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SUPPLEMENTARY METHODS 

Human subjects.  Patients were recruited from Rheumatology and Hematology clinics at the 

University of Michigan.  All 42 patients with primary APS fulfilled the laboratory requirements for 

APS established by the Sydney classification criteria.[1]  All but two patients also met the 

Sydney clinical criteria.  One patient who did not meet Sydney clinical criteria had 

thrombocytopenia, and the other had APS nephropathy—the treating physicians found no 

explanation for these complications other than the presence of antiphospholipid antibodies.  

Importantly, none of these 42 patients met American College of Rheumatology (ACR) criteria for 

SLE,[2] nor were they considered to have SLE by their physicians (in contrast, all patients 

specifically designated as having SLE did meet the ACR criteria).  At the time of recruitment, 

patients included in the study were not pregnant, did not have active infections (based on the 

clinical judgment of the physician who saw them that day), and had not experienced a 

thrombotic event in the three months preceding their recruitment.  Controls were recruited 

through a posted flyer; exclusion criteria included history of a systemic autoimmune disease, 

active infection, and pregnancy.  This study was reviewed and approved by the University of 

Michigan Institutional Review Board, and all participants gave their written informed consent. 

For the second APS cohort, patients were recruited from the Department of Immunology and 

Rheumatology at the Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán in 

Mexico City.  All patients met the laboratory criteria for APS according to the updated Sydney 

classification criteria.[1]  If patients only had thrombocytopenia and/or hemolytic anemia (n=6 

patients), they were classified as APS according to the classification criteria of Alarcón-Segovia 

et al,[3] and further characterized as hematologic APS.[4]  Again, no patient met criteria for SLE, 

and the study of this cohort was approved by the Institutional Review Board.  All participants 

gave their written informed consent.   

Blood was collected by phlebotomist venipuncture into standard serum or 3.2% sodium citrate 

tubes.  Serum was prepared by standard methods and stored at -80ºC until ready for use.  Anti-

β2GPI IgG, IgM, and IgA, as well as anticardiolipin IgG and IgM, were determined by ELISA 

(Inova Diagnostics) according to manufacturer’s instructions.  Lupus anticoagulant (LAC) was 

determined according to published guidelines.[5] 

Peripheral blood mononuclear cell (PBMC) isolation.  PBMCs were isolated from citrated 

blood by density centrifugation (Ficoll-Paque Plus, GE Healthcare Life Sciences).  Residual 

RBCs were lysed with hypotonic saline. 
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In vitro differentiation into mature endothelial cells (ECs).  EC-enrichment culture media 

was made by supplementing MCDB 131 (Gibco) with EGM SingleQuot factors excluding 

hydrocortisone (Lonza) and 20% heat-inactivated fetal bovine serum (Invitrogen).  PBMCs were 

seeded into 48-well Human Fibronectin Cellware plates (BD BioCoat, BD Bioscences) in the 

EC-enrichment culture media at a concentration of 1.45 x 106 cells per 250 µl.  In some cases, 

the media was additionally supplemented with 30% patient or control sera.  Additionally, in other 

cases, patient or control IgG was tested at a concentration of 10 µg/ml.  Media was changed 3 

days after plating, and cells were subsequently maintained in the EC-enrichment culture media 

(no longer supplemented with patient/control sera) for the remainder of the experiment.  The 

media was changed every 2 days, and after 12-14 days cells were incubated with markers of 

mature ECs, specifically Fluorescein-conjugated Ulex europaeus agglutinin-1 lectin (UEA-1, 

Vector Laboratories, Inc.) and DiI-labeled acetylated LDL (Alfa Aesar).  Live cells were analyzed 

by fluorescence microscopy (Biotek Cytation 5 fitted with an Olympus 4x objective). Cells 

positive for both UEA-1 lectin and acetylated LDL were considered to be mature ECs.  ECs 

were quantified in at least 6 random fields per well using CellC software (Tampere University of 

Technology) and then averaged. 

In some experiments, a neutralizing monoclonal antibody against the type I IFN receptor (anti-

IFNAR2 antibody, clone MMHAR-2, PBL Assay Science) or isotype control was included in the 

media during the first 3 days of culture.  Antibody concentration was 2 µg/ml, in agreement with 

the manufacturer’s recommendations. 

Antibody depletion.  Total IgG was depleted from serum using Protein G Agarose according to 

the manufacturer’s instructions (Pierce).  Briefly, a slurry of protein G agarose beads was 

washed at least 10 times with PBS (centrifuging at 2500x g between washes).  200 µL of serum 

was then added to the washed beads and incubated overnight at 4°C with constant rotation.  

Finally, the beads were removed by centrifugation to generate IgG-depleted serum.  The 

effectiveness of depletion was confirmed by both Coomassie staining (data not shown) and 

specific anti-β2GPI IgG ELISA (Inova) according to manufacturer’s instructions. 

HeLa cell cultures.  HeLa cells were purchased from ATCC.  Cells were cultured in EMEM 

media (Lonza) supplemented with 10% fetal bovine serum as well as non-essential amino acids.  

In some cases, the media was additionally supplemented with 50% patient or control serum.  

For the IFN bioassay experiments, cells were seeded at 1 x 105 per well of a 24-well plate the 
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day before the experiment.  The following day, the media was changed to include 50% human 

serum.  After 6 hours, cells were harvested, and RNA was prepared. 

HUVEC cultures.  Endothelial cell growth media was prepared by supplementing MCDB 131 

(Gibco) with L-glutamine (Gibco) and EGM2-MV singleQuots (Lonza) without hydrocortisone.  

The day before the experiment, cells were seeded at a density of 1 x 105 cells per well into 

gelatin-coated 24-well tissue culture plates.  The following day, cells were incubated in the 

growth media supplemented with 50% patient or control sera for 6 hours.  Cells were then 

harvested, and RNA was prepared. 

IFN-α ELISA.  Serum levels of IFN-α were measured in both patient and control samples using 

the Human IFN alpha All Subtype ELISA kit (PBL Assay Science), according to manufacturer’s 

instructions.  This kit is reported to detect all 14 human IFN-α subtypes in normal and 

autoimmune disease sera, plasma, or tissue culture media. 

RNA preparation.  PBMCs were resuspended in TriPure Isolation Reagent (Roche) and stored 

at -80 degrees.  RNA was prepared by the Direct-zol RNA MiniPrep kit (Zymo Research) 

according to manufacturer’s instructions.  RNA Integrity Number (RIN) was >7 for all included 

samples.  cDNA was synthesized using MMLV RT (Invitrogen) and 200 ng of RNA using a 

MyCycler thermocyler (Bio-Rad). 

Quantitative polymerase chain reaction (PCR).  Quantitative PCR was with SYBR Green 

PCR Master Mix (Applied Biosystems, Grand Island, NY) according to manufacturer’s 

instructions, and carried out using an ABI PRISM 7900HT (Applied Biosystems).  Primer 

sequences were: 

PRKR:  5’-CTTCCATCTGACTCAGGTTT-3’ and 5’-TGCTTCTGACGGTATGTATTA-3’ 

IFIT1:  5’-CTCCTTGGGTTCGTCTATAAATTG-3’ and 5’-AGTCAGCAGCCAGTCTCAG-3’ 

IFI44:  5’-CTCGGTGGTTAGCAATTATTCCTC-3’ and 5’-AGCCCATAGCATTCGTCTCAG-3’ 

GADPH:  5’-ACCACAGTCCATGCCATCAC-3’ and 5’-TCCACCACCCTGTTGCTGTA-3’ 

Ct values were normalized to the housekeeping gene GAPDH to determine ΔCt.  ΔΔCt values 

were then determined by comparing each ΔCt to a reference value within the control group 

(typically a value near the control mean).  Data was then presented as relative fold change by 

the formula 2ΔΔCt. 
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Statistical analysis.  Data analysis was with GraphPad Prism software version 6.  For normally 

distributed data, comparisons were by Student’s t test, and means were presented for each 

group.  For skewed data, comparisons were by Mann-Whitney test, and medians were 

presented.  Statistical significance was defined as p<0.05. 
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Supplementary Table S1  APS cohort #2 (and controls) 

   

 Primary APS Controls 

N 26  26  

Female 17 (65%) 17    (65%) 

Age (y)*  38 ± 5 (21-60) 39 ± 5 (21-61) 

Disease duration (y)* 10 ± 3 (1-24)   

     

β2GPI IgG 22/26 (85%)   

β2GPI IgM 18/26 (69%)   

β2GPI IgA 9/26 (35%)   

Cardiolipin IgG 20/26 (77%)   

Cardiolipin IgM 18/26 (69%)   

Lupus anticoagulant 18/26 (69%)   

Triple-positive 16/26 (62%)   

     

Venous thrombosis 14/26 (54%)   

Arterial thrombosis 6/26 (23%)   

Thrombocytopenia 10/26 (38%)   

Pregnancy morbidity 7/26 (27%)   

Livedo 3/26 (12%)   

     

Only thrombocytopenia 4/26 (15%)   

Only Evans’ syndrome 2/26 (8%)   

     

Warfarin 12/26 (46%)   

Aspirin 8/26 (31%)   

Immunosuppressants 6/26 (23%)   

 

* mean ± 95% CI (range) 
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Supplementary Table S2  SLE patients 

   

 SLE  

n 15    

Female 13 (87%)   

Age (y)*  37 ± 5 (21-54)   

White/Caucasian 8 (53%)   

Black/African American 7 (47%)   

SLEDAI-2K 5 ± 3 (0-21)   

     

β2GPI IgG 2/13 (15%)   

β2GPI IgM 1/13 (8%)   

β2GPI IgA 2/13 (15%)   

Cardiolipin IgG 3/13 (23%)   

Cardiolipin IgM 1/13 (8%)   

Lupus anticoagulant 4/12 (33%)   

Triple-positive 2/13 (15%)   

ANA 13/14 (93%)   

anti-dsDNA 13/15 (87%)   

anti-Sm 10/15 (67%)   

     

Malar rash 3/15 (20%)   

Discoid rash 3/15 (20%)   

Photosensitivity 2/15 (13%)   

Oral/nasal ulcers 5/15 (33%)   

Arthritis 12/15 (80%)   

Serositis 8/15 (53%)   

Renal 7/15 (47%)   

Neurologic 3/15 (20%)   

Hematologic 15/15 (100%)   

APS 3/15 (20%)   

 

* mean ± 95% CI (range) 
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Supplementary Figure S1  Purified APS IgG does not affect the emergence of EC-like cells 

from control EPC/CACs.   IgG was purified from control or primary APS sera.  PBMCs were 

isolated from controls, and then cultured under proangiogenic conditions for 12-14 days.  For 

the first 3 days of culture, media was supplemented with IgG (10 µg/ml) from either 

heterologous controls or primary APS patients.  EPC/CACs were scored for their ability to 

successfully differentiate into EC-like cells as determined by surface binding of both UEA-1 

lectin and acetylated LDL.  Each data point represents an individual control/patient IgG.  The 

mean for each group is represented by a horizontal line. 
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Supplementary Figure S2  Primary APS sera have elevated levels of type I IFNs based on a 

bioassay with human umbilical vein endothelial cells (HUVECs).  HUVEC cells were treated with 

sera from either controls or primary APS patients for 6 hours, and then harvested for RNA 

preparation.  Expression of the type I IFN-regulated genes IFI44 (panel A), and PRKR (panel B) 

were scored by quantitative PCR.  Each data point represents an individual control/patient.  The 

median for each group is represented by a horizontal line. 
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Supplementary Figure S3  Primary APS sera have elevated levels of IFN-α (all 14 subtypes) 

as measured by ELISA.  Each data point represents an individual control/patient.  The median 

for each group is represented by a horizontal line. 
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Supplementary Figure S4  Primary APS sera (from an independent patient cohort) have 

elevated levels of type I IFNs based on an established bioassay.  As described in Methods, 

HeLa cells were treated with sera from either controls or primary APS patients for 6 hours, and 

then harvested for RNA preparation.  Expression of the type I IFN-regulated genes IFIT1 (panel 

A), IFI44 (panel B), and PRKR (panel C) were scored by quantitative PCR.  Each data point 

represents an individual control/patient.  The median for each group is represented by a solid 

horizontal line. 
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Supplementary Figure S5  The PBMC type I IFN signature does not correlate with APS clinical 

manifestations or hydroxychloroquine (HCQ) use.   The data for primary APS patients 

(presented in Figure 4) are segregated based on whether the patients were negative (-) or 

positive (+) for various APS manifestations according to Sydney criteria (panels A-C).  In panel 

D, patients were segregated according to whether they were taking HCQ at the time of blood 

donation.  Each data point represents an individual APS patient.  The median for each group is 

represented by a horizontal line.  No relevant comparisons approached statistical significance. 
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Supplementary Figure S6  The PBMC type I IFN signature does not correlate with APS lab 

testing, beyond the data for anti-β2GPI IgG presented in Figure 4D.   The data for primary APS 

patients (presented in Figure 4) are segregated based on whether the patients were negative (-) 

or positive (+) for different APS lab tests according to Sydney criteria.  Each data point 

represents an individual APS patient.  The median for each group is represented by a horizontal 

line.  The only panels with p values approaching significance are B and F.  CL=cardiolipin; 

LA=lupus anticoagulant; triple positive=positive for anti-β2GPI, anti-CL, and LA. 


