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Polymorphonuclear neutrophils (PMNs) are key actors in the pathophysiology of sickle cell 

disease (SCD), but signaling pathways underlying their activation and sustained inflammation 

are not well documented. We thus investigated the protein profile of neutrophils from SCD 

patients (SS genotype) using proteomic approach. Unexpectedly, SCD neutrophils exhibit a 

high expression of Interferon Signaling Proteins (ISPs) belonging to the type 1 interferon 

(IFN-1) response pathway. We also showed that SCD patients at steady state displayed a 

higher level of plasmatic IFNα. Overall, we reported a dramatic high-level expression of ISPs 

in neutrophils from SS patients suggesting an abnormal activation that could be important in 

developing new anti-inflammatory therapies. 

SCD is a hemoglobinopathy leading to major red blood cell (RBC) dysfunction, but other cell 

types (vascular endothelium, leukocytes, platelets) (1-3) also represent key actors in the 

pathophysiology of the disease. Important studies have highlighted the role of PMNs, both 

during the vaso-occlusive crisis (VOC) and the associated long-term morbidity and mortality 

(4). In SCD, patients have an increased leukocyte count at steady state, and exhibit neutrophil 

activation, rendering them more susceptible to inflammatory stimuli (5). Moreover recent data 

have demonstrated the presence of different sub-phenotypes of PMN especially in cancer and 

inflammation (6, 7) as well as in a preclinical model of SCD (8).  Despite these advances, 

signaling pathways underlying sustained inflammation in SCD remain elusive. In addition, a 

fine understanding of PMN activation profile is necessary to better decipher the inflammatory 

paradigm in SCD and develop tailored therapies. In the present study, we investigated for the 

first time the proteomic profile of PMNs in SCD at basal state by a label-free global 

proteomic approach.  

We performed a proteomic comparative study of purified neutrophils from 4 SS patients 

(SS1-4) at basal state and 4 AA healthy donors (AA1-4). All patients included in this study 

were homozygous (SS genotype), aged 2 to 18 years (mean age 9.7 years), and without any 
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associated co-morbidity. They were free from any infection and exhibited C-reactive protein 

level < 10 mg/l at the day of the inclusion.  The controls were voluntary blood donors, all 

healthy and of AA genotype. 

After mass spectrometry analysis, 4,634 proteins were identified and 4,487 of them could be 

reliably quantified. Restricting the analysis to proteins quantified in at least 75% of the 

samples and in at least one group (AA and/or SS) led to the comparison of 3,069 proteins 

(Figure 1A). To identify biological pathways modified in neutrophils from SS patients, we 

first performed a 2D annotation enrichment test (9) using GO, KEGG and Keywords 

annotation databases. This analysis revealed the presence of many neutrophil membrane and 

secreted proteins involved in immune response (Figure 1B). Next, we analyzed the SS and the 

AA proteomes and found 101 proteins significantly differentially expressed using a SS/AA 

ratio > 1.3 or < 0.7. Sixty-eight proteins were overexpressed (Cluster 1, Figure 1C), and 33 

proteins were down-regulated in the SS group compared to the AA group (Cluster 2, Figure 

1C). Before further investigate new biological pathway, we aimed to confirm the already 

known surface markers of sickle cell neutrophils. Indeed, several studies in mouse models or 

in patients have shown an activated and aged phenotype of PMNs in SCD (8, 10). By using 

our proteomics data, we found two proteins described as markers of activation (Fc fragment 

of IgG, high affinity Ia, receptor/CD64) and ageing (L-Selectin/ CD62L) of neutrophils 

respectively overexpressed (5.8 fold) and underexpressed (0.6 fold) in SS patients compared 

to the AA group (Supplementary Table 1 and proteomic file). These data were confirmed by 

cytometry analysis of freshly isolated neutrophils from 5 SS patients and 5 controls (Figure 

1E). We therefore concluded that the proteomic analysis could be a relevant tool for exploring 

neutrophil abnormalities in SCD. 

A Fisher exact test performed using proteins down-regulated in SS neutrophils did not 

evidence any common biological pathway (data not shown). In contrast, analyses of the 
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upregulated proteins revealed a major involvement of the type1 interferon (IFN-I) response 

(Supplementary Table 1 and proteomic file). Importantly, major ISPs including IFIT1, IFIT2, 

IFIT3, ISG15, ISG20, GBP2, IFI35, MX1 and MX2 were increased 3- to 84-fold in the 

proteome of SS neutrophils compared to the one of AA neutrophils (Figure 1D). Moreover, 

we found a significant overexpression of STAT1 and STAT2 in the neutrophil proteome of 

the SS group consistent with an activation of the IFN-related JAK/STAT signaling pathways. 

In order to confirm the proteomic data, we assessed the overexpression of the main ISPs using 

Western Blot experiments of purified neutrophils from 10 other SS patients at steady state and 

10 other AA controls. In agreement with proteomic data, we found a significant increase of 

ISP expression including MX1, ISG15 and IFIT1 as well as the STAT1 and STAT2 proteins, 

in neutrophil lysates from SS patients compared to controls (Figure 2A). The nuclear 

translocation of STAT1 and STAT2 are activated by JAK and TYK2-mediated 

phosphorylation of the Y701 and Y689, respectively, that stimulates the IFN-I responses (11, 

12). We showed that both Y701 of STAT1 and Y689 of STAT2 were highly phosphorylated 

in SS compared to AA neutrophils (Figure 2A). These findings confirmed the strong 

activation of the IFN-I signaling pathway in SS neutrophils via the JAK/STAT1/2 pathway.  

To go further on and to assess whether the IFN-I response was due to either IFNα or IFNβ, we 

measured the level of both cytokines in the plasma of 34 healthy AA donors and 37 SS 

patients at steady state, using the novel digital-ELISA technology. Interestingly, we found a 

significant increased level of IFNα in plasma from half of the SS patients compared to AA 

controls (Mann-Whitney test, p<0.001), although no difference was observed for IFNβ 

(Figure 2B). Although the specific role of the different types of IFN-1 is not fully understood, 

it appears that IFNα, in contrast to IFNβ is mainly involved in autoimmune and auto-

inflammatory diseases (13). It is noteworthy that 20 SS patients exhibited an increase of IFNα 

from 10 to 1,000-fold compare to healthy individuals although 17 out of the 37 plasma 
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samples had normal levels of IFNα. Clinical and biological investigations of these 37 SS 

patients did not find any correlation between plasmatic level of IFNα and biologic markers 

including leucocyte, neutrophils, reticulocytes and platelets counts, Hemoglobin (Hb) level, 

Hb haplotypes or age (Supplementary Table 2), and plasmatic cytokine concentration 

(including CX3CL-1, Rantes, MCP-1, MCP-3, TNFα, IL1b, IL10, IL18, and IL6). Since it is 

known that neutrophil extracellular trap formation (NETosis) plays a role in the pathogenesis 

of SCD, we next investigated the NETosis by measuring the Neutrophil Elastase and 

nucleosome, in the plasma from 28 patients investigated for IFNα and IFNβ. As expected, we 

found a significant high level of both markers of NETosis (Figure 2C) in SS patients 

compared to AA controls, but no correlation with the IFNα level (data not shown). 

Finally, we analysed the clinical data from the patients, and found no significant difference 

between the “high IFN” and “low IFN” group of patients and the number of acute events 

(including number of VOC per year, acute chest syndrome, stroke, cerebral vasculopathy, 

acute splenic sequestration nor splenectomy). It is noteworthy that no patient has been treated 

with hydroxycarbamide and none of them followed a transfusion program. 

Moreover, it is interesting to note that of the four SS plasma samples used for the neutrophil 

proteomic analysis one had low IFNα level, while the other three exhibited 7 to 60-fold 

increased levels compared to controls, although all the four neutrophil samples expressed high 

level of ISPs. Therefore, it is highly probable that plasma IFNα has a transient secretion while 

the downstream activation of the signaling pathway is persistent. Altogether, our data 

indicated that SS patients may have inappropriate transient high IFNα secretions (i.e., outside 

of any acute and infectious events), responsible for the activation of the IFN-1 signaling 

pathway in neutrophils. Although the mechanism of this activation remains to be elucidated, 

some recent data described a clear relationship between INF-1 responses and red blood cell 

alloimmunization in murine models (14, 15). Since alloimmunization represents a detrimental 
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issue in SCD, our data highlight the importance of testing the link between ISPs and 

alloimmunization in SS patients. 

 In conclusion, we showed for the first time by quantitative proteomic analyses of purified 

neutrophils a particular immune and inflammatory signature in SCD. Our findings provide 

evidence of a dysfunction of the IFNα signaling pathway that could play important role in the 

pathogenesis of SCD. Future studies using cohort of patients are needed to determine the 

relationship between IFNα activation and clinical complications and to establish if ISPs may 

represent therapeutic targets to decrease inflammation in SCD. 

Acknowledgments  

We thank the patients and their families for their participation in the study and all members of 

the Sickle Cell Disease Center from Robert Debré Hospital for the management of blood 

samples. We thank Dr Marie-Helène Odièvre for her contribution to patient’s recruitment. We 

are indebted to Wassim El Nemer for helpful comments and for reading the manuscript. This 

work was supported by a grant from l’Association Recherche et Transfusion, the Institut 

National de la Transfusion Sanguine, and the Laboratory of Excellence GR-Ex, reference 

ANR-11-LABX-0051; GR-Ex is funded by the program “Investissements d’avenir” of the 

French National Research Agency, reference ANR-11-IDEX-0005-02. The Orbitrap Fusion 

mass spectrometer was acquired with funds from the FEDER through the "Operational 

Programme for Competitiveness and Employment 2007-2013" and from the "Canceropole Ile 

de France". 

References 

1. Kaul DK, Finnegan E, Barabino GA. Sickle red cell-endothelium interactions. 

Microcirculation. 2009;16(1):97-111. 



 7 

2. Proenca-Ferreira R, Brugnerotto AF, Garrido VT, et al. Endothelial activation by 

platelets from sickle cell anemia patients. PLoS One. 2014;9(2):e89012. 

3. Koehl B, Nivoit P, El Nemer W, et al. The endothelin B receptor plays a crucial role in 

the adhesion of neutrophils to the endothelium in sickle cell disease. Haematologica. 

2017;102(7):1161-1172. 

4. Platt OS, Brambilla DJ, Rosse WF, et al. Mortality in sickle cell disease. Life 

expectancy and risk factors for early death. N Engl J Med. 1994;330(23):1639-1644. 

5. Lum AF, Wun T, Staunton D, Simon SI. Inflammatory potential of neutrophils 

detected in sickle cell disease. Am J Hematol. 2004;76(2):126-133. 

6. Yang P, Li Y, Xie Y, Liu Y. Different Faces for Different Places: Heterogeneity of 

Neutrophil Phenotype and Function. J Immunol Res. 2019;2019:8016254. 

7. Wang X, Qiu L, Li Z, Wang XY, Yi H. Understanding the Multifaceted Role of 

Neutrophils in Cancer and Autoimmune Diseases. Front Immunol. 2018;9:2456. 

8. Zhang D, Xu C, Manwani D, Frenette PS. Neutrophils, platelets, and inflammatory 

pathways at the nexus of sickle cell disease pathophysiology. Blood. 2016;127(7):801-809. 

9. Geiger T, Wehner A, Schaab C, Cox J, Mann M. Comparative proteomic analysis of 

eleven common cell lines reveals ubiquitous but varying expression of most proteins. Mol 

Cell Proteomics. 2012;11(3):M111.014050. 

10. Fadlon E, Vordermeier S, Pearson TC, et al. Blood polymorphonuclear leukocytes 

from the majority of sickle cell patients in the crisis phase of the disease show enhanced 

adhesion to vascular endothelium and increased expression of CD64. Blood. 1998;91(1):266-

274. 

11. Bancerek J, Poss ZC, Steinparzer I, et al. CDK8 kinase phosphorylates transcription 

factor STAT1 to selectively regulate the interferon response. Immunity. 2013;38(2):250-262. 



 8 

12. Wiesauer I, Gaumannmuller C, Steinparzer I, Strobl B, Kovarik P. Promoter 

occupancy of STAT1 in interferon responses is regulated by processive transcription. Mol 

Cell Biol. 2015;35(4):716-727. 

13. Crow MK, Ronnblom L. Type I interferons in host defence and inflammatory 

diseases. Lupus Sci Med. 2019;6(1):e000336. 

14. Liu D, Gibb DR, Escamilla-Rivera V, et al. Type 1 IFN signaling critically regulates 

influenza-induced alloimmunization to transfused KEL RBCs in a murine model. 

Transfusion. 2019;59(10):3243-3252. 

15. Gibb DR, Liu J, Natarajan P, et al. Type I IFN Is Necessary and Sufficient for 

Inflammation-Induced Red Blood Cell Alloimmunization in Mice. J Immunol. 

2017;199(3):1041-1050. 

 

  



 9 

Figure Legends 

Figure 1: Proteomic analysis of neutrophils from healthy donors (AA) and SS patients (SS) at 

steady state. A. Overall proteomics results: number of proteins identified and quantified in at least 

one sample (A) or in at least 3 samples and in at least one group (B). B. 2D enrichment analysis of the 

proteins expressed in at least 75% of the samples and in at least one group. Protein annotation 

databases from GOBP. Annotations out of the diagonal corresponding to differential expression in SS 

or AA samples are indicated. C. Cluster analysis of proteins differentially expressed in SS and AA 

neutrophils. Proteins with significantly different expression values (p value<0.05 and fold change>0.3) 

were selected, their LFQ values were z score transformed and analyzed by Euclidian clustering. 

Clusters 1 and 2 correspond to proteins upregulated and downregulated in SS neutrophils, 

respectively. D. Cluster analysis of differentially expressed proteins with the “cellular response to type 

I interferon” GOBP annotation. E. Characterization of neutrophils from SS patients by flow cytometry 

analysis, typical result: over-expression of Fc fragment of IgG/CD64 and under-expression of L-

selectin/CD62L. Data are presented as mean ± SD. Mann-Whitney test was used to compare SS and 

AA; *, p < 0.05 compared with AA; **, p < 0.01 compared with AA. 

Figure 2: Activation of IFN-1 pathway in SS neutrophils. A. Representative images of western 

blots for MX1, IFIT-1, ISG15, STAT 1, Phospho-STAT 1, STAT 2 and Phospho-STAT 2 expressed in 

neutrophils from healthy volunteers (AA, n=10) and SS patients (SS, n=10). The western blots are 

represented as the ratio of the density of the specific band on the total protein in each sample. B. Level 

of IFNα and IFNβ in plasma from healthy donors (AA, n=34) and SS patients at basal state (SS, n=37) 

using a digital-ELISA assay (SIMOA). C. Level of Neutrophil elastase and nucleosome in plasma 

from healthy Donors (AA, n=12) and SS patients at basal state (SS, n=28) using ELISA assay. Data 

are presented as mean ± SD. Mann-Whitney test was used to compare SS and AA; *, p<0.05 

compared with AA; **, p<0.01 compared with AA; *** p<0.001. 
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Supplementary Methods 

Patients and healthy volunteers 

Blood samples were collected on ethylenediamine tetraacetic acid (EDTA) from patients with 

sickle cell anemia (SS genotype), and from healthy donors (Etablissement Français du Sang). 

SS patients were children aged 2 to 18 years old, at steady state (no concomitant infection, no 

acute events in the last month and no blood transfusion within the last 3 months, not treated 

with hydroxycarbamide. Blood samples used in this study were recovered from blood tubes 

drawn for medical care, in accordance with French legislation. The study was approved by the 

French Ethical Committee (CPP 74/18_3). Biological characteristics of the patients included in 

the study are summarized in Supplementary Table 2. 

Human neutrophil isolation  

Human neutrophils were isolated as previously described 4, using Neutrophil Isolation Kit 

followed by MACSxpress Erythrocyte Depletion Kit MACSxpress (Miltenyi Biotec, Paris France). 

The protocol of neutrophil purification was optimized by monitoring two parameters: the CD16 

labelling by flow cytometry and the presence of contaminant proteins from RBCs 

(hemoglobin), platelets (CD41) and lymphocytes (CD3 and CD19). As shown in the proteomic 

file, none of these proteins was detected in the neutrophils from control and SS patients. In 

addition, flow cytometry analysis showed that more than 99 % of these cells were CD16-

positive. 

Label free quantification analysis 

Purified PMNs were incubated at 4°C for 5 minutes in 1 mL PBS containing 2mM 

Diisopropylfluorophosphate (Sigma) to avoid excessive protein degradation during sample 

preparation. After three washes in cold PBS, 2x106 neutrophils were lysed and sonicated in 100 
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µl Tris/HCl 100 mM pH8.5, SDS 2%, 1mM PMSF. Then, 50µg of proteins were reduced with 

10 mM TCEP, alkylated with 40 mM chloroacetamide and digested with 1 µg trypsin using the 

FASP protocol 1. Peptides were separated in 5 fractions by strong cationic exchange (SCX) 

StageTips 2 and analyzed using an Orbitrap Fusion mass spectrometer (Thermos Scientific). 

Peptides from each SCX fraction were separated on a C18 reverse phase column (2μm particle 

size, 100 Å pore size, 75µm inner diameter, 25cm length) with a 3hr gradient starting from 99% 

of solvent A containing 0.1% formic acid, ending in 40% of solvent B containing 80% ACN 

and 0.085% formic acid. The MS1 scans spanned from 350-1500 m/z with 1.106 Automated 

Gain Control (AGC) target, within 60ms maximum ion injection time (MIIT) and a resolution 

set to 60,000. In a 3 seconds window, as many Higher energy Collisional Dissociation (HCD) 

fragmentations as possible were performed on the most abundant ions and subsequently 

measured in the ion trap (data-dependent acquisition with top speed mode: 3 seconds cycle) 

with a dynamic exclusion time of 30s. Precursor selection window was set at 1.6 m/z with 

quadrupole filtering. HCD Normalized Collision Energy was set at 30% and the ion trap scan 

rate was set to “rapid” mode with AGC target 1.105 and 60ms MIIT. The mass spectrometry 

data were analyzed using Maxquant (v.1.6.1.0) 3. The database used was a concatenation of 

human sequences from the Uniprot-Swissprot database (release 2017-05) and the list of 

contaminant sequences from Maxquant. Cystein carbamidomethylation was set as constant 

modification and acetylation of protein N-terminus and oxidation of methionine were set as 

variable modifications. Second peptide search and the “match between runs” (MBR) options 

were allowed. Label-free protein quantification (LFQ) was done using both unique and razor 

peptides with at least 2 such peptides required for LFQ. Statistical analysis and data comparison 

were done using the Perseus software version 1.6.2.3 (Sup Table S1)4. The mass spectrometry 

proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE 

partner repository with the dataset identifier PXD014457. 
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Flow Cytometry 

Expression of CD62L and CD64 on purified neutrophils was tested with APC Anti-Human 

CD62L Antibody (Biolegend – clone DREG-56) and PE Anti-Human CD64 Antibody 

(Biolegend – clone10.1).  

Western Blot Analysis 

Purified neutrophils were lysed in lysis buffer containing 100 mM Tris/HCl (pH8.5), SDS 2%, 

1mM PMSF, Phosphatase Inhibitor Cocktail 3 (Sigma - ref P0044), complete EDTA-free 

(Roche – ref 11 873 580 001). The total protein concentration was determined by the BCA 

method (Pierce, Thermo Fisher Scientific) and 50 μg of proteins were separated by 4 - 15% 

SDS– PAGE using TGX Stain-Free Precast Gel (Bio-Rad) under reducing conditions. The gel 

was imaged using the stain-free application on the ChemiDoc MP (Bio-Rad) imager 

immediately after the protein separation in order to normalize the loading charge (Figure Sup 

1). Blots were probed with anti-Human MX1 (HPA030917 – Sigma 0,4µg/ml), anti-Human 

IFIT1 (PA3-848 – ThermoFisher Scientific 1:2000), anti-Human ISG15 (MAB 4845 - R&D 

System 0,5µg/ml), anti-Human Stat 1 (clone 10C4B40 – Biolegend 1µg/ml), anti-Human Stat2 

(MAB1666 – R&D Systems 0,2µg/ml), anti-Human Phospho-Stat1 (MAB2894- R&D Systems 

0,25µg/ml) and anti-Human Phospho-Stat2 (AF2890 – R&D Systems 0,5µg/ml). Immune 

complexes were revealed with secondary peroxidase-conjugated antibodies (Abliance) using a 

chemiluminescent kit (Clarity Western ECL Substrate - Bio-Rad). 

Quantification of Interferon alpha and beta at the protein level in plasma 

Whole blood was collected from SS patients at steady state and after centrifugation at 5 mn at 

3000 rpm, plasma was collected and frozen at -20°C. Interferon alpha (IFNα) and Interferon 

beta (IFNβ) protein level was quantified using a digital-ELISA assay (SIMOA, Quanterix) 

developped by Rodero et al 5 for the first dosage and the UMR INSERM 1223 (Institut Pasteur) 
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for the second. For IFNα quantification, the 8H1 antibody clone was used as a capture antibody, 

after coating on paramagnetic beads (0.3 mg/ml), and the 12H5 antibody was biotinylated 

(biotin-to-antibody ratio 30: 1) and used as the detector. Detector and revelation enzyme SBG 

concentrations were 0,3 ug/mL and 150 pM respectively. For IFNβ quantification, a mouse 

anti-human IFNβ Antibody (PBL Assay Science, Cat No. 710322-9), was used as a capture 

antibody, after coating on paramagnetic beads (0.3 mg/ml), and a mouse anti-human IFNβ 

Antibody (PBL Assay Science, Cat. No. 710323-9) was biotinylated (biotin-to-antibody ratio 

40: 1) and used as the detector. Detector and revelation enzyme SBG concentrations were 1 

ug/mL and 50 pM respectively. Recombinant IFNα17/αI (PBL Assay Science) and IFNβ (PBL 

Assay Science) were used to generate a standard curve, after cross-reactivity testing. Each 

plasma sample was analyzed in duplicate and in dilution 1:6. The limit of detection (LOD) was 

calculated as the logarithmic mean value +2SD (95% confidence) of reactivity from all blank 

runs, and found to be 0.10 fg/mL for IFNα and 2.2 pg/mL for IFNβ, including the dilution 

factor. 

PMN elastase and nucleosome detection 

The PMN Elastase and Nucleosome plasma levels were detected using PMN Elastase Human 

Elisa Kit (ab119553 Abcam) and NU.QTM H3.1 Assay Kit (ACTIVE MOTIF) respectively. 
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Supplementary Tables 

Table S1: Proteins differentially expressed in neutrophils from sickle cell patients (SS) vs 
healthy controls (AA). 
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Table S2: Hematological parameters of SS patients with low and high IFNα levels 

 

 Low IFNα level (<0.12 fg/mL) 
(n=17) 

High IFNα level (>0.12 fg/mL) 
(n=20) 

P 

Age (years) 10.28 [4.55-14.48] 9.19 [4.07-14.31] 0.53 

Hb level (g/dl) 8.84 [7.67-10.01] 8.24 [7.26-9.22] 0.33 

Leucocyte count (/mm3) 14,700 [7,400-22,000] 11,300 [7,600-15,000] 0.15 

Platelet count (/mm3) 360,700 [176,400-545,000] 263,700 [91,300-436,000] 0.55 

Neutrophil count (/mm3) 5,970 [3,990-8,940] 5,750 [4,090-7,400] 0.82 

Reticulocyte count (/mm3) 297,370 [157,820-436,930] 258,100 [186,800-329,300] 0.53 
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were allowed. Label-free protein quantification (LFQ) was done using both unique and razor 

peptides with at least 2 such peptides required for LFQ. Statistical analysis and data comparison 

were done using the Perseus software version 1.6.2.3 (Sup Table S1)4. The mass spectrometry 

proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE 

partner repository with the dataset identifier PXD014457. 
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Flow Cytometry 

Expression of CD62L and CD64 on purified neutrophils was tested with APC Anti-Human 

CD62L Antibody (Biolegend – clone DREG-56) and PE Anti-Human CD64 Antibody 

(Biolegend – clone10.1).  

Western Blot Analysis 

Purified neutrophils were lysed in lysis buffer containing 100 mM Tris/HCl (pH8.5), SDS 2%, 

1mM PMSF, Phosphatase Inhibitor Cocktail 3 (Sigma - ref P0044), complete EDTA-free 

(Roche – ref 11 873 580 001). The total protein concentration was determined by the BCA 

method (Pierce, Thermo Fisher Scientific) and 50 μg of proteins were separated by 4 - 15% 

SDS– PAGE using TGX Stain-Free Precast Gel (Bio-Rad) under reducing conditions. The gel 

was imaged using the stain-free application on the ChemiDoc MP (Bio-Rad) imager 

immediately after the protein separation in order to normalize the loading charge (Figure Sup 

1). Blots were probed with anti-Human MX1 (HPA030917 – Sigma 0,4µg/ml), anti-Human 

IFIT1 (PA3-848 – ThermoFisher Scientific 1:2000), anti-Human ISG15 (MAB 4845 - R&D 

System 0,5µg/ml), anti-Human Stat 1 (clone 10C4B40 – Biolegend 1µg/ml), anti-Human Stat2 

(MAB1666 – R&D Systems 0,2µg/ml), anti-Human Phospho-Stat1 (MAB2894- R&D Systems 

0,25µg/ml) and anti-Human Phospho-Stat2 (AF2890 – R&D Systems 0,5µg/ml). Immune 

complexes were revealed with secondary peroxidase-conjugated antibodies (Abliance) using a 

chemiluminescent kit (Clarity Western ECL Substrate - Bio-Rad). 

Quantification of Interferon alpha and beta at the protein level in plasma 

Whole blood was collected from SS patients at steady state and after centrifugation at 5 mn at 

3000 rpm, plasma was collected and frozen at -20°C. Interferon alpha (IFNα) and Interferon 

beta (IFNβ) protein level was quantified using a digital-ELISA assay (SIMOA, Quanterix) 

developped by Rodero et al 5 for the first dosage and the UMR INSERM 1223 (Institut Pasteur) 
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for the second. For IFNα quantification, the 8H1 antibody clone was used as a capture antibody, 

after coating on paramagnetic beads (0.3 mg/ml), and the 12H5 antibody was biotinylated 

(biotin-to-antibody ratio 30: 1) and used as the detector. Detector and revelation enzyme SBG 

concentrations were 0,3 ug/mL and 150 pM respectively. For IFNβ quantification, a mouse 

anti-human IFNβ Antibody (PBL Assay Science, Cat No. 710322-9), was used as a capture 

antibody, after coating on paramagnetic beads (0.3 mg/ml), and a mouse anti-human IFNβ 

Antibody (PBL Assay Science, Cat. No. 710323-9) was biotinylated (biotin-to-antibody ratio 

40: 1) and used as the detector. Detector and revelation enzyme SBG concentrations were 1 

ug/mL and 50 pM respectively. Recombinant IFNα17/αI (PBL Assay Science) and IFNβ (PBL 

Assay Science) were used to generate a standard curve, after cross-reactivity testing. Each 

plasma sample was analyzed in duplicate and in dilution 1:6. The limit of detection (LOD) was 

calculated as the logarithmic mean value +2SD (95% confidence) of reactivity from all blank 

runs, and found to be 0.10 fg/mL for IFNα and 2.2 pg/mL for IFNβ, including the dilution 

factor. 

PMN elastase and nucleosome detection 

The PMN Elastase and Nucleosome plasma levels were detected using PMN Elastase Human 

Elisa Kit (ab119553 Abcam) and NU.QTM H3.1 Assay Kit (ACTIVE MOTIF) respectively. 
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Figure 1: Representative image of stain free gel after proteins migration (Total protein 

quantification). 
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Supplementary Tables 

Table S1: Proteins differentially expressed in neutrophils from sickle cell patients (SS) vs 
healthy controls (AA). 
 



 7 

 

 

 

 



 8 

Table S2: Hematological parameters of SS patients with low and high IFNα levels 

 

 Low IFNα level (<0.12 fg/mL) 
(n=17) 

High IFNα level (>0.12 fg/mL) 
(n=20) 

P 

Age (years) 10.28 [4.55-14.48] 9.19 [4.07-14.31] 0.53 

Hb level (g/dl) 8.84 [7.67-10.01] 8.24 [7.26-9.22] 0.33 

Leucocyte count (/mm3) 14,700 [7,400-22,000] 11,300 [7,600-15,000] 0.15 

Platelet count (/mm3) 360,700 [176,400-545,000] 263,700 [91,300-436,000] 0.55 

Neutrophil count (/mm3) 5,970 [3,990-8,940] 5,750 [4,090-7,400] 0.82 

Reticulocyte count (/mm3) 297,370 [157,820-436,930] 258,100 [186,800-329,300] 0.53 




