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⚫ Physiological expression of MplW514L manifested ET-like MPN and 39 

progressive myelofibrosis  40 

⚫ MplW514L reprogramed hematopoietic stem cells with enhanced 41 

production of megakaryocyte lineage42 
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Abstract 43 

Typ515 (W515) mutations in the protein MPL are one of key driver mutations 44 

promoting BCR/ABL-negative myeloproliferative neoplasms (MPNs), but their 45 

effects on hematopoietic stem cells (HSCs) and MPN-related hematological 46 

abnormalities have not been studied in physiological contexts. Here, we 47 

established a MplW514L knock-in mouse model which largely mimics human 48 

MPLW515L mutation during hematopoiesis. The mutant mice developed an 49 

essential thrombocythemia (ET)-like MPN phenotypes, displaying excess 50 

megakaryopoiesis and thrombocytosis and progressive myelofibrosis. 51 

Mechanistically we observed that MplW514L-conditioned HSC compartment 52 

had a unique disease-initiating capacity however it did not exhibit a obvious 53 

advantage of competitive repopulation over wild-type control. Notably, single-54 

cell analysis and flow cytometry profiles support that MplW514L expression led 55 

to a significant expansion of megakaryocyte-biased stem cell fate within the 56 

HSC pool. Finally, JAK2 inhibitor treatment phenotypically alleviated the ET 57 

signs but failed to eliminate the disease-initiating HSCs. These findings 58 

underscore the etiology of physiological expression of MPLW515L mutation in 59 

HSCs, and also provide a valuable in vivo model to evaluate potential 60 

therapeutic options for patients with MPLW515L-positive MPN. 61 

Keywords 62 

Myeloproliferative leukemia virus (MPL); thrombocytosis; myelofibrosis; 63 

essential thrombocythemia (ET); myeloproliferative neoplasms (MPN)  64 
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Introduction 66 

The classical myeloproliferative neoplasms (MPNs), also called BCR-ABL-67 

negative MPNs, include polycythemia vera (PV), essential thrombocythemia 68 

(ET) and primary myelofibrosis (PMF)(1). Common molecular events in MPNs 69 

are the exclusive mutations in the genes of Janus kinase 2 (JAK2), 70 

myeloproliferative leukemia virus oncogene (MPL) or calreticulin (CALR)(2). 71 

These somatic mutations are responsible for clonal expansion of HSCs, 72 

accompanied by single or multi-lineage hyperplasia(3). ET is characterized by 73 

an increased platelet count with a megakaryocytic hyperplasia, whereas PMF 74 

is a heterogeneous disorder with clinical and biological characteristics, defined 75 

by the presence of bone marrow fibrosis and megakaryocytic hyperplasia. 76 

MPL (myeloproliferative leukemia virus) is a proto-oncogene encoding for the 77 

receptor of thrombopoietin (TPO). At the physiological level, normal expression 78 

of MPL is the primary driver of megakaryocyte differentiation and platelet 79 

production(4). However, acquired activating mutations in MPL have been found 80 

in 5~10% of PMF patients and 1~4% of ET(5). The most frequent mutations are 81 

on the tryptophan W515, which locates at the boundary of the transmembrane 82 

and the cytosolic domains of the MPL membrane receptor protein, leading to 83 

an active dimeric conformation of MPL independent of TPO binding(6, 7). 84 

W515L and W515K are the most prominent mutations in MPNs, while other 85 

substitutions are rarely identified such as W515R, W515A, and W515G(8). 86 

More recently, several noncanonical mutations were also rarely found in MPN 87 

that are located in the transmembrane (S505) domain, the extracellular (S204 88 

or E230) or the intracellular (Y591) domains(9, 10). These mutations are usually 89 

heterozygous in ET, but can be homozygous during the disease progression to 90 

MF(11). 91 

MPLW515L is detectable in CD34+ CD38- HSC and mature cell lineages in MPN 92 

patients(12, 13). Overexpression of MPLW515L in cell lines leads to cytokine-93 
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independent proliferation and constitutive activation of the JAK/STAT 94 

pathway(14, 15). In addition, MPLW515L-positive CD34+ cells from MPN 95 

patients showed long-term reconstitution in a nonobese diabetic/severe 96 

combined immunodeficient (NOD/SCID) murine model(16). The retroviral 97 

MPLW515L-transduced model develops an aggressive MPN characterized by 98 

marked thrombocytosis, leukocytosis and bone marrow fibrosis(14). However, 99 

the studies fail to identify the disease-initiating hematopoietic compartment(s) 100 

and precisely dissect the pathological outcome of the MplW515L allele, due to 101 

lacking the appropriate models with physiological expression of the MPL 102 

variants faithfully mimicking human MPN(17).  103 

Given the central role of activated JAK2 signaling in the pathogenesis of MPNs, 104 

JAK2 inhibitors are widely used in clinic for the treatment of MPNs(18). 105 

Although these inhibitors effectively reduce splenomegaly, alleviate MPN-106 

related symptoms, and prolong survival in MPN patients, they are not able to 107 

induce meaningful molecular remissions and reverse the course of the disease 108 

in most patients(19, 20). The persistence of disease-initiating cells in quiescent 109 

HSCs is the primary reason for relapse and drug resistance(20, 21). Therefore, 110 

uncovering the functional characterization of MPLW515L-HSC and its 111 

underlying mechanisms for disease-driving cells is essential for providing 112 

effective cures for MPL variants-related MPN.  113 

Here we generated an MplW514L (mimicking human MPLW515L) knock-in 114 

mice, in which the expression of MplW514L is under the control of the 115 

endogenous Mpl promoter. We provided a detailed phenotypic and functional 116 

analysis of the MplW514L allele on hematopoietic stem and progenitor cells, 117 

and also evaluated the efficacy of JAK2 inhibitors on MPL variants-related MPN 118 

in vivo. 119 



6 
 

Results 120 

MplW514L knock-in mice manifested an ET-related MPN phenotype 121 

We generated an MplW514L conditional knock-in allele by CRISPR/Cas9-122 

mediated gene engineering in mouse embryonic stem cells, which is the 123 

equivalent of the W515L mutation in human MPL. Floxed MplW514L mice 124 

(FL/FL) were crossed with Vav-Cre transgenic mice to induce MplW514L 125 

expression controlled by the endogenous Mpl promoter in the hematopoietic 126 

system (Figure 1A). The overall homology between the mouse and human MPL 127 

protein sequences is approximately 80%, with the tryptophan at position 514 in 128 

mouse corresponding to W515 in human (Supplementary Fig.1A). 129 

Heterozygous (FL/+; Vav-Cre, W514L/+) and homozygous (FL/FL; Vav-Cre, 130 

W514L/ W514L) MplW514L-expressing mice were identified by mouse tail PCR 131 

(Figure 1B). These mice exhibited similar Mpl mRNA levels with wild-type (+/+, 132 

WT) littermates, suggesting that the construction strategy targeting W514L 133 

mutation did not disrupt the endogenous Mpl gene expression (Figure 1C). To 134 

determine the frequency of Vav-Cre recombination in MplW514L mice, we 135 

sequenced the PCR products derived from BM cDNA of WT, W514L/+, and 136 

W514L/W514L mice using Mpl primers. The ratio of MplW514L mutant to the 137 

WT allele was determined using a standard curve generated by PCR 138 

amplification of mixed plasmids encoding MplW514L and Mpl (Supplementary 139 

Fig.1B-C). The result confirmed that the recombination efficiency of Vav-Cre 140 

was approximately 50% in heterozygous MplW514L-expressing mice and 141 

nearly 100% in homozygous MplW514L-expressing mice (Figures 1D-E). 142 

Furthermore, immunoblotting assays revealed a constitutive phosphorylation of 143 

STAT5 and STAT3 in MplW514L-expressing BM cells in an allele-dose 144 

dependent manner, indicating the hyperactivation of the mutant Mpl protein 145 

(Figure 1F). 146 
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All mice expressing either heterozygous or homozygous MplW514L exhibited 147 

markedly increased platelet counts compared with WT controls at 2 months of 148 

age, which is a hallmark feature of ET in human. Thrombocytosis was more 149 

pronounced in homozygous MplW514L-expressing mice and persisted with 150 

aging (Figure 1G). To assess the long-term hematologic consequences of 151 

MplW514L expression, we monitored the mice for up to 48 weeks. Aging 152 

MplW514L mice consistently exhibited a sustained ET phenotype (Figure 1G 153 

and Supplemental Table S2). Additionally, serum TPO levels in a MplW514L 154 

knock-in mice were comparable to those of their WT littermates (Supplementary 155 

Fig.1D). 156 

White blood cell and red blood cell counts were not significantly altered in young 157 

mice (Figure 1H-J). Notably, older MplW514L mice (10 months) developed 158 

severe anemia, as indicated by significantly reduced RBC counts and 159 

hematocrit levels (Figure 1I-J). In addition, a mild increase in total WBC counts 160 

was observed in these older MplW514L mice, primarily due to the elevated 161 

neutrophil and monocyte levels (Supplementary Fig.1E-F), suggesting an age-162 

related shift in myeloid output.  163 

Aged MplW514L knock-in mice progressed to myelofibrosis 164 

No marked changes were observed in body weight or spleen weight in young 165 

MplW514L mice, while bone marrow cell counts showed a slight increase 166 

(Supplementary Fig.2A). However, flow cytometric analysis showed a 167 

substantial increase in CD41+ cells in the bone marrow of young heterozygous 168 

and homozygous MplW514L mice (Supplementary Fig.2B). Histologic analysis 169 

also revealed the pronounced megakaryocytic hyperplasia within the 170 

MplW514L-expressing bone marrow, characterized by the increased number 171 

and size of clustered megakaryocytes (Supplementary Fig.2C). 172 

Notably, compared to their WT littermates, older MplW514L mice exhibited 173 

reduced body weight and bone marrow cell counts (Figure 2A-B). The major 174 
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marrow feature of older MplW514L-expressing bone marrow was hyperplasia 175 

of the megakaryocytic lineage, accompanied by megakaryocytic atypia and 176 

frequent tight clustering of megakaryocytes. Histological examination revealed 177 

increased cell size, hyper-lobulated or irregularly folded nuclei, and occasional 178 

nuclear-cytoplasmic asynchrony, consistent with characteristic features of 179 

myelofibrosis (Figure 2C). The frequency of CD41+ cells was significantly 180 

elevated in the bone marrow of older heterozygous and homozygous 181 

MplW514L mice, indicating the sustained megakaryopoiesis and 182 

thrombocytosis in these older mice (Figure 2D and Supplementary Fig.2D). 183 

Consistent with the reduced RBC levels in the peripheral blood, we found that 184 

erythroblasts (TER119+) were significantly diminished in the bone marrow of 185 

the older MplW514L mice (Figure 2E and Supplementary Fig.2D). In addition, 186 

Gr1+Mac1+ bone marrow cells were also elevated in older heterozygous and 187 

homozygous MplW514L-expressing mice (Figure 2F and Supplementary 188 

Fig.2D).  189 

Older MplW514L mice exhibited obvious splenomegaly that is in an allele-dose 190 

dependent manner (Figure 2G). Flow cytometric analysis showed that LSK 191 

(Lineage-Sca1+cKit+) population was significantly increased in the spleen of 192 

these MplW514L mice compared to their WT littermates, accompanied by 193 

marked expansion of megakaryocytes (CD41+), erythroid (TER119+) and 194 

myeloid (Gr1+Mac1+) lineages (Figure 2H and Supplementary Fig.2E). Spleen 195 

sections exhibited the disrupted splenic architecture with marked expansion of 196 

megakaryocytes in older heterozygous MplW514L-expressing mice, which was 197 

more severe in homozygous MplW514L-expressing mice (Figure 2I). These 198 

data indicated the extramedullary hematopoiesis in the older MplW514L mice.  199 

Given the potential progression of ET to myelofibrosis, we performed reticulin 200 

staining and observed a marked increase in reticulin fibers in the BM and spleen 201 

of older MplW514L mice (Figure 2C and 2I). Semi-quantitative scoring system 202 

(0-3) revealed marktedly higher fibrosis scores in MplW514L mice compared 203 
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with heterozygous MplW514L-expressing ones and wild-type controls, 204 

indicating robust progression to myelofibrosis in the homozygous mutants 205 

(Figure 2J and Supplemental Table S3). 206 

MPN-initiating cells with MplW514L are enriched in the HSC-containing 207 

LSK compartment rather than in the GMP-containing LK compartment  208 

To determine MplW514L-driven MPN phenotype is transplantable, we 209 

transplanted total bone marrow cells from MplW514L mice or their WT 210 

littermates into lethally irradiated wild-type mice. The recipient mice with 211 

MplW514L-expressing BM exhibited the phenotypes in the primary MplW514L 212 

mice, including the elevated platelets (Supplementary Fig.3A), obvious 213 

splenomegaly accompanied by notable expansion of megakaryocytes, 214 

erythroid and myeloid cells (Supplementary Fig.3B-D), and expansion of 215 

megakaryocytes in the bone marrow (Supplementary Fig.3E). Elevated 216 

platelets were also observed in the secondary transplant recipients 217 

(Supplementary Fig.3F). These results indicated that thrombocytosis and ET 218 

phenotypes in MplW514L mice are cell-autonomous. 219 

We assessed the hematopoietic stem cells in bone marrow of MplW514L mice. 220 

Flow cytometric analysis revealed that LSK and SLAM-LSK (CD150+CD48-LSK) 221 

populations were significantly increased in MplW514L mice compared with their 222 

WT littermates (Figure 3A-B), indicating that MplW514L mutation has advanced 223 

effects on the LSK expansion.  224 

To identify the hematopoietic developmental stage that contains the disease-225 

initiating cells for MplW514L-driven MPN, we isolated and transplanted the LSK 226 

and LK (Lineage-Sca1-cKit+) populations from the bone marrow of MplW514L 227 

mice and their WT littermates into lethally irradiated recipient mice, respectively 228 

(Figure 3C). Recipients that received MplW514L-expressing LSK cells 229 

developed an ET-like MPN that was characterized by the elevated platelet 230 

levels (Figure 3D), increased megakaryocytes and LSK cells in the bone 231 
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marrow (Figure 3E-F), along with abnormal megakaryocytic hyperplasia (Figure 232 

3G), phenocopying the ET in the primary mice. In contrast, recipients that 233 

received MplW514L-expressing LK cells failed to develop the ET-like MPN up 234 

to 4 months (Figure 3D-G). We also performed secondary transplantation with 235 

unfractionated BM cells from LSK population recipients, and found that the 236 

recipients still exhibited the elevated platelet levels (Supplementary Fig.3G). 237 

These findings demonstrated that MplW514L-expressing LSK cells but not 238 

committed progenitor cells are able to initiate and maintain the MPN in vivo. 239 

To determine whether MplW514L confers an advantage to the LSK 240 

compartment, we performed a competitive bone marrow transplantation 241 

experiment. We transplanted mixed bone marrow into lethally irradiated 242 

recipient mice (expressing CD45.1), in which the ratio of LSK cells from 243 

MplW514L mice and their WT littermates (expressing CD45.2) to WT mice 244 

(expressing CD45.2 and CD45.1) was 6:4 respectively (Supplementary Fig.3H). 245 

Recipients that received MplW514L-expressing BM developed an ET 246 

phenotype characterized by the elevated platelets in the peripheral blood 247 

(Figure 3H). We monitored these chimeric mice up to 6 months and found a 248 

constant percentage of CD45.2+ BM-derived cells in the peripheral blood 249 

between the groups (Figure 3I). The mice chimerized with MplW514L-250 

expressing BM showed a mild expansion of megakaryocytes in the BM 251 

compared with the group that received WT BM (Supplementary Fig.3I). 252 

However, there was no obvious difference in the chimerism of LSK cells in the 253 

bone marrow between the groups at 24 weeks (Supplementary Figure 3J). 254 

Similar findings were also observed in the secondary BM transplanted mice 255 

(Supplementary Fig.3K-M). These data demonstrated that MplW514L does not 256 

confer a competitive advantage to the HSCs. 257 

Given that transplantable thrombocytosis and ET phenotypes were observed in 258 

transplants that received total MplW514L-expressing bone marrow but not in 259 

the competitive BMT setting, we next determine whether a specific dose of 260 
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mutant HSC is required for disease initiation. We performed a titration of mutant 261 

HSCs in competitive transplantation assays using 50% and 25% mutant cells. 262 

Compared to recipients of young WT bone marrow, recipients of 50% young 263 

MplW514L-expressing bone marrow recapitulated the ET phenotype and 264 

exhibited significantly elevated platelet counts. In contrast, recipients of 25% 265 

young MplW514L-expressing bone marrow showed no increase in circulating 266 

platelets (Figure 3J). Interestingly, compared to recipients of aged wild-type 267 

bone marrow, recipients of both 50% and 25% aged MplW514L-expressing 268 

bone marrow developed the ET phenotype and displayed notable 269 

thrombocytosis (Figure 3K). We monitored these chimeric mice up to 4 months 270 

and observed a constant percentage of MplW514L-expressing BM-derived 271 

cells in the peripheral blood (Supplementary Fig.3N-O). These findings suggest 272 

that disease initiation driven by MplW514L may depend on a quantitative 273 

threshold of mutant HSCs, and that aged MplW514L-expressing HSCs possess 274 

enhanced pathogenic potential. 275 

MplW514L enhanced megakaryocyte-lineage commitment within the 276 

mutant HSCs. 277 

To dissect the functional characterization of MplW514L in hematopoietic stem 278 

and progenitor cells, we performed single-cell RNA sequencing (scRNA-seq) in 279 

lineage-negative (Lin-) bone marrow cells from young (2 months) and aged (10 280 

months) MplW514L mice and their WT littermates (Figure 4A). Following quality 281 

control, dimensionality reduction, and clustering, 17 distinct cell populations 282 

were identified, including HSC, CD201-high HSCs (CD201_HSC), multipotent 283 

progenitors (MPP), megakaryocyte-erythroid progenitors (MEP), 284 

megakaryocyte progenitors (MkP), erythroid progenitors (EryP1 and EryP2), 285 

lymphoid-primed multipotent progenitors (LMPP), granulocyte-monocyte 286 

progenitors (GMP), granulocyte progenitors (GP), neutrophil precursors 287 

(ProNeu), common monocyte progenitors (CMoPs), promonocytes (ProMono), 288 

monocyte-dendritic progenitors (MDP), common dendritic progenitors (CDP), 289 
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common lymphoid progenitors (CLP), and basophil/mast cell progenitors 290 

(Baso/Mast) (Supplementary Fig.4A-B). MplW514L mutation did not alter the 291 

global expression profile of Mpl, which was prominently expressed in HSCs and 292 

MkPs (Supplementary Fig.4C).  293 

A novel cluster of CD201_HSC was identified, which were markedly expanded 294 

in young MplW514L mice but reduced in old MplW514L mice (Figure 4A-B). 295 

This CD201_HSC subpopulation exhibited high expression of CD201 (Procr) 296 

and Mpl (Figure 4C). Gene co-expression analysis showed that CD201+ HSCs 297 

display a transcriptional program resembling that of MkP-associated gene 298 

modules, indicating a priming toward megakaryocytic differentiation (Figure 4D). 299 

Compared with canonical HSCs, CD201_HSCs displayed increased 300 

transcriptional activity, a stress response signature, and a strong 301 

megakaryocyte-biased transcriptional profile (Figure 4E). Trajectory analysis 302 

also showed that CD201_HSCs originate from HSCs and diverge along a 303 

distinct lineage path separate from MEPs (Figure 4F). Furthermore, the 304 

transcriptional profile of CD201_HSCs closely resembles that of previously 305 

reported HSCs characterized by elevated levels of Vwf and Itga2b (CD41), 306 

which have been associated with a rapid megakaryocyte/platelet-generating 307 

potential (Figure 4C)(22, 23). Collectively, our results indicated that MplW514L 308 

mutation led to the expansion of a distinct CD201_HSC subpopulation, which 309 

conferred a megakaryocyte lineage bias within the HSCs. 310 

To confirm the changes of this subpopulation, we performed the flow cytometric 311 

analysis in the bone marrow of young MplW514L mice (Figure 5A). We found 312 

that the frequency and cell count of CD201+ cells were significantly elevated in 313 

SLAM-LSK in the MplW514L mice compared to their WT littermates (Figure 5B). 314 

Similar expansion of CD41+ SLAM-LSK and Mpl+ SLAM-LSK was also 315 

observed in MplW514L mice respectively (Figure 5C and Supplementary 316 

Fig.4D). To further explore the biological functions of CD201+ HSCs, we sorted 317 

CD201+ HSCs from the bone marrow of MplW514L mice and their WT 318 
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littermates (Figure 5D). These cells were then subjected to in vitro liquid culture 319 

and in vivo bone marrow transplantation. Liquid culture analysis under 320 

megakaryocyte-promoting differentiation revealed that MplW514L-expressing 321 

CD201⁺ HSCs generated substantially more CD41⁺ cells than WT CD201⁺ 322 

HSCs (Figure 5E). Upon transplantation, recipients of MplW514L-expressing 323 

CD201⁺ HSCs developed an ET-like MPN, marked by elevated platelet counts 324 

(Figure 5F), increased megakaryocytes and LSK cells in the bone marrow 325 

(Figure 5G-H), and abnormal megakaryocyte hyperplasia (Figure 5I). These 326 

findings demonstrated that MplW514L mutation drove the expansion of CD201+ 327 

HSC subpopulation with megakaryocyte lineage bias, which is sufficient to 328 

initiate MPN in vivo. 329 

MplW514L induced megakaryocytic skewing in the common myeloid 330 

progenitor compartment 331 

scRNA-seq analysis also showed a marked alteration in hematopoietic 332 

progenitor cells from MplW514L mice, including an increase in MEPs and GPs, 333 

and excessive expansion of erythroid progenitors (EryP) in old MplW514L mice 334 

(Figure 4A-B). We then performed flowcytometric analysis to dissect the lineage 335 

compartment of hematopoietic progenitor cells in MplW514L mice. We found 336 

that immunophenotypically defined myeloid progenitor cells (Lin-Sca-cKit+, LK) 337 

were increased in MplW514L mice compared to their WT littermates (Figure 338 

6A-B). The elevated MPs are mainly due to the notable expansion of MEP (Lin-339 

Sca-cKit+CD16/32-CD34-) and GMP (Lin-Sca-cKit+CD16/32-CD34+), but not 340 

common myeloid progenitors (Lin-Sca-cKit+CD16/32-CD34+, CMP) (Figure 6A-341 

B). According to the expression of CD105, CD150 and CD41(17), subsequent 342 

analyses of MPs revealed that the frequency of pre-megakaryocyte erythroid 343 

progenitor (Lin-Sca-cKit+CD41-CD16/32-CD150+CD105-, Pre Meg-E) was also 344 

increased in MplW514L mice. Notably, MkPs (Lin-Sca-cKit+CD150+CD41+), 345 

which are restricted to megakaryocytic fate, were significantly expanded in 346 

MplW514L mice compared to their WT littermates (Figure 6C). These data 347 
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indicate that MplW514L mutation enhanced the megakaryocytic skewing of 348 

hematopoietic progenitor cells, increasing megakaryocyte-erythroid 349 

progenitors over granulocyte-monocyte progenitors (Figure 6D). 350 

Single-cell transcriptomic analysis revealed a megakaryocyte lineage bias in 351 

MEP of MplW514L mice (Figure 6E). In line with this altered profile, Fli1, a 352 

transcription factor critical for megakaryocyte differentiation(24), showed high 353 

expression in MplW514L-expressing MEP, as indicated by CellOracle analysis 354 

(Figure 6F). In the MEPs from old MplW514L mice, multiple signaling pathways 355 

related to erythroid differentiation were significantly downregulated, including 356 

ribosome synthesis, endocytosis and direct regulation of erythrocyte 357 

differentiation (Figure 6G).  358 

Although pre-erythrocyte colony-forming unit (Lin-Sca-cKit+CD41-CD16/32-359 

CD150+CD105+, Pre CFU-E cells) were significantly expanded in MplW514L 360 

mice compared to their WT littermates (Figure 6C), transcriptomic analysis of 361 

erythroid progenitors revealed impaired features of erythroid progenitors in 362 

aged MplW514L mice (Supplementary Fig.5A). Furthermore, enrichment 363 

analysis of differentially expressed genes and transcription factor activity 364 

indicated a developmental blockade within the erythroid progenitors in these 365 

mice (Supplementary Fig.5B-C). These findings may account for the excess 366 

expansion of erythroid precursors but developing anemia in aged MplW514L 367 

mice. To further evaluate erythroid differentiation, we cultured sorted Pre CFU-368 

E cells from MplW514L mice and their WT controls in erythropoietin-containing 369 

medium. After 1 day of culture, the erythroid progenitors and precursors were 370 

markedly lower in MplW514L group compared to that of WT control group 371 

(Supplementary Fig.5D-F). 372 

It has been demonstrated that MplW514L mutation leads to Mpl signaling 373 

activation that is hypersensitive to its ligand TPO-binding even in the absence 374 

of TPO(25). We cultured lineage-negative BM cells derived from MplW514L 375 
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mice and their WT controls in media containing TPO. As we expected, WT BM 376 

cells exhibited no proliferation without TPO but obvious expansion upon the 377 

stimulation of TPO. Strikingly, MplW514L-expressing BM cells showed a 378 

marked megakaryocyte-expansion that is independent of TPO stimulation 379 

(Figure 6H). Furthermore, in line with the age-dependent myelofibrosis in 380 

MplW514L mice, we found that pro-fibrotic score in MkPs was markedly 381 

elevated in aged MplW514L mice but not young ones (Figure 6I). 382 

Fedratinib alleviated MPN features in MplW514L mice but failed to 383 

eliminate disease-initiating cells 384 

We demonstrated that MplW514L-driven MPN-initiating cells were particularly 385 

enriched in the HSC population, in which MplW514L mutation led to the 386 

expansion of CD201_HSC subpopulation conferred a megakaryocyte lineage 387 

bias. To evaluate the effect of JAK2 inhibitor that are in clinical use for the 388 

treatment of MPNs, we first examined the JAK2 signaling in MplW514L HSC. 389 

Although JAK-STAT signaling was markedly enriched in CD201_HSC 390 

compared to the classical HSC, MplW514L mutation did not confer a higher 391 

JAK-STAT signaling score in CD201_HSC than that of WT CD201_HSC 392 

(Supplementary Fig.6A-B). This was further confirmed by the comparable 393 

STAT5 phosphorylation in CD201+ HSCs from MplW514L mice and their WT 394 

controls (Supplementary Fig.6C). These findings indicated that a JAK/STAT-395 

independent mechanism may drive the expansion of disease-initiating HSC in 396 

this model. 397 

To directly evaluate the therapeutic effect of JAK2 inhibitors on MplW514L mice, 398 

Fedratinib, a JAK2 inhibitor was administered twice daily for 4 weeks (60 mg/kg, 399 

oral gavage). Fedratinib treatment had no effects on the elevated platelets in 400 

the MplW514L mice (Supplementary Fig.6D), which may be due to the long 401 

half-life of platelets and the limited treatment duration. Notably, flow cytometric 402 

analysis revealed that elevated CD41+ cells were significantly reduced after the 403 
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treatment of Fe, accompanied with marked recovery of diminished TER119+ 404 

cells (Figure 7A-B). Similar findings were also observed in the histopathological 405 

analysis of bone marrow (Figure 7C). These data indicated that Fedratinib 406 

treatment led to the reduction of megakaryocytic hyperplasia in bone marrow. 407 

However, no obvious differences in LSK frequencies were observed in the bone 408 

marrow of Fedratinib-treated mice compared to vehicle controls (Figure 7D). 409 

Bone marrow cells were collected from treated MplW514L mice and subjected 410 

to Western blotting analysis. Compared to WT littermates, bone marrow cells 411 

from MplW514L mice exhibited a constitutive increase of phosphorylation of 412 

STAT5 and STAT3, which was markedly reduced in the Fedratinib-treated mice 413 

(Figure 7E). These data indicate Fedratinib treatment efficiently inhibits the 414 

JAK-STAT signaling.  415 

Our single-cell RNA-seq analysis had shown that CD201 is highly and 416 

specifically expressed in HSCs, establishing it as a robust marker for in situ 417 

identification of HSCs in bone marrow sections. We then performed 418 

immunohistochemistry staining (IHC) for CD201 to assess HSCs in the bone 419 

marrow sections from these mice. IHC analysis of CD201 revealed that the 420 

frequency of CD201+ cells in the bone marrow remained unchanged following 421 

Fedratinib treatment, indicating that JAK2 inhibitors did not affect mutant HSCs 422 

(Figure 7F). This is consistent with the notion that JAK inhibition mitigates 423 

disease manifestations but does not eradicate the HSC-like population. To 424 

further investigate the functional consequence of this persistence, we 425 

transplanted bone marrow from Fedratinib-treated MplW514L mice into lethally 426 

irradiated wild-type mice. Both group mice that received BM treated with or 427 

without Fedratinib exhibited the continuously elevated platelets up to 5 months 428 

after transplantation, suggesting that Fedratinib had no effect on the disease-429 

initiating cells in MplW514L mice (Figure 7G). 430 
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Discussion 431 

We described an MplW514L (equivalent human MPLW515L) knock-in model 432 

to compare the effects of physiological MplW514L expression on the MPN 433 

phenotype. A single MplW514L allele is sufficient to develop an MPN 434 

resembling human ET, which includes excess thrombocytosis, megakaryocytic 435 

hyperplasia, and abnormal megakaryocyte morphology in the bone marrow. 436 

However, homozygous MplW514L expression not only resulted in an ET-like 437 

phenotype associated with markedly greater thrombocytosis and 438 

megakaryocytic hyperplasia, but also led to the accelerated progression to 439 

myelofibrosis compared with heterozygous MplW514L-expressing mice. These 440 

findings mirror the clinical observations that heterozygous MPL mutations are 441 

found in ET and PMF patients, while homozygous MPL mutations are only 442 

detected in PMF patients(6).  443 

We demonstrated that disease-initiating cells are particularly enriched in the 444 

HSC-containing LSK population in MplW514L mice. Our scRNA_seq data 445 

showed that Mpl is uniquely highly expressed in HSC and MkPs, which is not 446 

disrupted by the MplW514L mutation. Given that TPO/MPL (TPOR) signaling 447 

is the primary driver of megakaryocyte differentiation and platelet production(4), 448 

MplW514L mutation leading to spontaneous activation of MPL enhances the 449 

megakaryocytic skewing of hematopoietic stem and multipotent progenitor cells 450 

that account for the ET and megakaryocytic hyperplasia. In addition, aged 451 

MplW514L mice exhibited a high risk of progression to myelofibrosis, in which 452 

the burden of immature megakaryocytes in the bone marrow is continuously 453 

driven by MplW514L. In line with this, increased megakaryocytes in the bone 454 

marrow had been associated with marrow fibrosis formation(26, 27).  455 

We identified a novel cluster of CD201+ HSC within the HSC compartment, 456 

whose transcriptional profile closely resembles that of previously reported HSC 457 

subpopulation marked by elevated Vwf and CD41 expression and 458 
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megakaryocyte/platelet-generating potential(23, 28). CD201 is widely 459 

recognized as a marker of quiescent HSCs and plays a crucial role in 460 

maintaining stem cell homeostasis(29, 30). Our data demonstrated that 461 

MplW514L mutation drove the expansion of CD201+ HSC subpopulation with 462 

megakaryocyte lineage bias, which is sufficient to initiate MPN in vivo. Indeed, 463 

a direct differentiation route from HSCs to MkPs has recently been shown to be 464 

potentiated the enhanced TPO signaling, with high CD201 expression marking 465 

the “leading edge” of lineage differentiation(31). TPO is one of three key 466 

cytokines essential for HSC maintenance and expansion(32). TPO treatment 467 

also drives a bias for megakaryopoiesis and platelet production without causing 468 

obvious HSC expansion in mice(33, 34). Therefore, the disease phenotype 469 

induced by the MplW514L mutation arises from the pathological expansion of 470 

CD201+ “leading edge” HSCs, which specifically accelerate the aforementioned 471 

“short route” to platelet production. 472 

Our data demonstrated that MplW514L mutation led to a substantial increase 473 

in HSCs but did not confer competitive advantage to HSCs in vivo. Furthermore, 474 

disease initiation driven by MplW514L may depend on a quantitative threshold 475 

of mutant HSCs, and that aged MplW514L mutant HSCs possess enhanced 476 

pathogenic potential. The elevated CD20+ HSCs subpopulation in young 477 

MplW514L mice was significantly reduced in aged MplW514L mice, indicating 478 

that these megakaryocyte‐committed HSCs have low self-479 

renewal/maintenance activity and undergo the exhaustion. Similar to our 480 

observations in mice, the chimerism of MplW514L-positive CD34+ cells from 481 

PMF patients gradually decreased in NOD/SCID mice and was absent in 482 

secondary transplanted recipients(12). It is possible that MplW514L mutation 483 

leads to the hyperactivation of MPL signaling that in turn enhances the typical 484 

HSC expansion. However, this advantage is offset by the increased but 485 

exhausted megakaryocyte‐committed HSCs in the HSC pool.  486 

Although we cannot rule out the possibility that treatment with a higher dose or 487 
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prolonged administration of Fedratinib might diminish the MPN-initiating 488 

population, our observations indicate that Fedratinib treatment reduced in 489 

MplW514L hematopoietic progenitors without altering MplW514L-expressing 490 

HSCs, particularly the CD201+ HSC population. Indeed, JAK/STAT signaling 491 

was not substantially upregulated in MplW514L-expressing CD201+ HSC 492 

compared to WT CD201+ HSC, suggesting that expansion of the MPN-initiating 493 

population in MplW514L mice is driven by a mechanism distinct from canonical 494 

JAK activation. Several potential mechanisms may account for the resistance 495 

of MplW514L mutant HSCs to JAK inhibition. First, compensatory activation of 496 

alternative pathways, such as MAPK/ERK and PI3K/AKT, may sustain HSC 497 

survival independently of JAK/STAT signaling(35). Second, persistent 498 

inflammatory signaling may provide a protective microenvironment that 499 

supports mutant HSC maintenance(36, 37). Third, metabolic reprogramming, 500 

particularly enhanced glycolytic activity, may contribute to stem cell persistence 501 

and therapeutic resistance, consistent with emerging evidence linking 502 

metabolism to MPN progression(38, 39). Finally, the intrinsic quiescence of 503 

HSCs may limit the efficacy of JAK inhibitors, which primarily target actively 504 

proliferating cells(40, 41). 505 

Our findings suggest that targeting JAK/STAT-independent pathways 506 

downstream of Mpl, or disrupting metabolic and inflammatory dependencies, 507 

may represent a key strategy for eradicating MPN-initiating stem cells. Recent 508 

studies have identified multiple signaling pathways involved in MPN 509 

pathogenesis, including epigenetic regulation (such as TET2 and ASXL1) and 510 

RNA splicing (such as SRSF2 and SF3B1)(42, 43). Notably, TET2 deletion has 511 

been shown to confer a competitive advantage to stem cells through epigenetic 512 

upregulation of Mpl expression and enhancement of TPO receptor 513 

signaling(44). Thus, aberrant activation of the TPO signaling pathway emerges 514 

as a critical convergence point driving abnormal hematopoiesis. Targeting TPO 515 

signaling or blocking downstream non-canonical pathways, represent 516 
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promising new directions for the treatment of MPN driven by Mpl mutations and 517 

TPO signaling abnormalities 518 

In summary, we reported an MplW514L knock-in mouse model that develops 519 

an MPN resembling human ET. We demonstrated that the MplW514L-520 

expressing HSC compartment had the unique disease-initiating capacity but did 521 

not exhibit a competitive advantage over wild-type HSCs. We found that 522 

MplW514L expression led to a marked expansion of megakaryocyte-biased 523 

stem cells within the HSC pool, which were skewed toward the megakaryocytic 524 

lineage. JAK2 inhibitor treatment alleviated the MPN phenotype but failed to 525 

eliminate the disease-initiating population. These findings underscore the 526 

consequences of physiological expression of MPLW515L mutation on HSCs, 527 

and also provide a valuable model to evaluate the therapies for MPLW515L-528 

positive MPN. 529 

Methods 530 

Sex as a biological variable 531 

Our study examined male and female animals, and similar findings are reported 532 

for both sexes. The MplW514L knock-in mice were generated was generated 533 

via CRISPR/Cas9-mediated recombineering (see Supplemental Information for 534 

full details). Vav-Cre mice were purchased from the Jackson Laboratory. 535 

Flow cytometric analysis  536 

Single-cell suspensions of bone marrow, spleen, and peripheral blood were 537 

prepared and stained as previously described(45). Detailed information about 538 

the antibodies is provided in Supplemental Table S1. For LSK and LK cell 539 

sorting, lineage-negative (Lin-) cells were isolated using a commercial lineage 540 

depletion kit (BD, #559971) according to the manufacturer’s instructions. After 541 

staining the cells with the indicated antibodies, they were sorted using a FACS 542 

sorter (Beckman Coulter). 543 
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Bone marrow transplantation 544 

Noncompetitive and competitive BM transplantation were performed as 545 

previously described(46). 546 

Geneset scoring 547 

The gene set scores of each cell were estimated using the AddModuleScore 548 

function in Seurat, which calculated the average expression levels of each 549 

program (cluster) on single cell level, subtracted by the aggregated expression 550 

of control feature sets. All analyzed features are binned based on averaged 551 

expression, and the control features are randomly selected from each bin. The 552 

pro-fibrotic gene set and the regulation of receptor signaling pathway via JAK-553 

STAT gene set are described in Supplemental Table S4 and S5. 554 

CellOracle analysis 555 

CellOracle (version 0.18.0) was applied to single-cell RNA-seq data to 556 

reconstruct gene regulatory networks and evaluate transcription factor activity. 557 

Default parameters were used unless otherwise specified: GRN inference was 558 

performed with a 10-nearest neighbor graph (KNN=10), and eigenvector 559 

centrality scores were calculated to identify key regulators.  560 

Cell development analysis 561 

The macrophage development locus was analyzed by Monocle2 (version 562 

2.26.0) and Monocle3 (version 1.4.25) (balanced for equal cell numbers). 563 

Monocle utilizes the strategy of ordering single cells in pseudotime, placing 564 

them along a trajectory corresponding to a biological process such as cell 565 

differentiation by taking advantage of individual cell's asynchronous 566 

progression of those processes. 567 

Statistical analysis 568 

Statistical analysis was performed using Prism 8 (GraphPad Software). Data 569 
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are presented as mean ± SD unless otherwise indicated. Differences between 570 

two groups were analyzed using a two-tailed unpaired Student’s t test. For 571 

comparisons among multiple groups, one-way ANOVA followed by Dunnett’s 572 

multiple comparisons test (for comparisons against a single control) or Tukey’s 573 

multiple comparisons test (for all pairwise comparisons) was used. For 574 

experiments involving two independent variables, two-way ANOVA followed by 575 

Sidak’s multiple comparisons test was performed. The P value of less than 0.05 576 

was considered statistically significant. 577 

Study approval 578 

All animal studies were performed in accordance with the Guidelines for the 579 

Care and Use of Laboratory Animals and were approved by the Institutional 580 
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Figure legends 723 

724 

Figure 1 MplW514L knock-in mice manifested an ET-related MPN 725 

phenotype. (A) Schematic diagram of the gene targeting strategy for 726 

MplW514L conditional knock-in mice. (B) Genotyping of mice in A via PCR 727 

using tail DNA. (C) Quantitative PCR analysis of Mpl mRNA levels in bone 728 

marrow mononuclear cells from indicated genotype mice. Data were obtained 729 

from three different experiments and presented as mean ± SD. (D) 730 

Chromatogram of sequencing PCR products derived from indicated mice BM 731 

cDNA using Mpl primers. (E) The ratio of MplW514L mutant (T) to the Mpl-WT 732 
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allele (G) was determined using a standard curve generated by PCR 733 

amplification of mixed plasmids encoding MplW514L and Mpl-WT as in 734 

Fig.S1B-C. Data were presented as mean ± SD, with each dot representing one 735 

mouse. (F) Immunoblotting analysis of indicated proteins in bone marrow 736 

mononuclear cells from indicated genotype mice. HSC70 was used as the 737 

loading control. Data were representative of two independent experiments. (G-738 

J) Peripheral blood parameters of indicated mice at 2-12 months of age. Data 739 

were presented as mean ± SD, with each dot representing one mouse. P values 740 

were determined by two-way ANOVA with Sidak’s multiple comparisons test. *P 741 

< 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, NS represent no significant 742 

difference. 743 

 744 

 745 
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 747 

 748 

 749 

 750 

 751 

 752 

 753 
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759 

Figure 2 Aged MplW514L mice progressed to myelofibrosis. (A) Schematic 760 

of mouse femur (left) and Statistical analysis of bone marrow cells (right) in the 761 

indicated mice at 10 months of age. Data were presented as mean ± SD, with 762 
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each dot representing one mouse. (B) Statistical analysis of body weight of 763 

mice as in A. Data were presented as mean ± SD, with each dot representing 764 

one mouse. (C) Representative histopathology of bone marrow from mice as in 765 

A, including hematoxylin and eosin (H&E) staining (up) and reticulin staining 766 

(down). Black arrows indicated the megakaryocytic hyperplasia. Scale bar: 50 767 

μm. (D-F) Statistical analysis of the proportions of CD41+ (D), TER119+ (E), and 768 

Mac1+Gr1+ (F) cells from the flow cytometric analysis of bone marrow cell in the 769 

indicated mice. Representative flow cytometric pictures were shown in Fig.S2C. 770 

Data were presented as mean ± SD, with each dot representing one mouse. 771 

(G) Schematic of spleen (left) and statistical analysis of spleen weight (right) in 772 

mice as in A. Each dot represents one mouse. Data were presented as mean 773 

± SD. (H) Statistical analysis of the proportions of indicated cells in the mice as 774 

in A. Data were presented as mean ± SD, with each dot representing one 775 

mouse. (I) Representative histopathology of spleen from mice in A, including 776 

hematoxylin and eosin (H&E) staining (up) and reticulin staining (down). Scale 777 

bar: 50 μm. (J) Fibrosis score of aged MplW514L mice (9-12 months). Data 778 

shown are representative of two independent experiments. All P values were 779 

determined by one-way ANOVA with Dunnett’s multiple comparisons test. 780 
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792 

Figure 3 MplW514L-driven MPN-initiating cells are enriched in the HSC-793 

containing LSK population. (A) Representative flow cytometric analysis of 794 

LSK and SLAM-LSK cells in the bone marrow of the indicated mice at 2 months 795 

of age. (B) Quantification of LSK and SLAM-LSK cells in A. P values were 796 

determined by two-tailed unpaired Student’s t test. (C) Schematic of bone 797 

marrow transplantation using sorted LSK and LK cells from MplW514L mice or 798 
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WT littermates. A total of 4×104 LSKs or 4×105 LKs were transplanted into 799 

lethally irradiated CD45.1 mice with 5 ×105 supporting bone marrow cells. (D) 800 

Platelet parameters in peripheral blood of mice in C. P values were determined 801 

by two-way ANOVA with Sidak’s multiple comparisons test. (E-F) Quantification 802 

of CD41+ and LSK cells in the bone marrow of mice in C. P values were 803 

determined by one-way ANOVA with Dunnett’s multiple comparisons test. (G) 804 

Representative H&E staining and reticulin staining of bone marrow sections 805 

from the mice in C. Arrows indicated the megakaryocytic hyperplasia. Scale bar: 806 

50 μm. (H) Platelet parameters after first competitive transplantation shown in 807 

Fig.S3H. P values were determined by two-tailed unpaired Student’s t test. (I) 808 

Donor chimerism in peripheral blood after first competitive bone marrow 809 

transplantation shown in Fig.S3H. n = 5 per group. (J-K) Platelet parameters 810 

following transplantation with graded mutant HSCs from young (J, 2-month) or 811 

aged (K, 10-month) mice. n = 5-7 mice for each group. P values were 812 

determined by two-way ANOVA with Sidak’s multiple comparisons test. All data 813 

were presented as mean ± SD. For dot plots, each dot representing one mouse. 814 

*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, NS represent no significant 815 

difference. 816 

 817 

 818 

 819 

 820 

 821 

 822 

 823 

 824 

 825 



32 
 

826 

Figure 4 MplW514L mutation enhanced megakaryocyte lineage 827 

commitment in hematopoietic stem cells. (A) The Uniform Manifold 828 

Approximation and Projection (UMAP) visualization of all cells from the scRNA-829 

seq datasets from young (2 months) and old (10 months) MplW514L mice and 830 

their WT littermates (n=19190 cells). (B) The stacked bar chart showed the 831 

proportions of each cluster in A excluding EryP1 and EryP2. Red arrows 832 

highlight the increased populations of young MplW514L mice compared to that 833 
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of young WT control. (C) UMAP-based feature plots illustrated the expression 834 

levels of selected genes at single-cell resolution. (D) Gene pairwise Spearman 835 

correlation within the CD201_HSC. The heatmaps show increased expression 836 

of MkP-associated gene modules. (E) Enriched pathways of upregulated genes 837 

in CD201_HSCs compared to canonical HSC subpopulation. (F) 838 

Developmental trajectories of HSC, CD201_HSC, MEP and MkP cells by 839 

Monocle (v2&v3). UMAP-based trajectory plot showing the differentiation 840 

progression of indicated cell populations, in which darker colors representing 841 

early differentiation stages and lighter colors indicating later stages (Left). 842 

Pseudotime-based dimension reduction plot, where arrows denote the inferred 843 

direction of cellular differentiation (Right). 844 
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858 

Figure 5 MplW514L mutation drove the expansion of CD201+ HSCs to 859 

initiate MPN. (A) Representative flow cytometric analysis of CD201+ SLAM-860 

LSK and CD41+ SLAM-LSK cells in the bone marrow of the indicated mice at 2 861 

months of age. (B-C) Quantification of the frequency and absolute cell number 862 

of CD201+ SLAM-LSK and CD41+ SLAM-LSK cells in A. (D) Schematic study 863 

of the biological functions of CD201+ HSCs. CD201+ HSCs were sorted from 864 
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the bone marrow of MplW514L mice and their WT littermates, and then 865 

subjected to in vitro liquid culture and in vivo bone marrow transplantation. (E) 866 

Indicated CD201+ HSCs were cultured in TPO-containing medium for 7 days, 867 

and CD41+ cells count was detected by flow cytometry. Data were obtained 868 

from three different experiments. (F) Platelet parameters in peripheral blood of 869 

mice in D. A total of 2×103 indicated CD201+ HSCs were sorted and injected 870 

into lethally irradiated CD45.1 mice, together with 5 ×105 bone marrow cells as 871 

supporting cells. The notation “donor cell population > recipient genotype” 872 

denotes the origin of donor cells and the recipient background. (G-H) Statistical 873 

analysis of CD41+ and LSK cells in the bone marrow of mice in D. (I) 874 

Representative H&E staining of bone marrow from the mice in D. Arrows 875 

indicated the megakaryocytic hyperplasia. Scale bar: 50 μm. All data are 876 

presented as mean ± SD. For dot plots, each dot representing one mouse. All 877 

P values were determined by two-tailed unpaired Student’s t test. 878 
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890 

Figure 6 MplW514L mice exhibited megakaryocytic skewing in the 891 

myeloid progenitor compartment. (A) Representative flow cytometric 892 

analysis of LK, CMP, GMP, MEP, MKP, Pre Meg-E and Pre CFU-E in bone 893 
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marrow of the indicated mice at 10 months. (B-C) Quantification of the 894 

proportions of indicated cell population in A. Data are presented as mean ± SD, 895 

with each dot representing one mouse. Data shown were representative of two 896 

independent experiments. P values were determined by two-tailed unpaired 897 

Student’s t test. (D) Schematic summarizing effects of MplW514L mutation on 898 

hematopoietic progenitor compartment as in A. Black arrows represent normal 899 

differentiation, while red arrows indicated the enhanced megakaryocyte-biased 900 

lineage commitment. (E) Pairwise Spearman correlation of genes in MEPs from 901 

scRNA-seq data (Fig. 4A), showing bias toward MkP-associated modules in 902 

MplW514L mice. (F) CellOracle-based evaluation of eigenvector centrality in 903 

MEP cells as in E. Regulatory network analysis was performed using CellOracle 904 

to assess eigenvector centrality scores of genes in MEP cells across four 905 

groups, indicating the relative influence of individual genes within the inferred 906 

gene regulatory networks. (G) Pathway enrichment analysis of differentially 907 

expressed genes in MEP cells as in E. (H) Statistical analysis of CD41⁺ cells 908 

from the cultured bone marrow cells from MplW514L mice and their WT 909 

littermates. Lineage negative cells were isolated and cultured in the medium 910 

with or without thrombopoietin (TPO) for 3 days. Data were obtained from three 911 

independent experiments and presented as mean ± SD. P values were 912 

determined by two-way ANOVA with Sidak’s multiple comparisons test. (I) 913 

Fibrosis-promoting evaluation of the indicated megakaryocyte progenitor (MkP) 914 

from the scRNA-seq datasets in Fig.4A, using the AddModuleScore function in 915 

Seurat. All gene sets are described in Supplemental Table S4. P values were 916 

determined by one-way ANOVA with Tukey’s multiple comparisons test. **P < 917 

0.01. 918 
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922 

Figure 7 Fedratinib alleviated MPN features in MplW514L mice but failed 923 

to eliminate disease-initiating cells. (A-B) Quantification of CD41+ and 924 

TER119+ cell proportions in the bone marrow of MplW514L mice and their WT 925 

littermates after 4-weeks of fedratinib treatment. P values were determined by 926 

one-way ANOVA with Tukey’s multiple comparisons test. (C) Representative 927 

hematoxylin and eosin (H&E) staining of bone marrow from the mice as in A. 928 

Scale bar: 50 μm. (D) Statistical analysis of Lineage-Sca+cKit+ (LSK) cell 929 

proportions in the bone marrow from the mice as in A. P values were determined 930 

by one-way ANOVA with Tukey’s multiple comparisons test. (E) Immunoblotting 931 

analysis of indicated proteins in bone marrow mononuclear cells from 932 

Fedratinib-treated MplW514L mice, with HSC70 as a loading control. (F) 933 
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Representative images of CD201 immunohistochemical staining in bone 934 

marrow sections from vehicle- and fedratinib-treated MplW514L mice. Scale 935 

bar: 50 μm. (G) Platelet parameters in peripheral blood of secondary recipient 936 

mice that received the unfractionated bone marrow cells from indicated mice as 937 

in A. Total bone marrow were transplanted into lethally irradiated wild-type mice. 938 

P values were determined by two-way ANOVA with Sidak’s multiple 939 

comparisons test. NS represent no significant difference. All data were 940 

presented as mean ± SD, with each dot representing one mouse. 941 
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