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Supplemental Figure S1. Overall levels of phosphotyrosine (pY) detected on western 

blot and numbers of pY phosphopeptides identified by phosphoproteomics show a 

general correlation. 

Upper. Western blotting for global phosphotyrosine levels (4G10 anti-pY antibody) in the cell 
line lysates.
Lower.  Bar graph depicting the number of pY phosphopeptides immunoprecipitated and 
identified by mass spectrometry. There is a correlation between global phosphotyrosine 
levels and the number of identified pY phosphopeptides per cell line. The data confirm 
signaling heterogeneity in this panel of AML cell lines.
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Supplemental Figure S2. Clustering and outlier analysis of phosphoproteomic data on protein kinases in an AML cell line panel. 

A. Hierarchical clustering of the phosphokinome of the 16 AML cell lines. Unsupervised clustering is based on normalized phosphokinase 
counts. Similar to phosphopeptide based clustering, samples clustered roughly based on high or low levels of phosphorylation. Kinase 
mutations are indicated as found by standard diagnostic mutational analysis. 
B. Outlier analysis of known AML driver kinases shows that kinase phosphorylation levels in TK mutant cell lines (red) are outliers compared 
to non-mutant cell lines. Additionally, the KG-1, KG-1a, MM6, and Kasumi-3 cell lines (orange) show similar outlier behavior, indicating poten-
tial TK driver activity.
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Supplemental Figure S3 General Legend. Summaries of phosphoproteomic and pharmacological analyses of 

a panel of AML cell lines. 
Each sheet contains (i) an overview of bar graphs ranking kinases according to their phosphorylation (kinome, 
phosphorylation anywhere on the protein; activation loop, phosphorylation of the activation segment) and according to 
the phosphorylation of their substrates (PhosphoSitePlus, known substrates cataloged in the PhosphoSitePlus database; 
NetworKIN, predicted substrates assigned by the NetworKIN algorithm), (ii) a graph of inferred kinase ‘activities’ mapped 
onto (primarily) PI3K/RAS-MAPK/JAK-STAT pathways in a signaling network (edges from the STRING database); node fill 
colors indicate spectral counts as a proxy of activity, (iii) a panel of relevant drugs with intended targets and off-targets 
(affinity below 500 nM) as determined through chemical proteomics (43) or cell-free assays (42,56,57); and (iv) drug 
response curves.  Kinases from panel iii with a top 20 kinome/activation loop ranking are indicated with corresponding 
bar fill or node border colors in the different panels. In the following, summary sheets are presented for (A) EoL-1, 
(B) Kasumi-1, (C) MV4-11, (D) MOLM-13, (E) Kasumi-6, (F) HEL, (G) KG-1, (H) KG-1a, (I) MM6, (J) Kasumi-3, (K) HL-60, 
(L) ML-2, (M) OCI-AML3, (N) THP-1, (O) NB4, and (P) ME-1. 
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EoL-1

Supplemental Figure S3A. Analysis of AML cell line EoL-1 carrying a FIP1L1-PDGFRA fusion. 
Arrows (bar graphs) and arrow head (network) indicate the implicated PDGFRA kinase.
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Kasumi-1

Supplemental Figure S3B. Analysis of AML cell line Kasumi-1 carrying an N822K KIT point mutation.

Arrows (bar graphs) and arrow head (network) indicate the implicated KIT kinase.
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Supplemental Figure S3C. Analysis of AML cell line MV4-11 carrying a FLT3-ITD point mutation. 
Arrows (bar graphs) and arrow head (network) indicate the implicated FLT3 kinase.
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MOLM-13
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Supplemental Figure S3D. Analysis of AML cell line MOLM-13 carrying a FLT3-ITD point mutation. 
Arrows (bar graphs) and  arrow head (network) indicate the implicated FLT3 kinase.
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Supplemental Figure S3E. Analysis of AML cell line Kasumi-6 carrying a FLT3-ITD point mutation. 
Arrows (bar graphs) and arrow head (network) indicate the implicated FLT3 kinase.
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Supplemental Figure S3F. Analysis of AML cell line HEL carrying a V617F JAK2 mutation. 
Arrows (bar graphs) and arrow heads (network) indicate the implicated JAK2 kinase.
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Supplemental Figure S3G. Analysis of AML cell line KG-1 lacking a known driver mutation. 
Arrows (bar graphs) and arrow head (network) indicate the FGFR1 kinase as a potential driver in this cell line.
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KG-1a

Supplemental Figure S3H. Analysis of AML cell line KG-1a lacking a known driver mutation. 
Arrows (bar graphs) and arrow head (network) indicate the FGFR1 kinase as a potential driver in this cell line.
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Supplemental Figure S3I. Analysis of AML cell line MM6 (Mono-Mac-6) lacking a known driver mutation. 
Arrows (bar graphs) and arrow head (network) indicate the FLT3 kinase as a potential driver in this cell line.
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Supplemental Figure S3J. Analysis of AML cell line Kasumi-3 lacking a known driver mutation. 
Arrows (bar graphs) and arrow head (network) indicate the PDGFRA kinase as a potential driver in this cell line.
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Supplemental Figure S3K. Analysis of AML cell line HL-60 lacking a known driver mutation. 
Arrows/arrow heads indicate high-ranking kinases of the MAPK1/3 pathway; red asterisk: NRAS mutated.
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Supplemental Figure S3L. Analysis of AML cell line ML-2 lacking a known driver mutation. 
Arrows/arrow heads indicate high-ranking kinases of the MAPK1/3 pathway; red asterisk: NRAS mutated.
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Supplemental Figure S3M. Analysis of AML cell line OCI-AML3 lacking a known driver mutation. 
Arrows/arrow heads indicate high-ranking kinases of the MAPK1/3pathway; red asterisk: NRAS mutated.
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THP-1

Supplemental Figure S3N. Analysis of AML cell line THP-1 lacking a known driver mutation. 
Arrows/arrow heads indicate high-ranking kinases of the MAPK1/3pathway; red asterisk: NRAS mutated.
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NB4

Supplemental Figure S3O. Analysis of AML cell line NB4 lacking a known driver mutation. 
Arrows/arrow heads indicate high-ranking kinases of the MAPK1/3 pathway; red asterisk: KRAS mutated.
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ME-1

Supplemental Figure S3P. Analysis of AML cell line ME-1 lacking a known driver mutation. 
Arrows/arrow heads indicate high-ranking kinases of the MAPK1/3 pathway; red asterisk: NRAS mutated.
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Supplemen  Figure S4. Drug response curves for quizartinib, ponatinib, and ibrutinib. 

Graphs show the drug response curves of cell lines for a drug. Cell lines with an indicated driver kinase 
targeted by a drug (orange line) show drug responses at lower drug concentrations, compared to control 
cell lines without a target kinase (grey line). The drug ibrutinib was used as a control, with similar 
responses for all cell lines.

page S-21



Eo
L-

1

PDGFRA

Othe
r

10
-9

10
-7

10
-5

10
-3

10
-1

10
1

10
3

EC50 (μM)

p 
= 

0.
00

01

K
as

um
i-1

KIT

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

EC50 (μM)

p 
= 

0.
03

8

K
G

-1

FGFR1

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

EC50 (μM)

p 
= 

0.
00

75

M
M

6

EC50 (μM)

FLT
3

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

p 
= 

0.
00

05

M
O

LM
-1

3

EC50 (μM)

FLT
3

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

p 
= 

0.
00

06

M
V

4-
11

EC50 (μM)

FLT
3

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

p 
= 

0.
00

15

HE
L

EC50 (μM)

JA
K2

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

p 
= 

0.
22

17

HL
-6

0

EC50 (μM)

MEK-E
RK

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

p 
= 

0.
22

45

M
L-

2

EC50 (μM)

MEK-E
RK

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

p 
= 

0.
19

48

O
C

I-A
M

L3

EC50 (μM)

MEK-E
RK

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

p 
= 

0.
02

48

Su
pp

le
m

en
ta

l F
ig

ur
e 

S5
. C

om
pa

ri
so

n 
of

 c
el

l l
in

e 
se

ns
it

iv
it

y 
to

 K
Is

 ta
rg

et
in

g 
th

e 
IN

K
A

-id
en

ti
fie

d 
dr

iv
er

s 
an

d 
th

os
e 

w
it

h 
ot

he
r t

ar
ge

ts
. 

KI
s 

w
er

e 
gr

ou
pe

d 
ba

se
d 

on
 e

xi
st

in
g 

ev
id

en
ce

 o
f t

he
ir 

ab
ili

ty
 to

 in
hi

bi
t t

he
 id

en
tifi

ed
 d

riv
er

 k
in

as
e 

of
 th

e 
ce

ll 
lin

es
. K

I E
C5

0s
 w

er
e 

pl
ot

te
d 

fo
r e

ac
h 

gr
ou

p 
an

d 
th

e 
si

gn
ifi

ca
nc

e 
of

 th
e 

di
ffe

re
nc

e 
in

 E
C5

0 
be

tw
ee

n 
th

e 
tw

o 
gr

ou
ps

 w
as

 c
al

cu
la

te
d 

us
in

g 
th

e 
M

an
n-

W
hi

tn
ey

 U
 

te
st

. D
ot

s 
re

pr
es

en
t t

he
 in

di
vi

du
al

 d
ru

gs
 in

 e
ac

h 
gr

ou
p.

 

M
E

-1

EC50 (μM)

MEK-E
RK

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

p 
= 

0.
03

86

NB
4

EC50 (μM)

MEK-E
RK

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

N
A

TH
P

-1

EC50 (μM)

MEK-E
RK

Othe
r

0.
00

00
1

0.
00

01

0.
00

1

0.
010.
111010
0

10
00

N
A

page S-22



CRK

FLT3

SOS2
TNK2

PDGFRA

CRKL

PTK2B

PIK3CB

PIK3R3
PIK3AP1

PIK3CA

PTK2

PIK3R2
PIK3R1 PIK3CD RAPGEF2

GRB2

VAV1
IRS1

RASA1

INSR

RASA2

PRKCD
PPP2R5D
PPP2CA

RAC3

PRKCI
PRKCA

PRKCB

MTOR RPS6KA3

RICTOR

RHOA

RPS6KA1

GSK3B
GSK3A

SRC

LYN

BTK

CSK
YES1

SYK
LCK

MAPK12
MAPK14

MAPK8

DUSP7
MAP4K4

MAPK9

PTPN7

MAPKAPK3

PPP5C

STAT6

STAT4
STAT5A

JAK3

STAT5B

TYK2

STAT1

JAK2

STAT3
HRAS

INPPL1

KIT

GAB2

NRAS

SHC1

PTPN11

KRAS

GAB1

PTPN6

FGFR1

PLCG2

INPP5D

IKBKG

AXL

JAK1

PLCG1

RIPK1

CDK1

MAPK3
MAPK1

RASGRP2

CDK2

IQGAP1

0 >0                     50 >50

Color Key

Counts

Supplementary Figure S A. Summary of phosphoproteomic analysis of blood sample from 

patient 1. 
Left. Overview of bar graphs ranking kinases according to their own phosphorylation (kinome, 
phosphorylation anywhere on the protein; activation loop, phosphorylation of the activation 
segment) and according to the phosphorylation of their substrates (PhosphoSitePlus, known 
substrates cataloged in the PhosphoSitePlus database; NetworKIN, predicted substrates assigned by 
the NetworKIN algorithm).  Arrows and blue highlighting indicate the FLT3 kinase.
Right. Kinases inferred to be active were mapped in Cytoscape onto pathways in a signaling network 
(edges from the STRING knowledge base). Node fill colors were rendered according  to spectral 
counts as a proxy of activity. Arrow head indicates the FLT3 kinase.
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Supplementary Figure S B. Summary of phosphoproteomic analysis of blood sample from 

patient 2. 
Left. Overview of bar graphs ranking kinases according to their own phosphorylation (kinome, 
phosphorylation anywhere on the protein; activation loop, phosphorylation of the activation 
segment) and according to the phosphorylation of their substrates (PhosphoSitePlus, known 
substrates cataloged in the PhosphoSitePlus database; NetworKIN, predicted substrates assigned by 
the NetworKIN algorithm). Arrows and blue highlighting indicate the FLT3 kinase.
Right. Kinases inferred to be active were mapped in Cytoscape onto pathways in a signaling network 
(edges from the STRING knowledge base). Node fill colors were rendered according  to spectral 
counts as a proxy of activity. Arrow head indicates the FLT3 kinase.
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360
Cell lines

Mean
Patients
Mean22 251

Total of 633 phosphopeptides
Overlap = 56.9%

CV = 56.7%

42
Cell lines

Mean
Patients
Mean21 8

Total of 71 kinases
Overlap = 59.1%

CV = 49.9%

A B

Supplemental Figure S . Comparison between FLT3-ITD mutant cell line data and FLT3-ITD 

mutant patient data. 

A. Overlap of phosphopeptides found in the three FLT3-ITD positive cell lines MV4-11,
MOLM-13, and Kasumi-6 (blue) and those found in two FLT3-ITD positive patient samples (red). 
B. Overlap of phosphokinases found in FLT3-ITD positive cell lines and those found in FLT3-ITD 
positive patient samples.
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Supplemental Figure  
 

Annotated MS/MS spectra of phosphopeptides 

identified in AML cell lines 
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