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Table S1. Summary of the genetic modifications in viral structure in the oncolytic viruses. 
Name E1 E3 Fiber 
ONCOS-207 Deleted 24 

bp 
TIMP2 (∆BsiWI-Mfel) Ad5/3 

ONCOS-209 Deleted 24 
bp 

PADI1 ((∆BsiWI-Mfel) Ad5/3 

ONCOS-210 Deleted 24 
bp 

PADI1-P2A-TIMP2 (∆BsiWI-Mfel) Ad5/3 

ONCOS-212 Deleted 24 
bp 

CMV-PADI1-IRES-TIMP2-SV40pA 
(∆BglII) 

Ad5/3 

 
 
Table S2. Assessment of therapeutic synergism in the A2058 model in nude BALB/c mice with the fractional tumor volume (FTV) 
calculation method. 
Tumor 
growth 
(days) 

Days 
post Txa 
initiation 

FTV ONCOS-210 ONCOS-212 ONCOS-207 + ONCOS-
209 

ONCOS-
207 

ONCOS-
209 

Expb 
FTV 

Obsc 
FTV 

Ratio 
Exp/Obs 

Expb 
FTV 

Obs 
FTV 

Ratio 
Expb/Obs 

Exp 
FTV 

Obs 
FTV 

Ratio 
Expb/Obs 

35 21 1.35 1.48 2.00 1.01 1.97 2.00 0.92 2.16 2.00 0.86 2.32 
47 33 0.89 0.99 0.87 0.56 1.55 0.87 0.55 1.59 0.87 0.64 1.35 

aTx, treatment; bExp, expected; cObs, observed 
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Table S3. Characteristics of clinical signs in animal health scoring. 

 
 
 
Table S4. Treatment characteristics in A2058 tumor models in humanized NOG mice. 

# Name N 
A2058 

injection, 
2x106/flank 

Dose in 
Left 
flank 
tumor 

Dose in 
right 
flank 
tumor 

Schedule 
(days) 

Comparison of efficacy of oncolytic viruses expressing PAD1, TIMP2, or both genes 

1 Vehicle 
(PBS) 8 Day -14 PBS 

(50 μL) 
PBS 

(50 μL) 1, 3, 5, 12, 19, 26 

2 ONCOS-210 8 Day -14 2.5x106 

VP 
2.5x106 

VP 1, 3, 5, 12, 19, 26 

3 ONCOS-212 8 Day -14 2.5x106 

VP 
2.5x106 

VP 1, 3, 5, 12, 19, 26 

4 ONCOS-207 8 Day -14 2.5x106 

VP 
2.5x106 

VP 1, 3, 5, 12, 19, 26 

5 ONCOS-209 8 Day -14 2.5x106 

VP 
2.5x106 

VP 1, 3, 5, 12, 19, 26 
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6 
ONCOS-207 
+ ONCOS-

209 
8 Day -14 2.5x106 

VP 
2.5x106 

VP 1, 3, 5, 12, 19, 26 

Abscopal effect of ONCOS-212 

7 ONCOS-212 8 

Right flank, 
Day -14, 

5x105 cells; 
Left flank, 
Day +18, 

5x105 cells 

- 2.5x106 

VP 1, 3, 5, 12, 19, 26 

Effect of 300-fold higher dose of ONCOS-212 
8 ONCOS-210 6 Day -14 5x108 VP 5x108 VP 1, 3, 5, 12, 19, 26 
9 ONCOS-212 6 Day -14 5x108 VP 5x108 VP 1, 3, 5, 12, 19, 26 
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Figure S1. Expression level of PAD1 and TIMP-2 transgenes by ONCOS-207, ONCOS-209, ONCOS-210, and ONCOS-212 treated 
cells. The expression of TIMP-2 and PADI1 from ONCOS-207, ONCOS-209, ONCOS-210 and ONCOS-212 was assessed by infecting 
A549 cells with the virus, harvesting proteins 96 hours after the infection and detecting TIMP-2 and PADI1 by ELISA. Protein extracts 
concentration was determined by Elisa according to the manufacturer's instructions. Results are expressed as mean ± SEM. One-Way 
ANOVA was used to compare the groups with Tukey’s multiple comparison’s test. * P <0.05. 
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Figure S2. Randomization of the groups in the A2058 tumor model in humanized NOG mice were based on both tumor volumes and 
humanization rates present in the individual mice. One-way ANOVA with Tukey’s multiple comparison’s test was used. 
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Figure S3. Summary of the schedules for tumor implantation, randomization, blood sampling, oncolytic viral treatments, and monitoring 
for tumor volumes and clinical health scores in the A2058 tumor model in the humanized NOG mice.    
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Figure S4. Oncolytic viral treatment increased the percentage of PD-L1 and PD-L2 positive A2058 tumor cells. A2058 population was 
defined as CD146+. A. Percentage of A2058 cells expressing PD-L1. B. Percentage of A2058 cells expressing PD-L2. Individual data 
and mean ± SEM are presented for each group. One-way ANOVA with Tukey’s multiple comparison’s test was used. * P ≤ 0.05; ** P 
≤ 0.01; *** P ≤ 0.001. 
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Figure S5. Immune infiltration phenotype in the tumors at sacrifice. A: Human CD45 leukocytes. B: T cells. C: CD4+ T cells. D: CD8+ 
T cells. E: Treg cells. Immune infiltration was analyzed by flow cytometry in the tumors at sacrifice. N = 6-12 tumors per group. 
Individual data are presented as box with wishers (min to max). One-way ANOVA with Tukey’s multiple comparison’s test was used. 
* P ≤ 0.05; ** P ≤ 0.01.  

Moc
k

AdV
5/3

-D
24

-P
ADI1-

P2A
-T

IM
P-2

AdV
5/3

-D
24

-P
ADI1-

IR
ES-T

IM
P-2

AdV
5/3

-D
24

-T
IM

P-2
 

AdV
5/3

-D
24

-P
ADI1

AdV
5/3

-D
24

-T
IM

P-2
 + 

AdV
5/3

-D
24

-P
ADI1 

AdV
5/3

-D
24

-P
ADI1-

P2A
-T

IM
P-2

  (
1*

10
^1

0 V
P/m

L)

AdV
5/3

-D
24

-P
ADI1-

IR
ES-T

IM
P-2

 (1
*1

0^
10

 V
P/m

L)
102

103

104

105

106

107

108

hC
D

45
+ 

ce
lls

 / 
g 

of
 b

ot
h 

tu
m

or
 

Melanoma xenograft humanized mouse model - hCD45+ cells

✱

✱✱

✱

✱✱

Moc
k

AdV
5/3

-D
24

-P
ADI1-

P2A
-T

IM
P-2

AdV
5/3

-D
24

-P
ADI1-

IR
ES-T

IM
P-2

AdV
5/3

-D
24

-T
IM

P-2
 

AdV
5/3

-D
24

-P
ADI1

AdV
5/3

-D
24

-T
IM

P-2
 + 

AdV
5/3

-D
24

-P
ADI1 

AdV
5/3

-D
24

-P
ADI1-

P2A
-T

IM
P-2

  (
1*

10
^1

0 V
P/m

L)

AdV
5/3

-D
24

-P
ADI1-

IR
ES-T

IM
P-2

 (1
*1

0^
10

 V
P/m

L)
100

101

102

103

104

105

106

107

C
D

8+
 T

 c
el

ls
 / 

g 
of

 b
ot

h 
tu

m
or

 

Melanoma xenograft humanized mouse model - CD8+ cells

✱
✱

✱

✱

✱✱

✱

Moc
k

AdV
5/3

-D
24

-T
IM

P-2
 

AdV
5/3

-D
24

-P
ADI1

AdV
5/3

-D
24

-P
ADI1-

IR
ES-T

IM
P-2

AdV
5/3

-D
24

-P
ADI1-

P2A
-T

IM
P-2

  (
1*

10
^1

0 V
P/m

L)

AdV
5/3

-D
24

-P
ADI1-

IR
ES-T

IM
P-2

 (1
*1

0^
10

 V
P/m

L)

AdV
5/3

-D
24

-P
ADI1-

P2A
-T

IM
P-2

AdV
5/3

-D
24

-T
IM

P-2
 + 

AdV
5/3

-D
24

-P
ADI1 

10-2

10-1

100

101

102

103

104

105

Tr
eg

s 
/ g

 o
f b

ot
h 

tu
m

or

 Melanoma xenograft humanized mouse model - Tregs cells

Moc
k

AdV
5/3

-D
24

-P
ADI1-

P2A
-T

IM
P-2

AdV
5/3

-D
24

-P
ADI1-

IR
ES-T

IM
P-2

AdV
5/3

-D
24

-T
IM

P-2
 

AdV
5/3

-D
24

-P
ADI1

AdV
5/3

-D
24

-T
IM

P-2
 + 

AdV
5/3

-D
24

-P
ADI1 

AdV
5/3

-D
24

-P
ADI1-

P2A
-T

IM
P-2

  (
1*

10
^1

0 V
P/m

L)

AdV
5/3

-D
24

-P
ADI1-

IR
ES-T

IM
P-2

 (1
*1

0^
10

 V
P/m

L)
101

102

103

104

105

106

107

C
D

4+
 T

 c
el

ls
 / 

g 
of

 b
ot

h 
tu

m
or

 

Melanoma xenograft humanized mouse model - CD4+ T cells

✱

✱

✱

✱✱

Moc
k

AdV
5/3

-D
24

-P
ADI1-

P2A
-T

IM
P-2

AdV
5/3

-D
24

-P
ADI1-

IR
ES-T

IM
P-2

AdV
5/3

-D
24

-T
IM

P-2
 

AdV
5/3

-D
24

-P
ADI1

AdV
5/3

-D
24

-T
IM

P-2
 + 

AdV
5/3

-D
24

-P
ADI1 

AdV
5/3

-D
24

-P
ADI1-

P2A
-T

IM
P-2

  (
1*

10
^1

0 V
P/m

L)

AdV
5/3

-D
24

-P
ADI1-

IR
ES-T

IM
P-2

 (1
*1

0^
10

 V
P/m

L)
100

101

102

C
D

3+
 T

 c
el

ls
 / 

g 
of

 b
ot

h 
tu

m
or

s

Melanoma xenograft humanized mouse model - CD3+ cells

A B C

D E



 9 

 
 
Figure S6. PD1 expression in infiltrated CD4+ and CD8+ T cells populations. Data from right and left tumor were combined. A. 
percentage of infiltrated CD4+ T cells expressing PD1 among total CD3+ T cells. B, percentage of infiltrated CD8+ T cells expressing 
PD1 among total T cells. N = 6-12 tumors per group. Individual data are presented as box with wishers (min to max). One-way ANOVA 
with Tukey’s multiple comparison’s test was used. * P ≤ 0.05. 
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