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immunocompetent models and generates reduced
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The mammalian reovirus Type 3 Dearing (T3D) is a naturally
occurring oncolytic virus. We previously identified a T3D
variant isolated from persistently infected cancer cells that
has a premature stop codon mutation in the S1 gene, gener-
ating a truncated s1-attachment protein that lacks the glob-
ular head. We now report on the molecular characterization
of this variant, named RP116, and assess its antitumor poten-
tial in human cancer cells and syngeneic mouse models.
RP116 replicates efficiently in several cancer cell lines, shows
reduced dependency for the JAM-A receptor, significantly de-
creases tumor growth in syngeneic models when injected
either intratumorally or intravenously, and generates long-
term cures and immune memory in combination with check-
point inhibitors. Finally, we demonstrate that RP116 infec-
tion in mice leads to reduced production of neutralizing
antibodies directed against reovirus T3D, preserving the effi-
cacy of subsequent reovirus treatment. These results establish
the value of developing RP116 as an additional oncolytic
reovirus platform.

INTRODUCTION
Reoviruses are non-enveloped double-stranded RNA viruses that
predominantly target the respiratory and gastrointestinal tracts of
humans, causing mostly benign or asymptomatic infections.1 Reovi-
ruses have been widely studied in laboratory settings as models of
viral propagation and tissue distribution, cell replication, and host
immune responses, and within the past 20 years have been exten-
sively investigated for their natural oncolytic potential against
various cancer types. There are four main mammalian reovirus se-
rotypes, Type 1 Lang (T1L), Type 2 Jones (T2J), Type 3 Dearing
(T3D), and Type 4 Ndelle (T4N), which are strains defined primar-
ily by their differences in the S1 gene encoding for the viral attach-
ment protein s1.2 s1 is the reovirus protein whose sequence varies
the most among strains and is the main target of neutralizing host
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immune responses in mammals.3–6 Importantly, isolated mono-
clonal antibodies that neutralize viral infection are often directed
against the protruding globular head of s1 and are serotype
specific.2,7–10

The reoviral protein s1 mediates viral binding to the host cell using
mainly the junctional adhesion molecule-A (JAM-A) receptor and
cell surface carbohydrates.11–13 The JAM-A-binding site, located
within the globular head domain of s1, is found conserved among
all serotypes.14 In addition, reoviruses can engage a range of sialic
acid glycans, the integrin b1 and/or the neuronal receptor NgR1,
within domains of s1 or s3 to bind and attach to host cells.15,16 Prior
to entry into the host cytoplasm where the virus replicates, the capsid
of reoviruses must undergo proteolytic disassembly into intermediate
subviral particles often mediated by cathepsin and other proteases
within the endosomal pathway.17 While the known serotypes may
differ in sites of tissue replication and spread, studies on the anti-
cancer and antitumor immune properties of reoviruses have thus
far focused on the T3D strain.18–23

While being primarily cytolytic, exposure of reoviruses to cells in vitro
can occasionally induce persistent infections, whereby the virus and
cells mutate to establish a long-term infection characterized by secre-
tion of viral progeny that are continuously re-infecting proliferating
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cells in the culture.24–26 We previously described a reovirus variant
isolated from persistently infected HT1080 human fibrosarcoma cells
that exhibits a unique mutation at nucleotide position 763 (C>T)
within the S1 gene, resulting in a premature stop codon at amino
acid 251.26 This variant completely lacks the globular head of the
s1 attachment protein, but was found to still replicate efficiently in
some cancer cell lines in vitro, and repressed tumor progression in hu-
man tumor xenografts grown in SCID/NOD mice.26 Interestingly,
this reovirus variant did not induce the myocarditis and necrotic
morbidity associated with the “black foot” pathogenesis often seen
with wild-type reovirus T3D administration to highly immunocom-
promised SCID/NOD mice,27 and thus was initially classified as an
attenuated reovirus.26

In this study, we further define the molecular characteristics of this
unique truncated s1 reovirus variant, named herein RP116, and
address its broad direct cancer cell-lytic activity compared with a
wild-type T3D reovirus (obtained from the Korea Biobank for Path-
ogenic Viruses [KBPV], hereby referred to as T3DKOR). Characteriza-
tion of oncolysis and markers attributed to reovirus-induced cell lysis
in a panel of cancer cell lines derived from different tissues reveals a
reduced requisite for the JAM-A receptor but a higher dependence of
RP116 on sialic acid and integrin b1, as well as cathepsins and acti-
vated AKT signaling, as compared with T3DKOR. Investigations
into the synergistic potential of RP116 in combination with the im-
mune checkpoint inhibitor (ICI) anti-PDL1 demonstrate robust can-
cer control and prolonged antitumor immune memory responses in
syngeneic mouse models. Finally, we find reduced neutralizing anti-
bodies against T3DKOR from mouse sera exposed to RP116, and we
show that sequential therapeutic interventions of RP116 and
T3DKOR improve tumor growth control as compared with sequential
administration of the same virus. Altogether, our results establish the
promise of developing RP116 as a novel cancer virotherapeutic.

RESULTS
Viral characterization of the RP116 variant

Reovirus infection of cell lines in vitro can occasionally generate a
persistent infection. Several changes occurring within persistent vi-
ruses have been reported, particularly targeting the S4 and S1 genes
encoding for the reovirus protein s3 and s1, respectively.24,26,28,29

We previously isolated a unique reovirus variant from a persistently
infected HT1080 human fibrosarcoma cell line. At the time,
sequencing of the S4 and S1 genes revealed specific mutations
Figure 1. RP116 exhibits accelerated proteolytic disassembly but similar viral
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including a C to T mutation within the S1 gene at nucleotide position
763, leading to a change in amino acid Q251 to a stop codon
(Q251*)26 (Figure 1A). Despite this premature stop codon in s1,
the isolated virus was able to bind, infect, and replicate in a few tested
cell lines and in tumor tissue in vivo from xenografts of HCT116 and
HT1080 grown in SCID/NOD mice.26

We characterize here the molecular changes within the reovirus
variant, RP116, that remained stable and infectious over time, having
now been propagated over numerous (>20) passages in BHK21 and
other cell types. Compared with reovirus T3D (GenBank accession
number in materials and methods, also referred to as T3DD for Der-
mody laboratory30,31), and a reovirus T3D obtained from the KBPV
(T3DKOR), several missense and synonymous mutations were identi-
fied in most viral RP116 genes (Figures 1A, S1A–S1C; Table 1). In
addition to the stop codon mutation in the S1 gene, changes within
the S4, M3, M1, and L1 genes likely contribute to the infectivity, sta-
bility, and unique characteristics of this variant. For instance, sensi-
tivity to chymotrypsin was assessed and RP116 particles showed
accelerated proteolytic processing compared with reovirus T3DKOR,
as evidenced by a more rapid degradation of the viral protein m1C
and d, and s3 from the particle (Figure 1B). Of note, the truncated
version of s1 can be detected by western blotting and appears also
to be partially cleaved during chymotrypsin treatment. Despite this
increased proteolytic sensitivity, cytopathic effects induced by
RP116 are similar to T3DKOR in BHK-21 cells (Figure 1C). Further-
more, a recombinant T3DD reovirus bearing only the premature
stop codon mutation in the S1 gene (referred to here as
T3DD�Q251*) was also able to be rescued and propagated over 10
times showing stability and infectivity similar to a recombinant
T3DD (Figures 1D and S1D–S1F). To address whether RP116 infec-
tion may result in higher defective particles due to a truncated form
of s1, we performed transmission electron microscopy on
T3DKOR- and RP116-infected cells and purified particles. Viral fac-
tory production and particle size and shape appeared similar within
BHK-21 cells between the two reoviruses (Figures 1E and 1F). These
data confirm that RP116, and a T3DD�Q251* recombinant virus, can
be stable and replication-competent reovirus variants.

RP116 demonstrates oncolytic potential against various cancer

cell types

The reovirus variant RP116 was previously reported to replicate in
HT1080 fibrosarcoma cells and HCT116 colon carcinoma cells, and
particle size and shape to T3DKOR
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Table 1. Changes found in RP116

Segment Nucleotide position

RP116 T3DKOR T3DD

Codon Amino acid Codon Amino acid Codon Amino acid

L1

1220 aCt Thr aTt Ile aTt Ile

2959 Ctg Leu Atg Met Atg Met

3159 agA Arg agC Ser agC Ser

3167 aGc Ser aGc Ser aAc Asn

3628 Gaa Glu Aaa Lys Aaa Lys

L2

1524 gAg Glu gAg Glu gGg Gly

1538 Cgg Arg Ggg Gly Ggg Gly

2900 Gtg Val Atg Met Atg Met

3807 aTa Ile aCa Thr aCa Thr

L3

60 gTc Val gGc Gly gGc Gly

170 Cac His Tac Tyr Tac Tyr

453 cGg Arg cAg Gln cAg Gln

1512 aGc Ser aGc Ser aTc Ile

2569 caT His caG Gln caG Gln

M1

134 Aac Asn Gac Asp Gac Asp

462 cGa Arg cAa Gln cAa Gln

635 Ccg Pro Ccg Pro Tcg Ser

1038 cAa Gln cAa Gln cGa Arg

1595 Tct Ser Gct Ala Gct Ala

M2

248 gaC Asp gaA Glu gaA Glu

943 gCg Ala gTg Val gCg Ala

1329 Aac Asn Gac Asp Gac Asp

1960 gCg Ala gTg Val gTg Val

M3

556 Gaa Glu Gaa Glu Aaa Lys

1450 Ctc Leu Atc Ile Atc Ile

1987 Gcc Ala Acc Thr Acc Thr

2132 gTt Val g(T/C)t Val/Ala gCt Ala

2138 gAt Asp gGt Gly gGt Gly

S1

77 gCa Ala gTa Val gTa Val

691 Gta Val Ata Ile Ata Ile

758 aCt Thr aTt Ile aCt Thr

763 Taa STOP Caa Gln Caa Gln

1234 Gcg Ala Gcg Ala Acg Thr

S2 167 aAg Lys aGg Arg aGg Arg

S4

222 Gag Glu Aag Lys Aag Lys

429 Cgg Arg Tgg Trp Tgg Trp

562 tTc Phe tCc Ser tCc Ser

624, 625 AAg Lys g(A/G)g Glu/Gly GGg Gly

719 gaT Asp gaG Glu gaG Glu

784 cTc Leu cAc His cAc His
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to induce tumor regression of these human xenografts grown in
SCID/NOD mice in vivo.26 To investigate the extent by which
RP116 is cytolytic against a broad panel of cancer cells, and to begin
4 Molecular Therapy: Oncology Vol. 32 September 2024
to address potential biomarkers that could mediate anticancer activ-
ity, cell viability assays were performed on a panel of 50 distinct cell
lines comprising eight tumor types. To compare the anticancer
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activity of RP116 and T3DKOR, viral cytotoxicity was measured over a
range of multiplicity of infection (MOI) based on total viral particle
(VP) numbers. Experimental results showed that the IC50 (half-
maximal inhibitory concentration) value for each cancer cell infected
by RP116 or T3DKOR varied between cancer types (Figures 2A and
S2A–S2C; Table 2). Melanoma cell lines were found to be the most
sensitive while conversely, gastric cancer cell lines were the least
responsive to both RP116 and T3DKOR (Figure S2B). Interestingly,
breast cancer cell lines showed greater sensitivity to T3DKOR than
RP116 (Figure S2C). On the other hand, osteosarcoma cell lines
were highly resistant to T3DKOR infection, while moderate cytolytic
activities against these cell models were detected from RP116 infec-
tion (Figure S2D). Taken together, these results show a varying sensi-
tivity between different cancer cell types to the reoviruses T3DKOR

and RP116.

To investigate differences in oncolysis mediated by T3DKOR and
RP116, we next assessed the basal levels of the candidate receptors
sialic acid, JAM-A, integrin b1, and NgR1 (Figures 2B and S2E–
S2G). As expected, carcinomas with high JAM-A expression such
as breast, ovarian, and bladder cancers were positively and signifi-
cantly correlated with cytolysis by T3DKOR, as compared with can-
cer cells with modest JAM-A expression such as osteosarcoma. In
contrast, RP116, which lacks the JAM-A binding motif within its
truncated s1, showed no significant correlation between anticancer
activity and JAM-A expression. Moreover, the oncolytic activity of
RP116 was not independently correlated with expression levels
of sialic acid or integrin b1. However, since the initial binding of
reovirus s1 protein to cell surface sialic acid can alter integrin b1
interaction,32 separating the panel of cell lines for sialic acidlow/in-
tegrin b1low and sialic acidhigh/integrin b1high expression groups re-
vealed that cells exhibiting high expression of both sialic acid and
integrin b1 were significantly associated with RP116 cytolytic activ-
ity (Figure S2F). We next analyzed the basal expression levels of
several genes that have previously been reported to modulate sensi-
tivity to reoviral oncolysis: the tumor suppressors p53, ATM, and
Rb, the innate immune defense genes; TLR3, PKR, IRF family,
Type I and II interferons and JAK/STAT, and genes implicated in
viral entry; Cathepsin B/L, phosphorylated AKT (pAKT), and
pERK1/2 (Figures 2C, 2D, and S2H–S2J).22,33–38 Our analyses
show that only the expression levels of pAKT and Cathepsin B/L
have a significant correlation with the anticancer activity of
RP116, but not with that of T3DKOR (Figure 2D). Altogether, these
results suggest that RP116 is more dependent on elevated sialic acid
and integrin b1 expression than JAM-A as compared with T3DKOR.
Furthermore, the infectivity of RP116 may benefit from higher
pAKT signaling and Cathepsin B/L activity.

RP116 is efficacious in syngeneic models by intratumoral and

intravenous administration, and generates long-term cures in

combination with ICIs

Pre-clinical and clinical studies with reovirus have assessed both the
intratumoral (IT) or intravenous (i.v.) routes of administration for
cancer treatment.39 Previously, RP116 was assessed and demon-
strated to cause tumor regression when administered IT in human
cancer xenografts grown in SCID/NOD mice.25 To determine the ef-
ficacy of RP116 in more clinically relevant immunocompetent animal
models, we compared two different doses of IT and i.v. RP116 treat-
ments on the syngeneic murine B16F10 melanoma model. Mice
bearing B16F10 melanoma subcutaneous tumors were treated twice
on following days with either 1 � 108 or 1 � 109 TCID50 of RP116,
either IT or i.v. Tumor sizes were measured until the tumor burden
of the control group reached the limit for euthanasia. All four
RP116 treatments showed significant tumor growth control and the
best response was observed in the group that received the higher IT
doses (Figure 3A). We next tested if additional i.v. treatments of
RP116 could improve tumor regression. In the same model, mice
were treated i.v. with 1 � 109 TCID50 of RP116 two or five times
on consecutive following days. Multiple i.v. injections were found
to significantly delay tumor growth compared to only two injections.
(Figure 3B). RP116 treatment was well tolerated in both injection
models as body weight changes were not detected even after multiple
high dosages of RP116 (Figure S3A). While significant inhibition of
tumor growth was observed, B16F10 tumors were not completely
eradicated by RP116 virotherapy alone and ultimately grew. Viral
infection can activate Type I interferon (IFN) signaling and the
expression of PDL1 on cancer cells.40 Since overexpression of PDL1
on the surface of tumor cells can inhibit the activation of cytotoxic
T cells, we expected that synergistic anticancer effects could be
induced by subsequent administrations of ICIs such as anti-PDL1 an-
tibodies.41 In a repeated experiment of IT-administered RP116,
follow-up therapy with anti-PDL1 antibodies showed dramatic
improvement in tumor regression and prolonged mouse survival
(Figures 3C and 3D).

These results prompted us to investigate the therapeutic effects of
RP116 in combination with anti-PDL1 antibody therapy using two
syngeneic mouse tumor models, namely B16F10 melanoma and
EMT-6 breast cancer. We first measured PDL1 expression on the sur-
face of B16F10 and EMT6 cells by flow cytometry.While B16F10mel-
anoma cells expressed PDL1 at a relatively high level, EMT-6 breast
cancer cells showed only basal level of expression (Figure S3B). How-
ever, infection with RP116-induced PDL1 levels in both cell types and
the induction fold was considerably higher with EMT-6 cells (Fig-
ure S3B). To assess the therapeutic effect of combining RP116 with
ICIs, mice bearing either B16F10 or EMT-6 tumors were adminis-
tered RP116 twice consecutively (on days 0, 1) and anti-PDL1 every
3 days (from day 0 for a total number of six administrations). In
B16F10 melanoma, RP116 monotherapy showed similar level of tu-
mor growth control compared with anti-PDL1 antibody monother-
apy, with a 76% and 79% average tumor growth inhibition, respec-
tively (Figures 3E and S3C). However, the combination therapy
resulted in three (of 12) long-term survivors (Figure 3F). With the
EMT-6 breast cancer model, we found that anti-PDL1 antibody
monotherapy failed to control tumor growth, but RP116 monother-
apy was effective, showing an average of 60% tumor growth inhibition
(Figures 3G and S3D). Notably, in early phase of treatment, the com-
bination therapy presented similar tumor growth inhibition to the
Molecular Therapy: Oncology Vol. 32 September 2024 5
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Table 2. List of cell lines

No. Cancer type Cell line
IC50 value (MOI, VP)
of T3DKOR

IC50 value (MOI, VP)
of RP116 Sialic acids (MFI) JAM-A (MFI) ITGb1 CTSB CTSL NgR1 pAKT pERK TLR3

1 Bladder 253J/BV 59.67 16.36 1070 1262 0.49 10.59 6.03 9.09 21.16 3.45 1.71

2 Bladder T24 273.90 27.12 1621 284 0.73 8.72 1.80 5.11 20.97 3.85 0.97

3 Bladder 5637 24.40 96.40 1263 2150 1.31 11.95 8.02 18.66 5.34 0.68 1.74

4 Bladder J82 80.58 106.30 1225 591 1.32 11.93 5.35 1.94 25.11 3.34 0.98

5 Bladder HT1376 45.95 821.30 1334 3431 2.20 6.65 11.58 49.70 6.20 1.08 0.85

6 Bladder 22Rv1 1.03 6463.00 263 264 0.00 0.01 0.81 18.42 3.84 3.56 5.29

7 Bladder RT4 10178.00 25648.00 984 2502 0.24 9.50 2.34 20.13 1.51 0.73 0.90

8 Breast T47D 1.12 703.10 717 4482 1.57 6.91 0.56 8.02 2.37 3.73 2.10

9 Breast MCF-7 266.60 3758.00 590 2450 0.56 0.96 1.07 4.78 1.08 3.97 2.15

10 Breast BT-20 3.19 6556.00 1686 2942 1.92 0.51 0.45 6.70 15.41 1.73 2.67

11 Breast MDA-MB-231 2105.00 7401.00 1954 321 1.78 1.66 0.58 0.67 3.27 8.31 2.46

12 Breast MDA-MB-453 284.70 35491.00 659 2131 0.65 0.84 0.08 15.70 2.70 2.40 3.35

13 Cervix HeLa 94.05 18.86 2227 240 1.00a 1.00a 1.00a 1.00a 1.00a 1.00a 1.00a

14 Colorectal HCT116 5.53 473.50 1043 1410 0.59 9.79 3.32 21.46 1.42 3.98 4.28

15 Colorectal LOVO 8.01 536.40 975 1377 0.61 5.61 2.21 28.41 1.01 3.85 5.75

16 Colorectal DLD-1 1036.00 21556.00 582 1144 0.32 7.99 2.74 29.15 1.56 0.96 3.13

17 Colorectal HCT15 3662.00 N/A 367 947 0.31 11.65 3.04 29.39 1.31 1.18 2.83

18 Colorectal HT29 3491.00 N/A 1006 2372 0.77 17.59 0.95 39.35 0.87 1.80 2.61

19 Gastric MKN28 523.20 1653.00 1243 2907 0.00 0.14 3.31 22.97 18.16 4.12 3.35

20 Gastric AGS 12176.00 29130.00 685 1258 0.00 0.19 0.04 111.83 6.98 3.99 13.25

21 Gastric SNU668 9471.00 81209.00 1220 276 5.06 13.83 4.31 11.40 1.69 3.70 1.82

22 Gastric KATOIII 6635.00 N/A 1405 1382 0.00 0.17 0.03 65.13 2.46 4.11 3.39

23 Gastric MKN45 27467.00 N/A 1616 2515 0.00 0.06 0.35 5.04 2.73 1.75 3.42

24 Gastric NCIN87 10922.00 N/A 1160 2418 0.01 0.40 1.55 119.90 6.65 7.60 3.88

25 Glioma U87MG 102.60 47.40 1903 607 3.50 6.45 4.07 1.33 16.94 3.78 2.47

26 Glioma SNU489 160.40 441.80 2155 393 5.06 14.99 4.31 3.18 11.33 1.58 2.32

27 Glioma U373MG 3588.00 675.00 1173 262 3.16 14.19 4.94 0.96 16.18 1.58 2.48

28 Glioma A172 1325.00 1630.00 1623 281 9.42 43.53 7.43 21.90 11.48 5.15 2.43

29 Glioma SNU466 1325.00 1630.00 1817 581 2.46 28.76 8.46 5.30 18.41 1.58 2.56

30 Glioma T98G 6532.00 2242.00 1732 208 1.32 6.42 1.19 5.16 10.11 1.65 2.43

31 Glioma SNU201 491.40 7875.00 1482 790 1.87 60.66 29.58 3.80 6.78 1.03 1.99

32 Melanoma WM-266-4 0.23 3.36 1310 516 2.95 26.09 2.16 8.89 23.86 7.68 2.53

33 Melanoma A375 1.19 3.46 1051 212 0.85 9.43 4.89 2.13 7.21 7.29 2.47

34 Melanoma HS294T 16.94 4.54 968 498 2.52 15.84 8.51 38.81 11.23 3.54 2.40

35 Melanoma SKMEL-28 0.65 5.64 1024 944 2.55 181.27 18.12 58.86 10.08 7.25 3.16

(Continued on next page)
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Table 2. Continued

No. Cancer type Cell line
IC50 value (MOI, VP)
of T3DKOR

IC50 value (MOI, VP)
of RP116 Sialic acids (MFI) JAM-A (MFI) ITGb1 CTSB CTSL NgR1 pAKT pERK TLR3

36 Melanoma A431 139.70 308.50 2231 4031 2.80 6.49 2.54 22.94 2.78 1.04 2.29

37 Melanoma SKMEL-3 11.94 329.30 528 208 1.09 17.76 10.15 22.70 5.04 3.25 2.72

38 Colon CCD-18Co 4186.00 85.58 1743 240 0.01 5.07 44.07 0.72 11.99 3.58 0.20

39 Skin HS27 N/A 1669.00 1214 166 9.51 26.64 3.16 0.60 4.59 1.79 1.58

40 Osteosarcoma Saos-2 N/A 389.00 981 172 1.46 10.44 6.68 4.56 9.03 0.60 4.23

41 Osteosarcoma Saos-LM2 N/A 744.60 1109 226 1.09 8.27 8.59 5.00 10.87 0.74 3.14

42 Osteosarcoma U2OS N/A 1065.00 759 135 4.14 10.98 2.11 32.41 9.24 1.88 2.10

43 Osteosarcoma G-292 N/A 1688.00 649 150 1.93 30.81 3.88 0.78 3.71 9.17 1.19

44 Osteosarcoma HOS 4189.00 1765.00 523 198 1.06 0.76 0.50 2.86 10.08 5.97 1.80

45 Osteosarcoma MG-63 N/A 5893.00 748 156 3.10 76.27 10.54 25.22 10.55 1.99 1.39

46 Ovarian SNU840 23.32 29.57 2534 2638 0.40 9.01 2.84 14.79 21.65 2.00 1.22

47 Ovarian OVCAR-3 36.96 34.66 715 1430 0.67 17.78 3.25 31.97 2.01 3.00 14.04

48 Ovarian SKOV-3 370.50 52.45 1388 384 1.80 41.69 15.71 59.75 12.67 2.46 1.26

49 Ovarian SNU8 75.53 401.80 2598 2441 2.13 55.53 2.54 12.38 3.97 1.81 2.65

50 Ovarian Caov-4 6.90 856.30 1690 1324 6.33 73.34 3.74 102.07 3.46 2.75 2.71

aNormalized based on gene expression levels in HeLa cells.
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RP116 monotherapy group, but ultimately combining RP116 with
anti-PDL1 antibodies led to significant improvement in anticancer ef-
fect, resulting in 67% (6 of 9) complete cures as compared with 17%
(2 of 12) with RP116 treatment alone (Figure 3H). These findings
demonstrate the robust viral immunotherapeutic effects of RP116.

RP116 and anti-PDL1 combination treatment stimulates immune

anticancer memory

As RP116 monotherapy and the combined administration of RP116
with anti-PDL1 antibody treatment in the EMT6 model resulted in
long-term surviving mice (complete responders [CR], n = 2 for the
RP116 monotherapy group and n = 6 for the RP116+anti-PDL1
group), we designed follow-up studies to assess anticancer immune
memory (Figure 4A). Four months (110 days) after the initial treat-
ment administration, EMT6 cells were subcutaneously re-injected
into the flanks of mice where the primary tumors had been eradicated.
Tumor formation was monitored and compared with age-matched
naive mice. During follow-up, we observed tumor recurrence in
two mice, one from the RP116 monotherapy group (1 of 2) and the
other from the combined therapy group (1 of 6). Thus, the final tu-
mor-free mice in the EMT6 model was 75% (6 of 8), while none of
the mice in the control group (n = 10) survived past 40 days
(Figures 4B, 4C, and S4A). A second rechallenge was performed on
the remaining tumor-free survivors (n = 6). For this second rechal-
lenge experiment, 156 days post the initial treatment administration,
EMT6 cells were injected into the caudal vein of mice to induce lung
metastasis. During the incubation period, weight loss and breathing
difficulties were observed in the naive age-matched control group
(n = 10), but no abnormalities were observed in the CR group (Fig-
ure S4B). Twenty-five days after this second EMT-6 cell injection,
lung metastasis was evaluated by lung nodule counts. There were
no lung nodules observed in the CR mice group (0 of 6), whereas
several lung nodules were observed from all (10 of 10) of the age-
matched control group (Figure 4D). These results show that upon
complete remission of the primary tumor from RP116 or its combi-
nation with ICIs, long-term immune memory from future tumor re-
challenge can be established. These results also confirm the therapeu-
tic potential of RP116-based immunotherapy to control primary
tumors and prevent recurrence or metastasis.

To assess the long-term antitumor immunity against EMT6 cancer
cells in further detail, splenocytes from the survivors of the recur-
rence and metastasis study were isolated and analyzed. First, estab-
Figure 2. Comparative analysis of the oncolytic activity of RP116 and T3DKOR t

(A) Anticancer activity of T3DKOR and RP116 in different types of cancer cells was used to

T3DKOR and RP116 were diluted to the indicated MOI. Relative oncolytic activities of bot

lines against both viruses was depicted as scatterplots (top). Data are presented as mea

basal levels of host cell receptors (sialic acids, JAM-A, Integrin b1, andNgR1). Cell surfac

and antibody, respectively. Basal transcripts levels of Integrin b1 andNgR1were analyze

and phosphorylated AKT and ERK1/2, and TLR3 protein levels in the panel of cell lines.

using indicated specific antibodies. b-actin is shown as a loading control. (D) Correlation

determinants. Activation levels of pAKT and pERK1/2 were analyzed by immunoblotting

Cathepsin B and L levels were analyzed by real-time qRT-PCR and normalized to HP

correlation analysis. Cell viability, western blot analysis, and real-time qRT-PCR data w
lishment of EMT6-specific antitumor immunity was confirmed us-
ing ELISpot test comparing EMT-6 cells with two other murine
cancer cell types, CT26 and Renca. Each cancer cell line was pre-
treated with mitomycin C for 24 h, and then co-cultured with sple-
nocytes isolated from naive or CR mice. The interferon-g secretion
was observed specifically with EMT-6 cell co-culture (Figure 4E).
We then confirmed that both central and effector memory forma-
tion of CD8+ and CD4+ T cells occurred in the mice of the CR
mice group (Figure 4F). In particular, the difference of effector
memory CD8+ T cells compared with the naive mouse groups
may relate to the presence of large number of activated cytotoxic
T lymphocytes. These results demonstrate that target-specific anti-
tumor immunity is strongly established in mice whose cancer was
eradicated through RP116 combination therapy.

RP116 immunogenically activates antigen-presenting cells

Having confirmed the antitumor immunotherapeutic potential of
RP116 in combination with checkpoint inhibitors, we next wanted
to compare the response of bone-marrow-derived dendritic cells
(BMDCs) from mice upon exposure to RP116 or T3DKOR.
BMDCs were isolated and infected with the reoviruses and assessed
for viral protein synthesis, viability, and induction of immunoregu-
latory cytokines through real-time qRT-PCR. We found that
BMDCs can be infected, although poorly, by both T3DKOR and
RP116, as evidenced by the production of viral proteins in these
cells (Figure 5A). However, limited toxicity was observed in these
cells by both viruses even 7 days post infection (Figure 5B). Despite
being similarly infected, we found that BMDCs treated with RP116
switched to promote a more immunogenic response compared with
T3DKOR. In particular, the expression of cytokines that control
immunosuppression in the tumor microenvironment and cytokines
that recruit immune cells into tumor tissues were increased in
BMDCs infected with RP116 (Figure 5C). These results were also
confirmed in experiments using the murine macrophage cell line
RAW264.7 (Figures S5A and S5B). We also compared the cell sur-
face protein expression levels of CD40, CD80, and CD86, other in-
dicators of immune cell activation, which showed increased protein
expression upon RP116 exposure as compared with T3DKOR and/or
uninfected controls (Figures 5D and S5C). In addition, RP116 treat-
ment promoted higher MHC-II expression in RAW264.7 cells than
T3DKOR (Figure S5D). These findings suggest that RP116 infection
induces a different immunogenic potential in immune cells
compared with T3DKOR.
hrough screening of various cancer cell types

determine IC50 values (Table 2). Using total viral particle (VP) numbers of each virus,

h viruses are quantified by calculating the IC50 value. The relative susceptibility of cell

n ± SEM. (B) Correlation analysis between oncolytic activity of RP116 or T3DKOR and

e levels of sialic acids and JAM-A were analyzed by flow cytometry usingWGA lectin

d by real-time qRT-PCR and normalized toHPRT expression. (C) Comparison of total

The degree of activation and expression were detected by immunoblotting analysis

analysis between oncolytic activity of both viruses and levels of indicated candidate

method (shown in C) and normalized using b-actin level for calculating relative values.

RT expression. p values in (B) and (D) were calculated using two-tailed Spearman

ere a representative of two independent experiments, each with triplicate samples.

Molecular Therapy: Oncology Vol. 32 September 2024 9

http://www.moleculartherapy.org


A

D

E F

G H

C

B

(legend on next page)

Molecular Therapy: Oncology

10 Molecular Therapy: Oncology Vol. 32 September 2024



www.moleculartherapy.org
RP116 administration induces limited neutralizing antibody

directed against T3DKOR and tandem therapy improves tumor

growth control

Neutralizing antibodies against oncolytic reovirus can prevent effec-
tive delivery and infection to tumor tissues and limit repetitive treat-
ments.42 The majority of neutralizing antibodies for reovirus are
known to be directed against the globular head of the viral s1 protein,
which is absent in RP116. We hypothesized that sequential treatment
of RP116 followed by T3DKOR (or vice versa) would provide
improved tumor growth control as compared with follow-up admin-
istration of the same virus. Using the B16F10 subcutaneous model,
mice were either administered two i.v. infections (on subsequent
days) of T3DKOR or RP116, followed 7 days later with two injections
of the same or the alternative virus. We found that sequential tandem
therapy provided improved tumor growth control (Figures 6A–6C).
We then compared characteristics of neutralizing antibodies gener-
ated by i.v. treatment of RP116 or T3DKOR. The sera collected from
RP116- or T3DKOR- treated mice were used to determine neutralizing
antibody titers against the two reoviruses. Interestingly, the neutral-
izing activity against T3DKOR was lower in sera from RP116-treated
mice (50% neutralization titer [NT50] = 0.08) when compared with
those from T3DKOR solely injected mice (NT50 = 0.029), whereas
neutralizing activity against RP116 was similar in sera from both
mouse groups (0.005 vs. 0.007) (Figures 6D and 6E). These results
showing reduced neutralization of T3D after initial exposure to
RP116 suggest that RP116 could provide unhindered sequential ther-
apeutic tandem interventions with an oncolytic reovirus T3D.

DISCUSSION
The reovirus Type 3 Dearing (T3D) is a naturally oncolytic virus that
has been extensively investigated for its therapeutic potential against
various cancer types through several clinical trials.21,22,43 In this
report, we present data on the RP116 variant of reovirus T3D, selected
from persistently infected cancer cells, that display unique character-
istics and immunotherapeutic potential. RP116 is a notable variant of
reovirus as it harbors a stop codon mutation in the attachment s1
protein of the virus at position amino acid Q251*. This mutation re-
sults in a truncated s1 that lacks the globular head of the viral protein,
which is involved in interaction with the JAM-A receptor. Interest-
ingly, this mutation falls in the vicinity of a proteolytic cleavage site
(Thr249) on s1, and it was previously reported that such cleavage
of the JAM-A-binding head domain of s1 would result in diminished
Figure 3. RP116 is efficacious in syngeneic models by IT and i.v. routes of adm

(A–H) Cells were implanted subcutaneously (s.c.) in the right flank of C57BL/6 mice and

survival rate, and body weight were observed. Arrows represent time of treatment: red

between IT or i.v. administration of RP116 injection. Mice were injected with 1� 108 and

and 15 (i.v. 108). (B) Comparison of multiple i.v. injections of RP116. Mice were injecte

(RP116� 2), and 10 (RP116� 5). (C) Combination therapy of RP116with immune check

PDL1 antibody treatment intraperitoneally starting from day 11. The combination of anti-

IT + aPDL1). (D) Kaplan-Meier survival curves of mice injected with indicated treatmen

Whitney test and (D) using a log rank test. (E–H) B16F10 (E) or EMT6 (F) cells were inocu

growth inhibition was analyzed by measuring the tumor volume. n = 12 per group. Corre

Animals were euthanized when tumors reached �2,000 mm3 in size. p values: one-ta

**p < 0.01, ***p < 0.001. Data are mean ± SEM.
viral infectivity.44,45 Nonetheless, we observed that RP116 was genet-
ically stable over time and amplified efficiently in BHK-21 cells
without reverting to wild-type T3D over multiple passages. Further-
more, RP116 was oncolytic against a variety of cancer cell models.
While other mutations are present in several other viral genes within
RP116, which could account for the stability and infectivity of this
variant, we found that a recombinant T3DD�Q251*, with no other
mutational changes, could also be rescued and efficiently propagated.
Thus, Q251* is a critical mutation that defines the characteristics of
RP116, and our results demonstrate that variants of reoviruses lacking
the globular head of theirs1 protein can exist and replicate in cell sys-
tems and tumor tissues.

We explored and compared here the cytotoxicity of RP116 and a T3D
from the Korean Biobank (T3DKOR) on a panel of well-established
cancer cell lines. These analyses provided a range in sensitivity be-
tween the two viruses and allowed for the characterization of defined
factors that had been reported tomediate selectivity to reovirus oncol-
ysis. As expected, we confirmed that the T3DKOR virus showed pref-
erential cell killing for cells with a higher amount of JAM-A expres-
sion, the major receptor of reovirus. On the other hand, RP116, the
variant lacking the JAM-A interaction motif, rather showed correla-
tions with factors such as increased pAKT signaling and Cathepsin
B/L expression. In addition, even though we found no significant cor-
relation between anticancer activity and the expression levels of four
known reovirus receptors when analyzed independently, a positive
correlation was observed with RP116 in cells that displayed both
high sialic acids and integrin b1 expression. As endocytosis of
reovirus via sialic acids or integrin b1 is possible for cells with very
low JAM-A expression, and that Cathepsin B/L and activated AKT
signaling help with the processing of the viral capsid,32,46 these molec-
ular characteristics may cause different infection kinetics as observed
among different cancer types. These analyses could also provide some
selectivity in the type of malignancies that could be better targeted by
RP116 compared with conventional T3D reovirus immunotherapy or
vice versa. For instance, osteosarcoma cells with mesenchymal origin
were much more resistant to T3D compared with RP116, while
gastrointestinal-tract cancers, potentially with increased proteolytic
activities, were refractory mainly to RP116. However, additional syn-
geneic cancer mouse models will be needed in the future to further
validate the cancer tissue-dependent therapeutic potential of RP116
and T3D reovirus.
inistration and synergizes with immune checkpoint inhibition

treated with RP116 when tumor volume reached over 80 mm3. The tumor volume,

arrows (virus injection), purple arrows (anti-PDL1 administration). (A) Comparison

1 � 109 TCID50 of RP116 either IT or i.v. n = 10 (vehicle, IT 109, IT 108), 14 (i.v. 109)

d with 1 � 109 TCID50 of RP116 by i.v. injection two or five times. n = 9 (vehicle), 8

point inhibitors. Mice were treated twice with 1� 108 TCID50 of RP116 and then anti-

PDL1 significantly reduced tumor growth. n = 11 (vehicle, RP116 IT) and 10 (RP116

ts shown in (C). The p values in (B) and (C) were calculated using one-tailed Mann-

lated subcutaneously into immunocompetent mice and treated as indicated. Tumor

sponding Kaplan-Meier survival curves for B16F10 (F) and EMT6 (H) treated groups.

iled Mann-Whitney test in (E) and (F) and a log rank test in (G) and (H). *p < 0.05,
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Figure 4. Combinatorial administration of RP116 and anti-PDL1 inhibits tumor recurrence and lungmetastasis through the establishment of tumor-specific

anticancer memory

(A) Outline of the RP116 and/or anti-PDL1 treatment regimen and rechallenge studies from experiment presented in Figures 3G and 3H. (B) First rechallenge study of mice

that achieved complete regression against EMT6 tumors. Four months after RP116 and anti-PDL1 were administered, complete responders (CR) and age-matched

treatment-naive mice were subcutaneously inoculated with EMT6 cells. n = 10 (naive) and n = 8 (CR). (C) Corresponding Kaplan-Meier survival plot of subcutaneously

rechallenged mice from (B). (D) Second rechallenge study using experimental lung metastasis analysis. CR in first rechallenge study and age-matched naive mice were

intravenously introduced with EMT6 cells. Left: Representative images of lungs fixed in Bouin’s solution and histological staining (H&E) of lung sections. Scale bar, 10, 0.1,

(legend continued on next page)
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Upon the original discovery and isolation of the RP116 variant,
this virus was initially investigated for its oncolytic potential
against two human xenograft models (HT1080 and HT29) in
SCID/NOD mice.26 RP116 intratumoral administration was suc-
cessful in inducing the regression of these tumors; the variant
also did not induce the myocarditis and necrotic morbidity often
observed with reovirus T3D tumor infection in highly immuno-
compromised mice.27 To better assess whether RP116 could have
oncolytic and immunotherapeutic potential in immunocompetent
animals, we treated two syngeneic mouse cancer models (B16F10
and EMT6) with RP116 either IT or i.v., which showed that this
variant could provide robust tumor growth control. In vitro exper-
iments also showed that PDL1 expression on the cell surface
increased by RP116 treatment in both models, and as expected
from these results, co-administration of RP116 with anti-PDL1
antibody therapy showed superior antitumor efficacy and even
generated complete cures, particularly with the EMT6 model.
Two rounds of consecutive rechallenge experiments were conduct-
ed with CRs, which confirmed the prolonged tumor-specific and
antitumor memory by immune cells, including CD8+ and CD4+

T cells, that were acquired in the cured animals. Furthermore,
we observed that RP116 treatment activates immune cells to ex-
press a higher amount of pro-innate and inflammatory cytokines.
This could be a result of the difference in the infection kinetics be-
tween RP116 and T3DKOR as the detection of viral protein in
BMDCs following RP116 infection was more delayed, potentially
resulting in a moderate but more sustained immune cell activation.
Furthermore, the mutations in addition to Q251* in RP116 may
also have reshaped the antigenicity of the viral proteins leading
to different immune responses.

Remarkably, treatment of RP116 generates reduced neutralizing anti-
bodies against the reovirus T3DKOR. This was anticipated as not only
the globular head is the most immunogenic domain of reovirus, but it
is also the major site responsible for mediating receptor-mediated
viral entry. We found that the anti-sera generated by RP116 infection
exerted poor levels of neutralization to T3DKOR, likely from anti-
bodies generated by RP116 viral proteins other than s1. These results
add to the current evidence that the s1 globular head is both the most
immunogenic and susceptible site for neutralizing antibodies. While
the JAM-A binding globular head of s1 has received the most atten-
tion as an immunogen, other findings, together with our current
study, also suggest the existence of other neutralizing antibody-bind-
ing sites. For instance, Berkley et al. have shown that reovirus can be
neutralized by both seral immunoglobulin (Ig)G and IgA antibodies,
and that their electron micrographs of reoviral particles coated with
anti-serum showed IgG bindings near the sialic acid binding region
and on the viral capsid.47 Although this is not definitive proof of other
and 0.01 mm from top to bottom, respectively. Right: Number of lung nodules in naive

those from mice previously cured in second EMT6 rechallenge study. Splenocytes were

splenocytes was quantified by counting positive spots. Top: Representative images o

analyzed using flow cytometry. Splenocytes isolated from naive or CRmice were stained

in (D), (E), and (F) were calculated using two-tailed unpaired Student’s t test and (C) us
epitopes for neutralizing antibodies, their existence should not be dis-
missed. Moreover, in our study, we have demonstrated considerable
neutralization of T3DKOR using the anti-sera from RP116. Given
the lack of s1 globular head, RP116 must have generated neutralizing
antibodies that can recognize other epitopes. However, our data do
not suggest the sialic acid binding region to be the dominant site
for neutralizing antibodies due to lack of the effective cross-neutrali-
zation of RP116 by T3DKOR anti-serum. In other words, the sialic acid
region-targeting neutralizing antibodies in the T3DKOR anti-serum
must not be abundant since effective neutralization of this domain
will completely prevent reoviral attachment.45 Further studies are
ongoing to assess the role of neutralizing antibodies and antibody
functions in RP116-mediated oncolysis. More importantly, we found
that tandem treatment with RP116 and T3DKOR improves tumor
growth control, proposing that sequential therapeutic approaches
could be designed when patients are to receive multiple doses of
reovirus therapy.

This study provides the evaluation of a novel variant of the oncolytic
reovirus T3D, RP116, characterized by a unique premature stop
codon mutation in the s1 attachment protein, that still provides
robust immunotherapeutic efficacy when combined with ICIs. Addi-
tional development of RP116 for the treatment of specific cancer types
and in combination with subsequent reovirus T3D treatment may
result in improved tumor responses in patients.

MATERIALS AND METHODS
Mice and primary cell culture

Six-week-old female C57BL/6 and BALB/c mice were purchased
from NARA-Biotech (Seoul, South Korea) and ORIENT BIO Inc.
(Seoul, South Korea), respectively. Mouse were housed in an ani-
mal care facility at Virocure Inc. (Seoul, South Korea). All animal
experiments were approved by the Institutional Animal Care and
Use Committee (#VRC-2001) of Virocure Inc. and were carried
out using approved protocols. The cultivation of mouse-derived
BMDCs is succinctly detailed as follows: bone marrow cells were
aspirated from the femurs and pelvic bones of mice using a
syringe, followed by centrifugation to collect the isolated cells. Sub-
sequently, these cells were cultured in a Petri dish with 20 ng/mL
granulocyte-macrophage colony-stimulating factor (Sigma) in
DMEM supplemented with 10% fetal bovine serum (FBS). The me-
dium underwent three changes every 48 h, and following the final
medium exchange, only the cells detached by pipetting were har-
vested for experimental use. Viability experiments for BMDCs
included seeding the cultured cells into a 96-well plate, adminis-
tering the virus at concentrations specified in the figure, intro-
ducing WST solution at different time points, and assessing cell
viability through absorbance readings.
(n = 10) or CR mice (n = 6). (E) ELISpot assay using splenocytes from naive mice or

stimulated with EMT6, CT26.WT, or Renca. Number of mice with IFN-g-secreting

f ELISpot analysis. (F) The populations of central or effector memory T cells were

with anti-CD3, anti-CD8, anti-CD4, anti-CD44, and anti-CD62L antibodies. p values

ing a log rank test. *p < 0.05, **p < 0.01, ***p < 0.001; n.s., not significant.
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Figure 5. RP116 infection on bone marrow-derived cells alters cellular immune responses

(A) Bone marrow-derived cells (BMDCs) were infected with T3DKOR or RP116 for 1, 2, and 3 days. Expression of viral proteins was assessed by immunoblot using polyclonal

rabbit sera against reovirus. M, mock-infected. Tubulin was used as a loading control. (B) The viability of BMDCs following infection with either T3DKOR or RP116 was

assessed through the utilization ofWST-1. (C) Total RNAwas purified fromBMDCs, and cytokine expressionwas determined using real-time qRT-PCR. (D) The cell activation

markers of BMDCs infected with T3DKOR or RP116 were analyzed using FACS. Results are presented as mean ± SD.

Molecular Therapy: Oncology
Syngeneic mouse tumor model

A total of 1 � 105 B16F10 cells in a 100-mL Matrigel (Corning) and
PBS mixture (1:1), were implanted in the right flank of C57BL/6
mice by subcutaneous injection. Treatments started when the tumor
volume reached over 80 mm3. For the comparison between intratu-
moral (IT) or intravenous (i.v.) injection, mice were treated with
1 � 108 and 1 � 109 of the 50% of tissue culture infective dose
(TCID50) of RP116 by either IT or i.v. injection on day 0 and day 1.
For multiple i.v. injections, 1 � 109 TCID50 of RP116 was delivered
two times (days 0 and 1) or five times (days 0, 1, 3, 5, and 7) by i.v.
14 Molecular Therapy: Oncology Vol. 32 September 2024
injection. For combination efficacy of RP116 with aPDL1 antibody
(B7-H1, BioXCell, Lebanon, NH, USA), the 1 � 108 TCID50 of
RP116 was injected twice and 10mg per kg (mpk) of aPDL1 antibody
was injected four times. The tumor size was measured two or three
times in a week using a caliper, and tumor volume was calculated
by a modified ellipsoid formula as 0.5 � (Length � Width2).

Cell lines and culture conditions

Various cell lines, including breast cancer, colon cancer, stomach can-
cer, brain tumor, malignant skin cancer, bone cancer, ovarian cancer,
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Figure 6. Neutralization activity of sera from tandem virotherapy

(A and B) Comparison of tumor growth in mice carrying B16F10 melanoma after combinatorial challenge of RP116 and T3DKOR. Arrows represent time of treatments, red dots

represent sera collection for neutralizing antibody assay. Thick lines in (A) are the mean tumor volume, which is quantified in (B). (C) Kaplan-Meier survival plot of challenged mice

from experiment presented in (A). (D and E) Neutralizing antibody titers against the T3DKOR (left panel) and RP116 (right panel) of sera collected frommice immunized with T3DKOR

(red) or RP116 (blue) at 7 days post-immunization. Fifty percent neutralizing antibody titers are colored accordingly. p values: one-tailed Mann-Whitney test, **p < 0.01.
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and human skin and colon fibroblast cell, HS27 and CCD-18Co cells,
respectively, were obtained from ATCC (Manassas, VA) and Korea
Cell Line Bank (Seoul, South Korea). RAW264.7 was purchased from
Sigma-Aldrich (MA, USA). Bladder cancer cell lines 253J/BV, T24,
5637, J82, HT1376, 22Rv1, and RT4 were kindly provided by Dr.
Duck Cho (Samsung Seoul Hospital, Seoul, South Korea). All cell lines
weremaintained in the appropriatemedium specified by their suppliers
while supplemented with 10% FBS without antibiotics except for
RAW264.7 where an additional 1% penicillin/streptomycin was added
and MB752/1, which was maintained in 15% FBS and 2 mM
L-glutamine instead. All cell lines were incubated at 5% CO2 and
37oC unless otherwise specified.

Oncolytic activity: IC50 value

The anticancer activity of T3DKOR and RP116 was confirmed on a to-
tal of 50 different cell lines, including 48 cell lines of eight carcinomas
and two normal cells. Approximately 4 � 103 cells were seeded in
each well in a 96-well plate and allowed to adhere for 6 h. The cells
were then infected by T3DKOR and RP116 at a series of decreasing
MOIs determined using VP standards. Three to 4 days post infection,
the cells were incubated with 10 mL of E Z-CyTox (DoGenBio, Seoul,
South Korea) for 1–3 h before being read on a microplate reader (Mo-
lecular Devices, San Jose, CA) with an absorbance spectrum of
450 nm. The value IC50 was calculated using the Prism program.
The IC50 values for each of the 50 cell lines can be found in Table 1.

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated from each cell using Qiazol (Qiagen, Valen-
cia, CA) and chloroform. A total of 200 ng RNA was used in the
THUNDERBIRD one-step real-time qRT-PCR reaction according
to the manufacturer’s instructions (Toyobo, Osaka, Japan). Specific
primers for ITGB1, NGR1, CTSB, CTSL, and HPRT genes were
Molecular Therapy: Oncology Vol. 32 September 2024 15
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analyzed on a real-time PCRmachine, CFX96 (Biorad, Hercules, CA).
The primer information for each gene is provided in Table S1. The
DDCt method was used to analyze the raw Ct values.

Western blot analysis

Cells in culture were washed using cold PBS and lysed with RIPA cell
lysis buffer (Thermo Fisher Scientific) supplemented with protease
inhibitor (Roche, Basel, Switzerland), which was then quantified us-
ing the BCA Protein assay kit (Sigma-Aldrich, Missouri, MO). The
cell lysates were separated on 10% SDS-PAGE and then transferred
onto a polyvinylidene difluoride (PVDF) membrane (Roche). The
PVDF membrane was visualized using enhanced chemiluminescent
(ECL) substrate (ThermoFisher Scientific, Waltham, MA) after being
incubated with appropriate primary and secondary antibodies. Please
refer to Table S2 for detailed information about each antibody used.

Flow cytometry

Flow cytometry assay was performed to confirm the basic expression
levels of sialic acids and JAM-A present on the cell surface. Approx-
imately, 0.2–1 � 106 cells were collected and stained using WGA
(Vector Labs, Burlingame, CA) for sialic acid and anti-JAM-A
(BioLegend, San Diego, CA) for JAM-A for 1 h at 4�C. For analysis
of BMDC and RAW264.7 cells, harvested cells were stained with con-
jugated monoclonal antibodies against MHC-II, CD40, CD80, and
CD86 (Invitrogen, Waltham, MA). The cells were then washed twice
with cold PBS and submitted to flow cytometry analysis using Attune
NxT cytometer (Thermo Fisher Scientific, Waltham, MA) and the re-
sults were analyzed by FlowJo software (BD, NJ). Please refer to
Table S2 for detailed information about each antibody used.

Neutralizing anti-reovirus antibody assay

Serum samples collected from mice 14 days post reovirus infection
were used to determine neutralizing antibody titers against reovirus.
Briefly, serum samples were serially diluted at 3-fold (i.e., 1:1, 1:3, 1:9,
1:27, 1:81, 1:243) in DMEM in 96-well plates at a final volume of
50 mL. Then, 50 mL of T3DKOR or RP116 reovirus suspension contain-
ing 100 PFUwas added to each well. The plate was gently agitated and
incubated for 1 h at 37�C. After incubation, 100 mL of L929 cells
(5.0 � 105 cells/mL) were added to each well and incubated for
another 72 h. The wells were examined for the appearance of CPE,
and the neutralizing antibody titers were calculated as the log10 of
the reciprocal antibody dilution required for 50% neutralization of
100 PFU of reovirus. All tests were repeated independently at least
twice.

Protein structure prediction and visualization

AlphaFold2 (version v2.2.3) was used to predict the structure of reo-
viral proteins fromT3DD, T3DKOR, and RP116. The predicted protein
structures were then visualized by PyMol (version 2.5.4.). To generate
the complete crystal structure of s1 from T3DD, two existing crystal
structures of s1 (Protein DataBank [PDB] identifier: 6GAP and
3S6Y) were joined together using the “align” command in PyMol after
removing amino acids beyond position 171 in 6GAP and amino acids
before position 170 in 3S6Y. The crystal structures of all other reoviral
16 Molecular Therapy: Oncology Vol. 32 September 2024
proteins were retrieved from UNIPROT with their corresponding
PDB identifiers listed below except for Mu2 and MuNS whose crystal
structures were yet to be resolved at the time. GenBank accession
numbers for the 10 genes of T3DD used as references are as follows:
L1: EF494435.1, L2: EF494436.1, L3: EF494437.1, M1: EF494438.1,
M2: EF494439.1, M3: EF494440.1, S1: EF494441.1, S2: EF494442.1,
S3: EF494443.1, and S4: EF494444.1.

Statistical analysis

Unpaired two-tailed Student’s t tests and analysis of variance followed
by Tukey’s or Bonferroni post hoc tests were used. Results are given as
mean ± SD. Results with p < 0.05 were considered statistically signif-
icant. Each experiment was performed at least three times (n R 3).
The exact number of times each experiment was performed is indi-
cated in the figure legends. The individual data points are also dis-
played on the graphs. Correlation analysis was performed using
Spearman’s rank correlation test. Statistical significance was also
calculated using the same program, and statistical significance was
considered when the p value was <0.05.
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