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ABSTRACT

Oncolytic viruses (OVs) can eradicate tumor cells and elicit antitumor immunity. VSV-GP, a chimeric
vesicular stomatitis virus (VSV) with the glycoprotein (GP) of the lymphocytic choriomeningitis virus, is
a promising new OV candidate. However, the interaction of VSV-GP with host immune cells is not fully
understood. Dendritic cells (DCs) are essential for inducing efficient antitumor immunity. Thus, we aimed
to investigate the interaction of VSV-GP with different murine and human DCs subsets in direct compar-
ison to the less cytopathic variant VSV-dM51-GP and wild type VSV. Immature murine bone marrow-
derived DCs (BMDCs) were equally infected and killed by VSV and VSV-GP. Human monocyte-derived DCs
(moDCs) were more permissive to VSV. Interestingly, VSV-dM51-GP induced maturation instead of killing
in both BMDCs and moDCs as well as a pronounced release of pro-inflammatory cytokines. Importantly,
matured BMDCs and moDCs were no longer susceptible to VSV-GP infection. Mouse splenic conventional
DC type 1 (cDC1) could be infected ex vivo by VSV and VSV-GP to a higher extent than cDC2. Systemic
infection of mice with VSV-GP and VSV-dM51-GP resulted in strong activation of cDCs despite low
infection rates in spleen and tumor tissue. Human blood cDC1 were equally infected by VSV and VSV-
GP, whereas cDC2 showed preferential infection with VSV. Our study demonstrated differential DC
infection, activation, and cytokine production after the treatment with VSV and VSV-GP variants among
species and subsets, which should be taken into account when investigating immunological mechanisms
of oncolytic virotherapy in mouse models and human clinical trials.
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Introduction

The critical importance of the immune system for the treat-
ment of cancer has become evident over the last decades and
several immunotherapies have been shown to induce a durable
immune response against the tumor." As one of the most
potent antigen-presenting cell (APC) populations, dendritic
cells (DCs) are crucial for the initiation of an efficient antitu-
mor immune response in cancer patients due to their unique
capacity to elicit T cell responses and activate innate immune
cells.” Furthermore, DCs orchestrate lymphocyte infiltration
into tumor lesions and contribute to the efficacy of immu-
notherapies such as checkpoint inhibitors (CPIs) or adoptive
T cell therapy.’™ Moreover, it has been reported that high
numbers of conventional DC subsets with a mature phenotype
in tumor lesions correlate with better clinical outcomes.®”
DCs are classified based on their ontogeny and function.
Conventional DCs (cDC), subdivided in ¢DC type 1 (cDC1)
and type 2 (cDC2), are the most potent CD8" and CD4" T cell
activators, respectively.'™"! Plasmacytoid DCs (pDC) are type
I interferon (IFN) producers, specifically involved in antiviral
responses but can also modulate tumor immunity.'?
Monocyte-derived DCs (moDCs) are functionally very hetero-
geneous and the generation of moDCs requires inflammatory

stimuli.”> Human moDCs and murine bone marrow-derived
DCs (BMDCs) are often used for in vitro studies.'® Moreover,
due to their pivotal function in cancer immunology, DCs are
also harnessed as cell-based vaccines for immunotherapy.” In
sum, due to their highly important functions, DCs are widely
evaluated for cancer treatment and the increasing knowledge
on DC heterogeneity helps to constantly improve
therapies.'*"

Oncolytic virotherapy represents a new promising approach
for cancer treatment. Oncolytic viruses (OVs) not only target
and eradicate tumor cells but initiate also antitumor immunity
and modulate the tumor microenvironment (TME). Thereby,
the immune tolerance of the tumor can be overridden.'® The
vesicular stomatitis virus (VSV) belongs to the family of
Rhabdoviridae and is an oncolytic agent currently under pre-
clinical and clinical testing.'” However, the neurotropism of
VSV presents a safety concern. The exchange of the glycopro-
tein G of VSV with the glycoprotein GP of the lymphocytic
choriomeningitis virus (LCMV) abrogates VSV’s neurotoxicity
while maintaining the oncolytic activity.'® This chimeric virus
called VSV-GP is safe, induces strong antigen-specific immune
responses but low vector-neutralizing antibodies, and is applic-
able as OV'*™** or vaccine vector.”»**
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Regarding oncolytic virotherapy, little is known how OVs
interact or affect APCs. Previous studies suggest that virother-
apy promotes DC functionality by enhancing tumor-antigen
presentation. Importantly, OV-DC interactions can impact
adaptive immune responses not only against the tumor but
also against the oncolytic agent itself.”>*° It was demonstrated
that VSV infects DCs in vitro.”’7?° However, the chimeric
VSV-GP might behave differently compared to wild-type
VSV in terms of host immune cell interaction. Thus, we
aimed to investigate the infection of DCs by VSV-GP in detail.
We examined infection of in vitro generated murine BMDCs
and human moDCs as well as various mouse and human DC
subsets ex vivo and in vivo. Additionally, the less cytopathic
variant VSV-dM51-GP was included in our study. The
M protein of VSV is responsible for counteracting antiviral
responses by inhibiting host-directed gene expression. Virus
variants bearing a mutation in the M protein are less patho-
genic and have been favored as safer OV candidates.”*~>* This
study offers a head to head comparison of DC susceptibility to
three vesicular stomatitis virus variants in the murine and
human systems. Here, we demonstrated that infection levels,
activation, and cytokine profiles of DCs treated with VSV,
VSV-GP, and VSV-dM51-GP differ between subsets and
species.

Methods
Cell lines and viruses

The hamster cell line BHK21 (clone 13, ECACC) was cultured
in GMEM (Lonza, Basel, Switzerland) supplemented with 10%
FCS (Life Technologies), 5% tryptose phosphate broth (Gibco,
Carlsbad, CA, USA), and 2% L-glutamine. This cell line was
used for virus production, titration, and control infection
experiments. The melanoma B16-F10 interferon-alpha recep-
tor (IFNAR) knock out cells (B16 IFNAR™) (kindly provided
by Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach,
Germany) were cultured in DMEM (Lonza) with 10% FCS
(Life Technologies, Carlsbad, CA, USA) and 2% L-glutamine
(Gibco).

VSV (Indiana serotype), VSV pseudotyped with the glyco-
protein of LCMV (VSV-GP), and VSV-GP with a deletion of
methionine at position 51 in the viral M protein (VSV-dM51-
GP) were used for infection experiments. The three aforemen-
tioned viruses encode the fusion protein eGFP-ovalbumin at
the fifth position in the viral genome and have been described
elsewhere.”> VSV-GP encoding the Photius pyralis luciferase
(VSV-GP-Luc) has been described previously."” All viruses
were propagated and titrated on BHK21 cells via the plaque
and the TCIDs, assay as reported previously.””

Isolation of peripheral blood mononuclear cells and
generation of human monocyte-derived DCs

For the isolation of monocytes or peripheral blood mononuc-
lear cells (PBMCs), whole blood (in citrate-phosphate-dextrose
(CPD) bags (Fresenius Kabi, Graz, Austria) or EDTA monov-
ettes (Sarstedt, Nimbrecht, Germany)) of healthy blood
donors was obtained from the Central Institute of Blood

Transfusion and Immunology (University Hospital of
Innsbruck, Austria). Whole blood was centrifuged and the
plasma was removed. The remaining blood cells were mixed
1:2 with phosphate-buffered saline (PBS) (Lonza) and placed
onto a Pancoll (PAN Biotech, Aidenbach, Germany) gradient.
After centrifugation, the interface was collected and washed
two times with RPMI-1640 (Sigma-Aldrich, St. Louis, MO,
USA) plus PBS (1:2). PBMCs were counted and 4 x 10° cells
were seeded into six-well plates in RPMI supplemented with
10% FCS (Gibco), 2% L-glutamine (Gibco) for infection
experiments. To generate human moDCs, monocytes were
isolated from PBMCs by adherence to gelatin-coated plates as
described previously.* Isolated monocytes were cultured with
human recombinant GM-CSF and IL-4 in the absence or pre-
sence of LPS as described previously to obtain immature and
mature moDCs, respectively.”* At day 7, moDCs were har-
vested and the phenotype was routinely tested via flow cyto-
metry (propidium iodide (PI) for discrimination of dead cells,
CDl11c, CD11b, and CD83). Cells were washed and 5 x 10°
cells were seeded in 24-well plates for infection experiments.

Mice and ethics statement

Six to eight-week-old female C57BL/6]JRj or C57BL/6]Rj albino
mice were purchased from Janvier (Le Genest St Isle, France)
and housed under specific pathogen-free conditions at the
animal facilities of the Medical University of Innsbruck.
Animal experiments were approved by the animal ethics com-
mittees of the Medical University of Innsbruck and the
Austrian Federal Ministry of Science and Research (BMWFE-
66.011/0092-WF/V/3b/2016; BMWF-66.011/0156-V/3b/2019).
No animals were excluded from the described experiments.
The exact animal numbers are given for each experiment.

Generation of bone marrow-derived DCs

The generation of BMDCs from C57BL/6Rj mice was per-
formed as described.”® Shortly, isolated bone marrow cells
were cultured for 8 days in presence of recombinant mouse
(rm)GM-CSF (4 ng/ml, BD Pharmingen, San Jose, CA, USA).
On the eighth day, loosely adherent cells were harvested and
washed with RPMI and PBS (1:2). The phenotype of BMDCs
was routinely tested via flow cytometry (PI for discrimination
of dead cells, CD11c, CD11b, and CD86). For infection experi-
ments, 5 x 10° cells were seeded in 24-well plates in RPMI-1640
supplemented with 10% FCS (Gibco), 2 mM L-glutamine
(Gibco), and rmGM-CSF.

Virus infection

PBMCs, human moDCs, and mouse BMDCs were infected
with either VSV, VSV-GP, or VSV-dM51-GP at a multiplicity
of infection (MOI) of 1 and 10 according to plaque-forming
unit (PFU) titer and were incubated for 6 to 48 h at 37°C. As
a control for infection, BHK21 cells were treated with the virus
variants as described above. Infection was monitored by deter-
mining GFP positive (GFP™) cells as all viruses encode GFP as
a reporter gene. BHK21 cells were analyzed simultaneously to
BMDCs and human moDCs at 6 to 24 h post infection (hpi).



For the analysis of productive viral infection, input virus was
removed by washing 3 times with PBS 1 h after infection.
Supernatants were collected at 1, 24, and 48 hpi, and infectious
viral particles were determined by TCIDs, assays. The titers
obtained from 1 hpi samples were subtracted from the respec-
tive 24 hpi and 48 hpi samples to exclude that determined titers
originate from infectious input virus.

Mouse splenocyte infection

To generate single cell suspension, spleens were cut into small
pieces and incubated in RMPI-1640 containing 0.4 mg/ml
Collagenase P (Roche, Basel, Switzerland) and 0.1 mg/ml
DNase I (Roche) for 30 min at 37°C in a water bath. After
incubation, the whole suspension was smashed through
a Falcon® 70 um cell strainer (BD). Cells were washed with
cold PBS. After the lysis of erythrocytes with BD Pharm Lyse™
(BD) according to the manufacture’s protocol followed by two
washing steps, cell numbers were determined. For infection
experiments, 5 x 10°-1 x 107 splenocytes were cultured in
RMPI-1640 supplemented with 10% FCS (Life Technologies),
2% L-glutamine (Gibco) in six-well plates. Cells were infected
immediately with VSV, VSV-GP, and VSV-dM51-GP at an
MOI of 1, 10, and 100 according to the PFU titer. Infection
was analyzed after 6 h via flow cytometry.

In vivo studies

To analyze the effects of VSV-GP variants on splenic DCs,
C57BL/6JRj mice were injected intravenously (i.v.) with either
PBS (200 pl) or with VSV-GP and VSV-dM51-GP (10° TCIDs,
in 200 pl PBS). Spleens were harvested 6 or 12 hpi to determine
viral RNA in splenocytes and to assess the DC phenotype via
flow cytometry, respectively.

B16 IFNAR™ cells (1 x 10°) were implanted subcutaneously
(s.c.) in 100 pl PBS into the right flank of albino and normal
C57BL/6]Rj mice. Tumor size was measured three times a week
and tumor volume was calculated using the formula: length x
width®x 0.4. Treatments were performed when tumors reached
a size of 0.05 to 0.07 cm’. To investigate virus replication in the
tumors, VSV-GP-Luc (10® TCIDs, in 50 ul PBS) was injected
intratumorally (i.t.). Luciferase imaging was performed up to
7 d post treatment as described previously using the IVIS
Lumina II (Perkin Elmer, Waltham, MA, US).*® To assess
infection of tumor-associated DCs (TADCs), tumors were
treated it. with PBS, VSV-GP, or VSV-dM51-GP (10°
TCIDs in 50 ul PBS). After 12 h, tumors were resected and
minced in a digestion enzyme mix (RPMI-1640 supplemented
with 0.4 mg/ml Collagenase P (Roche) and 0.1 mg/ml DNase
I (Roche)). After incubation for 30 min at 37°C, the tumor cell
suspension was filtered through a 70 pm cell strainer and
washed two times with PBS supplemented with 2% FCS and
5 mM EDTA. Single cell suspensions were stained for flow
cytometric analysis to assess virus infection of TADCs.

Conventional CD8* DC isolation

To determine viral RNA after immunization in splenic DCs,
c¢DC1 were isolated from spleens of PBS, VSV-GP or VSV-
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dM51-GP immunized mice using the CD8" Dendritic Cell
Isolation Kit (Miltenyi Biotec, Bergisch Gladbach, Germany).
Single cell suspensions were generated as described above.
CD8" DCs were isolated according to the manufacturer’s pro-
tocol. The purity of isolated CD8" DCs was assessed via flow
cytometry and was always over 97%.

RNA extraction and RT-qPCR

Viral RNA was isolated from the supernatant of infected
BMDCs and BHK21 cells at 1 h, 24 h, and 48 h post infection
using the NucliSENS® easyMAG® system (BioMérieux, Marcy-
I’Etoile, France) as recommended by the manufacturer.

RNA from isolated CD8" ¢DCl was extracted using the
RNeasy Plus Mini Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s protocol. Viral RNA was quantified
using reverse transcriptase (RT) quantitative PCR (qPCR)
with the forward primer 5-AGT ACC GGA GGA TTG ACG
ACT AAT-3', the reverse primer 5'-TCA AAC CAT CCG AGC
CAT TC-3', and the probe 5-FAM-ACC GCC ACA AGG
CAG AGA TGT GGT-BH Q-3' (all from Sigma Aldrich). RT-
qPCRs were performed with the iTaq™ Universal Probes one-
step kit (Bio-Rad, Hercules, CA, USA) in a 10 pl reaction mix.
The reaction was run in duplicates on an iCycler iQ (Bio-Rad)
with the following settings: 10 min at 50°C, 2 min at 95°C,
followed by 40 cycles of at 95°C for 15 s and 60°C for 30 s. To
normalize viral RNA to cell numbers RT-qPCRs for actin were
performed using the forward primer 5'-GTC CCT CAC CCT
CCC AAA AG-3' and the reverse primer 5'-GCT GCC TCA
ACA CCT CAA CCC-3’ (Sigma-Aldrich). Reactions were per-
formed with iTaq™ Universal SYBR® Green One-Step kit (Bio-
Rad) and run in duplicates with following settings: 10 min at
50°C, 1 min at 95°C, followed by 40 cycles of at 95°C for 10 s,
55°C for 20 s and 72°C for 30 s. The data were analyzed using
an iCycler iQ data analysis module. Fold changes of viral RNA
in the supernatant of infected BMDCs and BHK21 cells were
calculated using the samples 2" method based on the respec-
tive 1 hpi samples.””

Viral genome copies from isolated CD8" cDC1 were deter-
mined using a standard for VSV-N. The viral genome copies
were normalized to actin gene expression of the PBS controls
and virus treated samples.

Flow cytometry

To determine cell death, PI (Sigma-Aldrich) was used for the
quality controls and infection experiments with BMDCs and
human moDCs. The LIVE/DEAD™ Fixable Dead Cell Stain
Kit (L/D) (Thermo Fischer Scientific, Waltham, MA, USA) was
used for the splenocyte infection experiments, for samples
from in vivo experiments, and human PBMC samples accord-
ing to the manufacturer’s instruction. PBS supplemented with
2% FCS and 5 mM EDTA was used for washing and staining
the samples. In murine-derived samples, Fc-receptors were
blocked by incubating cells for 10 min at 4°C with anti-
mouse CD16/32 (BioXCell, Lebanon, New Hampshire, US).
For intracellular VSV-N staining, the Transcription Factor
Buffer Set (BD Pharmingen) was used as recommended.
Samples for surface and intracellular staining were incubated
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with the antibodies at 4°C for 30 and 50 min, respectively. The
anti-mouse antibodies CD8a (53-6.7), CD11b (M1/70), CD11c
(HL3), CD45 (30-F11), CD86 (GL1), and MHCII (I-Ad/I-Ed)
(2G9) were purchased from BD Biosciences. Additionally,
CD11c (REA754) and XCR1 (REA707) were purchased from
Miltenyi Biotec. The viral VSV-N protein was detected using
the primary anti-VSV-N (10G4) from Kerafast (Boston, MA,
USA) and the secondary IgG2a/IgG2b (R2-40, BD). An anti-
IgG2 (TIB-109, in-house) was applied as an isotype control.
The anti-a-dystroglycan antibody (D-3) was purchased by
Santa Cruz Biotechnology (Dallas, TX, USA). The following
antibodies against human CD3 (OKT3), CD11b (ICRF44),
CD11c (B-ly6), CD14 (M5E2), CD19 (HIB19), CD20 (H1),
CD45 (HI30), CD64 (10.1), CD83 (HB15¢) and HLA-DR
(G46-6) were purchased from BD. Additionally, anti-human
CDIc (AD5-8E7), CD16 (REA423), CDI23 (AC145) and
CD141 (AD5-14H12) antibodies were purchased from
Miltenyi Biotec. Stained samples were measured using the
FACS Canto II'™ cytometer (BD Biosciences) and data analy-
sis was performed using the Flow]Jo software (BD).

Quantification of cytokines and chemokine

Murine BMDCs and human moDCs were infected with the
virus variants at an MOI of 10 as described. As a positive
control, BMDCs and moDCs were treated with 100 ng/ul and
0.5 pg/ul LPS (Enzo Life Sciences, New York, USA), respec-
tively. Supernatants were collected at 6 and 24 hpi. Cytokines
from murine BMDCs were tested using the bead-based immu-
noassay Legendplex™ (Biolegend, San Diego, CA, USA) in the
mouse inflammation panel (IL-23, IL-1a, IFN-y, TNF-a, MCP-
1, IL-12p70, IL-1p, IL-10, IL-6, IL-27, IL-17A, and IFN-P)
according to the manufacturer’s instructions. Supernatants of
human moDCs were run in the Legendplex™ human inflam-
mation panel (IL-1B, IFN-a2, IFN-y, TNF-a, MCP-1, IL-6, IL-
8, IL-10, IL-12p70, IL-17A, IL-18, IL-23, and IL-33) and in the
Legendplex™ human virus panel to assess IFN-A1, IFN-A2/3,
and IP-10. Of note, GM-CSF was excluded from the analysis
due to exogenous supplementation in BMDC and moDC cul-
ture medium.

Statistics

GraphPad Prism software (version 9, GraphPad Software, La
Jolla, CA, USA) was used for statistical analysis. Kruskal-Wallis
non-parametric analysis with Dunn’s post hoc test was applied
to assess significance levels. Data are presented as mean + SD
or SEM as noted. Statistically significant differences were
encoded as follows: *p < .05 *p < .01; ***p < .001;
****p < .0001, not significant (ns).

Results

VSV-GP infects mouse bone marrow-derived DCs as
efficiently as VSV, but cells are less susceptible to
VSV-dM51-GP

To test the susceptibility of DCs in vitro, first BMDCs were infected
with VSV, VSV-GP, and VSV-dM51-GP at an MOI of 1 and 10. As

all viruses encoded GFP as a reporter, BMDC infection was mon-
itored by determining GFP" infected cells at different time points. We
found that VSV-GP infected BMDCs at similar levels as VSV, reach-
ing about 25% and 35% GFP" cells after 6 h at an MOI of 1 and 10,
respectively (Figure 1(a)). VSV-dM51-GP showed significantly lower
infection of BMDCs at 6 hpi and 24 hpi. Of note, simultaneous
infections of BHK21 cells revealed similar infection levels for all 3
viruses at both time points (Supplementary Figure 1). After 24 h, low
levels of GFP" cells were only detectable after VSV-dM51-GP infec-
tion. To further investigate BMDC infection, intracellular staining
against the viral N protein was performed. Whereas anti-VSV-N and
GEFP signals were similar after 6 h (Figure 1(b)), an increase in VSV-N
positive cells (VSV-N") was observed at 24 hpi. This indicates that
GFP may be degraded within 24 h while the N protein or potential
N degradation products can still be detected by the anti-VSV-N
antibody. Another explanation could be quenching of the GFP signal
in acidic cellular compartments or the acidic environment in dying
cells.*” When high virus concentrations (MOI 10) were applied,
around 50-60% of BMDCs after VSV and VSV-GP and 35% after
VSV-dM51-GP application were infected (VSV-N"). Conclusively,
both detection methods corroborate that VSV-GP variants can infect
BMDC:s and infection was not significantly different for VSV-GP
compared to the wild type. The detection of VSV-N protein in
BMDCs required active virus replication as UV light-inactivated
virus did not result in detectable VSV-N" cells in the culture
(Supplementary Figure 2a).

VSV-GP preferentially infects and kills immature BMDCs
while VSV-dM51-GP induces maturation of BMDC cultures

On day 8, murine BMDCs generated in the presence of GM-CSF
contained DCs in different maturation states as shown in the
representative dot plot in Figure 2(a). Cells expressing CD11c
represented about 85-90% in BMDC cultures including 60-70%
immature DCs (iDCs, CD11c"CD86 ) and 15-25% mature DCs
(mDCs, CD11c¢"'CD86%). Of note, CD11b" cells that neither
express CD11c nor CD86 remained in the culture (nonDCs, 10-
15%). As they differ in their phenotype and function, we next
examined the infection of iDCs and mDCs by VSV, VSV-GP, and
VSV-dM51-GP. All three virus variants preferentially infected
immature DCs as shown in Figure 2(a). GFP" cells made up
about 30% within the iDC population at 6 hpi if infected with
VSV or VSV-GP, whereas VSV-dM51-GP application resulted in
10% infected iDCs. The frequency of GFP" mDCs was under 15%
for VSV and under 5% for VSV-GP variants. Representative dot
plots of infected iDCs and mDCs are given in Supplementary
Figure 2b. Of note, the preferential iDC infection by VSV-GP
variants could not be explained by a differential expression of the
entry receptor, as a-dystroglycan (a-DG) was expressed to similar
levels on iDCs and mDCs (Supplementary Figure 2c). We also
investigated the productive infection of DCs. An increase of viral
RNA could be detected in the supernatants for all three viruses
after 24 and 48 h (Supplementary Figure 3a). Infectious virus
particles were analyzed via a TCIDs, assay. Low levels of virus
progeny were produced by BMDCs for all virus variants
(Supplementary Figure 3b). Generally, the levels of viral RNA
and infectious virus particles derived from BMDCs were much
lower compared to highly susceptible BHK21 cells.
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Figure 1. Infection of mouse BMDCs with VSV, VSV-GP, and VSV-dM51-GP. a GM-CSF bone marrow-derived DCs (BMDCs) were infected with the different virus variants
at an MOI of 1 and MOI 10 according to PFU titers. GFP encoded by the viruses was measured via flow cytometry 6 and 24 h post infection (hpi). b Intracellular staining
for the viral N protein was performed and analyzed via flow cytometry. Data represent at least five independent experiments. Mean + standard deviations (SD) are
depicted *p < .05; **p < .01; ***p < .001; not significant (ns); non-parametric Kruskal-Wallis test, followed Dunn’s multiple comparisons post-hoc test.

As VSV has been reported to kill BMDCs," cell viability was
determined via flow cytometry. No differences in viability were
observed at 6 hpi compared to non-infected cells (mock). However,
after 24 h only up to 10-15% of VSV infected DCs were alive. In
contrast, VSV-GP killed fewer cells (Figure 2(b,c)). Counting of living
iDCs and mDCs and calculating the ratio to non-infected controls
revealed that the living mDCs remained stable and mainly iDCs were
killed by VSV-GP (Figure 2(c)). Although a substantial proportion of
BMDCs was infected by VSV-dM51-GP, cells were hardly killed by
this virus variant. Instead, an almost complete maturation was
observed and total cell counts remained stable (Figure 2(b,c)). The
prolonged survival may be responsible for the remaining GFP signal
after 24 h in VSV-dM51-GP infected BMDC:s (Figure 1(a)).

Splenic conventional DCs type 1 are preferentially
infected by VSV-GP variants ex vivo

Our data gave clear evidence that BMDCs can be infected by VSV
and VSV-GP variants. However, in vitro generated BMDCs

remain only a model system and do not fully reflect the diversity
of DC subsets in vivo. Upon intravenous delivery of VSV-GP, one
of the main target organs is the spleen representing an important
secondary lymphoid organ where the adaptive immune response
is generated. Infection of splenic DC subsets could potentially
influence the adaptive immune response against the tumor and
the OV. Thus, we investigated VSV-GP infection of splenic DC
subsets ex vivo. Single cell suspensions of splenocytes were gen-
erated and cells were either mock infected or infected with an
MOI of 1, 10, or 100 of VSV, VSV-GP, and VSV-dM51-GP. The
infection of total resident DCs (resDCs; MHCIT*CD11c"8"), and
the subsets c¢DC1 (XCR1'CD8'CDI11b7), and cDC2
(XCR1"CD11b") was analyzed via flow cytometry after 6 h. The
gating strategy for the splenic resDCs and the ¢cDC subsets is
presented in Supplementary Figure 4a. Generally, infection levels
of resDCs were found to be relatively low, only reaching signifi-
cant levels when higher MOIs of VSV and VSV-GP were
applied. The treatment with VSV-dM51-GP did not result in
a statistically significant infection level (Figure 3). Six hours after
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Figure 2. VSV-GP infects and kills immature BMDCs while VSV-dM51-GP leads to maturation of BMDC cultures. BMDCs were infected with VSV, VSV-GP, and VSV-dM51-
GP at an MOI of 1. a A representative flow cytometry dot plot of a BMDC culture is depicted (top, left). GFP encoded by the virus was measured via flow cytometry at
6 hpi post. Combined data of GFP* infected iDCs and mDCs are given. b Representative dot plots of either mock or virus infected living BMDCs (PI7) after 24 h are shown.
¢ BMDCs were infected as mentioned above and cell viability was analyzed via flow cytometry after 6 and 24 h. Combined graphical data are shown (left). Cell counts of
iDCs and mDCs were calculated relative to the cell counts of the respective mock infected controls (right). Data are shown as mean + SD and represent five independent
experiments. *p < .05; **p <.01; ***p < .001; ****p < .0001; not significant (ns); non-parametric Kruskal-Wallis test, followed Dunn’s multiple comparisons post-hoc test.

VSV and VSV-GP application, GFP* infected cells were detect-
able among ¢DCs. Up to 10% of cDC1 and around 5% of cDC2
were GFP positive after application of VSV-GP and VSV, respec-
tively (MOI 100). In contrast, , cDC1 infection by VSV-dM51-GP
was only significant when the highest MOI was applied and cDC2
infection was negligible. Representative dot plots of infected cells
among resDCs, ¢cDC1 and ¢DC2 are given in Supplementary
Figure 4b. Taken together, VSV and VSV-GP equally infected

murine BMDC:s as well as splenic cDC1 and cDC2 in vitro. VSV-
dM51-GP showed generally lower infections.

Low infection of splenic and tumor-associated DCs after
systemic VSV-GP and VSV-dM51-GP application

Next, we aimed to investigate infection of splenic DCs in vivo
upon systemic virus treatment. The high virus concentrations
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Figure 3. VSV-GP variants and VSV infect splenic conventional DCs ex vivo. Single
cell suspensions of naive mouse spleens were prepared via enzymatic digestion.
Total cells were mock infected or infected with VSV, VSV-GP, and VSV-dM51-GP at
an MOI of 1, 10, or 100 according to PFU titers. Infection levels among resident
DCs (resDCs), conventional type 1 DCs (cDC1), and conventional type 2 DCs (cDC2)
were determined by GFP positivity as all viruses encode GFP as a reporter after 6 h
via flow cytometry. The data are shown as mean + SD and are obtained from five
independent experiments. *p < .05; **p < .01; ***p < .001; not significant (ns);
non-parametric Kruskal-Wallis test, followed Dunn’s multiple comparisons post-
hoc test compared to mock control.

required for significant ex vivo infection already indicated a low
permissiveness of splenic DCs. Accordingly, we were not able
to detect GFP" splenocytes via flow cytometry after applying
either VSV-GP or VSV-dM51-GP intravenously (i.v.), which
might be due to technical limitations when only low numbers
of DCs are infected. To increase detection sensitivity, suscept-
ibility was assessed by analyzing viral genome copies in isolated
splenic cDC1. Mice were treated with PBS or infected with

ONCOIMMUNOLOGY €1959140-7

VSV-GP or VSV-dM51-GP (10° TCIDs, i.v.), spleens were
harvested after 6 h. CD8" ¢DC1 were purified via magnetic
bead separation. As a positive control, we isolated cDCI1 from
ex vivo VSV-GP infected splenocytes (MOI 100, 6 hpi), where
we observed around 10% GFP" infected cDC1 (Figure 3). An
RT-qPCR for VSV-N was performed and viral genome copies
were calculated based on a standard curve. The viral genome
copies were normalized to actin. Similar numbers of viral
genome copies were detected in cDC1 of VSV-GP and VSV-
dM51-GP infected mice (Figure 4(a)). However, the number of
viral genomes was 2-fold lower compared to the ex vivo
infected ¢cDC1. These results show that splenic cDC1 are sus-
ceptible to VSV-GP variants after i.v administration but direct
infection may be a rare event in vivo.

As we observed a strong maturation of BMDCs by VSV-
dM51-GP, we next analyzed if DC maturation could be
induced in vivo. Thus, mice were either treated with PBS or
infected with the VSV-GP and VSV-dM51-GP (iv., 10°
TCIDs), and spleens were harvested after 12 h. An upregula-
tion of MHCII on splenic resDCs was observed in virus
infected mice compared to control animals (PBS)
(Supplementary Figure 5a). The increased geometric mean
fluorescent intensity (gMFI) of CD86 and MHCII on c¢DCl1
and ¢DC2 in infected animals indicated that VSV-GP and
VSV-dM51-GP application activated and matured both cDC
subsets (Figure 4(b)).

DC infection in lymphoid organs might be limited as VSV-
GP is assumed to be suppressed rapidly after administration due
to type I interferon (IFN) responses.'” However, cancer cells
have often limited potential to respond to viral infection due to
defects in the IFN pathway. Thus, VSV-GP replication retains in
tumor cells. Therefore, we next investigated whether tumor-
associated DCs (TADCs; MHC-II'CD11c*XCR17CD11b,
referred to as XCR1" TADCs) can be infected when the virus
is present locally nearby in the tumor. Even if certain tumor cell
lines are defective in intrinsic IFN pathways, some, such as the
B16 mouse melanoma tumors, can respond to exogenous IFN.#
Hence, we used the B16 IFNAR” cells as it was shown that
IFNAR deficiency prolongs virus replication.” Virus replication
in the tumor was confirmed by in vivo bioluminescence imaging
(BLI) using a VSV-GP variant expressing the firefly luciferase
(VSV-GP-Luc). In comparison to the PBS treated group, it.
injection of VSV-GP-Luc (10® TCIDsy) resulted in measurable
bioluminescence signal up to 5 d (Figure 4(c)). The strongest
virus activity was determined between 12 and 24 h post treat-
ment. Next, XCR1" TADC infection was analyzed in this model.
For this, established B16 IFNAR™" tumors were treated i.t. with
either PBS, VSV-GP, or VSV-dM51-GP (10® TCIDs,), and
tumors were resected after 12 h. In general, XCR1™ TADCs
form a minor population of MHCII'CD11c" myeloid cells in
B16 IFNAR " tumors (Supplementary Figure 5b). In compar-
ison to PBS treated tumors, GFP™ cells could be detected among
XCR1" TADCs of around 6.3% and 4.6% after VSV-GP and
VSV-dM51-GP application, respectively (Figure 4(d), left). Of
note, we cannot completely exclude that GFP™ infected tumor
cells incorporated by DCs contribute to the GFP signal
Interestingly, XCR1" TADCs of virus treated tumors showed
higher gMFI of MHCII than PBS treated tumors (Figure 4(d),
right). This may indicate that both virus variants mature XCR1"
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Figure 4. Infection of splenic DCs and tumor-associated DC is low in vivo but VSV-GP and VSV-dM51-GP activated the DC subsets. a CD8" ¢DC1 from either ex vivo
infected splenocytes (VSV-GP, MOI 100) or spleens of infected mice were isolated. Viral genome copies were determined via RT-qPCR in isolated CD8* ¢DC1 and
normalized to actin. Data are shown are means + SD obtained from three independent experiments. b C57BL/6Rj mice were treated i.v. with PBS or infected with VSV-
GP or VSV-dM51-GP (108 TCIDs,). Spleens were harvested after 12 h. Activation of conventional DCs type 1 and type 2 (cDC1, cDC2) was determined via the geometric
mean fluorescent intensity (gMFI) of MHCIl and CD86. Data are shown as mean (n = 5). *p < .05; not significant (ns); non-parametric Kruskal-Wallis test, followed Dunn’s
multiple comparisons post-hoc test. ¢ B16 IFNAR”" mouse melanoma tumors were implanted in syngeneic albino C57BL/6Rj mice. Tumors were treated i.t. with either
PBS or with VSV-GP expressing the firefly luciferase (VSV-GP-Luc, 10 TCIDs,). Virus replication was analyzed using the in vivo imaging system (IVIS). Representative
pictures from PBS and VSV-GP-Luc treated mice after 12, 24, and 48 h are shown. The average radiances in the tumor area over time are presented (n = 5; mean + SEM).
d B16 IFNAR” mouse melanoma tumors were treated i.t. with PBS, VSV-GP, or VSV-dM51-GP (108 TCIDs,) and resected after 12 h. Frequencies of GFP* infected XCR1*
tumor-associated DCs (XCR1* TADCs) are summarized graphically (left). The gMFI of MHCIl on XCR1* TADCs is shown (right). Data are shown as mean (n = 5 to 7 mice
per group). *p < .05; **p < .01; not significant (ns); non-parametric Kruskal-Wallis test, followed Dunn’s multiple comparisons post-hoc test.

TADCs, although it was not statistically significant for VSV-
dM51-GP.

before each experiment. Whereas unstimulated moDCs
showed a complete immature (iDCs) phenotype, the applica-
tion of lipopolysaccharide (LPS) matured moDCs (mDCs)

. . +
Infection of human monocyte-derived DCs is lower for (Supplementary Figure 6a). Frequencies of GFP" infected

VSV-GP variants

VSV-GP infected mouse DCs to a similar extent as wild type
VSV. Therefore, we addressed the question of whether this also
applies to human DCs. Human monocyte-derived DCs
(moDCs) were generated from peripheral monocytes of
healthy blood donors. The DC phenotype (CD11c*CD11b")
and maturation status (CD83"") were routinely analyzed

cells and moDC viability were determined 6 and 24 h after
infection with VSV, VSV-GP, and VSV-dM51-GP. In contrast
to murine BMDC, which were equally infected by VSV and
VSV-GP, human moDCs were less susceptible to VSV-GP
variants compared to wild type VSV. Even with high virus
amounts (MOI 10) of VSV-GP and VSV-dM51-GP, cells
were not infected to a significant extent after 6 h (Figure 5
(a)). Conversely, VSV infected immature moDCs very



efficiently, reaching up to 45% GFP™ cells at 6 hpi. After 24 h,
frequencies of VSV infected cells elevated to 65%, while VSV-
GP infection of moDCs (25%) was still lower (Figure 5(a)). The
viability of VSV-GP infected moDCs did not change up to 48
hpi in comparison to mock treated cells. VSV infected cells
started to die already 24 hpi and at 48 hpi no more than 40% of
living cells could be detected in the culture (Supplementary
Figure 6b). Infection rates of moDCs did not significantly differ
between VSV-dM51-GP and VSV-GP. Notably, frequencies of
VSV-NT cells were similar to GFP™ cells in moDCs for all tested
virus variants (Supplementary Figure 6c). Although only 15%
of immature moDCs were infected with VSV-dM51-GP, up to
90% of the cells showed a matured phenotype expressing CD83
after 24 h (Figure 5(a), right). Interestingly, also VSV-GP (20-
30%) and to a much lesser extent, VSV (<10%) led to a partial
maturation of moDCs, which was not observed in mouse
BMDCs. No GFP" cells could be detected among LPS-
matured moDCs, indicating that mature moDCs are neither
permissive for VSV-GP variants nor VSV. In line with this, the
viability of mDCs was not affected by virus application
(Figure 5(b)). In summary, human moDCs were less

a
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permissive to VSV-GP variants compared to VSV.
Furthermore, VSV-GP did not kill the cells in the analyzed
time range, which was the opposite for mouse BMDCs.
Interestingly, VSV-dM51-GP infection led to a strong matura-
tion in both murine and human DCs.

VSV-GP infects human ¢DC1s and cDC2s but classical
monocytes are the main target population

As moDC cultures do not reflect the different DC subsets
present in vivo, we investigated human DC subset infection
ex vivo.'”"? Therefore, peripheral blood mononuclear cells
(PBMCs) were isolated from whole blood from healthy blood
donors and were immediately infected with VSV, VSV-GP, or
VSV-dM51-GP. Initially, infection levels among total PBMCs
were determined by measuring GFP* cells. VSV infected
around 10% of whole living PBMCs (MOI 10, 6hpi). VSV-GP
and VSV-dM51-GP infections were first detectable after 24 h.
Around 1-5% of total PBMCs were infected by VSV-GP. VSV-
dM51-GP infection was under 2% for each tested donor
(Supplementary Figure 7a). Next, we analyzed infection of
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Figure 5. VSV-GP variants infect human monocyte-derived immature DCs less than VSV. a Human monocyte-derived immature DCs (iDCs) were either mock infected or
infected with the different virus variants at an MOI of 10 according to PFU titers. Frequencies of GFP* infected cells, living cells (PI7), and CD83 expression were
measured by flow cytometry after 6 and 24 h post infection (3 donors; 2 technical replicates). b LPS-matured moDCs (mDCs) were infected and flow cytometric analysis
was performed 24 h post infection as described above (2 donors, 2 technical replicates). Data are shown as mean + SD. *p < .05; **p < .01; ****p < .0001; not significant
(ns); non-parametric Kruskal-Wallis test, followed Dunn’s multiple comparisons post-hoc test.
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human blood DCs in more detail. Among PBMCs three differ-
ent DC subsets namely pDCs (HLA-DR'CD11¢ CD123%),
¢DC1 (HLA-DR'CD11¢'CD141%), and c¢DC2 (HLA-DR*
CD11c¢*CDI1c") can be found.* In Figure 6(a), the gating
strategy for the DC subsets based on CD45" single cells is
depicted. Infection was monitored via flow cytometry at 6,
24, and 48 h post virus application. Data obtained from 5
donors are summarized in Figure 6(b). Neither VSV nor VSV-
GP variants were able to infect pDCs. In contrast, after 6 h
around 7% and 16% of ¢cDC1 and cDC2, respectively, were
infected by VSV. Infection of the cDC2 subset declined, most
likely because infected cDC2 died over time. VSV-GP infection
could be detected after 24 h and levels of GFP" cells increased
over time. Interestingly, higher frequencies of infected cDCl
(up to 27%, 48 hpi) than infected ¢cDC2 (12%, 48 hpi) were
observed for VSV-GP. VSV-dM51-GP infection was with 5%
GFP™ cells among cDCs lower compared to the other viruses.
We observed up to 25% and 5% infected cells among total
PBMC:s after VSV and VSV-GP application, respectively, sug-
gesting that next to DCs other cells are infected by the virus
variants (Supplementary Figure 7a). It is known, that viruses
can infect myeloid cells like monocyte.*> Thus, we evaluated
whether monocytes are susceptible to VSV-GP variants. We
analyzed classical monocytes (CD147CD16), intermediate
monocytes (CD14'CD16%), and non-classical monocytes
(CD14°CD16") which all express CD11c and except for the
latter also CD64 (Supplementary Figure 7b). Non-classical
monocytes were not infected by the viruses and intermediated
monocytes showed only few GFP" cells at 6 hpi. The main
target of all three virus variants were CD14" classical mono-
cytes (Supplementary Figure 7c). Around 50% of classical
monocytes were infected by VSV after 6 h. Already at this

a

time point, the number of CD14 GFP™ cells increased in the
culture. These cells are referred to as ‘CD14~ subset’. Within
the first 24 h, VSV infection peaked and CD14" classical
monocyte population declined drastically. Reduction of classi-
cal monocytes and the increase of the CD14™ subset are
depicted in representative plots in Supplementary Figure 7d.
These observations indicated that classical monocytes may
downregulate CD14 after virus infection. The same phenom-
enon was observed after VSV-GP and to a very low extent also
after VSV-dM51-GP infection. As mentioned above, infection
for those virus variants could be first detected after 24 h. At this
time point, CD14 was already downregulated and around 40%
and 10% among the CD14~ subset were infected by VSV-GP
and VSV-dM51-GP, respectively.

Taken together, cDCI were stronger infected by VSV-GP
than other blood DC populations. Nevertheless, classical mono-
cytes were the main target population of all virus variants. This
experiment underlined that human PBMC infection differs sig-
nificantly between VSV and the chimeric GP virus variants.

VSV-dM51-GP induces the strongest cytokine release by
murine and human DCs

Next to infection and activation, we analyzed cytokine and
chemokine secretion of DCs to further investigate their func-
tionality upon virus treatment. Therefore, supernatants of
infected murine BMDCs were collected (6 and 24 hpi), and
cytokines were quantified using the Legendplex™ assay.
Cytokines with significant or pronounced changes are pre-
sented in Figure 7(a). In Supplementary Figure 8, cytokines
with slight or no changes are shown. We could observe strong
differences in the cytokine profile between the virus variants.
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Figure 6. Human blood conventional DCs can be infected by VSV-GP variants and VSV while plasmacytoid DCs are resistant to infection. a Peripheral blood mononuclear
cells (PBMCs) were isolated from healthy donor blood and DC populations were analyzed via flow cytometry. The gating strategy among living CD45", lineage negative
(CD37CD197CD207) cells for conventional DC type 1 (cDC1; HLA-DR*CD11¢*CD141%), conventional DC type 2 (cDC2; HLA-DR*CD11¢*CD1c™) and plasmacytoid DCs
(pDG; HLA-DR*CD11¢"CD123™) is shown. b PBMCs were infected with VSV, VSV-GP, and VSV-dM51-GP at an MOI of 10 according to PFU titer. GFP* cells among pDC,
cDC1, and cDC2 were analyzed via flow cytometry to determine infected cells after 6, 24, and 48 h. Combined data from five donors are shown as mean + SEM.



Generally, VSV-dM51-GP induced a pronounced increase of
cytokine secretion after 6 and 24 h. The amount of IL-1a, IL-6,
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IL-27, and IFN-f was significantly higher compared to mock
control (24 hpi). Additionally, TNF-a secretion was already 2
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Figure 7. Different cytokine profiles are induced in murine and human DCs in response to VSV variants. a Murine bone marrow-derived DCs (BMDCs) were infected with
VSV, VSV-GP, and VSV-dM51-GP at an MOI of 10. As a positive control, BMDCs were treated with LPS (100 ng/pl). Cytokines and chemokines were determined in the
supernatant at 6 and 24 h post infection (hpi). The horizontal lines indicate the lower detection of the assay for each cytokine. Data are shown as mean (n = 4). b Human
monocyte-derived DCs (moDCs) were infected with VSV, VSV-GP, and VSV-dM51-GP at an MOI of 10. As a positive control, moDCs were treated with LPS (0.5 pg/ul).
Cytokines and chemokines were determined in the supernatant at 6 and 24 h post infection (hpi). Data are shown as mean and are obtained from four independent
experiments. Significant changes are indicated. *p < .05; **p < .01; non-parametric Kruskal-Wallis test, followed Dunn’s multiple comparisons post-hoc test.
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logs higher at 6 hpi. A slight increase was also found for the
release of other tested cytokines. VSV-GP induced more than 1
log increase of IL-6 and IFN-B amounts after 24 h.
Furthermore, slightly higher levels of IL-1a and IL-1p were
detectable. VSV infection led to a minimal increase of IL-1a,
IL-1pB, and IFN-B. Interestingly, the amount of MCP-1 and
TNF-a decreased after 6 h and 24 h of VSV treatment com-
pared to mock control. This was also observed for VSV-GP,
although not as distinctive as for wild type VSV.

Human moDCs were also analyzed for cytokine secretion
upon virus application after 6 and 24 h. Again, VSV-dM51-GP
treatment showed the most prominent changes in cytokine levels
compared to VSV and VSV-GP, although direct infection was
the lowest. A significant elevation of pro-inflammatory INF-q,
IFN-B, IEN-A1, MCP-1, and IP-10 as well as a strong increase of
IL-6 was measured after 24 h (Figure 7(b)). In contrast, cytokine
profiles of VSV-GP and VSV changed less compared to mock
control. These viruses induced only significantly higher release
of IP-10. Additionally, slightly higher amounts of INF-a and
IFN-A1 were detected. No changes for other investigated cyto-
kines/chemokines were found after virus infection at the tested
time points (Supplementary Figure 9).

Discussion

In this study, we explored the permissiveness of murine and
human DCs for VSV-GP and the attenuated VSV-dM51-GP in
comparison to wild type VSV. We could confirm that VSV
infected BMDCs as already shown in previous studies.”******>
Although, VSV-GP uses a-DG* and not the low-density lipo-
protein (LDL) receptor as VSV, murine BMDCs were equally
infected by both viruses. Interestingly, VSV and VSV-GP
infected preferentially immature BMDCs. VSV infection
resulted in infection and killing of iDCs and, to a lesser extent,
of mDCs. In contrast, mature BMDCs were completely resistant
to VSV-GP infection and the cell viability of mDCs was not
affected by VSV-GP application. In our hands, no maturation of
BMDCs was observed neither upon VSV nor VSV-GP infec-
tions. This is in contrast to previously published data showing
a VSV-induced maturation of BMDCs,*® which might be caused
by the proportional switch of iDCs to mDCs due to the prefer-
ential infection and killing of iDCs in VSV-infected cultures. As
we counted both iDCs and mDCs in BMDC cultures in the
presence of live/dead staining, we excluded this possibility. The
reduced production of TNF-a and MCP-1 by VSV and VSV-GP
after infection seen in the cytokine analysis may be a reason for
the impaired maturation of the DCs.**™>°

Despite infection of iDCs by VSV-dM51-GP, no marked
reduction of viable cell counts was observed. More impor-
tantly, VSV-dM51-GP treated BMDC cultures underwent
complete maturation most likely due to the strong induction
of IFN-B and TNF-a.***"** The incomplete host-gene shut
down due to the mutated M protein of this virus seems to
allow the generation of an antiviral state of BMDCs resulting in
survival, activation, and pronounced cytokine production.*>*’
The maturation and prolonged survival led to a significantly
higher expression of pro-inflammatory cytokines (IL-1a, IL-6,
IL-27). Together with IFN-P and IFN-y, these cytokines may
generate a prime environment for efficient T cell activation by

VSV-dM51-GP infected DCs. Moreover, only VSV-dM51-GP
treatment induced strong IL-27 secretion which is a key initia-
tor for Thl CD4" T cell differentiation.®® In contrast, we
observed that VSV-GP treated BMDCs secreted pro-
inflammatory cytokines to much lower levels compared to
VSV-dM51-GP, while VSV did barely lead to an elevation of
the analyzed cytokines.

By infecting splenocytes ex vivo, we observed only a low per-
missiveness of resDCs for all three virus variants even when high
MOIs were applied. These results are in line with previous data
showing that BMDCs differentiated in the presence of FLT3
ligand, a culture model for splenic DCs,'? are resistant to VSV
infection.”® VSV and VSV-GP could infect both cDC1 and ¢cDC2
subsets ex vivo, showing comparability of both viruses in the
murine system. After systemic application of VSV-GP and VSV-
dM51-GP, we detected low levels of viral RNA in ¢cDC1. This
indicates that VSV-GP variants can enter murine cDC1 in vivo.
However, we hypothesize that direct infection and replication
may be a rather rare event. In line with this, also others showed
only marginal infection of CD11c" cells in the spleen within 36 h
post VSV application.”*>> A further explanation for the low
in vivo susceptibility of splenic DCs to VSV-GP infection may
relate to the used GP variant. The glycoprotein of VSV-GP is
derived from the WE (HPI) strain of LCMV binding with a low
affinity to a-DG as published recently.”>” While low-affinity
LCMV variants do not infect splenic DCs significantly’® due to
a binding competition of GP with tissue laminin to a-DG, high-
affinity LCMV can displace laminin and bind to a-DG resulting
in DC infection.”® Additionally, previous studies demonstrated
that the marginal zone or CD169" macrophages located in the
marginal zone of the spleen and the subcapsular sinus of lymph
nodes provide a replication niche for type I IFN sensitive viruses,
such as VSV and LCMV.>**"%* Thus, CD169" macrophages may
well be an immune cell population preferentially infected by
VSV-GP variants in vivo. Although direct splenic and tumor-
associated DC infection by VSV-GP variants might be a rather
rare event, DCs in both tissues were highly activated after virus
application. Immature DCs in the tumor are often anergic and
possess tolerogenic traits.”> Thus, the observed DC activation
induced by VSV-GP and VSV-dM51-GP might be critical for
antitumor T cell priming. This should be investigated in future
experiments as Leveille et al. postulate that VSV-dM15 abolishes
antigen presentation due to the killing of TADCs.**

Using mouse models for pre-clinical testing of OV's opens the
question of how far animal models are appropriable to predict
therapeutic success in humans. With this respect, we investigated
VSV and VSV-GP infection of different human DC subsets.
While murine DCs infection was similar, we indeed observed
significant differences for the infection of human moDCs and
blood ¢cDCs. Human moDCs were significantly less susceptible to
VSV-GP variants compared to VSV. Lower susceptibility of
moDCs to VSV-GP and VSV-dM51-GP resulted in better viabi-
lity of cells relative to VSV infection. Interestingly, next to VSV-
dM51-GP causing a complete maturation of moDCs also VSV-
GP induced partial maturation.

Similar to murine BMDCs, moDCs showed a more pro-
nounced pro-inflammatory cytokine profile upon VSV-dM51-
GP treatment. Especially, higher amounts of the IL-6, MCP-1,
and IFN-a2 were released in response to this virus variant.



Interestingly, no statistically significant induction of IFN-f was
observed after VSV and VSV-GP in human moDCs. However,
next to a slight increase of IFN-a2, type IIT IFN-A1 production
was induced by all three tested virus variants. It was shown that
both IFNs promote maturation and IFN-A1 can additionally
suppress IL-12p70 release,’” which was indeed not detectable
upon virus treatment in our experiments. Next to IFN produc-
tion, VSV and VSV-GP variants induced IP-10/CXCL-10
secretion, which is important for effector T cell recruitment
into the tumor.* In sum, we could show that a stronger infec-
tion does not necessarily lead to a higher pro-inflammatory
cytokine release and that VSV-GP and VSV-dM51-GP induce
a considerably different cytokine profile.

Plasmacytoid DCs are not permissive to viral infection,
which we could demonstrate for VSV and VSV-GP variants in
human blood pDCs. Interestingly, human blood cDC1 seem to
be slightly more susceptible to VSV-GP infection than ¢cDC2.
However, we could show that classical monocytes are the major
target of VSV and VSV-GP variants, while intermediate and
non-classical monocytes were weakly infected. Corresponding
to the infection level, both VSV and VSV-GP led to
a downregulation of CD14 on classical monocytes. The CD14
downregulation was described recently for VSV and the data
suggest that VSV infection triggers differentiation of mono-
cytes into ¢cDCs or immature DCs.%%%° However, we could not
confirm differentiation of classical monocytes to cDCs (or
pDCs) as none of the key markers (CD123, CD141, or CD1c)
were detected neither on the remaining classical monocytes
nor on the CD14 subset that appeared upon infection. Thus,
we assume that infected monocytes might gain an inflamed
phenotype rather than differentiating into DCs. Here, more
functional assays and transcriptional profile analysis will be
necessary to thoroughly characterize this population to define
functional consequences of VSV-GP infection, as monocytes
and monocyte-derived inflammatory DCs can acquire APC
functions and may thereby influence the adaptive immune
response.”’ Hence, these results highlight the need for more
sophisticated studies to understand the influence of novel OV
candidates such as VSV-GP on DCs and other myeloid cells. In
summary, we showed that VSV and VSV-GP variants interact
differently with mouse and human DC subsets as well as
human blood monocytes. We demonstrated substantial diver-
gences in infection levels, cell killing, and cytokine release
between murine and human DCs. Our results indicate that
mouse models are valuable to answer certain questions but
results should be carefully considered when translating pre-
clinical data to clinical trials. Future studies should investigate
how the effects of VSV-GP variants on DCs and entailed
phenotypical and functional changes shape the adaptive
immune system. The understanding of these mechanisms
might help to improve the activation of antitumor immunity
by OVs and cancer vaccine vectors.
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