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BRAFV600E in blood and brain and response to BRAFV600E inhibition suggest

hematopoietic origin of neurodegeneration in LCH

Running Title: CNS LCH: Hematopoietic origin and targets for therapy

Kenneth McClain et al.

SUPPLEMENTAL METHODS

RNA purification and cDNA amplification

Total RNA was isolated normal brain, LCH lesions, LCH pituitary, LCH-ND brain,

germinoma, and HLH samples according to the RNeasy FFPE Kit protocol (Qiagen,

Valencia, CA). Complementary DNA (cDNA) amplification was performed with the

Ovation FFPE WTA system, according to the manufacturer protocol (NuGen, San Carlos,

CA).

Quantitative real-time PCR

Quantitative real-time PCR reactions were performed with standard methods. TaqMan

Gene Expression Assays (Applied Biosystems, Foster City, CA). Single-stranded cDNA

was generated by RNA amplification as described above. Each reaction included 20 ng

cDNA. TaqMan Fast Universal PCR Master Mix (Applied Biosystems, Foster City, CA)

was used in 25 l reactions in 96-well plates on a CFX96 Touch Real-time PCR detection

system (Bio-Rad Laboratories, Hercules, CA). Assays were performed in triplicate.

Thermal cycling conditions were set at 10 minutes at 95˚C and then 40 cycles of 95˚C for 

15 seconds and 60˚C for 1 minute.  
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TaqMan Probe Sets: (Applied Biosystems, Foster City, CA)

Gene Name TaqMan Probe

GAPDH Hs02758991_g1

CD3e Hs01062241_m1

CD207 (langerin) Hs00210453_m1

CD1a Hs00381754_g1

OPN Hs00959008_g1

Cellular BRAFV600E qPCR Assay with Peripheral Blood Mononuclear Cells

Genomic DNA (gDNA) was isolated from frozen PBMC using the QIAamp DNA micro

protocols (QIAGEN, Valencia, CA). Purified gDNA was used in the BRAFV600E qPCR

mutation assay (Somatic Mutation Assay for BRAF_476; Qiagen). BRAF mutation and

reference primers were included in each reaction. Duplicate reactions were performed for

each sample. All experiments were performed on a CFX96 Touch Real-time PCR

detection system (Bio-Rad Laboratories). The means of Ct
mut and Ct

ref were calculated to

determine ΔCt = Ct
mut(ave) - Ctref(ave). The ΔCT was compared with a standard curve to 

estimate the percentage of cells with BRAF-V600E alleles. The standard curve was

created by making 11 dilutions of gDNA isolated from A375 cell line (American Type

Culture Collection (ATCC), Manassas, VA) with gDNA isolated from HEK293 cell line

(ATCC). The ΔCT was plotted against the percentage of cells from A375/HEK293 cell 

pools (0.05%–100% BRAFV600E) from which the gDNA was isolated. For each LCH

gDNA sample, the percentage of cells with the BRAFV600E mutation was then calculated

based on the standard curve.
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Extracellular BRAFV600E qPCR Assay with Cerebral Spinal Fluid

Whole Genome Amplification (WGA) was performed directly on CSF samples from LCH

patients using the REPLI-g Midi Kit (Qiagen) per manufacturer’s instructions. qRT-PCR

was performed as described above on the amplified product. BRAFV600E: wild-type

standard curves were created for amplified gDNA from 11 dilutions of amplified gDNA

from A375 cells with amplified gDNA from HEK293 cells. The amplified product was also

tested by the QX100 Droplet Digital PCR (ddPCR™) system (Bio-Rad Laboratories) per

manufacturer’s instructions.

Immunohistochemistry

FFPE tissue sections (3-5μm) were de-paraffinization and rehydration through a graded 

alcohol series, antigen retrieval was performed on FFPE slides using as indicated below.

Endogenous peroxidase was blocked using 3% hydrogen peroxide for 10 minutes.

Sections were incubated with primary antibodies at 4°C for overnight. Following

incubation with secondary antibodies at room temperature for 1 hour, immunoreactivity

were detected as outlined below. Slides were counter-stained with hematoxylin before

imaged with Olympus BX53 microscope (10X/ 0.30 ∞/-/FN26.7, 20X / 0.50 

∞/0.17/FN26.5, 40X / 0.75 ∞/0.17/FN26.6) fitted with a DP26 camera. 

Antibody (Source) Cat# Clone Dilution Antigen Retrieval Detection

CD163 (Novocastra) CD163-L-CE 10D6 1:200 uCC1 mild
(Ventana proprietary

reagents)

iView DAB(Ventana
proprietary reagents)

CD33 (Leica) NCL-L-CD33 PWS44 1:100 uCC1 mild
(Ventana proprietary

reagents)

OptiView DAB(Ventana
proprietary reagents)

CD14 (abcam) 7 1:10 uCC1 mild
(Ventana proprietary

reagents)

Optiview DAB(Ventana
proprietary reagents)



4

BRAF V600E (Ventana Medical
Systems)

790-4855 VE1 Pre-dilute uCC1 standard
(Ventana proprietary

reagents)

OptiView DAB(Ventana
proprietary reagents)

CD3 (Abcam) ab699 PS1 1:50 Target Retrieval Solution
(Dako)

DAB(Innovex Biosciences)

CD207 (Santa Cruz Biotechnology) sc-33767 N/A 1:50 Target Retrieval Solution
(Dako)

DAB(Innovex Biosciences)

VE-1 (New East Biosciences) 26039 N/A 1:50 Target Retrieval Solution
(Dako)

DAB(Innovex Biosciences)

OPN (Santa Cruz Biotechnology) sc21742 Akm2A1 1:50 Target Retrieval Solution
(Dako)

DAB(Innovex Biosciences)

S100B (Millipore) ABN59 N/A 1:200 Target Retrieval Solution
(Dako)

DAB(Innovex Biosciences)

MCP-1(Abcam) ab9669 N/A 1:50 Target Retrieval Solution
(Dako)

DAB(Innovex Biosciences)

P2yp12 (Sigma) HPA014518 N/A 1:1000 Target Retrieval Solution
(Dako)

NovaRED Vector Labs SK-
4800

Immunoblot Analysis

LCH and BT patient biopsy cell suspension were lysed in buffer containing 25 mM Tris-

HCl pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% NP-40 and 5% glycerol containing Halt

protease inhibitor cocktail (Thermo SCIENTIFIC, Rockford, IL), phosphatase inhibitor

cocktails 2 and 3 (Sigma-Aldrich, St Louis, MO) and 1 mM sodium orthovanadate (Sigma-

Aldrich). Ten µg of whole cell lysates were resolved on a Criterion TGX 10% 4-20% (OPN)

and Tris-Tricine 16%(S100B) gel (Bio-Rad, Hercules, CA), transferred to an Immobilon

PVDF membrane (Millipore), and probed with antibodies recognizing OPN (sc21742,

Santa Cruz Biotechnology, Dallas, TX) and S100B (ABN59, Millipore). The blots were

subsequently stripped and re-probed with GAPDH antibody (Cell Signaling Technologies)

to confirm equal loading.
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SUPPLEMENTAL TABLES

Supplemental Table 1. CSF analytes.

Supplemental Table 2. Significant CSF biomarkers

Table 3A. Significant CSF biomarkers: Discovery and validation - LCH vs BT and ALL

Table 3B. Significant CSF biomarkers: Full dataset - LCH vs HLH

Table 3C. Significant CSF biomarkers: Full dataset - LCH subjects with CNS tumor vs BT

Table 3D. Significant CSF biomarkers: Full dataset – LCH-ND vs Non-LCH-ND

Supplemental Table 3. Identification of BRAFV600E in peripheral blood fractions

of subjects with LCH CNS lesions

Supplemental Table 4. Clinical courses of patients treated with BRAFV600E

inhibition.

Radiologic and clinical responses are reported as complete response (CR), partial

response (PR), stable disease (SD), or progressive disease (PD). Radiologic response is

reported as both interval change from previous study as well as cumulative change

relative to initiation of MAPK inhibitor therapy. Clinical response is reported as interval

change and objectively measured using the ataxia rating score. Intrathecal

methotrexate/hydrocortisone (IT MTX/HCT). (A) LCH0008. (B) LCH0035. (C) LCH0060.

(D) LCH0004.
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SUPPLEMENTAL FIGURES

Supplemental Figure 1. Study patients and samples

A. Venn diagram identifies the inclusion of subjects across the different experiments

in this study. “CSF” indicates CSF proteomics and CSF extracellular BRAF-V600E

genomic DNA qPCR testing. “PBMC Blood (Pre/post-chemotherapy)” indicates

PBMC from blood specimens were used for cellular genomic DNA qPCR testing

at various timepoints relative to chemotherapy. “PBMC Blood (BRAFi therapy)”

indicates PBMC from blood specimens were used for cellular genomic DNA qPCR

testing at various timepoints relative to BRAF inhibitor therapy. “Biopsy” indicates

subjects with biopsy specimens used in this study.

B. Flow-chart of CSF specimens in proteomics studies, BRAF-V600E qPCR studies,

or both. For CSF studies, 1 CSF specimen was used for each subject.

C. Flow-chart of patients and PBMC specimens used in BRAF-V600E qPCR studies.

(P) indicates the number of patients. (S) indicates the number of samples. The

“Treatment” column is color coded with respect to the Figure in which the results

from the specimens are illustrated. Venn diagram indicates the PBMC sample

groups (pre-chemotherapy; post-chemotherapy with systemic disease; post-

chemotherapy without systemic disease) to which subjects contributed specimens.

Supplemental Figure 2. Serial analysis of BRAFV600E allele in PBMC.

Evaluation for BRAFV600E allele in PBMC in LCH-ND patients across serial blood

specimens in patients with proven BRAFV600E+ lesions and/or detectable BRAFV600E+

in PBMC at any point. Datapoints describe radiologic and clinical details of LCH-ND
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along with treatment details over time (years on x-axis) where PMBC were evaluated for

BRAFV600E (% on y-axis).






















