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10 APPENDIX 

10.1 Supplementary data tables 

10.1.1 Impact of TLR1 I602S and TLR6 P249S on innate responses to iRBCs 

TLR1 I602S: 
Table A1: Cytokine production of monocytes stratified by TLR1 I602S genotype induced by different stimuli 

  TLR1 I602S 
genotype 

  
n 

IL-6 IL-1ß TNF-α MIP-1α 

  ng/ml pg/ml pg/ml ng/ml 

 I/I (wt) 5 0.49 [0.25, 11.50] 0 [0, 26] 46 [19, 217] 0.12 [0.05, 1.15] 

iRBC (MOI 1) I/S (het) 5 0.35 [0.10, 3.89] 0 164 [31, 220] 0.11 [0.01, 0.93] 

  S/S (hom) 12 0.09 [0.05, 0.46] 0 78 [46, 128] 0.09 [0.04, 0.16] 

 I/I (wt) 6 14.06  [3.11, 40.92] 532 [105, 1392] 676 [310, 961] 5.65 [2.46, 19.58] 

iRBC (MOI 5) I/S (het) 6 6.74 [3.94, 13.58] 457 [151, 653] 683 [344, 829] 4.70 [3.02, 7.25] 

  S/S (hom) 14 7.85 [1.78, 11.36] 348 [80, 469] 641 [405, 805] 3.51 [2.93, 5.06] 

 I/I (wt) 4 18.57 [4.30, 32.25] 658 [84, 1 974] 626 [282, 1 483] 11.70 [3.18, 21.29] 

iRBC (MOI 10) I/S (het) 3 10.93 [-] 338 [-] 517 [-] 5.25 [-] 

  S/S (hom) 8 6.55 [3.75, 16.89] 465 [93, 756] 873 [274, 1 014] 5.48 [4.21, 6.48] 

 I/I (wt) 6 71.57 [15.82, 107.30] 598 [488, 862] 1 437 [1 186, 2 380] nd 

Pam3CSK4 I/S (het) 6 61.66 [10.50, 79.96] 305 [124, 668] 1 189 [988, 2 944] nd 

  S/S (hom) 14 7.65 * [1.34, 11.54] 2 * [0, 23] 163 * [113, 260] nd 

 I/I (wt) 6 176.73 [134.76, 221.44] 6 861 [4 270, 9 679] 5 298 [3 316, 7 463] nd 

LPS I/S (het) 6 151.84 [109.38, 210.65] 3 843 [2 390, 5 955] 4 085 [2 934, 6 239] nd 

  S/S (hom) 14 153.21 [117.95, 197.36] 4 061 [3 283, 6 000] 4 337 [2 973, 8 073] nd 

Cytokine production of monocytes induced by different stimuli grouped by TLR1 I602S genotype. n = 
number of donors. nd = not determined. Values of corresponding negative controls were previously 
subtracted. Values displayed are grouped medians, interquartile range (25th and 75th percentile) is given in 
square brackets. * p < 0.05, Mann-Whitney U test, compared to wildtype (I/I) or wildtype and heterozygous 
(I/S) (Pam3CSK4 samples). 
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Table A2: Cytokines secretion of PBMCs induced by different stimuli grouped by TLR1 I602S genotype 

  TLR1 I602S 
genotype 

  
n 

IL-6 IL-1ß TNF-α 

  ng/ml pg/ml pg/ml 

 
I/I (wt) 5 3.14 [0.34, 8.59] 188 [0, 724] 20 [9, 31] 

iRBC (MOI 1) I/S (het) 5 6.43 [4.05, 12.17] 662 [487, 808] 39 [20, 66] 

  S/S (hom) 12 6.99 [3.48, 10.28] 234 [87, 639] 23 [7, 74] 

 I/I (wt) 6 3.81 [1.91, 8.81] 542 [106, 1231] 33 [17, 291] 

iRBC (MOI 5) I/S (het) 6 6.08 [1.80, 12.07] 1 615 * [1 394, 2 027] 118 [27, 168] 

  S/S (hom) 14 7.34 [3.00, 11.05] 1 072 [649, 1 762] 30 [7, 141] 

 I/I (wt) 4 2.27 [0.63, 5.69] 305 [63, 732] 16 [14, 136] 

iRBC (MOI 10) I/S (het) 3 7.22 [-] 1 230 [-] 89 [-] 

  S/S (hom) 8 3.88 [1.12, 6.92] 587 [139, 1 991] 7 [3, 105] 

 I/I (wt) 6 17.90 [13.60, 26.41] 64 [22, 179] 118 [67, 204] 

Pam3CSK4 I/S (het) 6 15.49 [9.08, 30.08] 126 [13, 370] 164 [50, 248] 

  S/S (hom) 14 3.56 * [1.79, 5.55] 0 * 4 * [0, 16] 

 I/I (wt) 6 55.14 [35.74, 74.75] 2 018 [1 530, 3 615] 546 [236, 1 001] 

LPS I/S (het) 6 49.83 [35.60, 95.66] 2 561 [848, 5 505] 580 [128, 829] 

  S/S (hom) 14 55.52 [46.68, 80.77] 2 019 [1 677, 2 869] 407 [270, 530] 

Cytokine production of PBMCs induced by different stimuli grouped by TLR1 I602S genotype. n = number 
of donors. nd = not determined. Values of corresponding negative controls were previously subtracted. 
Values displayed are grouped medians, interquartile range (25th and 75th percentile) is given in square 
brackets. * p < 0.05, Mann-Whitney U test, compared to wildtype (I/I) or wildtype and heterozygous (I/S) 
(Pam3CSK4 samples). 
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TLR6 P249S: 

Table A3: Cytokines secretion of monocytes triggered by different stimuli stratified by TLR6 P249S genotype 

  TLR6 P249S 
genotype 

  
n 

IL-6 IL-1ß TNF-α MIP-1α 

 ng/ml pg/ml pg/ml ng/ml 

iRBC (MOI 1) 
P/P (wt) 16 0.48 [0.09, 2.53] 0 84 [32, 167] 0.12 [0.04, 0.44] 

S/S (hom) 6 0.06 * [0.04, 0.14] 0 71 [35, 140] 0.08 [0.02, 0.17] 

iRBC (MOI 5)  
P/P (wt) 19 9.12 [5.25, 21.04] 493 [134, 900] 684 [376, 816] 4.26 [3.10, 7.03] 

S/S (hom) 7 1.96 * [1.09, 8.07] 277 [40, 372] 606 [265, 801] 3.12 [2.46, 4.56] 

iRBC (MOI 10) 
P/P (wt) 11 10.93 [5.70, 28.19] 397 [113, 1 280] 844 [407, 993] 5.32 [4.35, 7.90] 

S/S (hom) 4 4.63 [2.79, 6.87] 309 [76, 737] 578 [259, 1014] 5.09 [2.93, 6.96] 

Pam2CSK4 
P/P (wt) 19 52.41 [13.29, 106.67] 130 [39, 198] 520 [353, 699] nd 

S/S (hom) 7 57.27 [9.82, 99.76] 115 [81, 241] 500 [459, 684] nd 

LPS 
  

P/P (wt) 19 155.24 [121.94, 209.74] 5 449 [3 449, 8 304] 4 954 [3 116, 7 920] nd 

S/S (hom) 7 151.18 [76.44, 216.04] 3 938 [2 720, 4 159] 4448 [3 031, 7 871] nd 

 

 
Table A4: Cytokine response of PBMCs induced by different stimuli grouped by TLR6 P249S genotype 

  TLR6 P249S 
genotype 

  
n 

IL-6 IL-1ß TNF-α 

 ng/ml pg/ml pg/ml 

iRBC (MOI 1) 
P/P (wt) 16 4.12 [2.70, 8.17] 460 [104, 735] 21 [8, 40] 

S/S (hom) 6 7.74 [3.99, 11.23] 326 [106, 561] 57 [20, 93] 

iRBC (MOI 5) 
  

P/P (wt) 19 6.65 [2.53, 10.13] 1 095 [334, 1 618] 38 [19, 123] 

S/S (hom) 7 7.58 [2.48, 11.41] 1 137 [705, 2 127] 138 [10, 228] 

iRBC (MOI 10) 
P/P (wt) 11 2.62 [1.92, 7.22] 463 [252, 1 230] 18 [4, 89] 

S/S (hom) 4 4.31 [1.58, 6.92] 1 148 [241, 3 348] 66 [3, 312] 

Pam2CSK4 
P/P (wt) 19 17.28 [10.16, 23.48] 31 [0, 196] 53 [30, 104] 

S/S (hom) 7 19.32 [16.99, 21.76] 41 [0, 96] 77 [24, 153] 

LPS 
  

P/P (wt) 19 56.64 [39.93, 80.51] 2 127 [1 777, 3 585] 489 [236, 602] 

S/S (hom) 7 53.33 [46.49, 63.41] 1 852 [1 291, 2 203] 439 [300, 569] 

 
Cytokine production of PBMCs and monocytes induced by different ratios of iRBCs (MOI 1, 5 and 10), 
10 ng/ml of Pam2CSK4 and LPS grouped by TLR6 P249S genotype. n = number of donors. nd = not 
determined. Values of corresponding negative controls were previously subtracted. Values displayed are 
grouped medians with interquartile range (25th and 75th percentile) shown in square brackets. * p < 0.05, 
Mann-Whitney U test, compared to wildtype (P/P). 
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TLR1 I602S / TLR6 P249S combinations: 

 
Table A5: Monocyte response towards iRBCs stratified by combined TLR1 I602S/TLR6 P249S genotype 

iRBC TLR1 I602S 
genotype 

TLR6 P249S 
genotype 

  
n 

IL-6 IL-1ß TNF-α MIP-1α 

ng/ml pg/ml pg/ml ng/ml 

 I/I P/P 5 0.49 [0.25, 11.50] 0 46 [19, 217] 0.12 [0.05, 1.15] 

MOI 1 I/S / S/S P/P 11 0.35 [0.08, 1.95] 0 84 [31, 165] 0.11 [0.03, 0.43] 

 S/S S/S 6 0.06 [0.04, 0.14] 0 71 [35, 140] 0.08 [0.02, 0.17] 

 I/I P/P 6 14.06 [3.11, 40.92] 532 [105, 1392] 676 [310, 961] 5.65 [2.46, 19.58] 

MOI 5 I/S / S/S P/P 13 8.19 [5.31, 15.96] 421 [146, 739] 684 [398, 806] 3.92 [3.12, 6.13] 

 S/S S/S 7 1.96 * [1.09, 8.07] 277 [40, 372] 606 [265, 801] 3.12 [2.46, 4.56] 

 I/I P/P 4 18.57 [4.30, 32.25] 658 [84, 1974] 626 [282, 1482] 11.70 [3.18, 21.29] 

MOI 10 I/S / S/S P/P 7 10.93 [5.70, 24.23] 397 [113, 1280] 861 [502, 993] 5.32 [4.46, 6.52] 

 
S/S S/S 4 4.63 [2.79, 6.87] 309 [76, 737] 578 [259, 1014] 5.09 [2.93, 6.96] 

Cytokine production of monocytes induced by different ratios of iRBCs (MOI 1, 5 and 10) grouped by 
combined TLR1 I602S/TLR6 P249S genotype. n = number of donors. Values of corresponding negative 
controls were previously subtracted. Values displayed are grouped medians with interquartile range (25th 
and 75th percentile) given in square brackets. * p < 0.05, Mann-Whitney U test, compared to (TLR1 I/S, 
S/S combined with TLR6 P/P). 
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10.1.2 Impact of RBC polymorphisms on parasite growth and development 

Table A6: Total parasitemia of parasite cultures stratified by RBC genotype for α-thalassemia, ATP2B4, BSG 
 

 

 
 

Total 
parasitemia 

(%) 

  Duration of culture (hours) 

n 0 h 24 h 48 h 72 h 96 h 

α-thalassemia (3.7kb deletion) 

αα/αα 111 0.06 [0.03, 0.14] 0.17 [0.10, 0.28] 0.26 [0.15, 0.40] 1.08 [0.62, 1.61] 1.23 [0.72, 1.75] 

αα/-α 42 0.09 [0.02, 0.17] 0.14 [0.07, 0.32 0.22 [0.06, 0.33] 0.89 [0.32, 1.33] 0.69 ** [0.31, 1.46] 

-α/-α 5 0.14 [0.04, 0.21] 0.17 [0.09, 0.30] 0.35 [0.20, 0.54] 1.06 [0.61, 1.48] 1.29 [1.00, 2.06] 

ATP2B4 rs10900585 (T > G) 

G/G 41 0.06 [0.03, 0.16] 0.17 [0.07, 0.32] 0.22 [0.14, 0.34] 1.01 [0.55, 1.46] 0.97 [0.61, 1.43] 

G/T 76 0.07 [0.03, 0.17] 0.17 [0.10, 0.28] 0.27 [0.12, 0.40] 1.12 [0.49, 1.56] 1.21 [0.54, 1.71] 

T/T 41 0.07 [0.02, 0.13] 0.13 [0.09, 0.36] 0.26 [0.15, 0.39] 0.92 [0.44, 1.73] 1.04 [0.53, 1.66] 

BSG rs1803202 (C > T) 

C/C 104 0.08 [0.03, 0.17] 0.19 [0.10, 0.36] 0.27 [0.15, 0.42] 1.18 [0.57, 1.63] 1.20 [0.61, 1.75] 

C/T 48 0.06 [0.02, 0.13] 0.14 * [0.07, 0.21] 0.26 [0.14, 0.35] 0.95 [0.41, 1.29] 0.97 [0.46, 1.55] 

T/T 6 0.03 [0.02, 0.09] 0.12 [0.06, 0.16] 0.12 * [0.04, 0.21] 0.49 * [0.20, 0.78] 0.81 [0.51, 0.99] 

Values for total parasitemia are given as median percentage for each genotype group with interquartile 
range (25th and 75th percentile) in square brackets. * p < 0.05, ** p < 0.01, Mann-Whitney U test, 
compared to respective wildtype. 

 
Table A7: MFI of P. falciparum cultures stratified by genotype for α-thalassemia, ATP2B4 and BSG 

Values given are grouped medians and interquarile ranges (squared brackets) of processed MFI values. 
* p < 0.05, Mann-Whitney U test, compared to the corresponding wildtype. 

MFI  Duration of culture (hours) 

n 0 h 24 h 48 h 72 h 96 h 

α-thalassemia (3.7kb deletion) 

αα/αα 111 51 [29, 69] 21 [17, 26] 59 [50, 70] 21 [18, 26] 51 [44, 60] 

αα/-α 42 50 [27, 67] 19 [17, 23] 55 [44, 70] 21 [18, 26] 53 [38, 62] 

-α/-α 5 69 [46, 89] 24 [14, 26] 79 * [65, 87] 21 [19, 28] 53 [44, 75] 

ATP2B rs10900585 (T > G) 

G/G 41 47 [28, 56] 22 [18, 26] 62 [46, 75] 21 [18, 26] 51 [45, 59] 

G/T 76 52 [33, 71] 21 [17, 25] 59 [50, 72] 22 [18, 26] 52 [42, 63] 

T/T 41 59 [30, 77] 19 [17, 23] 57 [46, 67] 20 [18, 24] 49 [39, 62] 

BSG rs1803202 (C > T) 

C/C 104 52 [30, 69] 20 [17, 24] 60 [50, 72] 20 [18, 25] 52 [41, 63] 

C/T 48 50 [30, 68] 21 [18, 26] 58 [48, 70] 22 [19, 26] 51 [42, 60] 

T/T 6 32 [22, 52] 25 [19, 30] 59 [39, 69] 28 * [21, 30] 50 [41, 55] 
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                            Table A8: Reinvasion rates of P. falciparum stratified by genotype 

    Reinvasion rate 

  n 24 h 72 h 

α-thalassemia (3.7kb deletion) 

αα/αα 111 2.5 [1.5, 5.1] 4.0 [3.3, 5.1] 

αα/-α 42 2.3 [1.0, 3.6] 3.8 [2.7, 5.2] 

-α/-α 5 1.5 [0.8, 3.9] 3.0 * [2.5, 3.4] 

ATP2B4 rs10900585 (T > G) 

G/G 41 2.2 [1.1, 4.6] 3.8 [3.1, 4.7] 

G/T 76 2.5 [1.3, 4.6] 4.0 [3.3, 5.3] 

T/T 41 3.0 [1.4, 5.5] 3.7 [2.6, 4.7] 

BSG rs1803202 (C > T) 

C/C 104 2.4 [1.4, 4.8] 3.9 [3.0, 5.0] 

C/T 48 2.3 [1.08, 5.0] 3.9 [3.1, 5.3] 

T/T 6 4.1 [1.6, 5.4] 4.1 [3.2, 5.5] 

Values given are medians and IQRs (squared brackets). 
* p < 0.05, Mann-Whitney U test, compared to 
respective wildtype. 
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10.2 List of abbreviations 

  A  adenine 

  Asp  aspartic acid 

  BSA  bovine serum albumin 

  BSG  basigin 

  C  cytosine 

  C  carbon 

  °C  degree centigrade 

  Ca  calcium 

  CCL3  chemokine (C-C motif) ligand 3 

  CD  cluster of differentiation 

  Cl  chlorine 

  CPDA  citrate phosphate dextrose adenine 

  CpG  cytosine and guanine separated by one phosphate 

  CR1  complement receptor 1 

  CSA  chondroitinsulfate A 

  DAMP  damage-associated molecular pattern 

  d  deci 

  D  aspartic acid 

  dH2O  distilled water 

  DMSO  dimethyl sulfoxide 

  DNA  desoxyribonucleic acid 

  ds  double-stranded 

  DPBS  Dulbecco’s phosphate buffered saline 

  EDTA  ethylenediaminetetraacetic acid 

  ELISA  enzyme linked immunosorbent assay 

  EU  European unit 

  F  forward 

  FACS  fluorescence activated cell sorting (flow cytometry) 

  FBS  fetal bovine serum 

  FcγR  Fc-gamma receptor 

  Fe  iron 

  FITC  fluorescein isothiocyanate 
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  fl  femtoliter 

  FL  fluorescein 

  FRET  fluorescence resonance energy transfer 

  FSC  forward scatter 

  fw  forward 

  g  gram 

  g  gravity 

  G  guanine 

  G  glycine 

  γδ T cells gamma delta T cells 

  Gln  glutamine 

  G6PD  glucose-6-phosphate dehydrogenase 

  GPI  glycosylphosphatidylinositol 

  h  hour 

  H  hydrogen 

  Hb  hemoglobin 

  HE  hydroethidine 

  HEPES hydroxyethyl-piperazineethane-sulfonic acid buffer 

  I  isoleucine   

  ICAM-1 intercellular adhesion molecule 1 

  IFN  interferon 

  Ig  immunoglobulin 

  IL  interleukin 

  Ile  isoleucine 

  iRBC  infected red blood cell 

  IRF  interferon regulatory factor  

  IU  international unit 

  l  liter 

  LAL  Limulus amebocyte lysate 

  LBP  LPS binding protein 

  LC  LightCycler 

  LPS  lipopolysaccharide 

  µ  micro 

  M  molar (mol/l) 
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  MACS  magnetic cell separation 

  MAPK  mitogen-activate protein kinase 

  MCH  mean corpuscular hemoglobin 

  MCV  mean corpuscular volume 

  MD2  myeloid differentiation factor 2 

  MFI  mean fluorescence intensity 

  Mg  magnesium 

  mg  milligram 

  µg  microgram 

  MHC  major histocompatibility complex 

  min  minutes 

  MIP-1α macrophage inflammatory protein-1α 

  ml  milliliter 

  µl  microliter 

  MOI  multiplicity of infection 

  mRNA  messenger RNA 

  MVEC  microvascular endothelial cell 

  MyD88 myeloid differentiation primary response gene 88 

  N  asparagines 

  N  nitrogen 

  Na  sodium 

  NaCl  sodium chloride 

  NF-κB  nuclear factor κB 

  ng  nanogram 

  NK cells Natural killer cells 

  NLR  NOD-like receptor 

  NLRP3 NOD-, LRR- and pyrin domain-containing 3 

  nm  nanometer 

  NO  nitric oxide 

  O  oxygen 

  OD  optical density 

  p  pico 

  P  proline 

  P / PH  phosphate 
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  PAMP  pathogen-associated molecular pattern 

  PBMC  peripheral blood mononuclear cell 

  PBS  phosphate buffered saline 

  PCR  polymerase chain reaction 

  PE  phycoerythrin 

  P. falciparum Plasmodium falciparum 

  PfEMP1 P. falciparum erythrocyte membrane protein 1 

  PfRH5  P. falciparum reticulocyte-binding homologue 5 

  pg  pictogram 

  Phe  phenylalanine 

  PMCA4 plasma membrane Ca2+ ATPase type 4 

  Pro  proline 

  PRR  pattern recognition receptor 

  Q  glutamine 

  R  arginine 

  R  reverse 

  RBC  red blood cell 

  rev  reverse 

  RNA  ribonucleic acid 

  RPMI  Rosewell Park Memorial Institute 

  rs  RefSNP 

  S  serine 

  S  sulfur 

  sec  second 

  Ser  serine 

  SD  standard deviation 

  SNP  single nucleotide polymorphism 

  sSNP  synonymous single nucleotide polymorphism 

  SSC  side scatter 

  STING stimulator of interferon genes 

  T  thymine 

  T  threonine 

  Tm  melting temperature of ds DNA 

  TBE  Tris-borate EDTA 
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  TBK1  Tank-binding kinase 1 

  TIR  Toll/Interleukin-1 receptor 

  TIRAP  TIR-associated protein 

  TLR  Toll-like receptor 

  TMB  tetramethylbenzidine 

  TNF  tumor necrosis factor 

  TRAM  TRIF-related adaptor molecule 

  TREM-1 triggering receptor expressed on myeloid cells 1 

  TRIF  TIR-domain-containing adaptor protein-inducing IFN-ß 

  U  units 

  UK  United Kingdom 

  uRBC  uninfected red blood cell 

  VCAM-1 vascular cell adhesion molecule 1 
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