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Outline

• Published Kinase Alterations in the Histiocytoses

• New Insights into the Molecular Pathogenesis of the 

   Histiocytoses

• Emergence of Targeted Therapeutics in the

  Histiocytic Neoplasms
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Remaining Questions

• What other alterations drive histiocytic neoplasms?

• Are there genomic differences across the diverse 

histiocytoses subsets?

• Are targeted therapies other than RAF inhibitors 

effective in the histiocytoses?
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Overall Histiocytoses Cohort (N=250) 



Relative Frequency of Kinase Alterations Identified (N = 250) 

N = 250
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Histiocytoses Subsets Sequenced in Study (N=250) 

N = 250

(n = 96)

(n =51)

(n = 81)



Erdheim-Chester Disease Cohort (N = 96)
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Langerhans Cell Histiocytosis Cohort (N = 81)
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Juvenile Xanthogranuloma Cohort (N = 51)

N = 51

Jennifer Picarsic and Ronald Jaffe
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Rosai-Dorfman Disease Cohort (N = 16)
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Histiocytic Sarcoma (HS) Cohort (N = 6)
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New BRAF Fusions in LCH, JXG, and ECD
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MAP2K1 Mutations Occur Across Histiocytoses Subtypes 

but have Different Properties Based on MEK1 Class

Gao et al. Allele-specific mechanisms of activation of MEK1 mutants determine their properties. Cancer Discov. 2018.

N = 21

Class II

Class I
Class III

Unknown 
Classification

Class III

Class II

Unknown 
Classification

N = 12N = 21 N = 12

Erdheim-Chester Disease Langerhans Cell Histiocytosis



Recurrent CSF1R Mutations

Stanley, Chitu. Cold Spring Harb Perspect Biol 2014;6:a021857

CSF1R: The receptor for MCSF 

(Macrophage Colony Stimulating 

Factor)

Controls production, differentiation, and 

function of macrophages 

Expression is restricted to cells 

committed to the 

monocyte/macrophage lineage.

CSF1R



CSF1R Y546_K551del and CSF1R W450_E456del 

Mutations in Histiocytoses are Activating
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CSF1R Y546_K551del Mutation is Sensitive to CSF1R 

Inhibitors (Pexidartinib and BLZ 945)

   

  



Shared Somatic CSF1R Mutations in Monozygotic Twins

with JXG

CD163
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JXG in Monozygotic Twins – Family History
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Twin 2

Twin 1

Somatic CSF1R Y546_K551del and NF1 E19* Shared Mutations in the

Largest JXG Clone in Monozygotic Twins



TWIN #1: 8.03 mutations/Mb

TWIN #2:  42.5 mutations/Mb 

Mutational Signatures in the JXG Twins

Defective DNA Mismatch Repair (MMR)



Conclusions 

• Diverse kinase mutations and fusions continue to drive systemic histiocytic neoplasms with 

recurrent BRAF deletions and fusions now identified in LCH and the first RET fusion 

uncovered in the histiocytoses.

• Recurrent, activating CSF1R mutations are first identified in multiple histiocytoses.

.

• Description of first MAP2K2 (MEK2), MAPK7 (ERK5), MAPK3 (ERK1) ALK, CSF1R, KIT, 

RAF1, MET, JAK3, and CSF3R mutations in the histiocytoses. There is an enrichment of 

NTRK1 fusions in JXG, BRAF fusions in LCH, and ALK fusions in ECD compared to 

other histocytoses in this cohort.

• Kinase alterations other than BRAFV600E may have direct therapeutic implications:
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MEK Inhibitor Response in RAF1K106N ECD/RDD
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RAF1 K106N Mutation in ECD is Activating
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MEK Inhibitor Response in MAP2K2Y134H ECD
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MAP2K2 Y134H Mutation in ECD is Activating
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Skin/Bone LCH (BRAF N486_T491del)
MEK Inhibitor Response in BRAFN486_T491delinsK 

Refractory LCH
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BRAF N486_T491del Mutation in LCH is Activating
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Diverse Kinase Mutations are Sensitive to Cobimetinib

   

  



ALK Inhibitor Response in KIF5B-ALK Fusion ECD
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Eli Diamond

ALK Inhibitor Response in KIF5B-ALK Fusion ECD

Pre-Treatment Post-Treatment



Conclusions II

• Kinase alterations other than BRAFV600E have direct therapeutic 
implications.

• First evidence of ALK inhibitor use and response in the systemic 
histiocytoses

• Single-agent cobimetinib has robust activity across histiocytic 
neoplasms regardless of BRAF mutational status

– ECD, LCH, and RDD
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CSF1R Y546_K551del and CSF1R W450_E456del 

Mutations in Histiocytoses are Activating
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How do we explain shared somatic 
mutations in twins with histiocytosis?

CSF1R drives the development 
of tissue-resident macrophages 
from progenitors in the fetal 
yolk sac outside of the animal’s 

body.

HYPOTHESIS: Activating
CSF1R mutations were acquired 
in the fetal macrophage 
progenitor shared for both 
twins.

EMPs = Erythro-myeloid progenitors
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What is the effect of expressing BRAFV600E in yolk-sac 
precursors of macrophages?

Mass, et al. Nature 2017



Neurodegeneration in Csf1R-Cre BRafV600E mice

Mass, et al. Nature 2017
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BRAF Fusions in LCH, JXG, ECD, and HS



NTRK1 Fusions in ECD and JXG



MEK Inhibitor Response in NRASQ61R ECD

Pre-Treatment Post-Treatment Pre-Treatment Post-Treatment

Eli Diamond



BRAF V600E Ba/F3 Cells - IC50 to Ulixertinib (ERK1/2 Inhibitor)
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BRAF V600E Ba/F3 Cells - IC50 to Ulixertinib

B
R
A
F V

60
0E

PA
C
S
IN

2-
B
R
A
F

0.01

0.1

1

10

IC
5
0
 (

m
M

) 
(L

o
g

 1
0
)



CSF1R Y546_K551del and CSF1R W450_E456del Mutations in 

Histiocytoses are Activating
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Araf Transgenic Mouse Project (CRCm38.p6)

10/17/2018 Transcript: Araf-201 (ENSMUST00000001155.10) - Summary - Mus musculus - Ensembl genome browser 94
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Araf-209 ENSMUST00000150190.1 550 No protein Retained intron - - - TSL:2

Exons: 16, Coding exons: 15, Transcript length: 2,358 bps, Translation length: 604 residues

This transcript is a member of the Mouse CCDS set: CCDS40886

This transcript corresponds to the following Uniprot identifiers: P04627

TSL:1

ENSMUST00000001155.10

Protein coding

Transcript where the Ensembl genebuild transcript and the Vega  manual annotation have the same sequence, for every base pair. See article.

This transcript is a member of the Gencode basic gene set.
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Description

Gene Synonyms

Location

About this transcript

Gene

Show/hide columns (1 hidden)

 

 

 

 

Statistics

CCDS

Uniprot

Transcript Support Level (TSL)

Version

Type

Annotation Method

GENCODE basic gene

Transcript: Map2k1-201 ENSMUST00000005066.8

mitogen-activated protein kinase kinase 1 [Source:MGI Symbol;Acc:MGI:1346866 ]

MAP kinase kinase 1, Mek1, Prkmk1

Chromosome 9: 64,185,770-64,253,631 reverse strand.

This transcript has 11 exons, is annotated with 17 domains and features, is associated with 2565 variations and maps to 230 oligo probes.

This transcript is a product of gene ENSMUSG00000004936 Hide transcript table

Name Transcript ID bp Protein Biotype CCDS UniProt RefSeq Flags

Map2k1-201 ENSMUST00000005066.8 2436 393aa Protein coding CCDS23277 P31938  Q3TMJ8 NM_008927   

NP_032953   

TSL:1 GENCODE basic APPRIS P1

Map2k1-203 ENSMUST00000152535.1 597 No protein Processed transcript - - - TSL:3

Map2k1-202 ENSMUST00000147796.1 844 No protein Retained intron - - - TSL:3

Map2k1-204 ENSMUST00000152675.1 688 No protein Retained intron - - - TSL:2

Exons: 11, Coding exons: 11, Transcript length: 2,436 bps, Translation length: 393 residues

This transcript is a member of the Mouse CCDS set: CCDS23277

This transcript corresponds to the following Uniprot identifiers: P31938

TSL:1

ENSMUST00000005066.8

Protein coding

Transcript where the Ensembl genebuild transcript and the Vega  manual annotation have the same sequence, for every base pair. See article.

This transcript is a member of the Gencode basic gene set.
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About this transcript

Gene
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Statistics

CCDS

Uniprot

Transcript Support Level (TSL)

Version

Type

Annotation Method

GENCODE basic gene

Transcript: Map2k1-201 ENSMUST00000005066.8

mitogen-activated protein kinase kinase 1 [Source:MGI Symbol;Acc:MGI:1346866 ]

MAP kinase kinase 1, Mek1, Prkmk1

Chromosome 9: 64,185,770-64,253,631 reverse strand.

This transcript has 11 exons, is annotated with 17 domains and features, is associated with 2565 variations and maps to 230 oligo probes.

This transcript is a product of gene ENSMUSG00000004936 Hide transcript table

Name Transcript ID bp Protein Biotype CCDS UniProt RefSeq Flags

Map2k1-201 ENSMUST00000005066.8 2436 393aa Protein coding CCDS23277 P31938  Q3TMJ8 NM_008927   

NP_032953   

TSL:1 GENCODE basic APPRIS P1

Map2k1-203 ENSMUST00000152535.1 597 No protein Processed transcript - - - TSL:3

Map2k1-202 ENSMUST00000147796.1 844 No protein Retained intron - - - TSL:3

Map2k1-204 ENSMUST00000152675.1 688 No protein Retained intron - - - TSL:2

Exons: 11, Coding exons: 11, Transcript length: 2,436 bps, Translation length: 393 residues

This transcript is a member of the Mouse CCDS set: CCDS23277

This transcript corresponds to the following Uniprot identifiers: P31938

TSL:1

ENSMUST00000005066.8

Protein coding

Transcript where the Ensembl genebuild transcript and the Vega  manual annotation have the same sequence, for every base pair. See article.

This transcript is a member of the Gencode basic gene set.
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