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Supplemental Figures Legends 

 

Figure S1. (A) Relative frequency of GFP positive cells in peripheral blood over time in 

BMT mice receiving empty vector, CALRWT or CALRMUT-expressing c-Kit+ BM cells. (B) 

Histopathologic H&E sections of BM from representative EV, CALRWT or CALRMUT 

recipient mice demonstrates megakaryocytic hyperplasia in CALRMUT recipient animals 

(100X magnification)  (C) A N-terminal anti-CALR antibody demonstrated strong, diffuse 

cytoplasmic reactivity in megakaryocytes in representative normal and CALR-mutant 

patient bone marrow biopsies. In addition, cytoplasmic reactivity was noted in smaller 

mononuclear cells, which were morphologically most suggestive of early myeloid forms. 

Strong reactivity was not observed in mature erythrocytes or in mature granulocytes. (D) 

Flow cytometric analysis of Lin−Sca-1+c-Kit+ (LSK) and Lin−Sca-1−c-Kit+ (LK) cell 

numbers in the bone marrow of BMT mice receiving empty vector, CALRWT or CALRMUT-

expressing BM cells 16 weeks post bone marrow transplantation demonstrates a 

significant increase in LSK cells in CALRMUT recipients. All p values were determined by 

unpaired two-tailed Student’s t test. (*0.01 < p < 0.05; (**0.001 < p < 0.01; ns, not 

significant). 

 

Figure S2. Schema of CRISPR/Cas9 gene-editing targeting of exon 9 of Calr.  

 



Figure S3. (A) Pre-ranked GSEA in CALRMUT versus CALRWT expressing Ba/F3-MPL 

cells 24 hours post-IL-3 withdrawal. Stat5 (left) and Stat3 (right) target genes (Baker et 

al, 2007) are both enriched in CALRMUT compared to CALRWT-expressing Ba/F3-MPL 

cells (B) Immunoblotting demonstrates differential phosphorylation of STAT5 in 

CALRMUT-expressing UT-7-MPL cells. (C) Immunoblotting demonstrates differential 

phosphorylation of Stat5 and Stat3 in Calr-targeted Ba/F3-MPL-Cas9 cells.  

 

Figure S4.  (A) Comparison between human and mouse wild-type (WT) calreticulin C-

terminal tail. Blues indicates non-conserved regions between human and mouse. The 

wild-type proteins are highly conserved between the two species and contain many 

negatively-charged glutamic acid (E) amino acids. (B) Comparison between human and 

mouse amino acid sequences corresponding to the mutant C-terminal part of the human 

and mouse mutant with red shading indicating non-conserved regions. Despite the large 

number of mismatches, both mutant C-terminal tails are rich in positively charged amino 

acids (arginine (R) and lysine (K)).  

 

Figure S5. Immunoblotting of Calr-immunoprecipitated proteins and whole cell lysates 

from Ba/F3-Cas9 and Ba/F3-MPL-Cas9 cells targeted with Calr-directed CRISPR gene 

editing using a control guide, Calr guide m1, or Calr guide m2 demonstrates increased 

binding between MPL and mutant Calr (lane 3 – 4 (m1) and lane 5 -6 (m2)) as compared 

to wild type Calr (lane 2).  

 

 

 

 

 



Supplemental Table Legends 

Table S1: Pre-ranked GSEA statistics between mutant and wild-type CALR 24 hours 

post-IL-3 withdrawal amongst STAT5, STAT3 and JAK2 inhibitor signatures from 

MSiGDB and literature 

 

Table S2: sgRNA sequences and Primer sequences used for CRISPR/Cas9 genome 

editing 

 

Supplementary Methods 

Reagents. Recombinant murine IL-3, IL6, TPO and SCF were from PeproTech (Rocky 

Hill, NJ). Recombinant human GM-CSF and TPO were from Miltenyi Biotec (San Diego, 

CA). Hygromycin B, puromycin, and G418 were from Life Technologies (Grand Island, 

NY). G418 and blasticidin were from Sigma Aldrich (St. Louis, MO). Antibodies against 

FLAG M2 and EPOR were from Sigma Aldrich. Antibody against G-CSFR was from 

Thermo Fisher Scientific (Waltham, MA). Antibody against MPL (1.78.1) was from BD 

Biosciences (San Diego, CA). Antibodies against phospho-Stat3 Y701 (D4A7), phospho-

Stat5 Tyr694 (D47E7), phosho-Jak2 Y1007/1008 (C80C3), Jak2 (D2E12), and phosho-

MPL Y626 (D3H7B) were from Cell Signaling Technology (Danvers, MA). Stat5 (C-17) 

and Stat3 (C-20) were from Santa Cruz Biotechnology (Santa Cruz, CA). Antibody 

against β-actin was from Abcam (Cambridge, MA). RetroNectin was purchased from 

Takara (Tokyo, Japan).  INCB018424 (ruxolitinib) was from Incyte Corporation.  

 

Cell Culture. Parental Ba/F3 cells were cultured in RPMI 1640 medium supplemented 

with 10% FBS, 5% penicillin/streptomycin, and 2 ng/mL murine IL-3. Stable Ba/F3 cell 

lines expressing type I cytokine receptors were maintained in RPMI 140 medium and 

supplemented with 10% FBS, 5% penicillin/streptomycin, 2 ng/mL murine IL-3, and 



either 2 mg/mL hygromycin (Ba/F3-MPL) or 1 mg/mL G418 (Ba/F3-EPOR, Ba/F3-G-

CSFR). 293T cells were cultured in DMEM supplemented with 10% FBS and 5% 

penicillin/streptomycin. Primary murine bone marrow cells were cultured in serum-free 

expansion medium (SFEM; Stemcell Technologies, Vancouver, BC) supplemented with 

5% penicillin/streptomycin, murine IL-3 (10 ng/mL), IL6 (10 ng/mL), TPO (50 ng/mL), and 

SCF (50 ng/mL).  

 

Immunoprecipitation and Western Blotting. 293T cells were transiently co-transfected 

with the indicated plasmids using TransIT LT-1 Reagent (Mirus Bio, Madison, WI). 24 

hours later, cells were harvested in ice-cold PBS and lysed in Nonidet P-40 lysis buffer 

supplemented with protease inhibitors. Cell lysates were clarified by centrifugation, and 

the supernatants were incubated with Anti-FLAG M2 Affinity Gel (Sigma Aldrich) 

overnight at 4°C. Beads were washed three times with Tris buffered saline (TBS), and 

then eluted with 3X FLAG peptide (Sigma Aldrich). Eluted proteins were resolved by 

SDS-PAGE and transferred to nitrocellulose membranes (Bio-Rad Laboratories). 

Membranes were simultaneously probed using the designated antibodies and visualized 

with the SuperSignal West Dura detection system (Pierce Biotechnology).  

 

RNA Sequencing. The sequencing procedure was carried out using the HiSeq2000 

(Illumina) at the Center for Cancer Computational Biology (Boston, MA). RNA extracted 

from Ba/F3-MPL cells was prepared following the standard protocols recommended by 

the NEBNext Ultra RNA Library Prep Kit (New England Biolabs) and sequenced to 

obtain single-end reads with 50 nucleotide length and an average of 44 million reads per 

sample. The mRNA reads were aligned on the mouse reference genome (mm10 

assembly, UCSC) using the TopHat2 algorithm (v. 2.0.10) (1),  retrieving the best hit with 

the default parameters, but allowing a maximum of five multi-hits with the same 



alignment score. The gene-level expression was quantified as the sum of all reads 

mapping on the exons for each gene towards the gene annotation for the mouse 

genome (mm10, UCSC) using HTSeq-count (v. 0.5.4p5) (2).  

 

Statistical analysis for RNA sequencing. The gene expression data derived from 

RNAseq was analyzed in R statistical environment (v. 3.13.0-49). Raw read counts were 

normalized using trimmed mean of M-values method (3), and corrected for data 

dispersion by edgeR R package (4). The normalized gene-level expressions were input 

into limma’s standard differential expression pipeline after voom transformation method 

(limma R package, v.3.24.15) (5).  After correcting for potential batch effects by fitting 

the linear model, a gene-wise empirical Bayes moderated t-statistics test between 

Ba/F3-MPL cells overexpressing mutant and wild-type CALR 24 hours post-IL-3 

withdrawal was used to rank genes for differential expression. The pre-ranked gene list 

by moderated t-statistics (i.e. log2-fold change / standard error) was used to perform 

Gene-Set Enrichment Analyses amongst several gene sets of interest using the GSEA 

Java Software (v.2.2.0, Broad Institute) with default parameters (weighted Enrichment 

Score formula, 1000 permutations) (6). Human gene sets were mapped to their mouse 

orthologs by the MGI database. Gene sets with FDR q-value < 0.05 were considered as 

significantly enriched gene sets. 
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