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ABSTRACT
While Janus-kinase (JAK)-inhibitors effectively reduce the inflammatory phenotype of myeloproliferative 
neoplasms (MPN), they do not affect disease burden or presence of the mutated clone to a major extent. 
Here, we show how Janus-kinase 2 (JAK2)-mutated cells persist through maintenance of the mitogen- 
activated protein kinase Interacting Serine/Threonine Kinase 1 (MKNK1) – Extracellular Signal-regulated 
Kinase (ERK)-axis by hijacking the splicing machinery through post-translational modifications.

ARTICLE HISTORY 
Received 22 December 2020  
Revised 24 December 2020  
Accepted 28 December 2020 

KEYWORDS 
JAK2; MPN; clonal 
persistence

Author’s views

Myeloproliferative neoplasms (MPN) are clonal disorders of 
aging hematopoietic stem cells and early myeloid progenitors. 
Mutation of Janus-kinase 2 (JAK2) is the predominant genetic 
event in Philadelphia-chromosome negative MPNs.1 Janus- 
kinase 1/2 inhibitors are well tolerated and highly effective in 
reducing pro-inflammatory cytokine production and inflam-
mation-related clinical symptoms. However, reduction of dis-
ease burden is rarely seen,2 which has restricted their use to 
rather symptomatic approaches.1 This finding is unique as the 
use of targeted therapies such as tyrosine kinase inhibitors 
frequently leads to regression of the mutated clone. The per-
sistence of JAK2-mutated cells under treatment with JAK- 
inhibitors raises questions about the role of JAK2 as a ‘driver’ 
mutation and suggests the alteration of downstream signaling 
pathways to protect the malignant clone.

Pathways that protect the integrity of the malignant clone 
from stress-induced apoptosis but are otherwise dispensable 
for normal (steady state) hematopoiesis have been described in 
many cancers. Moreover, as a result of an oncogenic mutation, 
cancer cells may also develop secondary dependency on pro-
teins or signaling molecules that are themselves not oncogenes. 
Pharmacologic perturbation of these molecules may result in 
oncogene-specific ‘synthetic lethal’ interactions.3 Synthetic 
lethal interactions can basically involve genes within the same 
pathway, or distinct pathways that get functionally connected 
particularly in cancer cells carrying the specific oncogene. 
Activating mutations of JAK2-kinase (e.g., JAK2V617F) lead 
to constitutive activation of the kinase and of bona fide down-
stream signaling nodes such as Phosphoinositide 3-kinase 
(PI3-kinase), signal transducer and activator of transcription 
3/5 (STAT3/5) or mitogen-activated protein kinase kinase 
(MEK)-extracellular signal-regulated kinase (ERK). Mutation 
of JAK2 may result in the recruitment of aberrant binding 
partners or downstream signaling nodes to facilitate persistent 
signal transduction. Also, constitutive activation may lead to 
enhanced recruitment of physiologic binding partners.

In order to assess for the global signaling landscape down-
stream of mutated JAK2-kinase, we used in-depth phosphopro-
teomic analysis.4 This data provides a first unbiased and global 
view on relevant downstream effectors of mutated JAK2. This 
global view on JAK2-regulated proteins identified bona fide 
JAK2 targets such as STAT5, STAT3, and Proto-oncogene ser-
ine/threonine-protein kinase (PIM), kinase motifs of glycogen 
synthase kinase-3 (GSK3), and cyclin-dependent kinases 
(CDKs). Among the most highly enriched cellular processes in 
JAK2-mutated cells, gene ontology analysis revealed ‘mRNA 
splicing and processing.’ This novel finding is of major interest 
as mutations affecting members of the spliceosome machinery 
have been identified in advanced phases of MPN5 and specific 
mutations such as Serine And Arginine Rich Splicing Factor 2 
(SRSF2) or U2 Small Nuclear RNA Auxiliary Factor 1 (U2AF1) 
are prognostically relevant and therefore incorporated in 
advanced scoring systems. Recently, seminal publications have 
shown how modulation of splicing catalysis can facilitate ther-
apeutic targeting of myeloid malignancies harboring mutations 
of spliceosome factors.6 In murine models of myelodysplastic 
syndromes (MDS) and acute myeloid leukemia (AML), they 
provide evidence that SRSF2 mutations, which occur always 
heterozygous in human MDS or AML, rely on the wildtype 
allele for survival. Pharmacologic perturbation of the spliceo-
some machinery revealed that SRSF2-mutated cells appear more 
sensitive than non-mutated cells. Our findings add another layer 
of complexity, highlighting the hijacking of the spliceosome 
machinery through post-translational modification by an onco-
genic kinase rather than mutation of the splicing factor itself. We 
have identified phosphorylation of splicing factor Y-box Protein 
1 (YBX1) by mutated JAK2 as a critical downstream event that 
is essentially required for mRNA splicing of the ERK-signaling 
component Mitogen-activated Protein Kinase Interacting 
Serine/Threonine Kinase 1 (MKNK1). MKNK1 in turn is 
required for maintenance of the JAK2-mutated cells during 
JAK-inhibitor treatment and mediates a rebound of ERK- 
phosphorylation despite JAK-inhibition (Figure 1). This has 
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exposed a major regulatory cell-intrinsic mechanism of disease 
persistence.

Recent studies by other groups have highlighted the role of 
ERK-signaling in JAK2-mutated cells stimulated by cell-extrinsic 
factors, such as Platelet-derived Growth Factor Receptor 
(PDGFR) signaling, in vivo that eventually maintained ERK 
activation.7 While this study focused on bona fide signaling 
pathways demonstrated by Western Blotting, the results indicate 
that also extrinsic stimuli may contribute to the maintenance of 
JAK2-mutated cells.

While direct and specific inhibitors of YBX1 are not 
available for clinical use so far, identification of relevant 
protein domains using genetic screens are clearly warranted. 
Both studies identifying a role of ERK signaling in the 
persistence of JAK2-mutated MPN clones have confirmed 
the efficacy of dual JAK2-ERK targeting in primary murine 
and human cells. These findings establish a novel therapeu-
tic principle for JAK2-mutated neoplasms and a strong 
experimental rationale for incorporating the JAK2-YBX1 
mediated regulation of MKNK1-dependent ERK signaling 
into therapies directed at the elimination of the persistent 
JAK2-mutated clone.

Other strategies investigated to target the persistence of JAK- 
mutated MPN clones include immunotherapeutic approaches8 

and Mouse Double Minute 2 Homologue (MDM2)-inhibition,9 

among others.
Most notably, several of these preclinical findings are 

currently validated in early (phase 1b/2) clinical trials, test-
ing MDM2-inhibition, MEK-ERK targeting, and checkpoint 
inhibitor treatment in combination with JAK1/2-inhibitor 
therapy.10 These pick-the-winner concepts may help to 
identify combinations with disease-modifying potential to 
reduce disease burden and induce durable remissions.
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Figure 1. Mechanisms of rebounding mitogen-activated protein kinase interacting serine/threonine kinase 1 (MKNK1) extracellular signal-regulated kinase (ERK) 
signaling and persistence of Janus-kinase 2 (JAK2)-mutated MPN cells.
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