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Legends of supplementary movies 

Supplementary Movie 1  

3D full view and section view of infiltrated PBMCs (Green) inside OVCAR-8 tumor spheroids (Red) after 24 

hours of co-culture without any treatment via light sheet fluorescence microscopy imaging.  

Supplementary Movie 2  

3D full view and section view of infiltrated PBMCs (Green) inside OVCAR-8 tumor spheroids (Red) after 24 

hours of co-culture with 20M SHP099 treatment via light sheet fluorescence microscopy imaging.  

 

  



a

d

e

Supplementary Figure 1

c

b



Supplementary Figure 1 (a) Flowchart showing the procedure of co-culturing tumor
spheroids and PBMCs in vitro. (b) Absolute tumor cell counts of paired OVCAR-8 tumor
only group and co-culture groups of OVCAR-8 spheroids with unstimulated PBMCs from
multiple replicates with different donors. (c) Flow cytometry analysis of the percentage
change of CD3-positive T cells over CD45-positive cells on Day 0, 2 and 6. CD3-positive
cells are gated. Percentage of CD3-positive population is labeled. (d) Flow cytometry
analysis of the percentage change of CD14-positive myeloid cells over CD45-positive cells
on Day 0, 2 and 6. CD14-positive cells are gated. Percentage of CD14-positive population
is labeled. (e) Immunoblotting of p-ERK1/2 in OVCAR-8 tumor spheroids after different
treatments.
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Supplementary Figure 2 (a) Absolute tumor cell counts from each well of 384-well
Elplasia plate after 6 days co-culture of MIA PaCa-2 spheroids with human PBMCs (2
donors). Relative percentage of absolute tumor counts (SHP099 treated over DMSO
group) is labeled. (b) Absolute tumor cell counts from each well of 384-well Elplasia plate
after 6 days co-culture of OV-90 spheroids with human PBMCs (1 donor with 2 E:T ratio).
Relative percentage of absolute tumor counts (SHP099 treated over DMSO group) is
labeled. (c) Absolute tumor cell counts from each well of 384-well Elplasia plate after 6
days co-culture of RD-ES spheroids with human PBMCs (1 donor with 3 E:T ratio).
Relative percentage of absolute tumor counts (SHP099 treated over DMSO group) is
labeled. (d) Absolute tumor cell counts from each well of 384-well Elplasia plate after 6
days co-culture of DMS-273 spheroids with human PBMCs. Relative percentage of
absolute tumor counts (SHP099 treated over DMSO group) is labeled. (e) Absolute tumor
cell counts from each well of 384-well Elplasia plate after 6 days co-culture of OVCAR-8-
sgAAVS1 or OVCAR-8-sgB2M spheroids with PBMCs. Relative percentage of absolute
tumor counts (SHP099 treated over DMSO group) is labeled. (f) Immunoblotting of SHP2
in OVCAR-8-CAS9-sgPTPN11-1&2 with and without 5 days of doxycycline treatment. (g)
Immunoblotting of p-ERK1/2 and SHP2 in OVCAR-8-SHP2-WT and OVCAR-8-SHP2-
T253M/Q257L with and without 5 days of doxycycline treatment.
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Supplementary Figure 3 (a) Flow cytometry analysis of T cell proliferation in PBMCs only
culture with or without SHP099 treatment. T cells with diluted CFSE signal were gated.
Percentage of T cell population with diluted CFSE signal was labeled. (b) Percentage of
proliferating T cells from paired DMSO and SHP099 treated groups of PBMCs only from
multiple replicates with different donors. (c) Percentage of live T cells from paired DMSO
and SHP099 treated groups of PBMCs only from multiple replicates with different donors.
(d) Percentage of proliferating T cells from paired DMSO and TNO155 treated groups of
PBMCs only from multiple replicates with different donors. (e) Immunoblotting of p-ERK1/2
in T cells (from 6 donors) after 3 days activation by anti-CD3/CD28 beads and 15 min of
SHP099 treatment. (f) Flow cytometry analysis of T cell proliferation in co-culture of
OVCAR-8-CAS9-sgPTPN11-1 or OVCAR-8-CAS9-sgPTPN11-2 spheroids with PBMCs.
OVCAR-8 cells were treated with or without doxycycline (100ng/ml) for 5 days before co-
culture. T cells with diluted CFSE signal were gated. Percentage of T cell population with
diluted CFSE signal was labeled. (g) Flow cytometry analysis of intracellular staining of
Granzyme B in PBMCs only culture with or without SHP099 treatment. Granzyme B-
positive immune cells were gated. Percentage of Granzyme B-positive population was
labeled.
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Supplementary Figure 4 (a) Pipeline of scRNAseq analysis of tumor cells and immune
cells from co-culture group and tumor cells from tumor only group. (b) Chart of gene
expression sets for different immune cell populations. (c) Louvain clustering analysis of
tumor cells from co-culture group and tumor only group (left), and from DMSO and
SHP099-treated co-culture tumor cells (right). (d) Top 20 upregulated pathway signatures
in tumor cells from cluster 6. (e) Percentage of different immune cell populations from
DMSO and SHP099 treated co-culture groups.
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Supplementary Figure 5 (a) ELISA analysis of CXCL10 level in supernatant collected
from 6 days co-culture of OVCAR-8 spheroids with PBMCs. (b) Luminex analysis of
SHP099-induced fold change of a panel of cytokines (normalized to control group) in
supernatants collected from co-culture of MIA PaCa-2 spheroids with PBMCs. (c) Light
sheet microscopy imaging of infiltrated PBMCs (Green) inside OVCAR-8 tumor spheroids
(Red) after 1 day, 3 days and 6 days of co-culture. Scale bar: 50 m. (d) Histogram of
mean tumor spheroids volume after 1 day, 3 days and 6 days of co-culture.
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Supplementary Figure 6. 
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Supplementary Figure 6 (a) ELISA analysis of IFN level in supernatant collected from 2
days co-culture of OVCAR-8 spheroids with PBMCs or PBMCs only. (b) Flow cytometry
analysis of intracellular staining of IFN in T cells from 2 days of co-culture and PBMCs
only. IFN-positive cells are gated. Percentage of IFN-positive population is labeled. (c)
ELISA analysis of CXCL10 level in supernatant collected from tumor spheroids treated with
IFN of gradient concentration in the absence or presence of TNO155 for 6 days. (d) Dose
response curve of OVCAR-8 tumor spheroids to IFN treatment in the absence or
presence of TNO155 after 6 days. (e) Histogram of tumor cell surface IFNGR1 level of
OVCAR-8-CAS9-sgAAVS1 and OVCAR-8-CAS9-sgIFNGR1. (f) Absolute tumor cell counts
from each well of 384-well Elplasia plate after 6 days co-culture of OVCAR-8-sgAAVS1 or
OVCAR-8-sgIFNGR1 spheroids with PBMCs. Relative fold change of absolute tumor
counts (SHP099 treated over DMSO group) is labeled.
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Supplementary Figure 7. 
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Supplementary Figure 7 (a) MFI of MHC class I in tumor cells after 6 days co-culture of
OVCAR-8-sgAAVS1 or OVCAR-8-sgIFNGR1 spheroids with PBMCs. Relative percentage
of MFI of tumor MHC I (SHP099 treated over DMSO group) was labeled. (b) MFI of MHC
class I in tumor cells after 6 days co-culture of OVCAR-8-SHP2-WT or OVCAR-8-SHP2-
T253M/Q257L spheroids with human PBMCs. OVCAR-8 cells were treated with or without
doxycycline (100ng/ml) for 5 days before co-culture. Relative percentage of MFI of tumor
MHC I (SHP099 treated over DMSO group) is labeled. (c) Flow cytometry analysis of cell
surface staining of PD-L1 in tumor cells after 6 days of co-culture of OVCAR-8 spheroids
with PBMCs or tumor only. PD-L1-positive cells were gated. Percentage of PD-L1-positive
population was labeled. (d) Flow cytometry analysis of cell surface staining of PD-L1 in
tumor spheroids treated with IFN of gradient concentration in the absence or presence of
SHP099 and TNO155 for 6 days. PD-L1-positive cells were gated. Percentage of PD-L1-
positive population was labeled. (e) MFI of PD-L1 in tumor cells after 6 days co-culture of
OVCAR-8-sgAAVS1 or OVCAR-8-sgIFNGR1 spheroids with PBMCs. Relative percentage
of MFI of tumor PD-L1 (SHP099 treated over DMSO group) was labeled. (f) MFI of PD-L1
in tumor cells after 6 days co-culture of OVCAR-8-SHP2-WT or OVCAR-8-SHP2-
T253M/Q257L spheroids with human PBMCs. OVCAR-8 cells were treated with or without
doxycycline (100ng/ml) for 5 days before co-culture. Relative percentage of MFI of tumor
PD-L1 (SHP099 treated over DMSO group) is labeled.



Supplementary Figure 8. 

ba

6 7 8 9 10 11 12 13 14 15 16 17 18
0

200

400

600

800

1000

1200

Days post implantation

Vehicle

SHP099 50mpk QD

SHP099 100mpk QD

T/ C: 100%

T/ C: 63.09%

T/ C: 50.01%

6 7 8 9 10 11 12 13 14 15 16 17 18
0

200

400

600

800

1000

1200

1400

1600

Days post implantation

6 7 8 9 10 11 12 13 14 15 16 17 18
0

200

400

600

800

1000

1200

1400

1600

Days post implantation

6 7 8 9 10 11 12 13 14 15 16 17 18
0

200

400

600

800

1000

1200

1400

1600

Days post implantation

Veh
ic

le

SHP09
9 

50
m

pk

SHP09
9 

10
0m

pk

0

2

4

6

8

%
 C

D
4+

 c
e

lls
 o

v
er

 C
D

45
+

 c
e

lls

c

Veh
ic

le

SHP09
9 

50
m

pk

SHP09
9 

10
0m

pk

0

500

1000

1500

d e f

Veh
ic

le

SHP09
9 

50
m

pk

SHP09
9 

10
0m

pk

R
e

la
ti

ve
C
xc
l9

 t
ra

n
s

c
ri

p
t

Veh
ic

le

SHP09
9 

50
m

pk

SHP09
9 

10
0m

pk

R
e

la
ti

ve
C
xc
l1
1

 t
ra

n
s

c
ri

p
t

i

Veh
ic

le

SHP09
9 

50
m

pk

SHP09
9 

10
0m

pk

R
el

at
iv

e
D
u
sp
6

 t
ra

n
sc

ri
p

t

Veh
ic

le

SHP09
9 
50m

pk

SHP09
9 

10
0m

pk

R
el

at
iv

e
H
2-
k1

 t
ra

n
s

c
ri

p
t

Veh
ic

le

SHP09
9 
50

m
pk

SHP09
9 
10

0m
pk

Veh
ic

le

SHP09
9 

50
m

pk

SHP09
9 

10
0m

pk

j

g h

Veh
ic

le

SHP09
9 .

Veh
ic

le
 

SHP09
9

Veh
ic

le

SHP09
9 .

Veh
ic

le
 

SHP09
9

0

100

200

300

400

500

1000

2000

3000

4000

R
e

la
ti

ve
C
X
C
L
10

 t
ra

n
s

c
ri

p
ts

AdT
D326657

Tumor only

Veh
ic

le

SHP09
9 .

Veh
ic

le
 

SHP09
9

Veh
ic

le

SHP09
9 .

Veh
ic

le
 

SHP09
9

Veh
ic

le

SHP09
9 .

Veh
ic

le
 

SHP09
9

R
el

at
iv

e
H
L
A
-B

 t
ra

n
s

cr
ip

ts

Veh
ic

le

SHP09
9 .

Veh
ic

le
 

SHP09
9

R
el

at
iv

e
H
L
A
-C

 t
ra

n
sc

ri
p

ts

Veh
ic

le

SHP09
9 .

Veh
ic

le
 

SHP09
9

0

50

100

150

200

250
300
400
500
600
700
800
900

1000

R
e

la
ti

ve
C
D
2
7
4

 t
ra

n
s

c
ri

p
ts

AdT
D326657

Tumor only

Veh
ic

le

SHP09
9 .

Vehic
le

 

SHP09
9

R
e

la
ti

ve
D
U
S
P
6

 t
ra

n
s

c
ri

p
ts

k l m

n o p q r



Supplementary Figure 8 (a) Tumor growth curve (expressed as tumor volume) of
subcutaneous 4T1 tumors in NSG mice with different treatments. T/C of last time point
was labeled. (b) Spider plot of tumor growth curve (expressed as tumor volume) of
subcutaneous 4T1 tumors in NSG mice with different treatments. (c) Flow cytometry
analysis of the percentage of CD4+ T cells over CD45+ cells in tumor tissues with different
treatments in 4T1 syngeneic model. (d) Flow cytometry analysis of the absolute number of
CD4+ T cells per milligram tumor with different treatments in 4T1 syngeneic model. (e-g)
Q-PCR analysis of the transcripts of mouse MHC Class I genes H2-k1 (e), H2-d1 (f) and
PD-L1 gene Cd274 (g) in tumor cells enriched from 4T1 tumor tissues with different
treatments. (h-j) Q-PCR analysis of the transcripts of Cxcl9 (h), Cxcl11 (i) and Dusp6 (j) in
tumor cells enriched from syngeneic 4T1 tumor tissues with different treatments. (k-r) Q-
PCR analysis of the transcripts of CXCL9 (k), CXCL10 (l), CXCL11 (m), HLA-A (n), HLA-B
(o), HLA-C (p), CD274 (q) and DUSP6 (r) in RD-ES tumor tissues from adoptive transfer
model of human RD-ES with or without human PBMCs under different treatments.
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Supplementary Figure 9. 

Supplementary Figure 9
(a) Immunoblotting of SHP2 in 4T1-CAS9-sgControl and 4T1-CAS9-sgPtpn11 cells. (b) Flow
cytometry analysis of the absolute number of CD45+ immune cells per milligram tumor with
different treatments in 4T1 syngeneic model. (c) Flow cytometry analysis of the absolute
number of CD3+ T cells per milligram tumor with different treatments in 4T1 syngeneic model.
(d) Flow cytometry analysis of the absolute number of CD45+ immune cells per milligram
tumor in 4T1-sgControl and 4T1-sgPtpn11 syngeneic model with different treatments. (e) Flow
cytometry analysis of the absolute number of CD3+ T cells per milligram tumor in 4T1-
sgControl and 4T1-sgPtpn11 syngeneic model with different treatments. (f) Flow cytometry
analysis of the percentage of mMDSCs over CD45+ immune cells with different treatments in
4T1 syngeneic model. (g) Flow cytometry analysis of the percentage of M1-like macrophage
over CD45+ immune cells with different treatments in 4T1 syngeneic model. (h) Flow
cytometry analysis of the absolute number of M1 macrophages per milligram tumor with
different treatments in 4T1 syngeneic model.
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Supplementary Figure 10
(a, b) Absolute tumor cell counts from each well of 384-well Elplasia plate after 6 days co-
culture of OVCAR-8 spheroids with human PBMCs (2 donors). (a) Relative percentage of
absolute tumor counts (TNO155+IgG treated, anti-PD1 treated, TNO155+anti-PD1 treated
over DMSO+IgG group) is labeled. (b) Relative percentage of absolute tumor counts
(SHP099+IgG treated, anti-PD1 treated, SHP099+anti-PD1 treated over DMSO+IgG group)
is labeled. (c) Q-PCR analysis of the transcripts of Dusp6 in MC-38 tumor tissues from
syngeneic mice. (d) Tumor growth curve (expressed as tumor volume) of subcutaneous
MC38 tumors in MC38 syngeneic mice with different treatments (Vehicle+IgG, anti-PD1,
TNO155 and TNO155+anti-PD1). Groups of Vehicle+IgG and anti-PD1 are the same as
Figure 8C. (e) Tumor growth curve (expressed as tumor volume) of subcutaneous MC-38
tumors in NSG mice with different treatments (Vehicle and SHP099). (f) Tumor growth curve
(expressed as tumor volume) of subcutaneous MC-38 tumors in NSG mice with different
treatments (Vehicle and TNO155). (g) Flow cytometry analysis of the percentage of CD45+
immune cells over live cells in MC-38 syngeneic model. (h) Flow cytometry analysis of the
percentage of CD4+ T cells over CD45+ immune cells in MC-38 syngeneic model.
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Supplementary Figure 11
Gating strategy for in vitro co-culture FACS analysis
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