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Supplemental	  Figure	  S1.	  Aripiprazole	  (ARI)	  or	  trazodone	  (TRZ)	  alter	  residual	  cholesterol	  biosynthesis.	  Six	  
DHCR7-‐HET,	  four	  CTR	  HF	  and	  two	  fibroblasts	  having	  a	  DHCR7	  variation	  of	  unknown	  significance	  (VUS)	  
ere	  cultured	  in	  the	  presence	  of	  500	  nM	  313C-‐Lan	  and	  different	  concentrations	  of	  ARI	  or	  TRZ.	  A	  and	  B	  
graphs	  show	  the	  313C-‐derived	  7-‐DHC	  and	  313C-‐derived	  cholesterol	  where	  7-‐DHC	  is	  normalized	  to	  
cholesterol	  for	  the	  six	  DHCR7-‐HET,	  the	  four	  CTR	  and	  the	  individual	  data	  for	  the	  VUS#1	  and	  VUS#2	  cells.	  
The	  genotyping	  for	  each	  cell	  is	  presented	  in	  Figure	  2	  in	  the	  manuscript.	  Stars	  above	  bars	  show	  p	  values	  
<0.01	  and	  represents	  the	  difference	  between	  control	  and	  heterozygous	  samples.	  



Supplemental	  Table	  S1A	  (Companion	  to	  Figure	  4).	  Sterol	  levels,	  reported	  as	  ng/million	  cells.	  

 

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  
	  



Supplemental	  Table	  S1B.	  	  (Companion	  to	  Figure	  4).	  Significance	  of	  sterol	  levels	  differences.	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  



Supplemental	  Table	  S2A	  (Companion	  to	  Figure	  5).	  13C-‐labeled	  Sterol	  levels,	  reported	  as	  ng/million	  cells;	  
13C	  8-‐DHC	  could	  not	  be	  determined	  because	  of	  overlapping	  MS	  fragments	  with	  isotopic	  internal	  
standards.	  

	  

	  

	  



Supplemental	  Table	  S2B	  (Companion	  to	  Figure	  5).	  Significance	  of	  sterol	  level	  differences.	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	   	  

	  



SUPPLEMENTARY MATERIALS AND METHODS 

 

Cell Cultures. Human control and DHCR7-heterozygous human fibroblasts were 

established from skin biopsy samples. All fibroblasts were maintained in DMEM supplemented 

with L-glutamine, 10% fetal bovine serum (FBS; Thermo Scientific HyClone, Logan, UT), and 

penicillin/streptomycin at 37ºC and 5% CO2 and were used between passages 5 and 15. The 

experiments were performed with fibroblasts grown in 96-well plates. The cells were plated at 

5×104/cm2 cells per well in regular medium. After overnight incubation in cell culture incubator, 

the medium was replaced with DMEM containing 10% delipidated serum, 500 nM  313C-Lan 

with or without ARI and TRZ at 10, 25 and 50 nM. This medium was changed every two days 

and the cells were cultured for six days. At the end of experiment, Hoechst dye (10 uL of 40 

ng/uL, Molecular Probes) was added to each well and the plates were incubated at 37ºC for 30 

min. The plates were imaged using an ImageXpress Micro XL (Molecular Devices, Sunnyvale, 

CA) with 10X objective. After imaging the cells were rinsed two times with PBS (pH 7.4), PBS 

was removed completely and the plates were frozen at -80°C until analysis. The total number of 

cells per well was extracted from images and used as a normalizer for sterol values. The whole 

study was done over the course of two years and we repeated experiments with both ARI and 

TRZ and different cell lines at least three times. The graphs in the Results section show one 

example where all twelve fibroblasts (six controls and six DHCR7-HET) were grown 

simultaneously and all samples processed at the same time. Each biological replicate had three 

technical replicates. Cultures with and without 13C-lanosterol were processed at the same time. 

Although DHCR7-HET fibroblasts have different mutations the level of 7-DHC was similar in 

all of them and the response to pharmaceutical treatment was similar. 



Sterol extraction and LC-MS/MS measurements. To each well in the 96-well plate was 

added the internal standards (10 µL of stock solution in MeOH:  0.87 nmol d7-Chol, 0.033 nmol 

d7-7-DHC, 0.069 nmol d7-8-DHC) and MeOH (100 µL). The plate was gently shaken on an Orbital 

shaker for 30 min at room temperature to lyse the cells and extract the sterols. The supernatant was 

transferred to a PTAD- predeposited 96-well plate (0.2 mg per well). The plates were sealed with 

Easy Pierce Heat Sealing Foil (ThermoScientific AB-1720) and allowed to react for 30 min at 

room temperature. The sealed plates were kept in −80 °C until LC-MS analysis. The sealed plates 

were analyzed on an Acquity UPLC system equipped with ANSI-compliant well plate holder. The 

sterols (10 µL injection) were analyzed on an UPLC C18 column (1.7 µm, 2.1 mm × 50 mm) with 

100% MeOH (0.1% v/v acetic acid) mobile phase at a flow rate of 550 µL/min and runtime of 1.0 

min.  A TSQ Quantum Ultra tandem mass spectrometer (ThermoFisher) was used for MS 

detections, and data were acquired with a Finnigan Xcalibur software package. MS/MS analysis 

of the PTAD derivatives was acquired in the positive ion mode using atmospheric pressure 

chemical ionization (APCI) and selected reaction monitoring (SRM). MS parameters were 

optimized for the 7-DHC-PTAD adduct and were as follows: auxiliary nitrogen gas pressure at 55 

psi and sheath gas pressure at 60 psi; discharge current at 22 µA and vaporizer temperature at 

265°C. Collision induced dissociation (CID) was optimized at 12 eV under 1.0 mTorr of argon. 

Sterols were analyzed by selective reaction monitoring (SRM) using the following 

transitions: Chol 369→369, d7-Chol 376→376, 7-DHC 560→365, d7-7-DHC 567→372, 8-DHC 

558→363, d7-8-DHC 565→370, Des 592→560, Lan 634→602, 13C3-Chol 372→372, 13C3-7-

DHC 563→368, 13C3-Des 595→563, and 13C3-Lan 637→605.  13C3-8-DHC could not be analyzed 

due to interference from the 7-DHC isotope (m/z 561).  The values for Lan and Des were calculated 



relative to the d7-7-DHC standard using response factors of 0.93 and 1.17, respectively.(Kim et al, 

2016)  Final sterol numbers are reported as nmol/million cells. 

Total RNA isolation and quantitative RT-PCR. To obtain sufficient amount of material 

for total RNA isolation, human fibroblasts were grown in 6-well plates under identical conditions 

as for lipid extraction (six days in delipidated medium with or without aripiprazole). Total RNA 

was isolated from cultured human fibroblasts using Trizol (Life Techologies, Rockville, MD). 

Total RNA (500 ng) from each sample was reverse transcribed to cDNA using a High Capacity 

cDNA Archive kit (Applied Biosystems, Foster City, CA). Real-time PCR was performed with a 

StepOnePlusTM (ThermoFisher Scientific) (25 µl reaction volume, 2X SYBR green master mix, 

and gene specific primers). All samples were run in quadruplicate. qPCR dissociation curve of the 

amplicons was performed after each qPCR run. Primers used were Dhcr7 (Qiagen QT00074606), 

EBP (Qiagen QT00087570), Actb (Qiagen QT00095431), RPLP0 (Qiagen QT00075012). Data 

from the PCRs were analyzed using the comparative cycle number determined as threshold (Ct) 

method (Kurrasch et al., 2004). Differential expression was calculated as ΔΔCt relative to 

expression of either Actb or RPLP0 as normalizers. Actb and RPLP0 expression showed no change 

regardless of the sample type or treatment. The expression of Dhcr7 and EBP mRNAs did not 

change in response to aripiprazole treatment. The same response was obtained for either control 

or heterozygous fibroblasts. ΔΔCt mean ± SE for Dhcr7 in Dhcr+/- fibroblasts treated with 

aripiprazole and compared to untreated cells (Actb normalizer) = 0.130±0.049; (RPLP0 

normalizer) = 0.102±0.046; ΔΔCt mean ± SE for EBP in Dhcr+/- fibroblasts treated with 

aripiprazole and compared to untreated cells (Actb normalizer) = -0.010±0.142; (RPLP0 

normalizer) =  -0.038±0.147. ΔΔCt mean ± SE for Dhcr7 in control fibroblasts treated with 

aripiprazole and compared to untreated cells (Actb normalizer) = 0.172±0.051; (RPLP0 



normalizer) = 0.105±0.043; ΔΔCt mean ± SE for EBP in control fibroblasts treated with 

aripiprazole and compared to untreated cells (Actb normalizer) = 0.091±0.038; (RPLP0 

normalizer) =  0.024±0.010. 

Kurrasch, D. M., et al., 2004. Quantitative real-time polymerase chain reaction measurement of 

regulators of G-protein signaling mRNA levels in mouse tissues. Methods Enzymol. 389, 

3-15. 

Statistical Analyses. Final sterol numbers are reported as nmol/million cells. Levels of 

313C-labeled sterols were calculated using response factors relative to d7-Chol. All calculations 

of variability, standard deviation (SD), standard error (SE), and t-test were performed in 

Microsoft Excel or GraphPad Prism. Results were considered statistically significant if they had 

p<0.01 using two-sample assuming equal variances and two tail distribution. 

	  


