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            Abstract
Janus kinases (JAKs) mediate responses to cytokines, hormones and growth factors in haematopoietic cells1,2. The JAK gene JAK2 is frequently mutated in the ageing haematopoietic system3,4 and in haematopoietic cancers5. JAK2 mutations constitutively activate downstream signalling and are drivers of myeloproliferative neoplasm (MPN). In clinical use, JAK inhibitors have mixed effects on the overall disease burden of JAK2-mutated clones6,7, prompting us to investigate the mechanism underlying disease persistence. Here, by in-depth phosphoproteome profiling, we identify proteins involved in mRNA processing as targets of mutant JAK2. We found that inactivation of YBX1, a post-translationally modified target of JAK2, sensitizes cells that persist despite treatment with JAK inhibitors to apoptosis and results in RNA mis-splicing, enrichment for retained introns and disruption of the transcriptional control of extracellular signal-regulated kinase (ERK) signalling. In combination with pharmacological JAK inhibition, YBX1 inactivation induces apoptosis in JAK2-dependent mouse and primary human cells, causing regression of the malignant clones in vivo, and inducing molecular remission. This identifies and validates a cell-intrinsic mechanism whereby differential protein phosphorylation causes splicing-dependent alterations of JAK2–ERK signalling and the maintenance of JAK2V617F malignant clones. Therapeutic targeting of YBX1-dependent ERK signalling in combination with JAK2 inhibition could thus eradicate cells harbouring mutations in JAK2.
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                    Fig. 1: Functional phosphoproteomics screen identifies the mRNA splicing and processing factor YBX1 downstream of JAK2V617F.[image: ]


Fig. 2: Inactivation of YBX1 selectively sensitizes JAK2VF cells to apoptosis induced by JAK inhibitor.[image: ]


Fig. 3: Targeting YBX1 in JAK2VF cells promotes intron retention.[image: ]


Fig. 4: Jak2-mutated clones are selectively vulnerable to inhibition of ERK signalling.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Phosphoproteomic analysis uncovers differential regulation of splicing factors in Jak2-mutated cells.
a, Schematic of the phosphoproteome workflow. Following sample collection, phosphopeptides were enriched using EasyPhos work flow8 and analysed in single-run LC-MS/MS. Data were analysed in Maxquant and Perseus. b, Quantified phosphosite depth per sample. Samples were measured as biological quadruplicates. c, Heatmap of sample correlation matrix of all measured samples (in b) based on Pearson correlation values. The reproducibility between the phosphoproteome sample is highlighted. d, Summary of identified and quantified class-I phosphosites (localization probability of >0.75) corresponding to number of proteins of this experiment. e, Principal component analysis of the samples. f, Network map of significantly enriched GO terms (P value <0.05) of differentially phosphorylated proteins in JAK2V617F. Phosphorylated proteins significantly regulated in Jak2V617F were subsequently used as an input for Cytoscape to obtain the network. The highlighted sub-network was obtained with P value <0.01 and kappa score >0.6. Two-sided hypergeometric test, P value correction–Bonferroni stepdown (g, h), western blot validation of shRNA library targets. g, Pcbp1 protein and h, YBX1 protein in mouse JAK2VF cells. n = 3 with comparable results. i, Pearson correlation profile of the independent shRNA experiments.


Extended Data Fig. 2 Functional consequences of YBX1 depletion in Jak2-mutated cells.
a, In vitro shRNA validation of selected top 15 targets essential for JAK2VF cell survival and growth in the presence (green) and absence (grey) of JAK inhibitor (RUX, 0.5 μM) measured by proliferation assays (16 technical replicates measured in 2 plates independently, mean). b, Immunofluorescence analysis of YBX1 and JAK2 localization in JAKVF positive Ba/F3 cells (left) and mouse JAK2VF positive stem- and progenitor cells (lineage-negative cells) (right panel) (representative image of n = 3). c, Immunoprecipitation of JAK2 receptor from mouse JAK2VF cells showing binding of YBX1 to mutated JAK2 receptor (n = 3 with similar results). d, e, Percentages of cell growth in JAK2WT (d) and JAK2VF cells (e) following lentiviral infection with shRNAs targeting Ybx1 or non-targeting control (shNT) measured by MTS assay. f, Representative histogram and bar plot showing ROS levels measured in JAK2VF cells with shRNAs targeting Ybx1 or control. g, Representative histogram and bar plot showing proliferative marker PCNA levels in JAK2VF cells with shRNAs targeting Ybx1 or control. h, Cell cycle analysis after YBX1 inactivation in JAK2VF cells. d–h, n = 4 independent experiments, mean ± s.d., two-tailed t-test with equal variance. i, Representative confocal images of DNA damage marker yH2AX pS139 in JAK2VF cells with shRNAs targeting Ybx1 or non-targeting control. Cells exposed to UV light for 20 min were used as positive controls (n = 4 independent experiments). j, FACS plots showing percentage of apoptotic cells in Jak2+/+ and Jak2VF/+ mouse BM cells after JAK inhibitor treatment (RUX, 0.5 μM) after lentiviral knockdown of Ybx1 (sh1 and sh2) compared to non-targeting control (shNT).


Extended Data Fig. 3 Functional consequences of Ybx1 deletion in vivo.
a, Schematic representation of the wild-type Ybx1 allele (Genomic Locus), the targeting vector (Targeting Vector), the desired targeted allele (Targeted Allele), the desired conditional allele flanked by LoxP sequences (Conditional Allele) and the null recombined allele (Recombined Allele) after Cre-mediated recombination of the conditional allele. Triangles indicate loxP sequences. b, Excision control by genomic PCR on whole bone marrow cells at week 16 following genetic inactivation of Ybx1 in conditional knockout mice. Representative micrograph of n = 5 animals from a total of n = 9 controls (+/+) and n = 9 knockout (−/−) replicates. c, Schematic as in Fig. 2j. FACS plots showing percentage of Jak2V617F (CD45.2) cells of Ybx1+/+ or Ybx1−/− recipients. d, Histology of liver, spleen and lung of Jak2V617F-Ybx1+/+ and Jak2V617F-Ybx1−/− recipient mice at week 20 after BMT. Representative micrographs of n = 9 individual mouse replicates. Haematoxylin and eosin stain (H&E) at ×10 magnification. Focal leukocyte infiltration (arrows) and haemorrhage (stars) of liver, spleen and lung, respectively. Scale bar: 200 μm. e, Peripheral blood chimerism of lethally irradiated (12 Gy) recipient mice. FACS plots showing abundance of CD45.2 myeloid cells in Jak2V617F-Ybx1+/+ and Jak2V617F-Ybx1−/− recipient mice at week 20 after BMT. f, Design for assessment of steady state haematopoiesis. g, White blood count (WBC), Gr-1 positive cells (Gr1+), haemoglobin (HGB) and platelets (PLT) following genetic inactivation of Ybx1 (Ybx1−/− mice, n = 10) compared to Ybx1+/+ controls (n = 10). Data represented as mean ± s.e.m. h, FACS plots showing comparable percentages of LSK cells and HSCs (SLAM+CD34–L–S+K+ cells) following genetic inactivation of Ybx1 in conditional knockout mice (compared to wildtype littermate controls). i, stem- and progenitor cell numbers per 1 × 106 whole bone marrow cells at week 16 after genetic inactivation of Ybx1 (n = 6; mean ± s.d.). j, FACS plot showing comparable abundance of mature myeloid and erythroid cells following genetic deletion of Ybx1. k, Total numbers of mature blood cells of the myeloid (Gr1+), erythroid (TER119+), B-lymphoid (CD19) and T-lymphoid (CD3) lineages at week 16 after genetic inactivation of Ybx1 (n = 6; mean ± s.d.). l, Experimental protocol for investigation of haematopoietic progenitor cell function. m, Colony numbers of Ybx1+/+ versus Ybx1−/− mouse stem/progenitor cells. Colonies were counted at day 8 after plating (each sample plated in duplicate, n = 3 independent experiments, mean ± s.d.). n, Spleen colony numbers counted on day 12 after injection of Ybx1+/+ or Ybx1−/− LSK cells into lethally irradiated (12Gy) recipient mice (CFU-S12) (n = 12 Ybx1+/+; n = 12 Ybx1−/− independent biological mouse replicates in n = 3 independent cohorts). o, BM chimerism of primary recipient mice (n = 10 individual biological replicates) at week 20 after BMT. Whole bone marrow chimerism (WBMC) and chimerism of myeloid cells (Gr1+ BMC) (left panel). HSPC chimerism (LSK) and HSC chimerism (CD34– LSK) (right panel). Data shown as mean ± s.d. p, BM chimerism of secondary recipient mice (n = 5 individual biological replicates) at week 20 after BMT. Whole BM chimerism (WBMC) and chimerism of myeloid cells (Gr1+ BMC) (left panel). HSPC chimerism (LSK) and HSC chimerism (CD34– LSK) (right panel). Data shown as mean ± s.d.


Extended Data Fig. 4 Regulation of YBX1 phosphorylation dynamics in JAK2VF cells.
a, Profile plot showing significantly regulated individual phosphorylated residues of YBX1 in JAK2WT and JAK2VF. Each data point is the averaged median of biological quadruplicate and significance was tested using two-sample test. b, Profile plot showing individual phosphorylated residues of YBX1 that are significantly regulated in JAK2WT when unstimulated (control) or stimulated with erythropoietin or erythropoietin + JAK inhibitor. c, Profile plot showing significantly regulated individual phosphorylated residues of YBX1 in JAK2VF when unstimulated or stimulated with EPO or EPO + JAK inhibitor. b, c, Each data point is the averaged median of biological quadruplicate, z-scored (log2 phosphosite intensity), and significance was tested using multiple sample test. d, Experimental design for phosphoproteome analysis of short-term JAK2 downstream effector kinase inhibitor treatment in JAK2VF cells. n = 4 per group, phosphopeptides were enriched using EasyPhos workflow and analysed in single-run LC-MS/MS. e, Dot plot showing the successful inhibition of respective targets of the corresponding kinase inhibitor used in this study (ANOVA test with permutation-based FDR < 0.01). f, Dot plot showing changes in quantified YBX1 phosphosites after various kinase inhibitor treatment (ANOVA test, permutation-based FDR < 0.01). The highlighted YBX1 pS30 phosphosite is the only site highly significantly downregulated upon MEK/ERK inhibitor treatment compared to controls. e, f, Size and colour of the dots are proportional to the phosphosite intensity, z-scored (log2 intensity). g, Amino acid sequence alignment of YBX1 across different species shows that mouse YBX1 Ser30 and Ser34 are conserved.
Source data


Extended Data Fig. 5 YBX1 interaction with spliceosome components and validation of YBX1-MAPK1 partnership.
a, Study design of mouse YBX1 interactome. n = 4 biological replicates and YBX1 interactome analysed in LC-MS/MS. Using Perseus, samples were filtered for a minimum of three valid values in at least one group. In total 614 high confident interactors of YBX1 were identified (t-test with permutation-based FDR < 0.05) with 260 JAK2VF-specific interactors. b, Network representation of YBX1 interacting spliceosomal proteins in JAK2VF cells. The size and colour of the node indicates the abundance of the corresponding proteins (z-scored protein intensity) and the edges are connected by STRING database interactions. c, List of significant YBX1-interacting spliceosomal proteins presented according to their spliceosome complex. d, Spliceosome proteins interacting with YBX1 participate in spliceosome assembly reaction in a stepwise manner to excise intronic sequences from immature mRNA to form a mature mRNA. e, Network representation of YBX1 interactome (regulated in both JAK2WT and JAK2VF) based on annotation keywords. The keywords are highlighted in colours according to the protein function. n = 4 biological replicates, t-test with permutation-based FDR < 0.05. f, Scatter plot of YBX1 interactome in JAK2VF vs control. YBX1 interactome is enriched for GO term mRNA splicing factor (green) and Ribonucleoproteins (blue) assessed by Fisher’s exact test. Fold enrichment of YBX1 and MAPK1 in JAK2VF cells compared to IgG control plotted against –log10 Student t-test P value. g, Scatter plot of YBX1 interactome in DMSO vs JAK inhibitor (RUX 0.5 μM, 4 h)-treated JAK2VF cells. Fold enrichment of MAPK1 in DMSO vs JAK inhibitor plotted against –log10 Student’s t-test P value. h, Immunoprecipitation of YBX1 from mouse JAK2VF cells ± RUX, 0.5 –μM for 4 h and analysed for interaction with MAPK1 by western blot analysis using ERK1/2 antibody. Representative images from n = 3 biological experiments.
Source data


Extended Data Fig. 6 YBX1 phospho-null mutants display impaired nuclear localization and increased sensitivity to JAK inhibitor.
a, Western blot showing the expression of YBX1 phosphomutants in Ba/F3 JAK2VF cells as indicated. b, Confocal images of YBX1 localization (Red) in YBX1 phosphomutants expressing Ba/F3 JAK2VF cells. Cells were counterstained with DAPI and GFP confirms the phosphomutant expression. a b, Representative images from n = 3 biological experiments. c, Bar plot showing quantification of nuclear YBX1 expression in YBX1 phosphomutants expressing Ba/F3 JAK2VF cells; P values were determined by two-tailed t-test. Control (n = 67): min = 15.39; max = 33.01; whisker = [15.39–33.01]; median = [24.74], S1(n = 70): min = 4.14; max = 9.75; whisker = [4.14–9.75]; median = [7.0053], S2(n = 64): min = 5.32; max = 14.11; whisker = [5.32–14.11]; median = [7.9], S3(n = 57):min = 4.44; max = 17.6; whisker = [4.44–17.6]; median = [11.4], S4(n = 72): min = 13.32; max = 23.82; whisker = [13.32–23.82]; median = [19.3], S5(n = 61): min = 13.08; max = 27.97; whisker = [13.08–27.97]; median = [22.05], S6(n = 57):min = 18.89; max = 30.04; whisker = [18.89–30.04]; median = [22.92], S7(n = 60): min = 16.69; max = 32.53; whisker = [16.69–32.53]; median = [24.65]. d, Cell growth curve of YBX1 phosphomutants expressing Ba/F3 JAK2VF cells following treatment with increase doses of JAK inhibitor (1 nM–10 μM RUX) measured by MTS assay. n = 4 independent experiments each with 8 technical replicates. e, FACS plots showing induction of apoptosis in Ba/F3 JAK2VF cells expressing YBX1 phosphomutants following JAK inhibitor treatment (RUX, 0.5 μM) compared to untreated YBX1 wild-type Ba/F3 JAK2VF cells. f, Bar plot shows quantification of the percentages of apoptotic (annexin V- and 7-AAD-positive) cells. n = 6 independent experiments since YBX1 phosphomutants endogenously express GFP, n = 3 for annexin V–APC staining and n = 3 for 7-AAD–APC staining (error bars represent mean ± s.d.).


Extended Data Fig. 7 MEK-inhibition prevents YBX1 nuclear localization in Jak2-mutated cells.
a, Confocal images of YBX1 localization (Red) in Ba/F3 JAK2VF cells after treatment for 2 h with RUX (0.5 μM), MEK inhibitor (2 μM), the ERK inhibitor trametinib (Tram; 100 and 200 nM), RUX + Tram or DMSO (control). Cells were counterstained with DAPI. b, Bar plot shows quantification of nuclear YBX1 expression in Ba/F3 JAK2VF cells (n ≥ 3 independent imaging experiments, P value determined by Student’s t-test). DMSO (n = 67): min = 7.05; max = 27.27; whisker = [7.05–27.27]; median = [15.01], RUX (n = 77): min = 6.6; max = 35.8; whisker = [6.6-35.8]; median = [16.39], CGP57380 (n = 89): min = 3.2; max = 16.35; whisker = [3.2–16.35]; median = [8.35], Tram (n = 67): min = 2.44; max = 14.18; whisker = [2.44–14.18]; median = [12.01], Tram (n = 62): min = 2.5; max = 17.96; whisker = [2.5–17.96]; median = [12.01], Tram + RUX (n = 64): min = 3.44; max = 19.23; whisker = [3.44–19.23]; median = [13.04], MEK inhibitor + RUX (n = 68): min = 4.06 max = 14.68; whisker = [4.06–14.68]; median = [13.01]. c, Bubble plot showing the regulation of human YBX1 pS32 and pS36 phosphorylation in HEL cells treated with RUX (0.5 μM), CGP57380 (10 μM), Tram (500 nM and 2 μM) or DMSO (control) for 4 h in vitro. Phosphorylation status of MAPK and JAK2 is shown as successful inhibition of respective targets of the corresponding kinase inhibitors. n = 4 biological samples per group. Size and colour of bubbles are proportional to the z-scored log2 phosphosite intensity; significance assessed using multiple sample test. d, Confocal images of YBX1 localization (red) in HEL cells treated with inhibitors or DMSO for 2 h. Cells were counterstained with DAPI. n = 3 biological experiments. e, Bar plot shows quantification of nuclear YBX1 expression in HEL cells; P values were determined by Student’s t-test. DMSO (n = 44): min = 17.51; max = 34.56; whisker = [17.51–34.56];median = [24.30], RUX (n = 44): min = 13.04; max = 36.92; whisker = [13.04–36.92]; median = [23.9], MEK inhibitor (n = 41): min = 7.62; max = 15.36; whisker = [7.62-15.36]; median = [11.89], Tram (n = 48): min = 6.38; max = 19.03; whisker = [6.38-19.03]; median = [12.01], Tram + RUX (n = 55): min = 3.31; max = 19.19; whisker = [3.31-19.19]; median = [13.04], MEK inhibitor + RUX (n = 49): min = 4.32; max = 19.46; whisker = [4.32-19.46]; median = [13.01]. f, Immunoprecipitation of YBX1 from Ba/F3 JAK2VF cells expressing YBX1 phosphomutants. n = 3 independent experiments.
Source data


Extended Data Fig. 8 Nuclear YBX1 regulates Mknk1 mRNA splicing in JAK2VF cells.
a, Experimental design of RNA sequencing and data analysis. b, Bars represent number of retained intron events significantly upregulated in YBX1-depleted cells with two-tailed test P value < 0.05 (1,064 RI events), then filtered for P value < 0.01 and ΔPSI 0.1, reducing the number to 472 highly significant RI events. c, Network map displaying enrichment of gene sets in the 472 highly significant RI events. Each node represents significantly enriched gene sets. Clusters of functionally related gene sets are circled, and labels are highlighted. Two-sided hypergeometric test, P value correction–Bonferroni step down. d, Visualization of spliced Mknk1 mRNA product after in vitro splicing assay. Nuclear extracts with and without YBX1 knockdown and with and without ATP were incubated for 2 h with biotin-labelled Mknk1 pre-mRNA (exon 12–exon 13). mRNA was isolated and reverse transcribed, PCR was performed using the primers at the indicated arrow, and products were agarose gel resolved and visualized using gel-red stain. Representative images from n = 3 biological experiments. e, f, Flow cytometric analysis of MKNK1 protein expression rescue experiment in CRISPR–Cas9-induced YBX1 knockout mouse JAK2VF cells upon nonsense-mediated decay (NMD) inhibition. Representative flow cytometry histogram and violin plot showing quantification of MKNK1–DyLight 649 mean fluorescence intensity (MFI) upon e, compound C treatment (NMD inhibitor (dorsomorphin), termed CC, 10 μM, for 24 h), and f, VG-1 treatment (5 μM and 10 μM, for 20 h) (n = 3, two-sided t-test; mean ± s.d.). g, Genomic track profile of human MKNK1, ARAF and BRAF loci in HEL cells from YBX1 ChIP sequence data set (n = 2). h, Genomic track profile of mouse Mknk1, Araf and Braf loci in Ba/F3 JAK2VF cells from YBX1 ChIP sequence data set. n = 3 biological experiments. Genomic track profile of human and mouse Prkcb shown as positive control from the YBX1 ChIP-seq data set compared to IgG controls. i, Western blot showing the regulation of MKNK1 protein abundance in YBX1 phosphomutants expressing Ba/F3 JAK2VF cells as indicated. n = 3 independent experiments.
Source data


Extended Data Fig. 9 Targeting Mknk1 deregulates ERK signalling in Jak2-mutated cells.
a, Unsupervised hierarchical clustering of significantly down regulated phosphosites (n = 2,390 sites) in human HEL cells following inactivation of YBX1 by two independent shRNAs compared to non-targeting control. n = 4 biological replicates. Heatmap represents z-scored and averaged log2 phosphosite intensity, significance by ANOVA test with permutation-based FDR < 0.01. b, Kinase-substrate motifs significantly downregulated in YBX1-targeted HEL cells are shown including Benjamini–Hochberg FDR value (–log10). c, ERK substrate motifs significantly downregulated and shared between Ybx1-targeted mouse and human JAK2VF cells. d, Western blot analysis of total protein abundance and phosphorylation of JAK2 downstream targets upon treatment with JAK inhibitor and/or genetic inactivation of YBX1 by RNAi. GAPDH used as loading control. Representative images from n = 3 independent experiments. e, f, Bar plots show the mean fluorescence intensity of pERK levels measured in human HEL (e; n = 3) and in patient JAK2-mutated cells (f; n = 4 independent biological replicates from 4 individual patients) following genetic inactivation of YBX1 by RNAi with or without drug treatment as indicated. Representative FACS plots shown in Fig. 4d. Data shown as mean ± s.d. and P value determined by two-tailed Student’s t-test. g, Western blot validation of Mknk1-targeting shRNAs in mouse Ba/F3 JAK2VF cells. h, Representative western blot analysis of pERK upon genetic inactivation of Mknk1 in Ba/F3 JAK2VF cells. n = 4 with comparable results. i, Growth curve of JAK2VF cells following lentiviral infection with shRNAs targeting Mknk1 or non-targeting control and treatment with increase doses of JAK inhibitor (1nM–10 μM RUX) measured by MTS assay. n = 4, each with 8 technical replicates. j, Percentage of apoptotic JAK2VF cells following lentiviral knockdown of Mknk1 (sh2, sh3 ± RUX 0.5 μM) or infection with non-targeting control (shSCR) (n = 4, two-tailed Student t-test, mean ± s.d.).
Source data


Extended Data Fig. 10 MCL-1 rescue of Ybx1-targeted cells and phosphoproteome analysis of primary Jak2-mutated cells upon JAK inhibitor treatment.
a, Proteome analysis of mouse Jak2-mutated cells following inactivation of Ybx1 by two shRNAs compared to non-targeting control. Heatmap representation of significantly enriched GO term biological processes in YBX1-depleted JAK2VF cells assessed by Fisher’s exact test (P (–log10) shown). b, Quantification of MCL-1 phosphosite pT144 in sh1Ybx1, sh2Ybx1 and shNT control in mouse JAK2VF cells. The y axis is the log2 intensity of the phosphopeptide (n = 4 biological replicates, two-tailed Student t-test). shNT: min = 23.8; max = 24.7; whisker = [23.8–24.7]; box = [24–24.2], sh1Ybx1: min = 19.8; max = 22; whisker = [19.8–22]; box = [21.3–21.6], sh2Ybx1: min = 19.2; max = 22.4; whisker = [19.2–22.4]; box = [21.8–22.4]. c, Scatter dot plot of MCL-1 phosphosite pT144 after respective kinase inhibitor treatment (n = 3, biological replicates, P values using two-tailed Student t-test, error bars represent ± s.d.). The y axis is the z-scored, log2 phosphopeptide intensity. DMSO: min = –0.09; max = 1.02; whisker = [–0.09 to 1.02], RUX: min = -0.554; max = 0.135; whisker = [–0.55 to 0.135], AKT inhibitor: min = 1.071; max = 1.263; whisker = [1.07–1.2634], PI3Ki: min = –1.008; max = –0.89; whisker = [–1.008 to 0.89], MEK inhibitor: min = –1.266; max = –0.699; whisker = [–1.266 to 0.699]. d, Western blot analysis of MCL-1, YBX1, BIM and BCL-XL following genetic inactivation of Ybx1 with four different shRNA constructs, compared to non-targeting control. n = 3 independent experiments. e, Measurement of apoptosis (annexin V- and Sytox-positive cells) after genetic inactivation of Ybx1 and concomitant JAK inhibitor treatment (RUX, 100 nM, 500 nM). Rescue by ectopic overexpression of MCL-1 (n = 4 independent experiments, two-tailed t-test). f, Western blot analysis of Ba/F3 JAK2VF cells showing downregulation of MKNK1 protein abundance following overnight combination treatment with RUX and Tram. n = 3 biological independent experiments. g, Peripheral blood cell analysis of human cell chimerism in NSGW41 humanized mice at week 4 and 20 (n = 5 per cohort). h, Heatmap shows unsupervised hierarchical clustering of significantly regulated (t-test with permutation-based FDR < 0.01) phosphosites with (n = 24) and without (n = 24) JAK inhibitor treatment in Jak2-mutated primary patient samples. Phosphoproteome analysis of Jak2-mutated primary patient samples (total n = 48) samples following in vitro (n = 18, JAK inhibitor treatment for 2 h) or in vivo (n = 6, 2 h post dosing of RUX samples) exposure to ruxolitinib. i, Network map of significantly enriched GO terms (P value <0.01) of dephosphorylated proteins upon JAK inhibitor treatment. Two-sided hypergeometric test, P value correction–Bonferroni step down. j, Box plot shows no significant changes in the MAPK1 and MAPK3 phosphorylation in control (n = 24) vs JAK inhibitor treated (n = 24) patient samples. MAPK1pT185 (DMSO): min = 19.61; max = 24.82; whisker = [19.61–24.82]; box = [21.34–23.11], MAPK1pT185 (RUX): min = 19.5; max = 24.81; whisker = [19.5–24.81]; box = [21.64–23.72], MAPK1pY187 (DMSO): min = 21.04; max = 26.45; whisker = [21.04–26.45];box = [23.22-25.46], MAPK1pY187(RUX): min = 21.09; max = 25.89; whisker = [21.09–25.89]; box = [22.63–24.77], MAPK3pT202(DMSO): min = 19.72; max = 26.06; whisker = [19.72–26.06]; box = [21.46–24.78], MAPK3pT202 (RUX): min = 20.41; max = 26.93; whisker = [20.41–26.93]; box = [22.05–23.88], MAPK3pY204 (DMSO): min = 20.70; max = 26.51; whisker = [20.70–26.51]; box = [22.02–24.99], MAPK3pY204 (RUX): min = 20.31; max = 25.76; whisker = [20.31–25.76]; box = [22.72–24.42]. k, Box plot shows significant changes in IKBKB, STAT3 and STAT5 phosphorylation in control (n = 24) vs JAK inhibitor treated (n = 24) patient samples. P values as determined by Mann–Whitney test. IKBKBpS697 (DMSO): min = 20.66; max = 25.79; whisker = [20.66–25.79]; box = [22.89–24.40], IKBKBpS697 (RUX): min = 20.66; max = 25.04; whisker = [20.66–25.04]; box = [21.88–23.88], IKBKBpS672 (DMSO): min = 20.71; max = 26.30; whisker = [20.71–26.30]; box = [22.5–23.86], IKBKBpS672 (RUX): min = 18.85; max = 24.73; whisker = [18.85–24.73]; box = [21.44–23.24], STAT5pY699 (DMSO): min = 22.02; max = 25.33; whisker = [22.02–25.33]; box = [22.73–23.63], STAT5pY699 (RUX): min = 19.90; max = 24.83; whisker = [19.90–24.83]; box = [21.8–23.2], STAT3pY705 (DMSO): min = 21.87; max = 26.66; whisker = [21.87–26.66]; box = [22.41–25.62], STAT3pY705 (RUX): min = 20.07; max = 26.17; whisker = [20.07–26.17]; box = [21.22–23.26]. l, Schematic depicting the mechanism of YBX1-mediated JAK inhibitor persistence.
Source data
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