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Supplementary information 
 
Supplementary methods 
 

Sample collection 
The protocol for the experimental use of patient samples was approved by the 

institutional review board of Fujita Health University (HG16-032, HG18-017 and HG20-

055). CSF was aliquoted into several tubes and centrifuged for 5 minutes at 1,200 ×g 

to obtain supernatant and cell pellets. Total CSF and/or supernatants were directly 

stored in the freezer at −80°C until further use. Pellets were stored in CELL BANKER 1 

(#CB001, TaKaRa. Ohtsu, Japan) and stored at −80°C until further use. Peripheral 

blood was harvested in collection tubes with EDTA-2Na and stored immediately at 4°C, 

and plasma and mononuclear cells were harvested. 

 

DNA extraction from CSF, plasma, and peripheral blood mononuclear cells 
Cell-free-DNA in CSF and plasma was extracted using the QIAamp Circulating Nucleic 

Acid Kit (#55114, QIAGEN, Valencia, CA, USA) as described previously [1,2]. The 

fragmentation condition of cfDNA was confirmed with agarose gel 

electrophoresis (Supplementary Figure S1), and the concentration was 

measured using a Qubit 4 Fluorometer (Thermo Fisher Scientific, Waltham, MA, 

USA) as described previously [1,2]. 

 
Genetic analysis with ddPCR 
Droplet-digital PCR (ddPCR) was performed in accordance with the instruction manual 

provided by the company (Bio-Rad Laboratories, Hercules, CA, USA). Quantitative 

detection of mutations was performed using primer probes for MYD88L265P (#10049047) 

and CD79BY196 mutations (Y196C, D, F, N, H and S: #10049047). 

 

Plasmid DNAs with wild-type (WT) and mutated MYD88 toll/interleukin-1 receptor 
(TIR) domain sequence 

The sequence of the WT and L265P-mutated MYD88 TIR domain was amplified using 

primer sets MYD88-TIR-2U; 5′-TGG GGT TGA AGA CTG GGC T-3′, and -2L; 5′-GGA 

CAG GCA GAC AGA TAC-3′, and cloned into the pGEM-T-Easy cloning vector 

(#A1360, Promega, Madison, WI, USA). 
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Amplicon-based ddPCR for MYD88L265P and CD79BY196 
Fragment DNA for the TIR domain of MYD88 containing the MYD88L265P site and the 

immunoreceptor tyrosine-based activation motif (ITAM) domain containing the 

CD79BY196 site was amplified using PCR primers as follows: MYD88-TIR-4U; 5′-GTT 

AAC CCT GGG GTT GAA GAC TG-3′, MYD88-TIR-4L; 5′-TAC ATG GAC AGG CAG 

ACA GAT ACA C-3′, CD79B-ITAM-U; 5′-GAC ACT AAC ACT CTG ATC TCC-3′, and 

CD79B-ITAM-L; 5′-GAC CAC TTC ACT TCC CCT GT-3′. PCR fragments were purified 

using the QIAquick PCR purification kit (#28106, QIAGEN), and purified DNA (1 × 10−5 

ng/reaction) was used for the ddPCR assay. The mutation-positive cutoff value by the 

ddPCR using PCR fragments was set at 2%. 
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Supplementary figure legends 
 
Supplementary Figure S1  Fragmented cell-free DNA in plasma and CSF. 
cfDNA was harvested from plasma and the supernatant of CSF and separated with 2% 

agarose gel electrophoresis (lanes 1-3 for plasma obtained from malignant lymphoma 

patients who are not described in this manuscript, and lane 4 for the supernatant of 

CSF-3). DNA was harvested from the cell pellet of CSF-3 and also analyzed (lane 5). 

Note that fragmented DNA was confirmed in cfDNA (red arrows), and larger linear 

genomic DNA was observed in the cell pellet (green arrow). 

 

Supplementary Figure S2  Optimization of ddPCR conditions using CSF-cfDNA. 
(A) The DNA fragment of the TIR domain of MYD88 cDNA was cloned into a plasmid 

vector, and the plasmid was utilized as the template DNA for ddPCR of wild-type (WT) 

MYD88. Titration of the DNA concentration was performed to determine the optimal 

template DNA concentration. (B) Plasmids with WT MYD88 or the mutated MYD88L265P 

sequence (Mut) were mixed in the indicated ratio with the total concentration of 1 × 

10−4 ng/µL and used for the ddPCR assay. (C) PCR fragments (amplicons) were 

obtained using the WT MYD88 plasmid as template DNA. The concentration of the 

amplicon was titrated to determine the optimal concentration of template DNA for the 

ddPCR assay. (D) PCR fragments of WT MYD88 or mutated MYD88L265P were 

amplified from plasmid DNA with WT and mutated MYD88 sequences and mixed at the 

indicated ratio with a total concentration 1 × 10−5 ng/µL. Those amplicons were used in 

ddPCR to quantitatively determine the VAF. 
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Supplementary Figure S2
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Supplementary Figure S2
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Sample CSF-1 CSF-2 CSF-3 CSF-4

Duration  from diagnosis -1M -2W Diagnosis 6M

Cytology (-) (-) (+/-) (-)

FCM (clonality) (-) (-) (+) (-)

CSF-cfDNA concentration [ng/mL] 40.3 Low 28.1 755

CSF-cfDNA
MYD88 mut 23 11 25 51

CD79B mut (-) 15 15 47

PB-cfDNA
MYD88 mut (-) NA (-) NA

CD79B mut (-) NA (-) NA

PBMNC
MYD88 mut NA NA (-) NA

CD79B mut NA NA (-) NA

Supplementary Table S1
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Detection of tumor cells and DNA using the patient derived materials.

M; months, W; weeks, Low; below the lower limit of sensitivity, NA;  not available, VAF; valiant 
allele frequency, mut; mutations.

Negative (+/-) 10-19% 20–29% 40-49% 50-59%


