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Abstract 

Autoantibodies directed against ADAMTS13 prohibit the processing of VWF 
multimers initiating a rare and life-threatening disorder called acquired thrombotic 
thrombocytopenic purpura (TTP).  Recently, HLA-DRB1*11 has been identified as 
a risk factor for the development of acquired TTP. Here, we identified ADAMTS13 
derived peptides presented on MHC class II alleles from 17 healthy donors. Dendritic 
cells from a panel of both HLA-DRB1*11 positive and negative donors were pulsed 
with ADAMTS13 and the HLA-DR-presented peptide repertoire was analyzed by 
mass spectrometry. Interestingly, at low antigen concentrations HLA-DRB1*11 or 
DRB1*03 positive donors presented a limited number of CUB2 derived peptides. 
Pulsing of dendritic cells employing higher concentrations of ADAMTS13 resulted in 
presentation of larger numbers of ADAMTS13 derived peptides by both HLA-DRB1*11 
positive and negative donors. Although the presented peptides were derived from 
several ADAMTS13 domains, inspection of the peptide-profiles revealed that CUB2 
domain derived peptides were presented with a higher efficiency when compared 
to other peptides. Remarkably, dendritic cells from DRB1*11 donors pulsed with 
higher concentrations of ADAMTS13 present derivatives of a single CUB2 derived 
peptide. We hypothesize that functional presentation of CUB2 derived peptides on 
HLA-DRB1*11 contributes to the onset of acquired TTP by stimulating low affinity 
self-reactive CD4+ T cells. 
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Introduction

Acquired thrombotic thrombocytopenic purpura (TTP) is a rare and life-threatening 
disorder characterized by the production of auto-antibodies directed towards 
ADAMTS13, a plasma metalloprotease responsible for the cleavage of ultra large 
Von Willebrand factor (UL-VWF) multimers.1-3 Deficiency of ADAMTS13 causes the 
accumulation of UL-VWF strings on the surface of endothelial cells of the vessel 
wall and in the circulation.4 Prolonged exposure of UL-VWF strings on the surface 
of endothelial cells promote platelet adhesion leading to low platelet counts 
and microvascular thrombosis.5,6 The majority of the inhibitory anti-ADAMTS13 
antibodies that develop in patients affected by acquired TTP target a single epitope 
comprising Arg568, Phe592, Arg660, Tyr661 and Tyr665 on the outer surface of the 
spacer domain. This exposed region is crucial for binding of ADAMTS13 to unfolded 
VWF A2 domain.7-9 Antibodies targeting the CUB1-2 and TSP2-8 region of ADAMTS13 
have also been detected in plasma of several patients with acquired TTP.10,11 The 
pathogenic role of anti-TSP2-8 and anti-CUB1-2 is still unclear. The carboxy-terminal 
ADAMTS13 TSP2-8 and CUB1-2 regions not only modulate processing of VWF under 
flow,12-14 but are also necessary for the binding of ADAMTS13 to endothelial cells.15

A number of studies have shown that anti-ADAMTS13 antibodies detected in plasma 
of TTP patients are composed of subclasses IgG1 and IgG4.

8,10,16,17 Isotype switching 
from IgM to IgG is a characteristic feature of the humoral immune response which 
depends on help from CD4+ T cells.10,16 Anti-ADAMTS13 antibodies have undergone 
affinity maturation through somatic hypermutation in germinal centers.18,19 Both 
isotype switching and affinity maturation are dependent on help from CD4+ 
T lymphocytes. It has been postulated that development of anti-ADAMTS13 
antibodies might require activation of low affinity CD4+ T cells that have not been 
efficiently eliminated from the repertoire in the thymus and can therefore recognize 
self-antigens.10 This has been shown previously for other autoimmune disorders like 
multiple sclerosis (MS). Analyses of the autoimmune TCR-peptide-MHC II complexes 
in patients with multiple scerosis revealed that the overall stability of the complex is 
significantly reduced, allowing autoreactive T cells to escape negative selection.20,21 

Peripheral activation of autoreactive T cells occurs at higher antigen concentrations. 
Under these condition the TCR-peptide-MHC II complex is stablized. Autoreactive 
T cells are activated and able to differentiate in memory cells that have reduced 
requirements for activation when encountering the presented self antigen.22 Auto-
immunity has also been linked to defects in regulatory T cells.23,24 In a recent study, 
reduced levels of CD4+CD25+ T cells were found in patients with recurrent TTP.25 
The observed alterations in subsets of regulatory T cells may contribute to the 
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pathogenesis of acquired TTP. 
Activation of ADAMTS13-specific CD4+ T cells requires uptake of ADAMTS13 by 
antigen presenting cells (APC) and subsequent presentation of ADAMTS13 peptides 
on human leukocyte antigen (HLA) molecules on the surface of APCs. Genetic and 
epidemiological findings have strongly implicated polymorphic sites within MHC 
class II molecules in the pathogenesis of autoimmune diseases.26-28 Recently HLA-
DRB1*11 has been identified as a risk factor for the development of acquired TTP. 
It has been observed that the HLA-DRB1*11 is more frequent in patients with 
acquired TTP when compared with a control population.29-31 These findings indicate 
that presentation of ADAMTS13 derived peptides on MHC II molecules by APC is 
necessary to activate ADAMTS13-specific CD4+ T cells. We have recently shown that 
ADAMTS13 is efficiently internalized by immature dendritic cells (DC) through the 
macrophage mannose receptor.32 In this study the repertoire of naturally MHC class 
II presented ADAMTS13-derived peptides was explored using ADAMTS13 pulsed DC. 
Our findings show that CUB2 domain-derived peptides are presented in a DRB1*11 
dependent manner. We hypothesize that functional presentation of these CUB2 
domain-derived peptides contribute to the onset of acquired TTP by stimulating 
low affinity self-reactive CD4+ T cells that have escaped negative selection in the 
thymus. Together these findings provide further insight in the initiation of the 
autoimmune reactivity against ADAMTS13 in patients affected by TTP.
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Materials and methods

Generation of immature dendritic cells
Human monocytes were isolated from peripheral blood mononuclear cells (PBMCs) 
as described previously.32 In brief, fresh blood was drawn from healthy HLA class 
II typed volunteers in accordance with Dutch regulations and after approval from 
Sanquin Ethical Advisory Board in accordance with the declaration of Helsinki. 
Monocytes were isolated with anti-CD14+ magnetic beads (Miltenyi Biotec, Bergisch 
Gladbach, Germany) and differentiated into immature DCs by culturing them in 
the presence of 800 U/ml IL-4 and 1000 U/ml granulocyte-macrophage colony 
stimulating factor (GM-CSF; CellGenix, Freiburg, Germany) for 5 days.

Materials
The following reagents were used in this study: wild type full length recombinant 
ADAMTS13 was produced in stable HEK 293 cells and purified as described previously;7 

anti-CD14-PE (Sanquin Reagents Amsterdam, The Netherlands), anti-CD80-FITC, 
anti-CD83-APC and anti-CD86-APC (BD Biosciences, CA, USA). Lipopolysaccharide 
(LPS) was obtained from Sigma-Aldrich (St. louis, USA). The hybridoma producing 
the HLA-DR-specific monoclonal antibody (L243) was purchased from ATCC (Wesel, 
Germany). The antibody was purified from hybridoma supernatant via protein 
A-sepharose and coupled at a final concentration of 5 mg/ml to CNBr Sepharose 4B 
(Amersham Biosciences, Buckinghamshire, UK).

Endocytosis of ADAMTS13 
After 5 days of differentiation immature DCs at a concentration of 5×106 cells/ml 
were incubated with 100 nM and 500 nM of recombinant ADAMTS13 in Cellgro 
medium supplemented with IL-4 and GM-CSF. After 5 hours of incubation cells were 
maturated for 24 hours by addition of 1 μg/ml of LPS in the presence of 1% human 
serum. Subsequently, adherent cells were detached with phosphate buffered saline 
(PBS) containing 0.25% trisodiumcitrate and then washed with PBS before analysis.

Flow cytometric analysis
Immature and mature DCs were analyzed for their surface expression of MHC class 
II molecules as well as other surface molecules. Cells were incubated with 50 μl of 
staining buffer (PBS, 0.5% human serum albumin) and 1 μg/ml of the appropriate 
primary monoclonal antibodies or isotype control for 30 minutes at 4°C. Cells were 
then washed twice with PBS and analyzed by flow cytometry (LSRII flow cytometer, 
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BD Biosciences). Histograms were processed using Flowjo software version 7.5.5 
(Tree Star Inc., Ashland, OR, USA).

Affinity purification of HLA-DR restricted peptides 
MHC class II-peptide complexes from ADAMTS13 treated mature DCs were purified 
as described previously.33 Briefly, cell pellets were resuspended in lysis buffer 
(50mM Tris-HCl pH 7.0 and 4% Igepal CA-630, Sigma, St. Louis, USA) end-over-end 
at 4°C for 30 minutes. Cell lysates were cleared by centrifugation for 15 minutes 
at 4°C at 14.000 rpm. Subsequently, HLA-DR-peptide complexes were purified from 
the soluble fraction by addition of L243-coupled CNBr Sepharose 4B (Amersham 
Biosciences, Buckinghamshire, UK). Immunoaffinity chromatography was performed 
in the presence of complete protease inhibitor cocktail (Roche Diagnostics GmbH, 
Mannheim, Germany) overnight at 4°C. After overnight incubation L243 Sepharose 
was washed 3 times with 10 mM Tris-HCl pH 7.0 supplemented with complete 
protease inhibitor cocktail (1 tablet per 50 ml of buffer) and 5 times with 10 mM Tris-
HCl pH 7.0 without complete protease inhibitor cocktail. Peptides were eluted from 
HLA-DR by addition of 10% acetic acid which was incubated with the L243 Sepharose 
for 15 minutes at 70°C. PBS pulsed immature DCs were used as a control. In parallel 
experiments, cell lysates were incubated with an isotype control antibody coupled 
to CNBr Sepharose 4B (clone CLB-T4/1, mouse IgG2a, Sanquin Reagents, Amsterdam, 
The Netherlands).

Mass spectrometry analysis of purified peptides
Peptide identification was performed essentially by mass spectrometry as 
described previously.33 In brief, eluted peptides were purified from the acetic acid 
eluate using a C18 ziptip (Millipore, Billerica, USA) and separated using a reverse-
phase C18 column (50 μm × 20 cm, 5 μm particles (Nanoseparations, Nieuwkoop, 
The Netherlands) at a flow rate of 100 nl/min with gradient from 0% to 35% (v/v) 
acetonitrile with 0.1 M HAc. Once separated the peptides were directly sprayed 
into the LTQ Orbitrap XL mass spectrometer (Thermo Fisher Scientific Inc, Bremen, 
Germany) using a nanoelectrospray source with a spray voltage of 1.9 kV. A collision 
induced dissociation (CID) was performed for the five most intense precursor 
ions selected from each full scan in the Orbitrap (300-2000 m/z, resolving power 
30.000). On a monthly basis the LTQ Orbitrap was calibrated as recommended by 
the manufacturer in order to insure a high mass accuracy.
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Characterization of peptides 
Peptides were identified screening each SEQUEST output file against the UniprotKB 
non-redundant protein 25.H_sapiens.fasta database using Proteome Discoverer 
version 1.2 software (Thermo Scientific, Bremen, Germany). During the search 
we allowed a mass deviation of 20 ppm and a fragment mass tolerance of 0.8 Da. 
Peptide evaluation was done according to strict quality requirements based on the 
sequences variables cross-correlation (Xcorr) and ranking of identified peptides. Only 
peptides of rank 1 and with the following Xcorr score were considered: all peptides 
with a charge state of 2 have a Xcorr score of 2.0; for peptides with charge state of 3, 
the minimal Xcorr score is 2.2; for charge states of 4, the Xcorr score is 2.5; while for 
peptides with a charge state of 5, 6 and 7 the Xcorr score is respectively 2.75, 3.0 and 
3.2. All peptides that did not meet these criteria were excluded. 
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Results

Identification of HLA-DR ADAMTS13 derived peptides on dendritic cells
To study whether ADAMTS13 is processed and presented on MHC class II molecules, 
immature monocyte derived dendritic cells from healthy typed donors were pulsed 
with 100 nM of ADAMTS13. After overnight maturation cells were lysed and MHC II-
peptide complexes were purified by affinity chromatography using HLA-DR specific 
monoclonal antibody L243. Maturation of DCs was monitored by flow cytometry. 
Cells were analyzed for the presence of CD14, CD80, CD83 and CD86. An increase 
of maturation markers was observed in cells treated with LPS (data not shown). 
Peptides bound to purified MHC II were eluted and analyzed by mass spectrometry 
and analyzed utilizing Proteome Discoverer version 1.2 software. In agreement 
with previous findings, the majority of the identified peptides were derived from 
proteins which belong to compartments of the MHC II pathway such as plasma 
membrane, cytosol, endosomes and lysosomes as well as other intracellular 
compartments such as mitochondria and the nucleus.33,34 A representative list of 
endogenous proteins derived from donor 4 (DRB1*1101/1301) that were processed 
for presentation on MHC class II is provided in Figure 1A. Interestingly, peptides 
derived from the macrophage mannose receptor (CD206) are also presented on 
MHC class II (Figure 1A). Previously, we have shown that CD206 is involved in 
internalization of ADAMTS13.32 Six different peptides derived from ADAMTS13 are 
presented on MHC class II of this particular DRB1*1101/DRB1*1301 positive donor. 
Inspection of the amino acid sequence of the 6 peptides reveals that all peptides are 
derived from the same core peptide sequence GCRLFINVAPHAR that corresponds 
to amino acid sequence 1325-1338 (numbering according to www.uniprot.org) in 
the CUB2 domain (Figure 1B). Peptides 1, 2, 3 and 6 fulfill our inclusion criteria 
that are based on rank and charge cross-correlation criteria as documented in 
“Materials and Methods”. Peptides 4 and 5 did not fulfill these criteria. The results 
demonstrate that the CUB2 domain derived peptide GCRLFINVAPHAR is presented 
by ADAMTS13 pulsed DCs generated from this DRB1*1101/DRB1*1301 positive 
donor. In parallel we also determined whether ADAMTS13-derived peptides could 
be recovered from DCs pulsed with PBS. Similar numbers of peptides, that meet the 
required rank and cross-correlation criteria, were presented on MHC class II of PBS- 
and ADAMTS13-pulsed DCs (Figure 2A). In contrast to ADAMTS13 pulsed DCs, no 
ADAMTS13-derived peptides were found on DCs pulsed with PBS (Figure 2B). This 
demonstrates that under these experimental conditions ADAMTS13 is efficiently 
presented by mDCs.
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Figure 1. Identification of MHC II-bound peptides. (A) Representation of several endogenous proteins 
processed and presented on MHC II molecules isolated from ADAMTS13-treated mDCs of donor 4 
(DRB1*1101/DRB1*1301). (B) List of ADAMTS13 derived peptides presented on MHC II of donor 4. The 
first column shows the amino acid sequence of the peptides derived from ADAMTS13. Following are 
the rank, charge and X

corr value as provided by Sequest. Peptides meeting the required rank and cross-
correlation criteria as documented in “Material and Methods” are indicated by a green dot.

Protein Description Number of Peptides Score
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2
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4

8

7

3

4

2

3

3

2

4

7

2

13

39.08

21.76

23.87

27.42

30.67

35.34

35.93

10.51

10.22

9.61

9.18

13.51

14.30

19.19

19.81

12.64

9.17

12.42

12.04

11.97

11.39

13.28

12.92

12.74

19.78

18.96

Isoform 2 of Transmembrane glycoprotein NMB OS=Homo sapiens GN=GPNMB - [GPNMB_HUMAN]

Tubulin beta chain OS=Homo sapiens GN=TUBB - [TBB5_HUMAN]

Tubulin beta-2C chain OS=Homo sapiens GN=TUBB2C - [TBB2C_HUMAN]

Putative uncharacterized protein ALB OS=Homo sapiens GN=ALB - [B7WNR0_HUMAN]

Actin, cytoplasmic 1 OS=Homo sapiens GN=ACTB - [ACTB_HUMAN]

Ferritin heavy chain OS=Homo sapiens GN=FTH1 - [FRIH_HUMAN]

Stress-induced-phosphoprotein 1 OS=Homo sapiens GN=STIP1 - [STIP1_HUMAN]

EEF1D protein OS=Homo sapiens GN=EEF1D - [Q4VBZ6_HUMAN]

Glyceraldehyde-3-phosphate dehydrogenase OS=Homo sapiens GN=GAPDH - [G3P_HUMAN]

cDNA, FLJ96792, highly similar to Homo sapiens calmodulin 2 (phosphorylase kinase, delta) 
(CALM2), mRNA OS=Homo sapiens - [B2RDW0_HUMAN]

Isoform 1 of Protein disulfide-isomerase A6 OS=Homo sapiens GN=PDIA6 - [PDIA6_HUMAN]

Normal mucosa of esophagus-specific gene 1 protein OS=Homo sapiens GN=NMES1 -
 [NMES1_HUMAN]

MHC class II HLA beta chain (Fragment) OS=Homo sapiens GN=HLA-DRB1 - [Q29735_HUMAN]
Isoform 3 of A disintegrin and metalloproteinase with thrombospondin motifs 13 OS=

Homo sapiens GN=ADAMTS13 - [ATS13_HUMAN]

Lysozyme C OS=Homo sapiens GN=LYZ - [LYSC_HUMAN]

Ras GTPase-activating-like protein IQGAP1 OS=Homo sapiens GN=IQGAP1 - [IQGA1_HUMAN]

Isoform 3 of Titin OS=Homo sapiens GN=TTN - [TITIN_HUMAN]

Macrophage mannose receptor 1 OS=Homo sapiens GN=MRC1 - [MRC1_HUMAN]

40S ribosomal protein S17 OS=Homo sapiens GN=RPS17 - [RS17_HUMAN]

Elongation factor 1-beta OS=Homo sapiens GN=EEF1B2 - [EF1B_HUMAN]

Ubiquitin OS=Homo sapiens GN=RPS27A - [UBIQ_HUMAN]

Solute carrier family 2, facilitated glucose transporter member 3 OS=Homo sapiens 
GN=SLC2A3 - [GTR3_HUMAN]

Plasma protease C1 inhibitor OS=Homo sapiens GN=SERPING1 - [IC1_HUMAN]

cDNA FLJ52243, highly similar to Heat-shock protein beta-1 OS=Homo sapiens - [B4DL87_HUMAN]

Integrin alpha-M OS=Homo sapiens GN=ITGAM - [ITAM_HUMAN]

Lipase A, lysosomal acid, cholesterol esterase (Fragment) OS=Homo sapiens 
GN=LIPA - [Q5T770_HUMAN]

A

ADAMTS13 DERIVED PEPTIDES

Sequence Rank Charge XCorr

AGGCRLFINVAPHAR

GCRLFINVAPHAR

GCRLFINVAPHAR

GGCRLFINVAPHAR

GCRLFINVAPHARIA

GCRLFINVAPHARIA

1

1

1

3

1

1

3

3

4

3

4

3

3.55

2.72

2.65

2.38

2.36

2.21

B
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Figure 2. Peptide counts of MHC II-bound 
peptides in ADAMTS13-treated and PBS-
treated DCs. Cells were treated with either 
100 nM ADAMTS13 or with PBS. All samples 
were immunoprecipitated using anti-MHC II 
antibody L243. Eluted peptides were analyzed 
by mass spectrometry and identified using 
Proteome Discoverer version 1.2. (A, B) Total 
amount of peptides (A) or ADAMTS13-derived 
peptides (B) was calculated in both samples. 
Peptides that did not fulfill our requirements 
based on rank and charge cross-correlation 
were excluded.

Analysis of ADAMTS13 presented peptides on MHC class II molecules
To study the repertoire of naturally presented ADAMTS13 peptides we analyzed 
peptide-repertoires of DCs derived from 8 HLA–DR typed donors. Four of the donors 
were heterozygous for DRB1*11 which was recently identified as a risk factor for the 
development of acquired TTP (Table 1).4,29 DCs derived from 4 DRB1*11 negative 
donors were also included (Table 1). The total number of HLA-DR presented 
peptides meeting our criteria, ranged between 100 and 360 unique presented 
peptides (Supplemental Figure 1A). All 4 DRB1*11 positive donors presented 
ADAMTS13-derived peptides (Supplemental Figure 1B, Table 1). Strikingly, all HLA-
DRB1*11 positive donors presented variants of the same CUB domain peptide: 
GCRLFINVAPHARIA (Table 1). The remaining 4 donors did not express the HLA-
DRB1 11 allele and presented different peptides. DCs generated from monocytes 
of donor 5 and 6, who both expressed HLA DRB1*0301, presented a different 
CUB2 domain derived peptide: ASYILIRDTHSLRTTA (residues 1356-1369). Although 
similar amounts of peptides were eluted from the MHC class II molecules isolated 
from mDCs of donor 7 and 8, no ADAMTS13 derived peptides were detected in 
these samples (Supplemental Figure 1A and B). Taken together, these data suggest 
that mDCs preferentially present antigenic peptides derived from the CUB2 
domain of ADAMTS13. Presentation of the peptides containing the core sequence 
GCRLFINVAPHARIA appears to be linked to DRB1*11 whereas peptides containing 
the ASYLIRDTHSLRTTA seem to be preferentially presented by HLA DRB1*0301. 

Pulsing of DCs with higher concentrations of ADAMTS13 increases diversity and 

quantity of ADAMTS13-derived peptides
To investigate whether mDCs are able to present a higher number of ADAMTS13 
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Table 1. ADAMTS13-derived MHC II ligands. Dcs isolated from 8 HLA-DR typed donors were incubated 
with 100 nM of ADAMTS13. MHC II-peptide complexes were purified and eluted peptides were analyzed 
using mass spectrometry and identified using Proteome Discoverer Version 1.2. 

peptides iDCs were incubated with 500 nM instead of 100 nM of ADAMTS13. After 
uptake, cells were maturated, lysed and the MHC class II molecules were purified as 
described before. The eluted peptides were identified and analyzed also as described 
previously. To ensure specificity, we checked whether PBS-treated mDCs derived of a 

Donor 1
DRB1* 1104
DRB1* 1302

GCRLFINVAPHARIA

AGGCRLFINVAPHAR
GCRLFINVAPHAR

GGCRLFINVAPHAR
GCRLFINVAPHARIA

GCRLFINVAPHAR
GGCRLFINVAPHAR

GGCRLFINVAPHARIA
GCRLFINVAPHARIA

GCRLFINVAPHARIA
GCRLFINVAPHAR

Donor 2
DRB1* 1101
DRB1* 1501

Donor 3
DRB1* 0101
DRB1* 1101

Donor 4
DRB1* 1101
DRB1* 1301

Donor 5
DRB1* 0301
DRB1* 1302

ASYILIRDTHSLRTTA

Donor 6
DRB1* 0301
DRB1* 1501

ASYILIRDTHSLRTTA
SYILIRDTHSLRTTA

Metallo-
protease

SpacerDis CysS P 2 3 4 5 6 7 8  CUB 1  CUB 2 1

ADAMTS13 Domains
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DRB1*0301/0401 positive donor presented ADAMTS13 derived peptides (Figure 3). 
The chromatogram of total ions did not reveal major differences for the ADAMTS13 
and PBS pulsed DCs (Figure 3A). Also the total number of peptides presented under 
the 2 experimental conditions is similar (683 for the PBS treated DCs and 594 for 
ADAMTS13-pulsed DCs). No ADAMTS13-derived peptides were presented in the PBS 
treated DCs whereas 8 ADAMTS13-derived peptides were identified in ADAMTS13 
treated DCs (Table 2; see donor 10). To gain insight into the relative abundance, 
we interrogated the reconstructed ion chromatogram from donor 10 for peptides 
AIAHALATNMGAGTEG and ASYILIRDTHSLRTTA (Figure 3B and C). The specific mass 
of these peptides was only detected in the chromatogram of ADAMTS13 and not 
in PBS treated DCs (Figure 3B and C). These results confirm that these ADAMTS13-
derived peptides are not recovered from PBS treated DCs. 

Figure 3. Relative abundance of ADAMTS13 CUB2 derived peptides in ADAMTS13 and PBS-treated 
DCs. DCs isolated from donor 10 were treated with 500 nM of ADAMTS13 or PBS. The MHC II eluted 
peptides isolated from the cells were analyzed by mass spectrometry. SIEVE was used to compare 
intensities of individual peptides eluted from MHC II isolated from ADAMTS13 or PBS treated DCs. 
(A) Total ion current chromatogram of ADAMTS13  and PBS treated cells. (B, C) Reconstructed ion 
chromatogram of two identified ADAMTS13 peptides are shown for both ADAMTS13 and PBS 
samples. Red and blue chromatograms represent peptides obtained from ADAMTS13 and PBS sample, 
respectively

ADAMTS13 
treated cells
PBS treated cells

ADAMTS13 
treated cells
PBS treated cells

ADAMTS13 
treated cells
PBS treated cells

A

B C
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To verify that the ADAMTS13 derived peptides were specifically binding to MHC II 
molecule, immunoprecipitations were performed on ADAMTS13-treated mDCs 
obtained from donor 15 using L243-Sepharose and were compared with control 
immunoprecipitations using an isotype control antibody coupled to CNBr Sepharose 
4B. No ADAMTS13-derived peptides were obtained in the sample immunoprecipitated 
with the isotype control antibody (Figure 4). 

Figure 4. Analysis of MHC II ligands identified in ADAMTS13-
treated mDCs. ADAMTS13 treated cells isolated from donor 15 
were immunoprecipitated using either an anti-MHC II antibody or 
an isotype control antibody. Eluted peptides were analyzed by mass 
spectrometry and identified by Proteome Discoverer version 1.2. 
The total number of ADAMTS13 derived peptides was determined 
by counting the specific peptides that met our exclusion criteria. 

Having established specificity we incubated DCs derived from 9 different donors 
with 500 nM of ADAMTS13. Incubation of DCs with a higher concentration of 
ADAMTS13 resulted in presentation of a larger number of ADAMTS13-derived 
peptides (Table 2). All 9 donors, regardless of their HLA DRB1 allele, presented 
ADAMTS13-derived peptides. Although the majority of the presented peptides 
were derived from the CUB domain regions of ADAMTS13, peptides derived from 
other regions of ADAMTS13 were also identified. Donor 9 presented a single peptide 
belonging to the disintegrin domain, donor 10 presented a peptide derived from 
the thrombospondin 2-8 repeats, donor 12 presented a peptide derived from the 
metalloproteinase domain and donor 15 a peptide belonging to the spacer domain 
of ADAMTS13. Donors 11, 13, 15, 16 and 17 presented only CUB domain peptides. 
Our data show that endocytosis of higher amounts of ADAMTS13 increases the 
diversity of ADAMTS13-derived peptides. In addition, at higher concentrations of 
ADAMTS13 presentation of ADAMTS13 derived peptides is independent of the 
presence of HLA-DRB1*11; also other MHC II alleles can present ADAMTS13-derived 
peptides under these conditions. Interestingly, the diversity of ADAMTS13-derived 
peptides presented by iDCs of donors HLA-DRB1*11 was not affected by pulsing of 
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Table 2. Endocytosis of higher concentrations of ADAMTS13 leads to presentation of different 
ADAMTS13-derived peptides. Representation of ADAMTS13-derived peptides eluted from MHC II 
isolated from 9 different HLA-DR typed donors. DCs from all 9 donors were incubated with 500 nM of 
ADAMTS13

Donors Peptides ADAMTS13 Domains

Donor 12
DRB1*0401
DRB1*1301

Donor 11
DRB1*0301
DRB1*1501

Donor 9
DRB1*0301
DRB1*1502

Donor 10
DRB1*0301
DRB1*0401

Donor 13
DRB1*1101
DRB1*1301

SRRQLLSLLSAGRAR
GCRLFINVAPHAR

GCRLFINVAPHARIA
GCRLFINVAPHARI
GGCRLFINVAPHAR

RLFINVAPHARIA
GCRLFINVAPHARI

RLFINVAPHAR
RLFINVAPHARIAI

ASYILIRDTHSLRTTAF
ASYILIRDTHSLRT

ASYILIRDTHSLRTTA
SYILIRDTHSLRTTA

SYILIRDTHSLRT
FSEGFLKAQASLRGQYW

GEEILLDTQCQGLPR
IAIHALATNmGAG

IAIHALATNMGAGTE
ARIAIHALATNMGAG
IAIHALATNmGAGT
IAIHALATNMGAGT
ASYILIRDTHSLRTTA
ASYILIRDTHSLRTT

IGAELLRDPSLGAQFR
IGAELLRDPSLGAQ

IGAELLRDPSLGAQF
NIGAELLRDPSLGAQFR

DMLLLWGRLTWRK
AGDMLLLWGRLTWRK

GCRLFINVAPHARIA
GCRLFINVAPHAR
GCRLFINVAPHARI
GGCRLFINVAPHAR

ASYILIRDTHSLRTTA
SYILIRDTHSLRTT
ASYILIRDTHSLRT

AGGCRLFINVAPHAR
GCRLFINVAPHAR

GGCRLFINVAPHAR
GCRLFINVAPHARIA

Donor 14
DRB1*0101
DRB1*1101

Donor 15
DRB1*0701
DRB1*1501

Donor 16
DRB1*0301
DRB1*1302

Donor 17
DRB1*0301
DRB1*1501

GGCRLFINVAPHAR
ASYILIRDTHSLRTTA
SYILIRDTHSLRTTA
CRLFINVAPHARIA
RLFINVAPHARIA

CRLFINVAPHARIA
ASYILIRDTHSLRTTA
SYILIRDTHSLRTTA
SYILIRDTHSLRTTA
SYILIRDTHSLRTT

GCRLFINVAPHARIA
GCRLFINVAPHAR

AGGCRLFINVAPHAR
AGGCRLFINVAPHARIA

RPLFTHLAVRIGGR
RLFINVAPHARIA

RQHLEPTGTIDMRGPG
GGGVLLRYGSQLAPE

RPGGGVLLRYGSQLAPE
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iDCs with higher concentration of ADAMTS13. Under these conditions the only 
peptides that were presented were derivatives of the GCRFINVAPHAR core sequence 
that was also presented at lower concentrations of ADAMTS13. To address this in a 
quantitative manner, iDCs from DRB1*1101 positive donors 3 and 4 were incubated 
with either 100 nM or 500 nM of ADAMTS13 for 5 hr at 37°C. After maturation of 
the cells the MHC II-peptide complex was purified and the eluted peptides were 
analyzed by mass spectrometry. As expected ADAMTS13 derived peptides are 
presented in both samples (Figure 5A). Interestingly, incubating iDCs with a higher 
concentration of ADAMTS13 did not lead to presentation of different peptides. In 
all samples we detected peptide-variants derived from the CUB2 domain peptide: 
GCRLFINVAPHARIA. We quantified the relative abundance of two of these peptides 
by SIEVE 1.2 software. Figure 5B and C show that the amount of ADAMTS13 CUB2 
domain derived peptide GCRLFINVAPHARIA is higher in the samples incubated 
with 500 nM of ADAMTS13 when compared to samples treated with 100 nM of 
ADAMTS13. 

These data demonstrate that even though increasing the concentration of 

ADAMTS13 leads to presentation of a higher absolute amount of ADAMTS13- 

derived peptides, HLA-DRB1*11 positive donors present only variants of the CUB2 

domain peptide: GCRLFINVAPHARIA.

 



Chapter 4

96

Figure 5. HLA-DRB1*11 donors only present ADAMTS13 CUB domain peptides. DCs from donor 3 
and 4 were incubated with 100 nM or 500 nM of ADAMTS13. MHC II-peptide complexes were purified 
and the eluted peptides were identified by mass spectrometry and Proteome Discoverer version 1.2. 
(A) Representation of peptides obtained for all 4 samples. (B,C) Total ion current chromatogram of 
peptides recovered from cells pulsed with 100 nM (blue) and 500 nM (red) ADAMTS13 for donor 3 and 
4. Reconstructed ion chromatogram of GCRLFINVAPRIA-peptide obtained from cells pulsed with 100 nM 
(blue) and 500 nM (red) ADAMTS13 for donor 3 and 4. 

500 nM ADAMTS13 
100 nM ADAMTS13

500 nM ADAMTS13 
100 nM ADAMTS13

500 nM ADAMTS13 
100 nM ADAMTS13
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Discussion

It is well-established that inhibitory antibodies that develop in patients with acquired 
TTP target an exposed surface in the spacer domain that is crucial for binding of 
ADAMTS13 to unfolded VWF.7-10,18,19,35,36 However, our knowledge with respect to 
the mechanism underlying the development of anti-ADAMTS13 antibodies in 
previously healthy individuals is still limited. Polymorphisms in MHC class II genes 
are associated with many autoimmune disorders. Three recent studies showed 
that HLA-DRB1*11 is more frequently observed in patients with acquired TTP 
when compared to a healthy control population.29-31  The findings reported in our 
study show that the CUB2 domain derived peptide GCRLFINVAPHAR is presented 
on APCs derived from HLA-DRB1*11 positive individuals. At first glance it may 
seem surprising that CUB2 domain-derived peptides are preferentially presented 
on MHC class II, whereas the spacer domain of ADAMTS13 is the major target of 
autoantibodies in patients with acquired TTP.8,11,35,36 T cells recognize linear peptides 
that are loaded on MHC class I or II after proteolyitc degradation of antigens by 
APCs. B cells recognize surface exposed conformational or linear epitopes. Based 
on these propertie, T cell epitopes do not necessarily overlap with B cell epitopes. 
We anticipate that efficient loading of the CUB2 domain peptide GCRLFINVAPHAR 
on HLA-DRB1*11 underlies the preferential presentation of this peptide on HLA-
DRB1*11 positive APCs. 
Crystal structures of MHC class II peptide complexes have shown that epitopes bind 
to MHC class II in an extended conformation that is dictated by hydrogen bonding 
between conserved MHC class II residues and the peptide backbone. The side-chains 
of peptide residues at specific positions, designated anchor residues P1, P4, P6 and 
P9 interact with distinctive pockets in the peptide binding groove of MHC class II 
and further stabilize the MHC II peptide complex.27 A binding motif for HLA-DR11 
has been established based on the identification of amino acid sequences of natural 
peptides binding to HLA-DR11.37 The DR11 consensus sequence contains 4 anchor-
residues at P1, P4, P6 and P9. Inspection of the sequence of the GCRLFINVAPHAR 
peptide identifies F1327 as the most likely P1 residue. The putative P4 residue 
V1330 follows the predicted binding motif. Interestingly, P1329 (P6) and R1332 (P9) 
have different properties since P6 has been predicted to be primarily composed of 
R/K and P9 of A/G/S/P.37 Several MHC II binding prediction algorithms have been 
developed, including NetMHCIIpan Sever 1.2.38 In agreement with our experimental 
findings NetMHCIIpan predicts a high affinity of FINVAPHAR containing peptides 
for DRB1*1101 and DRB1*1104 (Supplemental Figure 2). When low concentrations 
of ADAMTS13 are used, another CUB2-derived peptide, ASYILIRDTHSLRTTA, is 



Chapter 4

98

presented by DCs derived from 2 DRB1*11 negative donors (see Table 1). Based 
on its NetMHCIIpan score this peptide is most likely presented on DRB1*0301 
(Supplemental Figure 2). 
Pulsing of DCs with higher concentrations of ADAMTS13 resulted in increased diversity 
of peptides presented on DCs of DRB1*11 negative individuals (Table 2). Under these 
conditions, ADAMTS13 derived peptides can apparently compete more efficiently 
for binding to MHC class II. The relatively high affinity of nearly all of these different 
ADAMTS13-derived peptides for MHC class II, as predicted by NetMHCIIpan is 
consistent with this hypothesis (Supplemental Table 1). Interestingly, FINVAPHARIA-
derived peptides are also presented under these conditions. Apparently, this peptide 
can be presented by multiple MHC class II alleles, although higher concentrations 
of ADAMTS13 are required for its presentation on DCs derived from non-DRB1*11 
positive donors. The NetMHCIIpan server predicts that FINVAPHARIA-derived 
peptides can indeed be presented by multiple alleles (Supplemental Table 2). It 
is interesting that even at higher concentrations of ADAMTS13, DCs derived from 
DRB1*11 positive donors present only the GCRLFINVAPHAR peptide (Table 2). In 
none of the DRB1*11 positive donors were other ADAMTS13-derived peptides 
identified. Exclusive presentation of the GCRLFINVAPHAR peptide might be 
caused by the high affinity binding of this peptide to multiple MHC class II alleles. 
The affinity of GCRLFINVAPHAR peptide for HLA-DRB1*1101, 0101 and 1301, as 
predicted by NetMHCIIpan, supports this hypothesis (Supplemental Table 2).  HLA-
DRB1*0401 has been associated with a protective effect in acquired TTP.30,31 The 
precise mechanism by which protective HLA alleles mediate their effect has not 
yet been fully elucidated. The protective effect of HLA-DQB1*601 in experimental 
autoimmune encephalomyelitis is mediated via the anti-inflammatory effects of 
high levels of IFN-γ which is produced by HLA-DQB1*601 restricted CD4+ T cell 
responses.39 In view of this finding it is possible that HLA-DRB1*04 restricted CD4+ 
T cell responses contribute to the observed protective effect of HLA-DRB1*04 in 
acquired TTP. 
Altogether, our results show that GCRLFINVAPHAR related peptides are efficiently 
presented on DCs derived from HLA-DRB1*11 positive donors. The increased 
frequency of DRB1*11 in patients with acquired TTP together with the results of 
this study suggests that preferential presentation of GCRLFINVAPHAR by DRB1*11 
positive individuals contributes to the onset of acquired TTP. Our results clearly 
demonstrate that this peptide is more efficiently presented when compared to 
other ADAMTS13-derived peptides. Therefore, it is likely that CD4+ T cell responses 
directed against this peptide can be generated. Presentation of self-antigens by 
medullary thymic epithelial cells results in the elimination of self-reactive CD4+  



HLA-DRB1*11 donors present ADAMTS13 CUB2-derived peptides

99

Chapter 4

T cells, which bind with high affinity to cognate peptide MHC class II peptide 
complexes.40 This mechanism ensures that auto-reactive T cells are deleted from 
the repertoire. Autoimmunity arises from the escape of auto-reactive CD4+ T cells 
from the negative selection in the thymus. These CD4+ T cells can bind with low 
or intermediate affinity to self-peptides presented on MHC class II.20 We speculate 
that the efficient presentation of FINVAPHARIA-derived peptides on DRB1*11 
provokes the proliferation of low-affinity CD4+ T cells that have escaped negative 
selection in the thymus. The same ADAMTS13 CUB2 domain derived peptide 
can also be presented by non-HLA-DRB1*11 positive donors, although higher 
concentrations of ADAMTS13 are needed to allow sufficient presentation of this 
peptide. Higher densities of self-peptide MHC complexes in the periphery may 
allow self reactive CD4+ T cells to overcome their low affinity for the antigen and 
recognize relatively unstable ligands. This compensatory mechanism has been 
shown for other autoimmune disorders. In patient affected by multiple sclerosis 
the immunodominant epitope binds very weakly to HLA-DR4 but still allows T cell 
activation at high antigen concentrations.22 It should be emphasized that TTP is 
a rare autoimmune disorder; therefore we anticipate that the threshold for the 
activation of self-reactive T cells by the GCRLFINVAPHAR and/or other ADAMTS13 
derived peptides is high. Currently, we do not know which clinical conditions 
promote loss of tolerance to ADAMTS13 in patients with acquired TTP. Viral and 
bacterial infections have been implicated in the etiology of TTP.10 As yet, no single 
pathogen has been linked with the onset of TTP rendering molecular mimicry of a 
specific viral or bacterial peptide with the FINVAPHARIA peptide identified in this 
study unlikely. However, cross-reactive CD4+ T cells arising during bacterial or viral 
challenges may be able to recognize complexes of MHC class II and the FINVAPHARIA 
peptide. Altogether, our study provides evidence for preferential presentation of 
a CUB2 domain-derived peptide on DRB1*1101 positive APCs. Further studies are 
needed to establish whether presentation of peptides harboring the FINVAPHARIA 
core sequence contributes to the onset of acquired TTP.
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Supplemental material

Materials and methods

Predicted binding of ADAMTS13 derived peptides to different MHC II alleles
Binding affinities of ADAMTS13 derived peptides to several MHC II alleles of 17 HLA-
DR typed donors were predicted using the NetMHCIIpan binding algorithm (http://
www.cbs.dtu/services/NetMHCIIpan-2.1). This program predicts the affinities of 
peptide sequences for all alleles with known protein sequence using in pan-specific 
way.1 Specify thresholds based on the binding affinity giving in nM IC50 values 
were defined as IC50 50 nM for strong binders and IC50 500 nM for weak binders. 
Peptides were identified as a strong binder if the IC50 was below the specified 
threshold for the strong binders ( IC50≤ 50 nM) and as a weak binder if the IC50 
was above the threshold of the strong binders but below the specified threshold for 
the weak binders ( 50 nM ≤IC50≥ 500 nM).

Results

Relative quantification of MHC class II bound peptides in ADAMTS13 treated 

dendritic cells.
Dendritic cells derived from 17 HLA class II typed donors were incubated with 100 
nM or 500 nM of ADAMTS13. Subsequently, MHC class II molecules were purified 
and MHC class II bound peptides were eluted and analyzed by mass spectrometry. 
Total number of peptides eluted from MHC class II isolated from DCs pulsed with 
100 nM or 500 nM of ADAMTS13 are depicted in supplemental figure 1A and C. 
Total number of peptides recovered from DCs pulsed with 100 nM ranged from 120 
to 361 for 8 donors analyzed (Supplemental Figure 1A). Total number of peptides 
recovered from DCs pulsed with 500 nM of ADAMTS13 ranged from 226 to 594 
for 9 donors analyzed (Supplemental Figure 1C). Reduced numbers of ADAMTS13 
derived peptides were recovered from DCs pulsed with 100 nM ADAMTS13 when 
compared to the amount recovered from DCs pulsed with 500 nM ADAMTS13 
(Supplemental Figure 1B and D).  

Analysis of the ADAMTS13-derived peptide: GCRLFINVAPHARIA and 

ASYILIRDTHSLRTTA
As shown in table 1 when DCs are treated with low concentrations of ADAMTS13 only 
2 specific ADAMTS13 CUB2 domain-derived peptide are eluted from MHC class II 
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Supplemental Figure 1. Relative quantification of MHC II bound peptides in ADAMTS13 treated DCs 
from 17 different HLA-DR typed donors. DCs isolated from 8 different HLA-DR typed donors were 
incubated with 100 nM of ADAMTS13 (A, B) and 500 nM (C, D). MHC II eluted peptides were analyzed 
by mass spectrometry. All peptides were identified using Proteome Discoverer version 1.2 and selected 
according to our rank and charge cross-correlation criteria. (A, B, C, D) Number of total amount of 
unique peptides (A, C) or ADAMTS13-derived peptides (B, D) was calculated from all 17 donors. 

isolated from ADAMTS13 treated DCs of  HLA DRB1* 1101, 1104  and HLADRB1*0301 
donors. In order to evaluate the binding affinity of the GCRLFINVAPHARIA and the 
ASYILIRDTHSLRTTA to the corresponding allele we calculated the binding scores using 
NetMHCIIpan server 2.1. As shown in Supplemental Figure 2 the ADAMTS13 peptide 
GCRLFINVAPHARIA is considered a strong binder for both HLADRB1*11 alleles 
whereas ASYILIRDTHSLRTTA binds with high affinity to the HLADRB1*0301 allele.
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Supplemental Figure 2. Binding prediction of ADAMTS13-derived peptide: GCRLFINVAPHARIA and 
ASYILIRDTHSLRTTA to DRB1 proteins. Binding of the peptides is determined by NetMHCIIpan Server 
1.2.  The affinity (nM) represents the IC50 values obtained during the analysis.  

Binding prediction of ADAMTS13-derived peptides to different HLA DRB1 alleles  
Pulsing of DCs with higher concentrations of ADAMTS13 resulted in increased 
diversity of peptides presented on DCs of DRB1*11 negative individuals (Table 2). 
The affinity of binding of the several different ADAMTS13 peptides to the matching 
allele of the donors was predicted by NetMHCIIpan server 2.1 (Supplemental Table 
1). The relatively high affinity binding scores of these peptides to the related HLA 
DRB1 alleles of the donors suggests that under these conditions ADAMTS13-derived 
peptides can compete more efficiently for binding to MHC class II. 
Interestingly, treatment of DCs isolated from HLADRB1*11 negative donors 
leads also to presentation of GCFINVAPHARIA-derived peptides. As shown in 
Supplemental Table 2 the NetMHCIIpan server 2.1 predicts that this CUB2 domain-
derived peptide can also be presented by multiple alleles. The data suggest that in 
order to obtain presentation of the specific CUB2 derived peptide: GCFINVAPHARIA 
by HLA DRB1*11 negative donors higher concentrations of ADAMTS13 are required. 

Allele peptide Binding site Affinity (nM)

DRB1*1101 GCRLFINVAPHAR FINVAPHAR 33.33

DRB1*1104 GCRLFINVAPHAR FINVAPHAR 8.33

DRB1*0301 ASYILIRDTHSLRTTA LIRDTHSLR 2.95



HLA-DRB1*11 donors present ADAMTS13 CUB2-derived peptides

107

Chapter 4

Supplemental Table 1. NetMHCIIpan prediction binding of several ADAMTS13 deived peptides to 
different HLA-DRB1 alleles

Allele peptide Binding site Affinity (nM)

DRB1* 0301 ASYILIRDTHSLRTTA LIRDTHSLR 2.95

GCRLFINVAPHAR FINVAPHAR 857.07

SRRQLLSLLSAGRAR LLSLLSAGR 451.76
Donor 9 

FSEGFLKAQASLRGQYW FLKAQASLR 27.29

DRB1*1502 ASYILIRDTHSLRTTA YILIRDTHS 365.77

GCRLFINVAPHAR LFINVAPHAR 257.76

SRRQLLSLLSAGRAR LLSLLSAGR 81.06

FSEGFLKAQASLRGQYW FLKAQASLR 117

DRB1*0301 ASYILIRDTHSLRTT LIRDTHSLR 2.95

IAIHALATNMGAGTE IHALATNMG 1912

Donor 10 GEEILLDTQCQGLPR ILLDTQCQG 70.31

DRB1*0401 ASYILIRDTHSLRTTA YILIRDTHS 47.51

IAIHALATNMGAGTE IHALATNMG 12.45

GEEILLDTQCQGLPR ILLDTQCQG 990.79

DRB1*0301 ASYILIRDTHSLRTT LIRDTHSLR 2.95

Donor 11

DRB1*1501 ASYILIRDTHSLRTTA LIRDTHSLR 87.98

DRB1*0401 IGAELLRDPSLGAQFR LLRDPSLGA 21.39

AGDMLLLWGRLTWRK LWGRLTWRK 1792.76
Donor 12

GCRLFINVAPHAR LFINVAPHAR 135.68

DRB1*1301 IGAELLRDPSLGAQFR LLRDPSLGA 20.93

AGDMLLLWGRLTWRK  DMLLLWGRL 1615.8

GCRLFINVAPHAR LFINVAPHAR 48.74
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Allele peptide Binding site Affinity (nM)

DRB1*1101 GCRLFINVAPHAR FINVAPHAR 33.33

Donor 13

DRB1*1301 GCRLFINVAPHAR LFINVAPHAR 48.74

DRB1*0101 GCRLFINVAPHAR LFINVAPHAR 17.79
Donor 14

DRB1*1101 GCRLFINVAPHAR FINVAPHAR 33.33

DRB1*0701 RPLFTHLAVRIGGR LFTHLAVRI 29.03

GCRLFINVAPHAR FINVAPHAR 76.76

RQHLEPTGTIDMRGPG LEPTGTIDM 2645.62
Donor 15

GGGVLLRYGSQLAPE LLRYGSQLA 899.55

DRB1*1501 RPLFTHLAVRIGGR LFTHLAVRI 139.57

GCRLFINVAPHAR LFINVAPHAR 82.57

RQHLEPTGTIDMRGPG LEPTGTIDM 6422.77

GGGVLLRYGSQLAPE LLRYGSQLA 61.67

DRB1*0301 GCRLFINVAPHAR FINVAPHAR 857.07

ASYILIRDTHSLRTTA LIRDTHSLR 2.95
Donor 16

DRB1*1302 GCRLFINVAPHAR LFINVAPHAR 55.12

ASYILIRDTHSLRTTA ILIRDTHSL 88.8

DRB1*0301 GCRLFINVAPHAR FINVAPHAR 857.07

ASYILIRDTHSLRTTA LIRDTHSLR 2.95

Donor 17 RPGGGVLLRYGSQLAPE LLRYGSQLA 2959.69

DRB1*1501 GCRLFINVAPHAR LFINVAPHAR 82.57

ASYILIRDTHSLRTTA LIRDTHSLR 87.98

RPGGGVLLRYGSQLAPE VLLRYGSQL 494.51
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Supplemental Table 2. Binding of CUB2 domain peptide: GCFINVAPHARIA to different HLA-DRB1 
alleles using NetMHCIIpan algorithm. Binding affinity of the CUB2 domain peptide is indicated as 
affinity (nM). Alleles highlighted in yellow are suggested to be high affinity binders.
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Allele peptide Binding site Affinity (nM)

DRB1*1101 GCRLFINVAPHAR FINVAPHAR 33.33

DRB1*1104 GCRLFINVAPHAR FINVAPHAR 8.33

DRB1*0301 GCRLFINVAPHAR FINVAPHAR 857.07

DRB1*0401 GCRLFINVAPHAR LFINVAPHAR 135.68

DRB1*0101 GCRLFINVAPHAR LFINVAPHAR 17.79

DRB1*0701 GCRLFINVAPHAR FINVAPHAR 76.76

DRB1*1301 GCRLFINVAPHAR LFINVAPHAR 48.74

DRB1*1302 GCRLFINVAPHAR LFINVAPHAR 55.12

DRB1*1501 GCRLFINVAPHAR LFINVAPHAR 82.57

DRB1*1502 GCRLFINVAPHAR LFINVAPHAR 257.76

DRB1*0901 GCRLFINVAPHAR LFINVAPHA 211.58


