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Progression in induced by mutations in BTK or PLCG2 genes
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Does MRD genetically evolve?



Clonal evolution is not responible for MRD survival

Case 1
Genetic similarity in temporal 
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MRD under ibrutinib lacks BTK and PLCG2 mutations
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Does MRD epigenetically evolve?
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accessibility
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accessibilityN=1580
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Genomic regions

MRD is in a predominantly closed chromatin state
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Transcription factor map of MRD is rewired: 
NF-kB, JUN, NFAT targets decrease their accessibility
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BCR signaling is downregulated under ibrutinib
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What is the pathway that supports MRD?



Transcription factor map of MRD is rewired: 
ERK targets increase their accessibility

Transcription Factors (TF)

Increased accessibility regions - N=731

Enhancers

Promoters

Enhancers

Promoters

2
24

CL
L/

B-
ce

ll
TF

 T
ar

ge
ts

No change vs. baseline         

Significant change vs. baseline

Circle sizes decrease as p increase

11

BCR

BTK

PLCG2

RAPRAC

MEKKs

p38

MEF2C
CREB

JUN
ATF2

JNK

BRAF

MEK1/2

ERK1/2

PKC

IKK𝜶

NF-𝜿B

NF-𝜿B
complex

BCL-6
EGR-1 ELK-1

AgAg
Ag

GRAP GRB2

SOS1

GDP GTP

KRAS

Ibrutinib
LYN

SYK



MAPK pathway is upregulated under ibrutinib
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Is RAS-RAF-MEK-ERK active in the tissue compartment?



Thaw TCL1 
leukemia sample

1-2 x 107 cells/mouse 
(not purified)

NSG NSG

day 0

Treat with vehicle control

Treat with Ibrutinib 25mg/kg/day (Ibrutinib administered in drinking water at conc. 0.16mg/ml)

NSG NSG

day 14

Determine WBC counts and % 
CD19+/CD5+ cells in PB. Based 

on result decide when to 
collect sample 

In vivo modeling of MRD in the tissue



MAPK pathway
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Control mice were sacrificed on days 22, 25, 27 and 27
Ibrutinib mice were sacrificed on days 25, 26, 26 and 29

P=n.s.

Leukemia cells from the spleen

TCL1 leukemia cells persisting in the spleen under ibrutinib have active RAF-RAF-MEK-ERK 



Does BCRlow/ERKhigh cells pre-exist before ibrutinib start?



Single cell RNA-seq reveals a pre- existing BCRlow/ERKhigh 



What does activate of RAS-RAF-MEK-ERK?



MRD cells adapt their surface machinery
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MRD maintains signalling via RAS-RAF-MEK-ERK
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Is RAS-RAF-MEK-ERK a vulnerability of MRD?
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Ulixertinib in combination with ibrutinib prolongs survival
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Conclusions

• BTK inhibition results into a large chromatin rewiring

• RAS-RAF-MEK-ERK remains active

• BCR engagement triggers RAS-RAF-MEK-ERK to sustain MRD viability 

• Clones BCRlow/ERKhigh pre-exist ibrutinib treatment 

• RAS-RAF-MEK-ERK is a vulnerability of MRD


