
67



68



69



70



71



72



73



74



75



76



77



78



79



80



81



Supplemental Text 

METHODS

DNA extraction and molecular studies. gDNA was extracted from highly-purified 

BM cell populations using either the GenElute Mammalian Genomic DNA Miniprep 

(Sigma-Aldrich, St Louis, MO) or the NucleoSpin Tissue XS kits (Macherey-Nagel, 

Düren, Germany) for samples containing  >100,000 cells and <100,000 cells, 

respectively. Peripheral blood (PB) gDNA was extracted by the salting-out method 

(Gentra Puregene Blood kit; Qiagen, Hilden, Germany), following the standard 

operating procedures of the Spanish National DNA Bank Carlos III (University of 

Salamanca, Salamanca, Spain; http://www.bancoadn.org). In turn, gDNA from hair was 

extracted using the micro-DNA Qiagen kit (QIAGEN, Valencia, CA) after discarding 

hair follicles. For the KIT D816V real-time allele-specific oligonucleotide PCR (ASO-

qPCR)1 assay, both the LightCycler thermocycler and the TaqMan Master Kit (Roche 

Diagnostics, Mannheim, Germany) were used. 

Identification of BM cell populations. BM MC were identified as 

CD117hiCD45+CD34-CD3-CD14-, maturing neutrophils as CD45+CD34-CD117-CD3-

CD14-SSCAhi cells, mesenchymal stem cells as CD105+CD13hiCD45-CD34-CD14-CD3-

and T lymphocytes corresponded to CD3+CD45+CD34-CD14-CD117- cellular events

Whole genome sequencing analysis. Single nucleotide and indel variants were called 

using MuTect22 (version 3.6) to identify variants present in MC while absent or present 

at a very low levels in  T-cells. Variants identified were manually inspected if:  1) allele 
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, and 2) a non-synonymous coding change was identified or they 

involved the invariant 2 bases of the donor or acceptor splice site. Integrative Genomics 

Viewer (version 2.3.81) was used to review the read sequence, base quality scores, and 

mapping scores across all 4 MC/T-lymphocyte pairs. The genomic context of the 

variant regions was further examined using the UCSC Genome Browser (hg19) 

(http://genome.ucsc.edu/). Features that were used to exclude potential somatic variants 

for further consideration, included: 1) < 3 variant reads in the neoplastic specimen, 2) 

variant reads tha

3) equivalent percentages of mutant reads observed in MC and T-lymphocytes, and 4)

common SNPs (MAF 0.01 that uniquely map with no “clinically associated” flag). All 

variants that passed the manual inspection were confirmed by Sanger sequencing. 

Reported mutant and total read counts, were calculated based on alt and ref read counts 

provided by MuTect2, and the mutated allele burden was calculated from these values.  

Due to the low mutation burden, variants were filtered further to improve 

specificity and better calculate the somatic mutation load. The number of reads 

supporting a single nucleotide variant (SNV) in the normal samples was calculated 

using bam-readcount3 (version 0.7.4).  SNV were filtered to remove variants with any 

of the following features: 1) <3 supporting reads in tumor MC; 2) >2 supporting reads 

in any of the T- -restricted SNVs for 

patient #9 were manually reviewed.  Since the number of SNV calls in patients #10, 

#13, and #14 were >250, 25 randomly selected SNVs from each of these three cases 

the manual inspection. Similarly, 

indel variants were filtered to remove variants with any of the following: 1) <3 

supporting reads; 2) allele frequency 

RepeatMasker regions (table rmsk, downloaded Dec. 12, 2016 from the UCSC Table 
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Browser)4,5; 4) indels included in a segmental duplication (table genomicSuperDups, 

downloaded Dec. 19, 2016 from the UCSC Table Browser4); 5) indels included in a 

region with mappability = 0 in the “Duke Uniqueness 20 bp Track” (table 

wgEncodeDukeMapabilityUniqueness20bp, downloaded Dec. 19, 2016 from the UCSC 

Table Browser)4,6. To evaluate the resulting MC-restricted indels, we manually curated 

all indels from each of the cases. 

1. Kristensen T, Vestergaard H, Moller MB. Improved detection of the KIT D816V
mutation in patients with systemic mastocytosis using a quantitative and highly sensitive real-
time qPCR assay. J Mol Diagn. 2011;13(2):180-188.
2. https://software.broadinstitute.org/gatk/blog?tag=mutect2 M.
3. https://github.com/genome/bam-readcount b-r.
4. Karolchik D, Hinrichs AS, Furey TS, et al. The UCSC Table Browser data retrieval tool.
Nucleic Acids Res. 2004;32(Database issue):493-496.
5. Smit AFA HR, Green P. RepeatMasker Open-3.0. http://www.repeatmasker.org. 1996-
2010.
6. Derrien T, Estelle J, Marco Sola S, et al. Fast computation and applications of genome
mappability. PLoS One. 2012;7(1):303-377.
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Supplemental Table S-1.- Immunophenotypic markers used for the identification and isolation of 
bone marrow neutrophils, mast cells, monocytes and T cells. 

APC, allophycocyanine; Cy7, cyanine7; FITC, fluorescein isothiocyanate; H7, Hilite7; PacB, pacific blue; PE, 
phycoerythrin; PerCPCy5.5, peridinin chlorophyll protein–cyanine5.5; PacO, pacific orange. BD Biosciences, 
San Diego, CA; Invitrogen, Carlsabad, CA; Beckman Coulter, Hialeah, FL; R&D Systems, Minneapolis, MN; 
Miltenyi Biotec, Bergisch Gladbach, Germany. 

MARKER 
ANTIBODY 

CLONE 
FLUOROCHROME 

CONJUGATE 
MANUFACTURER

CD3 UCHT1 PacB BD Bioscience 

CD13 WM15/L138 APC/PE Beckman Coulter 

CD14 M P9 APC-H7 BD Bioscience 

CD34 8G12 PerCPCy5.5 / APC BD Bioscience 

CD45 HI30 PacO Invitrogen 

CD105 166707/1G2 FITC/PE R&D Systems/ Beckman Coulter

CD117 104D2D1 PECy7 BeckmanCoulter

MSCA-1 W8B2 PE Miltenyi Biotec
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Supplemental Table S-3.- List of mutations found in the second cohort of 14 advanced SM 
patients included in this study and their corresponding allele burden.

Mutated allele burden in BM expressed as percentage of total genetic sequence reads. Literature citations 
represent the number of times those mutations have been cited, according to the COSMIC database (v85, 
released 08-MAY-18); ASM, aggressive systemic mastocytosis; fs, frameshift mutation; ID, patient code 
number used to identify patients analyzed in this study; NA, not available; ID, patient code number used to 
identify patients analyzed in this study; SM-AHN, systemic mastocytosis associated with another neoplasm; 
-, not yet registered in the COSMIC database. 

Patient 
ID 

Gene 
Amino acid 

change 

Reference 
sequence 

transcript ID

BM allele 
burden 

Literature 
citations 

COSMIC ID 

#21 p.K666T NM_012433 15% 32 COSM131556 

#23 p.R166Q NM_001754 40% 19 COSM36055 

#24 p.R162K NM_001754 88% 21 COSM96546

#25 p.H192Y NM_001127208 44% - 

#25 p.I641fs NM_015338 49% 3 COSM6017849 

#28 p.C1704F NM_012330 55% - 

#28 p.N879D NM_175629 28% 4 COSM1583135 

#28 p.R162K NM_001754 90% 21 COSM96546

#29 p.P95R NM_003016 43% 105 COSM211661

#29 p.A142T NM_001754 40% - 

#30 p.P95A NM_003016 43% 6 COSM307352 

#31 p.R107C NM_001754 29% 17 COSM24736 

#32 p.P86fs NM_001754 54% - 

#32 p.Q545X NM_004456 81% 1 COSM3366844 

#33 p.S252A NM_002944 52% - 
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Supplemental Table S-7.- Cytoreductive treatment received and response of the SM patients at last follow-
up.  

Abbreviations: AML, acute myeloid leukemia; BP, Severe bone pain secondary to patchy bone sclerosis; CR, complete 
response; ID, patient code number used to identify patients analyzed in this study; MDS, myelodysplastic syndrome; 
MGUS, monoclonal gammopathy of undetermined significance; MRS, severe mast cell mediator–related symptoms 
refractory to intensive antimediator therapy; NA, data on specific therapy not available; PR, partial response. 

Patient ID Indication for cytoreductive
therapy 

Cytoreductive treatment Response Adverse events

#1 MRS cladribine Yes (PR) Neutropenia 

#2 No No - - 

#3 No No - - 

#4 No No - - 
#5 MRS IFN-2 + cladribine Yes (PR) Thrombocytopenia, asthenia
#6 MRS cladribine Yes (PR) No

#7 No No - - 

#8 MRS IFN-2  + hydroxyurea Yes (PR) 
Increased MC-related 

symptoms

#9
Severe 

hepatosplenomegaly, MRS
cladribine Yes (PR) No

#10 MRS, BP IFN-2 + cladribine Yes (PR) Neutropenia, anemia

#11 MRS cladribine Yes (PR) Pneumonia 

#12 Severe splenomegaly, MRS IFN-2  + cladribine Yes (PR) No

#13 No No - - 

#14 MRS IFN-2  + cladribine Yes (PR) No

#15 No No - - 

#16 Severe organomegaly, MRS hydroxyurea Yes (PR) Thrombocytopenia 

#17 AML idarubicin + cytarabine No NA 

#18 MRS hydroxyurea No Depression, diarrhea  

#19 AML Yes (NA) No Bone marrow failure

#20 Severe organomegaly, MRS IFN-2  + hydroxyurea No Weight loss, nausea, anemia 

#21 MRS hydroxyurea No Anemia 

#22 MGUS No - - 

#23 AML cladribine + idarubicin + cytarabine Yes (CR)
Cytopenia, pneumonía, 

haemorrhages 
#24 Severe splenomegaly, MRS IFN-2  + cladribine Yes (PR) Neutropenia, diarrea 

#25 MGUS No - - 

#26 AML Yes (NA) No NA

#27 AML Yes (NA) NA NA 

#28 MRS hydroxyurea Yes (PR) No

#29 AML idarubicin + cytarabine + mitoxantrone Yes (PR) NA 

#30 MDS antithymocyte globulin + ciclosporin Yes (CR) Cytopenias

#31 MRS cladribine Yes (PR) Leucopenia 

#32 MRS cladribine Yes (PR) No

#33 MRS IFN-2  + cladribine Yes (PR) Nausea 

#34 MRS cladribine Yes No 
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Supplemental Figure S-1. Proposed clonal hierarchy models for acquisition of 

different mutations, in addition to KIT D816V, in SM patients. Models A and B 

represent patients in which KIT emerges as the first mutation, on a same cell clone 

(model A) or in two different clones (model B). Model C represents those patients 

in which KIT and other mutation/s coexist on the same cell populations, but in 

which KIT emerges as a second event after the other mutation/s.  

Abbreviations: HPC, hematopoietic precursor cell; LPC, lymphoid precursor cell; 

MPC, myeloid precursor cell; PPC, pluripotent precursor cell. 
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