
Supplementary Methods 

Patients  

Patient 1: 50-year-old man with a 10-year history of ECD and no comorbid condition. At the time of 

disease onset, clinical manifestations included diabetes insipidus, skeletal involvement, and 

xanthelasmas. He subsequently developed retroperitoneal involvement (ureteral occlusion requiring 

stenting) and cerebellar involvement (ataxia, dysarthria). Additional investigations revealed 

cardiovascular involvement (cardiac mass infiltrating the right atrium) and retro-orbital involvement. 

Upon diagnosis with ECD, he initially received treatment with Interferon (IFN)-. Treatment with 

vemurafenib was later initiated following the identification of BRAFV600E on biopsy specimens.  

Patient 2: 44-year-old woman with a 7-year history of ECD, and also suffering from arterial 

hypertension, for which she received treatment with ACE-inhibitors. ECD manifestations included 

skeletal involvement (bone pain), xanthelasmas, retroperitoneal fibrosis (hairy kidney, ureteral 

occlusion requiring stenting), cardiovascular involvement (pericardial effusion, mass infiltrating the 

right atrium, coated aorta), and retro-orbital involvement. She initially received treatment with IFN-

. Vemurafenib was later started upon identification of the BRAFV600E mutation. 

Patient 3: 71-year-old woman with a 10-year history of ECD; in addition, she developed atrial 

fibrillation, for which she received treatment with warfarin and beta-blockers, and osteoarthritis, 

which was managed with acetaminophen on demand. ECD initially manifested with diabetes 

insipidus, skeletal involvement, retro-orbital involvement. Subsequent investigations revealed lung 

and pleural involvement and cardiovascular involvement (mass infiltrating the right atrium, coated 

aorta). She was initially treated with IFN-, which was replaced by vemurafenib upon identification 

of the BRAFV600 mutation.  

Tissue samples 

Two xanthelasmas from skin lesions (from Patient 1 and 2) and a pleural surgical resection (from 

Patient 3) were obtained. Patients were diagnosed with ECD, based on clinical features, imaging and 

pathological examination.1 BRAFV600E mutation detection was performed by means of locked nucleic 



acid (LNA)-PCR/pyrosequencing assay, as in4. Fresh biopsies were obtained for diagnostic purposes 

from these patients before starting vemurafenib treatment and cultured in bioreactor. Xanthelasmas 

from three additional ECD patients were submitted to Glut-1 determination.  Normal skin samples 

obtained at thoracic surgery from three non-ECD patients and a BRAFV600E-mutated melanoma 

sample were used as control. All samples were obtained after informed consent as approved by the 

institutional ethics committee of San Raffaele Hospital. 

3D culture in bioreactor  

Tissue samples were cut in 20-30 mm3 fragments and cultured (2/vessel) in the RCCSTM bioreactor 

(Synthecon, Houston, TX).7 The RCCSTM bioreactor RCCS-1 is equipped with four rotating 10 ml-

HARV culture vessels (Synthecon Inc., Houston TX, USA), which are provided with a gas exchange 

membrane that allows an optimal diffusion of O2. Bioreactor was kept inside an incubator, with 

humidified atmosphere at 37°C and 95% air 5% CO2. During the experimental procedures, RCCS™ 

operational conditions were settled and constantly monitored in order minimize sample sedimentation 

and maximize mass transfer.7 Tissue fragments were harvested at day 2 and day 6, formalin-fixed and 

paraffin embedded.  Culture supernatants were withdrawn and frozen. 

 

 

 

  



 

  



 

 

 


