DNA vectors
. high transduction o .
T . pre-existing viral
efficiency : :
up to 7.5 kb . . : ) immunity
Coxsackie Adenovirus . broad tissue tropism .
. up to 36 kb (fully ] et E . strong immune responses
Adenoviruses receptor (CAR); . availability of scalable : :
deleted helper . - against vector proteins
CD46 production system .
dependent Ads) e . biosafety concerns
. tumour-specific gene . :
(random integration)
romoters
. inherently tumour . replication-deficient
targeting Poxvirus vectors encoding
binding to . cytoplasmic replication heterologous antigens
glycosaminoglycans following e low prevalence of have a lower ability to
cell fusion; virus replication anti-vector immunity prime immune responses
Poxviruses up to 24 kb and spread are dependent on . large production of in humans than other viral
7.5 kb (MVA) epidermal growth factor clinical grade vectors
receptor (EGFR) signalling; preparations available . adaptive immune response
preferenfal replication in . stable in blood following against the vector
cancer cells intravenous injection e |[large virus particles |
and highly efficient hampering their
systemic delivery intratumoral spread
. potential neurovirulence
. C . (H5V-related encephahitis
. selective replication in . s
. genetically modified H5V
tumours vectors are not very
up to 40 kb . potent cytolytic efficient compared to
u ) (replication-deficient Herpesvirus Entry Mediator capability oncolvtic wilﬁ—tv
erpesviruses vector) and nectin 1 (HSV-1) . blood-brain barrier variants ype
up to 14 kb (H5V1) Crossing T —
. availability of scalable * pre-existing immune
- response Spunde et al,

production system

strong immune responses
against vector pmteins
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Virus Type Insert Capacity Cell Receptor/Tropism Advantages Limitations
RMNA vectors
. selective and efficient
.. intection ot
multiple receptors were replication in tumour tumour-associated DCs
d (phospholipids cells including in reduces their antigen
propose . P_ P . P_ ] tastases &
and gangliosides, nicotinic n:le . presentation properties
Rhabdovi 4.6 kb acetylcholine receptor, ¢ high CIH:CCII}?'EIC potential
abdovirises neural cell adhesion properties neurovirulence (VSV)
molecule, and low-density * ps:eudfznlt}.rpmg insufficiently
liprl‘GtE‘i]‘l gene famil}r capab111tles deve]gped largf_uscale
receptors (LDLR) * W manufacturing
blood-brain barrier technology
(VSV)
. low specific immune
response against the modest insert capacity
very low-density yector . . short tllme expression
lipoprotein receptor low pr&1mmumw pﬂtenhf;’ll
Alphaviruses up to 5 kb (VLDL-R) and .tu_mou.r tropism (SIN) peurc-jnlmlence (SFV)
apolipoprotein E receptor 2 ¥nduc tion Dfl insufficiently
(ApoER2) immunogenic cell developed large-scale
death vector production
. high level of system
transgene expression
. non-lytic infection of
dendpritic cells . )
o clficient CD8" T cell low insert capacity
preferentially infect immunity limited .d1rect oncolytic
Arenaviruses up to 2 kb monocytes, macrophages, e  weak neutralizing pr ':'Pe}'tllES
and DCs through binding antibody response insutficiently
to a-dystroglycan (a-DG) against the vector developed 131‘5‘5“5':319
. rare pre-existing vector production
anti-vector immunity system
. safe in human




Virus Type Insert Capacity Cell Receptor/Tropism Advantages Limitations
RNA vectors
immunoglobulin-like very low insert capacity
receptor, CD155; unstable genome
Nectin-like molecule 5 tumour tropism high levels of
(Poliovirus), neurotropism pre-existing immunity
Enteroviruses 0.3-1.7 kb coxsackie-adenovirus (Poliovirus) to polio vectors
receptor (CAR); RGD motif low pathogenicity insufficiently
of integrins oncolytic replication developed large-scale
(Coxsackievirus), other vector production
co-receptors system
insufficiently
vt i developed recombinant
the receptor is unknown, or'ic?} icrproper es vector platform
Reoviruses tL:p to 1.5 kb within blut.i:s thtc-ught ’En:- incllude ;Z?l—?:ﬂingenic i trarl'lsient expression
vo RNA segments  sialic acid and junctional anti-vector
adhesion molecules (JAMs) adults , pre-immunity
¢  tumour tropism (neutralising Abs)
very low insert capacity
different receptors: . T
up to 6 kb (Measles | MV 51gn§1 : ¢ |pDC maturation pre-existing immunity
. ymphocyte-activation : . (MV)
Paramyxoviruse virus, MV) molecule (SLAM or CD150) * sl s insuffici
yx 4.5 kb (Newcastle . e low seroprevalence insufficiently
. : CD46, Nectin-4 P developed recombinant
disease virus, NDV) (NDV) P

NDV: sialic acids on the
tumour cell surface

safe for human

vector platform




DAMPs
VIRAL INFECTION
Measles virus,
Coxsackievirus B3,
Semliki Forest virus,
Newecastle disease virus :
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PHYSICAL STRESS
Cancer cell
CHEMOTHERAPY
— DAMPs CRT
RECEPTORS CD91
Ma et al. Cefl Death and Disease (2020)11:48
httpsy//doiorg/10.1038/541419-020-2236-3 CE" Death & Dlsease

Characterization of virus-mediated immunogenic
cancer cell death and the consequences for
oncolytic virus-based immunotherapy of cancer

Jing Ma', Mahanraj Ramachandran', Chuan Jin', Clara Quijano-Rubia'?, Milka Martikainen', Di Yu®' and
Magnus Essand’

Adenovirus initiates
multiple cell death
pathways including
necroptosis,
inflammasome activation
and autophagy before
the tumor cells die by Ad-
mediated lysis.

VV mediated cell
lysis is primarily
accompanied by
induction of
necroptosis and
autophagy

SFV4 induces rapid cell lysis
accompanied by induction of
Immunogenic apoptosis

Necroptosis is not
associated with SFV4
infection
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Programming of tumour immune cells

Therapeutic strategies
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Effect

Anti-TGFB
Anti-VEGF
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Vascular endothelial cells

Angiogenesisl

Programming of tumour stroma

Relaxin Anti-TGFp
Hyaluronidase

ECM CAFs
Intratumoral virus spread, Invasionl

drug delivery and immune
cell infiltration




lable 4. Virus vectors encoding C}rtokines and other molecules tor remode]]ing umour

multiple immune cell populations.

Virus Veclor

Effect

Transgene (Virus Backbone) Model
Adenoviruses
TNFo A;STE?;V_ murine B16.OVA
melanoma; Ch7
L2 AdE'Eﬁ;‘“ILZ BL/6JOlaHsd mice
CMT-64 mouse small
SKL001 lung carcinoma, B16F10
Cﬁ"ﬁ?flzb SKL002 murine melanoma,
a4 Ad5 human A549 lung s.c.
xenograft model
Anti TGFRshENA murine
GM-CSF (in one vector) AdGshT B16BL6-CAR /E1B55
plus MART1 malignant melanoma;
(DNA /TAA) C57BL/6 mice
IL-12p35, IL-12p40; oAd/RLX ST"“Z“ h‘;‘lf‘stter.s":'
GM-CSF 0Ad/IL12/GM- an “rt. ‘;J':'Pl‘:
and RLX (relaxin) RLX pancreatic rumour
models.
IL-12 plus VEGF RdB/IL12/shVEGF m‘;ﬁ‘:ﬂ;’;m
binding shRINA (Adb) C57BL /6 mice

complete tumour regression in all animals

treated with anti-PD1 antibodies and
corresponding viruses; Thl immune
response and increased intra-tumoral
proportion of CD8" and CD4" T cells
selective replication and anti-tumour
activity after intravenous administration
was shown in mouse B16F10 melanoma
tumour and human tumour xenograft
model; combination of the viruses
potentiated anti-tumour activity
treatment by both DNA vaccine
expressing TAA (MART1) and oncolytic
adenovirus, encoding GM-CSF together
with shRNA to TGF-2 resulted in
significant anti-tumour effects, however,
complete regression of tumours was
not achieved
expression of IL-12, GM-CSF and RLX
mediated by a single oncolytic Ad vector
promoted remodelling of TME to
potentiate antibodies-based therapies
Efficient anti-tumour effect with massive
tumour infiltration of differentiated CD4"
T cells, CD8™ T cells, NK cells, and DCs.
Suppressed expression of VEGF,
supporting the restoration of the
anb-tumour ImMmune responss
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CCL2 AL LRI Neurc:—lila combined treatment led to the most
mlL-12 Mooz tumours s.c. syngeneic efficient tumour growth inhibition
(AICP34.5 oHSV) A /] mouse strain
oHSV2-1L12, -PDly, all vector variants 1_15eld asa s.lngle
IL-12 treatment have had a similar anti-tumour
-1L15, -1L7-CCL19, breast cancer 4T1 and .. ..
IL-15 . activity; the most potent activity was
-GM-CSF colon carcinoma CT26 , ,
PD1v . demonstrated for all five virus vector
AICP34.5 AICP47 murine tumour models: . .
GM-CSF oHSV2 (HG52 Balb /c mice combinations; the tumour re-challenge
IL7 plus CCL19 strain) exhibited that cocktail therapy prevents
secondary tumourogenesis
human breast cancer
SK-OV-3 cells, Lewis combined treatment with ant-PD1 led to
lung carcinoma murine significant inhibition of tumour growth
.12 R123 cell line expressing with complete tumour resection in case,
GM-CSF hHER2retargeted - g ventor systomic delivery of
(in one vector) AICP34.5 oHEV hHER2-transgenic double-armed virus combined with
C57BL/ 6 mice anti-PD1 inhibited the development of
(B6.Cg-Pds5bTg(Wap tumour metastasis
ERBB2)229Wzw /])
Poxviruses
the highest tumour growth inhibition was
murine s.c. tumours Luc observed in VV-1PDL1/GM treated
y B16-F10 melanoma: animals, compared to single treatments;
Pb- fuse;i:. ith IgG1 VV-iPDL1/GM Murine breast cancer CDS8 T cell depletion significantly
lus GM-CSF WER vvDD Py230 and MC38 colon abolished the systemic anti-tumour
P adenocarcinoma: activity of VV-iPDL1 /GM; increased DCs

C57BL/ 6 mice

(CD11c¢") infiltration was observed in
VV-iPDL1/GM treated mice




Enveloped virus
Icosahedron : 240 copies of 1 protein

AlphaViruses Spherical  : 65-70nm

Envelope :80 trimer spikes
each spike = 3 x E1/E2 heterodimers

icosahedron /

lipid bilayer

Surface glycoproteins

*RNA replication and high transgene expression
*No risk of integration

*Alphaviruses can target lymph nodes
*Dendritic cells infection

*Targeting cancer cells

*High virus titers

«Safe for human

*No vector preimmunity

*Transient expression

*Oncolytic properties

sInduce immunogenic cell death

Electron microscopy of recombinant SFV
particles. Negative staining, bar 50 nm.
(Zajakina et al, 2010)



Co-culture of 4T1/GFP cell spheroids with BMDM

48 h
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AT1/GFP (green), 48 h incubation with macrophages (unlabeled)

1 6 control (w/o M) 1 9MO 1 4M1

t=0.000sec 0 um 250 t=0.000sec

2 2 control 2 9MO

t=0.000s6ec 0 t=0.000s6C 0 pm 250 t=0.000sec




4T1/GFP (green) + M1 (red) 4T1/GFP (green) + MO red

t=0.000sec 0 25 t=0.000sec 0  um

tumour spheroids (green) were incubated with macrophages (red) for 24 h

NO test for sferoids

Observations: 40-

« downregulation GFP
intensity (M1)

304
« migration of GFP+ cells
out of the spheroid (MO)
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Inhibition of 4T1 tumour growth by i.t. injection of SFV/IFNg virus
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Inhibition of 4T1 tumour growth by i.t. injection of SFV/IFNg virus in combination with SFV/Relaxin
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conclusions
SFV/IFNg vector

* inhibition of tumor growth in an orthotopic 4T1 mouse breast cancer model

« significant increase in the populations of intratumoral Th cells and CTLs, and reduction of T-regs

« decreased intratumoral infiltration of myeloid cells expressing CD11b, CD206, or CD38

* enhanced inhibition of tumor growth in combination with Pam3CSK4 and Relaxin

SFV-based expression of IFNg benefits the antitumor immune response, representing a promising
adjuvant to current immunotherapy and chemotherapy strategies.
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