
Hazard Ratio (95% CI)
0.1 10

NAIVE p
0.55
0.030
0.049

NAIV
E

PROG
-4

-2

0

2

4

6

PI
Kf

yv
e 

Sc
or

e
p = 0.53

0.55
0.99
0.040
0.059
0.065

PIKfyve ScoreHi

Neoantigen LoadHi

M1A
M1B
M1C

TripleWT
BRAF

NF1

Hazard Ratio (95% CI)
0.0001 1

PROG p

0.048
0.008
0.023
0.12
0.080
0.050

PIKfyve ScoreHi

Neoantigen LoadHi

M1B
M1C

TripleWT
BRAF

100

a b c

0.010.001

d e

g

B_cell

T_cell
Myeloid

Fibroblast
Mast

EC
cDC
Cancer

-10 0 10

-10 0 10 -10 0 10

-10 0 10

-10

0

10

-10

0

10

-10

0

10

-10

0

10

f

Breast Colorectal

Lung Ovarian

U
M

AP
-2

UMAP-1

i
cDC

p = 0.022

U
M

AP
-2

UMAP-1

-10

0

10

0 10

Activated B cells

CD8 Naive

CD56 NK

CD8 Exhausted

CD16 Monocytes
CD14 Monocytes

cDC

CD16 NK
CD4 Activated
CD4 Naive

CD8 Activated

Cycling

Treg

Naive B cells

Plasma Cells

Hematopoetic Progenitors
CDT

Intermdiate Monocytes
MAIT
Memory B cells

pDC

j

Qian, et al 

Riaz, et al 

Chow, et al 

PI
KF

YV
E 

ex
pr

es
si

on
 (c

lu
st

er
 a

ve
ra

ge
)

0.25
0.50 Breast

0.25
0.50 Colorectal

0.25
0.50 Lung

B
_c

el
l

T_
ce

ll
M

ye
lo

id
Fi

br
ob

la
st

M
as

t
E

C
cD

C
C

an
ce

r
E

pi
th

el
ia

l

0.25
0.50 Ovarian

h

NR CR
0

1

2

3

lo
g(

PI
KF

YV
E)

Extended Data Figure 1



FS
C

-H

FSC-W

SS
C

-H

SSC-W

C
D

3

CD8

C
D

62
L

CD44

All events FSCLo

SS
C

-A

KLRG1

SSCLo

CD8+ T cells

SS
C

-A

CD49a

C
D

62
L

CD44

SS
C

-A

CD69

TI
M

-3

PD-1

KLRG- Gate
Naive

Terminally 
differentiated Resident 

memory

Exhausted Central
memory

Effector

a Gating strategy for Supp 2b-g

c d e gf

Apilimod
+-

Apilimod
+-

Apilimod
+-

Apilimod
+-Apilimod

+-

Apilimod
+-

0

20

40

60

%
 N

ai
ve

p = 0.11

0

10

20

30

%
 T

er
m

in
al

ly
 

D
iff

er
en

tia
te

d

p = 0.28

0

10

20

30
%

 R
es

id
en

t
M

em
or

y
p = 0.27

0

2

4

%
 E

xh
au

st
ed

p = 0.17

0

20

40

60

%
 C

en
tra

l
M

em
or

y

p = 0.055

Apilimod
+

-

b

0

10

20

30

%
 C

D
69

+

Ef
fe

ct
or

p = 0.007

h

FS
C

-H

FSC-W

SS
C

-H

SSC-W

SS
C

-A

CD45

SS
C

-A

CD3/CD90
/B220

M
H

C
-II

CD11c

XC
R

1

SIRP1a

Gating strategy for Fig.2a-b, Supp 2i-l

All events FSCLo CD11c+ Gate

SS
C

-A

CD11c

Lin(-) Gate
DC1

DC2

MHC-II+GateSSCLo CD45+ Gate

i

0

5000

10000

15000

C
D

11
c 

(M
FI

)

p = 0.84

0
200
400
600
800

F4
/8

0 
(M

FI
)

p > 0.99
j k

Apilimod
+-

Apilimod
+-

Apilimod
+-

0
100
200
300
400

C
D

11
b 

(M
FI

)

p = 0.59

0
25
50
75

100

%
 c

D
C

2

 p = 0.047

Apilimod
+-

l

(TIM3+PD1+)- Gate CD62L- GateCD44Hi Gate CD49a- Gate

Extended Data Figure 2



WT KO
0

20

40

60

C
D

80
+ 

C
D

86
+ p = 0.0081

DMSO

Apil
im

od

DMSO

Apil
im

od
0

50
100
150
200

H
2k

b-
SI

IN
FE

KL
 (M

FI
)

p = 0.37

p < 0.0001

W
T KO W

T KO
0

100
200
300
400

H
2k

b-
SI

IN
FE

KL
 (M

FI
)

p = 0.15

p < 0.0001

FS
C

-H

FSC-W

SS
C

-H

SSC-W

SS
C

-A

CD11c

a c d

f

+pOVA

+pOVA

Gating strategy for Fig.2c-r; Supp 3b-h (cDC)

0.3

1.2

24.4

51.4

+pOVA

H2kb-SIINFEKL (%) 

1.0

1.3

45.1

64.1

+pOVA

H2kb-SIINFEKL (%) 

FSC/SSC Gate
KO
WT

PIKFYVE

Total H3

WT KO

h

37

30
Apilimod
DMSO

152

62

+p
O

VA

g

H2kb-SIINFEKL (MFI)

33

38

285

162

+p
O

VA

KO
WTe

H2kb-SIINFEKL (MFI)
DMSO

Apil
im

od

DMSO

Apil
im

od
0

20

40

60

%
 H

2k
b-

SI
IN

FE
KL

+

p = 0.91

+pOVA

W
T KO W

T KO
0

20
40
60
80

%
 H

2k
b-

SI
IN

FE
KL

+

0.2334

+pOVA

Apilimod
DMSO

XCR1

b

p < 0.0001

p < 0.0001

Extended Data Figure 3



FS
C

-H
FSC-W

SS
C

-H

SSC-W

C
D

8

CD90

a Gating strategy for Sup 4b-e (OT-I cell)

34.3

54.5

SS
C

-A
Granzyme B

32.6

43.2

FSC/SSC Gate

c

W
T KO

0

20

40

60

%
 G

ra
nz

ym
e 

B
+

p = 0.008

0

20

40

60

%
 G

ra
nz

ym
e 

B+

p = 0.010

Apilimod
+-

SS
C

-A

IFN

29.1

45.6

d

SS
C

-A

IFN

36.4

66.3

b

0
25
50
75

100

%
 K

i6
7
+

p = 0.040

p < 0.0001

g

+- +- 0
25
50
75

100

%
 K

i6
7
+ p = 0.019

p = 0.011

i

+- +-
Apilimod ApilimodW

T KO W
T KO

0
25
50
75

100

%
 K

i6
7
+

p = 0.054

p = 0.0003

W
T KO W

T KO
0

25
50
75

100

%
 K

i6
7
+

p = 0.87

p = 0.0002
f h

+sOVA +sOVA+sOVA +sOVA

W
T KO

0

25

50

75
%

 IF
N

+
p = 0.015

Apilimod
+-0

20

40

60

%
 IF

N
+

p = 0.010

+pOVA

+pOVA

SS
C

-A

Granzyme B

e

+pOVA

+pOVA

OT-I cells OT-II cells

Extended Data Figure 4



b

NES = 1.46
adj. p = 0.02

NES = 2.44
adj. p < 0.0001

NES = 2.37
adj. p < 0.0001

NES = 1.93
adj. p < 0.0001

Dendritic Cell Maturation Up
KO vs WT

TNFA_SIGNALING_VIA_NFκB
KO vs WT

TNFA_SIGNALING_VIA_NFκB

a

dc +Apilimod 3hr vs DMSO +Apilimod 8hr vs DMSO

NES = 1.47
adj. p = 0.028

DMSO

Apil
im

od
0

200

400

600

800

IL
-1

2p
40

 (p
g/

m
L)

p < 0.0001

DMSO

Apil
im

od LP
S

0

50

100

150

IL
-1

2p
70

 (p
g/

m
L)

p = 0.037

p = 0.0002

f g

DMSO

Apil
im

od

DMSO

Apil
im

od
0

2

4

6

8

Il1
2b

 F
ol

d 
Ex

pr
es

si
on

3HR 12HR
p < 0.0001 p < 0.0001

e

Extended Data Figure 5



NF-κB Target Genes

 c
D

C
1 

M
at

ur
at

io
n 

Sc
or

e

-200

200

0

0

r = 0.81
p < 0.0001

c

400-200 200

TCGA Pan-Cancer datatset

LT
-H

SC

ST-H
SC/M

PP1
MMP2

MMP3

LM
PP/M

MP4
GMP

MDP
CDP

cD
C1
cD

C2
cM

oP

Ly
6C

+M
o

Ly
6C

-M
o
Neu

-3

-2

-1

0

1

2

3

Sq
st

m
1

p = 0.003
TCGA Pan-Cancer datatset

p = 0.0002

806040200
0

1.0

0.5

0.25

0.75

O
ve

ra
ll 

S
ur

vi
va

l

SQSTM1

High

Low

a

Time (Months)

b Murakami, et al

Extended Data Figure 6



h

FS
C

-H

FSC-W

SS
C

-H

SSC-W

C
D

90

7-AAD

Gating strategy for Fig. 4e-fj

Gating strategy Fig. 4d, Supp. 7h-ig
FS

C
-H

FSC-W
SS

C
-H

SSC-W

SS
C

-A

SS
C

-A

CD3+CD90+

CD45R+

FSC/SSC Gate

CD45+ Gate
SS

C
-A

CD11c

Lin(-) Gate

SS
C

-A
MHC-II

CD11c+ Gate

WT KO
0

1

2

3

4

5

%
 D

C
s 

(o
f C

D
45

)

p = 0.18

C
D

90

CD3

SS
C

-A

CD8

7-AAD- CD90+ Gate CD3+ CD90+ Gate

WT KO
0

10

20

30

40

%
 H

2k
b-

SI
IN

FE
KL

+  

p = 0.033
i

TDLN Dendritic Cells

0 5 10 15
0

500

1000

1500

B16F10-OVA

Experiment 2

Day after Inoculation

Tu
m

or
 V

ol
um

e 
(m

m
3 ) WT

KO

p 
= 

0.
00

8

0 5 10 15
0

500

1000

1500

2000

Day after Inoculation

Tu
m

or
 V

ol
um

e 
(m

m
3 )

Experiment 1

WT
KO

p 
= 

0.
00

2

WT #1 WT #2 WT #3

KO #1 KO #2 KO #3

B16F10-OVA Day 16

WT KO
0

1

2

Tu
m

or
 W

ei
gh

t (
g)

Day 26
p = 0.040

a

WT KO
0.0

0.5

1.0

1.5

Day 16

Tu
m

or
 W

ei
gh

t (
g)

p = 0.015
b

WT KO
0

1

2

3

Tu
m

or
 W

ei
gh

t (
g)

Day 16
p = 0.053

c

WT #4 WT #5 WT #6

KO #4 KO #5 KO #6

E
xp

er
im

en
t 1

E
xp

er
im

en
t 2

f

d e

FSC/SSC Gate

Extended Data Figure 7



B16F10 Tumors Day 6

All DCs cDC1 cDC2b

W
T KO W

T KO

+Apilimod
W

T KO W
T KO

+Apilimod
W

T KO W
T KO

+Apilimod

0

5000

10000

15000

20000

SI
R

P1
α 

(M
FI

)

p > 0.99

p > 0.99

p = 0.99

p = 0.99

p = 0.88

p = 0.87

p = 0.99

p = 0.99

p > 0.99

a

W
T KO W

T KO

+Apilimod

0

25

50

75

100
%

 D
C

2
p > 0.99

p = 0.85

p = 0.99

Extended Data Figure 8



0 5 10 15
0

500

1000

1500

2000

Day of Treatment

Tu
m

or
 V

ol
um

e 
(m

m
3)

MC38
Vehicle+IgG1

Vehicle+ IFN
Apilimod+IgG1

Apilimod+ IFN

p 
= 

0.
03

5
p 

= 
0.

47

d

0 5 10 15
0

500

1000

1500

2000
MC38

Day of Treatment

Tu
m

or
 V

ol
um

e 
(m

m
3)

Vehicle+IgG2a
Vehicle+ IL-12
Apilimod+IgG2a
Apilimod+ IL-12

p 
= 

0.
00

3
p 

= 
0.

12

b

Veh
icl

e

Apil
im

od
0

10

20

30

%
 C

D
8+  

IF
N

+

p = 0.0079

0 5 10 15
0

500

1000

1500

2000
MC38

Day of Treatment

Tu
m

or
 V

ol
um

e 
(m

m
3 )

NSGTM Vehicle
NSGTM Apilimod

p 
= 

0.
49

a c

e f

0 3 6 9
0

500

1000

1500

2000

2500

Day of Treatment

Tu
m

or
 V

ol
um

e 
(m

m
3 )

B16F10
Vehicle
Apilimod

p 
= 

0.
01

1

0 4 8 12
0

500

1000

1500

2000

Day of Treatment

Tu
m

or
 V

ol
um

e 
(m

m
3 )

B16F10
NSGTM Vehicle
NSGTM Apilimod

p 
= 

0.
11

933

2364

1083

895

1865

10416

685

3590

1725

2076

3201

7886

MHC-I MHC-II

+P
ol

yI
:C

+L
P

S

Apilimod
DMSOg h

0 4 8 12
0

500

1000

1500

2000
B16F10-OVA

Day of Treatment

Tu
m

or
 V

ol
um

e 
(m

m
3 )

Vehicle
Vehicle+PolyI:C
Apilimod
Apilimod+PolyI:C

p 
= 

0.
04

1

0 4 8 12 16
0

500

1000

1500

2000

Day after Tumor Inoculation

Tu
m

or
 V

ol
um

e 
(m

m
3 )

p 
= 

0.
01

0

B16F10-OVA
Vehicle
Vehicle+PolyI:C
Apilimod
Apilimod+PolyI:C

i j

Extended Data Figure 9


