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Methods 
 
Reagents - The pcDNA3.1 Directional TOPO Expression Kit, Glutathione-agarose column and 

precast (4-12%) NuPageTM Bis-Tris gels were purchased from Life Technologies (Grand Island, 

NY). HEK293T cells were purchased from ATCC (Manassas, VA). Sheep polyclonal antibody 

toward human PCSK9 was purchased from R&D systems (Minneapolis, MN). Rabbit antibody 

toward apoB was purchased from Abcam (Cambridge, MA). An ELISA kit for detecting human 

PCSK9 was purchased from MBL International Corp. (Woburn, MA). OptiPrep (natural gradient 

solution), Donkey anti-sheep HRP IgG antibody and goat anti-rabbit HRP were purchased from 

Sigma (St. Louis, MO). The Mammalian Transfection System was purchased from Promega 

(Madison, WI). OptiSeal tubes were purchased from Beckman-Coulter (Brea, CA). Commercial-

grade dextran-sulfate cellulose beads (from an unused Liposorber® column) were a kind gift 

from Kaneka Pharma (New York, NY). 

 
Collection of pre- and post-LDL apheresis plasma samples - Plasma from pre- and post-

LDL-A treatments was used to measure lipids and proteins. In the apheresis procedure, the 

patient's blood is drawn via venous access to flow in the plasma separator. As blood flows 

through the hollow fibers of the plasma separator, the plasma (pre-apheresis) is separated and 

pumped into one of two LDL absorption columns, where the apoB-containing lipoproteins are 

selectively absorbed by the dextran-sulfate cellulose beads. The LDL-depleted plasma (post-

apheresis) exits the column and is recombined with the blood cells exiting the separator, all of 

which is returned to the patient via a separate venous access. Once one column is full the 

system automatically moves to the second column, while the first column is washed and then 

eluted into a waste bag using lactated Ringer’s solution (0.6% Sodium chloride, 0.31% sodium 

lactate, 0.03% potassium chloride and 0.02% calcium chloride) and 5% NaCl (column eluate).  

 
Western Blotting - Samples were loaded onto NuPageTM 4–12% Bis-Tris precast gels for 

electrophoresis. The size-separated proteins were then transferred to nitrocellulose 

membranes. The indicated primary antibodies and HRP-conjugated secondary antibodies were 

used to detect target PCSK9 and apoB. Signal was detected by enhanced chemoluminescence 



(ECL) using a mixture of luminol, p-coumaric acid and hydrogen peroxide in 100 mM Tris pH 

8.5.  

 

Experimental dextran sulfate column - Using commercial-grade dextran-sulfate cellulose 

beads (from an unused Liposorber® column), we gravity-packed 1 mL of beads into a vertical 

column for 30 minutes, followed by washing with 5 volumes of 0.9% NaCl. Six mL of plasma 

were loaded on the column at 0.2 mL/minute; 6 mL of plasma eluate were collected. 

Sequentially, using 2 volumes of Ringer’s solution, 2 volumes of 5% NaCl and 2 volumes of 

Ringer’s solution (total volume of 6 mL) were used to elute LDL and proteins from the column.   
 
Plasma PCSK9 levels - The levels of human PCSK9 in pre- and post-apheresis plasma, 

column eluate, ultracentrifuge fractions and purified GST-tag protein were determined by ELISA 

kits as recommended by the manufacturer (MBL-International). 

 
Recombinant PCSK9 with Glutathione S-transferase (GST) affinity tag - We previously 

generated a pcDNA-PCSK9-GST construct in which a GST tag was placed in the C-terminal 

region of the protein1. Using the Mammalian Transfection System purchased from Promega 

(Madison, WI), HEK293T cells were transfected with pcDNA-PCSK9-GST as previously 

described1. The full-length PCSK9 protein with a C-terminal GST tag was purified from the 

culture medium of transfected HEK293T cells using a glutathione-agarose column and protein 

concentrations were then determined. 

 
Plasma lipoprotein separation - Plasma lipoproteins from pre- and post-apheresis plasma 

were isolated by natural gradient media (Optiprep) using a TLN100 rotor and OptiSeal tubes at 

90,000 rpm for 2.5 hours, as previously described2.  

 
Statistical Analyses - GraphPad Prism 4 software was used to carry out statistical analyses. 

Pairwise t-test was used to compare pre- and post-apheresis values. Student’s paired t-test was 

used to compare the means of two groups. Results are presented as means ± SD or as percent 

± CV. (*p<0.05, **p<0.01, ***p<0.001). 
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