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ABSTRACT
Natural Killer (NK) cell functions are regulated by diverse inhibitory and activating receptors including Killer cell Immunoglobulin-like receptors (KIR) which interact with HLA class I molecules. Some KIR/HLA genetic combinations were reported associated with spontaneous clearance (SC) of hepatitis C virus (HCV) but with discordant results, possibly reflecting KIR and/or HLA gene polymorphism according to populations. KIR/HLA genetic combinations associated with both an exhaustive NK and T cell repertoire were investigated in a cohort of HIV-HCV co-infected individuals with either SC (n=68) or chronic infection (CI, n=163) compared to uninfected blood donors (Ctrl, n=100). Multivariate analysis showed that the HLA C2C2 environment was associated with SC only in European HIV-HCV co-infected individuals (OR=4.30[1.57-12.25], p=0.005). KIR2D+ NK cell repertoire and potential of degranulation of KIR2DL1/S1+ NK cells were similar in SC European cohort compared to uninfected individuals. In contrast, decreased frequencies of KIR2DS1+ and KIR2DL2+ NK cells were detected in CI group of Europeans compared to SC and a decreased frequency of KIR2DL1/S1+ NK cells compared to controls. On the T cell side, higher frequencies of DNAM-1+ and CD57+ T cells were observed in SC in comparison to controls. Interestingly, SC subjects emphasized increased frequencies of KIR2DL2/L3/S2+ T cells compared to CI subjects. Our study underlines that the C2 environment may activate efficient KIR2DL1+ NK cells in viral context and maintain KIR2DL2/L3/S2+ mature T cell response in the absence of KIR2DL2 engagement with its cognate ligands in SC group of HCV-HIV co-infected European patients. 
INTRODUCTION
Worldwide, around 71 millions of people are infected with Hepatitis C Virus (HCV) and two millions of them are co-infected with Human Immunodeficiency Virus (HIV) (1). Spontaneous clearance (SC) of HCV has been observed in up to 45% of HCV mono-infected individuals while its prevalence is lower in HCV-HIV co-infected individuals (2). In addition to clinical and socio-demographic factors, SC of HCV has been associated with host genetic factors underlying the inter-individual variability of HCV (3) (4). Whilst IFN3 provides the most consistent genetic association with SC of HCV, other immune markers such as HLA and Killer-cell-Immunoglobulin-like receptor (KIR) polymorphic genes play a role (3).
Although the mechanisms of SC remain not completely understood, both adaptive and innate immunity may contribute to the control of HCV. In particular, Natural Killer (NK) cells may play a role by their anti-viral activity. NK cell functions are governed by diverse receptors including KIR. KIR are clonally expressed on NK cells, and represent a family of inhibitory and activating receptors specific for HLA class I molecules (5). KIR are also expressed on conventional T cells at a low frequency and conventional T cells possess a restricted KIR expression pattern, often dominated by a single KIR (6). KIR2DL1 recognizes HLA-Cw molecules from C2 group (Lys80), whereas KIR2DL2/L3, which segregate as alleles of a single locus, recognize remaining HLA-Cw molecules from C1 group (Asn80) and some HLA-Cw molecules belonging to C2 group such as HLA-Cw4 (7). All HLA-Cw molecules classified as C1 or C2 group thus represent KIR2DL ligands. KIR3DL1 recognizes the HLA-Bw4 epitope carried by some HLA-A and HLA-B molecules and KIR3DL2 recognizes HLA-A3/A11 molecules. KIR2DS1 and KIR2DS2 respectively recognize the C2 and C1 group ligands as their inhibitory counterpart (7) (8). The KIR3DS1 is the only KIR induced on activated NK cells (9) and its association with Bw4 molecules in controlling some viral infections has suggested a Bw4 specificity even if not clearly demonstrated (10). More recently, HLA-F has been demonstrated in vitro as a potential ligand for KIR3DS1 (11). KIR/HLA class I interactions play a crucial role in the functional education of KIR+ NK cells meaning that only KIR+ NK cells having encountered their KIR ligands are able to lyse HLA class I negative target cells (12). The interaction of an activating KIR with its specific ligand induces the activation of NK cells. At the genetic level, 14 functional KIR genes have been identified. The number and nature of KIR genes vary between individuals defining different KIR haplotypes (13). Haplotype A contains a fixed number of nine KIR genes, whereas haplotypes B contain a variable number of KIR genes. Various KIR genotypes were defined worldwide. A large allelic polymorphism with a potential phenotypic and functional impact has been also described for some KIR genes particularly for inhibitory KIR such as KIR3DL1 (14) (15). Overall, the functional KIR+ NK cell repertoire is defined not only by the KIR genotype but also by the immunological history of the individual and the HLA class I environment. Besides KIR, other NK cell receptors such as CD94-NKG2A and its activating CD94-NKG2C counterpart are involved in the sensing of HLA class I down-regulation following viral infection and NK cell licensing (16). Activating receptors such as DNAM-1 also modulate NK cell functions (17). Lastly, inhibitory and activating receptor expression is strongly associated with the differentiation and maturation status of NK cells. In particular, KIR2D+ NKG2C+ NK cells expressing CD57 define the late mature NK cell subset which is expanded during CMV infection (18). 
Since the last decade, different studies focusing on KIR genes and HLA class I ligands with SC of HCV have been reported so far (3). In a large sample size of predominantly HCV mono-infected people, a major contribution of KIR2DL3 gene and the corresponding C1 ligand, both at a homozygous status, was associated with SC of HCV in people who inject drugs (19). These genetic data may suggest a protective KIR2DL3+ NK cell activity mediated through the lack of a strong NK cell inhibition since weak interactions are usually observed between KIR2DL3 and C1 (20) but could also be related to an effect mediated by KIR+ T cells. Recent findings showed that inhibitory KIR strengthen CD8+ T cell-mediated control of HIV and HCV infection (21). In particular, KIR2DL2 enhanced the protective effect of HLA-B*57 on SC as reported in large Caucasian and African cohorts of HCV mono-infected individuals suggesting that expression of KIR2DL2 on CD8+ T cells may prevent T cell exhaustion even if not demonstrated (22). Few studies confirmed the beneficial KIR2DL3/C1C1 genetic association with HCV outcome (23) (24) but a lot of others did not confirm this genetic association or reported other KIR/HLA genetic combinations associated with the outcome of HCV infected subjects without extensive functional data sustaining a role of KIR+ NK or T cells (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36). These inconsistencies may be related to the heterogeneity of the ethnic groups, HLA/KIR genotyping methods or different modes of inheritance for specific markers taken into account (3). Moreover, most of these KIR/HLA immunogenetic studies assessing their role on the SC of HCV mainly concern only HCV mono-infected or mixed HIV-HCV co-infected and HCV mono-infected subjects. Since beneficial KIR/HLA genetic combinations have been reported in HIV mono-infected people (37), studies focusing on HIV-HCV co-infected subjects are needed. The role of NK cells on HCV infection outcome was mainly investigated in HCV mono-infected people but discordancies remain according to the stage of the disease, the treatment, and the methods of NK cell repertoire analysis (38) (39) (40). Functional studies have also shown the role of T cell responses in the SC of HCV (41). Here, we investigated for the first time the potential implication of both NK and T cells on SC of HCV in exclusively HIV-HCV co-infected individuals taking into account KIR/HLA genetic in investigating NK and T cell compartments in comparison to healthy unaffected controls and chronically infected counterparts. 
MATERIALS AND METHODS
Study population
We included subjects from the national cohort (HEPAVIH ANRS CO13) of HIV-HCV co-infected individuals with either chronic HCV infection (CI) (n=79), cured after treatment (n=72) or with a spontaneous clearance (SC) of HCV (n=53). Inclusion criteria in the HEPAVIH cohort were adult HIV-HCV co-infected individuals with either positive HCV RNA (active chronic HCV infection) with a possible negative viral burden during the follow-up (cured at least 6 months after HCV treatment) or spontaneously negative HCV RNA at diagnosis without any HCV treatment (SC) whatever the date of HIV and HCV contamination and HBV status, and signed informed consent. A second subset (VICKIR cohort) of HIV-HCV co-infected subjects for which frozen PBMC were available was enrolled in the Infectious Diseases Department of Nantes University Hospital including people with SC of HCV (n=15) and with failure to first generation treatment of HCV (n=12). Overall, 68 pooled HIV-HCV co-infected SC and 163 HIV-HCV co-infected CI individuals were studied. Clinical and virological data of HIV-HCV co-infected individuals (Table 1) included age, gender, geographic origin, date of diagnosis of HIV infection (1st positive serology), HIV subtype, CDC stage of HIV disease, duration of HIV infection, mode of HIV infection, number and percentage of CD4+ T cells at study visit, nadir CD4+ T cells, HIV RNA plasma viral load, date of diagnosis of HCV infection (1st positive serology), HCV plasma viral load at study visit, fibroscan, HCV genotype, type and duration of HCV therapy and IL28B genotype if available. 
Population control consisted of French healthy volunteer blood donors (n=100), all HIV and HCV negative and from European origin, recruited at the Blood Transfusion Center (EFS, Nantes, France). In accordance with the Declaration of Helsinki, informed signed consent was collected prior to the study in all HIV-HCV co-infected subjects and controls. Declaration of the preparation and conservation of the controls biocollection (DC-2014-2340) has been submitted to the French Ministry of Research and had received agreement from IRB (2015-DC-1) since 2015. 
PBMC and cell lines
PBMCs were isolated from citrate-phosphate-dextrose blood samples from controls and VICKIR subjects (S1 Table), using Ficoll-Hypaque density gradient centrifugation (Lymphoprep; Axis-Shield, Oslo, Norway) and cryopreserved. The HLA class I-deficient lymphoblastoid cell line 721.221, referred as 221 cells (ATCC CRL-1855), was used to assess the degranulation potential of NK cells. The 221 cell line was cultured in RPMI 1640 medium (Life Technologies, Paisley, United Kingdom) containing glutamine (Life Technologies) and penicillin-streptomycin (Life Technologies) supplemented with 10% heat-inactivated fetal calf serum (FCS) (Life Technologies). Mycoplasma tests performed by PCR were negative for this cell line.

KIR and HLA class I genotyping 

KIR genotyping were performed by multiplex PCR using KIR specific primers (42) on genomic DNAs from all HIV-HCV co-infected subjects (n=231) and controls (n=100). KIR genotypes were assigned following the presence or absence of activating KIR genes: AA KIR genotype defined by the presence of only KIR2DS4 as activating KIR genes, AB KIR genotypes defined by the presence of several activating KIR genes including KIR2DS4 and BB KIR genotypes defined by the presence of several activating KIR genes except KIR2DS4. Typing of HLA-A, -B, -C genes were performed on all HIV-HCV co-infected subjects and controls by Luminex technology (Thermofisher Scientific, USA). HLA-A, -B and -C typing were further divided in terms of specific KIR ligand: HLA-A3/A11+ for KIR3DL2, HLA-A and/or HLA-B Bw4+ for KIR3DL1/S1, C1C1+, C1C2+ and C2C2+ for KIR2DL1/2/3/S1/S2. Depending on analysis, HLA-C*04 was either included in the C1 or C2 group.
Phenotyping of lymphocyte subsets by multi-colour flow cytometry
The phenotype of NK cells (CD3-CD56+), T cells (CD3+CD56-) and CD56+ T (CD3+CD56+) cells were determined by multi-color flow cytometry (MFC, eight colors) using the following monoclonal antibodies (mAbs): anti-CD3-PerCP (SK7, BD Biosciences, San José, CA, USA), anti-CD56-APC-Cy7 (HCD56, Biolegend, San Diego, CA, USA), anti-CD56-PE (HCD56, Biolegend), anti-KIR2DL1-FITC (143211, R&D Systems, Minneapolis, MN, USA), anti-KIR2DL1/S1-PE (EB6, BD Biosciences), anti-KIR2DL1/S1-APC (EB6, BD Biosciences), anti-KIR2DL2/L3/S2-PC7 (GL183, BD Biosciences), anti-KIR2DL3-FITC (180701, R&D Systems), anti-KIR2DS4-APC (p50) (FES172, BD Biosciences), anti-KIR3DL1/S1-PE (Z27, BD Biosciences), anti-KIR3DL1-FITC (DX9, Biolegend), anti-KIR2DL3/S2-AF647 (1F12, EFS, Nantes, France) (43), anti-NKG2A-PC7 (Z199, BD Biosciences), anti-NKG2C-PE (134591, R&D Systems), anti-CD57-FITC (HNK1, Biolegend) and anti-DNAM-1-BV510 (11A8, Biolegend). MFC phenotypic data were collected using a 8-color flow cytometry (FACSCanto II, BD Biosciences) and analyzed with FlowjoTM 10.2 software (LLC, Ashland, OR, USA).
CD107a mobilization assay detected by flow-cytometry
Briefly, PBMC were pre-incubated with the anti‐CD107a‐BV421 (H4A3, Biolegend) mAb at 37°C. NK cell degranulation was assessed after incubation for 5h alone (control) or with the 221 target cells (E/T ratio=1:1) with brefeldin A (Sigma) at 10 µg/ml for the last 4h. Experiments were carried out in duplicate for each condition. After a membrane staining to target different NK cell subsets, MFC data were collected on a FACSCanto II instrument and analyzed with FlowjoTM 10.2 software (LLC).
Statistical analysis

For demographic characteristics of HIV-HCV co-infected subjects (Table 1), descriptive analyzes were performed. Categorical data were presented as numbers and frequencies of each modality and the quantitative data with their median and interquartile range. Frequencies of KIR genes, KIR ligands, and KIR/KIR ligand genetic combinations were compared between HIV-HCV co-infected SC and CI subjects. Categorical data were analyzed by Chi-square test. Statistical differences in KIR-KIR ligand frequencies between individuals were analyzed with unpaired t tests or one-way ANOVA test for multiple comparisons using the GraphPad Prism v6.0 software (San Diego, CA, USA). All KIR/KIR ligand genotypic data obtained were compared with variables taken into account namely patient-related parameters (demographic characteristics, stage of HIV infection, people on ART or not) and the evaluation criteria such as HIV viral load, duration of HIV disease, the number and nadir of CD4+ T cells, and HCV genotypes. The role of KIR-HLA combinations were explored taking into account response to anti-HCV therapy, HCV and HIV viremia, CD4 T cell counts, IL28B, age, gender. The description of the different variables was first carried out on all HIV-HCV co-infected individuals, and according to the group of individuals (SC vs CI), then restricted only to individuals of European origin. Bivariate analyzes were performed on individuals of European origin to compare the characteristics of SC and CI individuals. A multivariate analysis using a logistic regression, still to compare the characteristics of SC and CI, was then carried out integrating the variables having a p-value less than 0.2, and then removing the different non-informative variables according to the AIC (Akaike Information Criterion). The results of these analyzes are presented as odds-ratio (OR), with their associated 95% confidence interval. All statistical analyses were performed using R 3.4.3 software. 
Frequencies of NK, T, CD56+ T cells and CD107a+ NK cells between HIV-HCV co-infected subjects (SC and CI) and controls (Ctrl) were analyzed with one-way ANOVA test for multiple comparisons using the GraphPad Prism v6.0 software. P values<0.05 were considered statistically significant.
 RESULTS
Clinical and immunovirological characteristics of HIV-HCV co-infected individuals 

In the population of HIV-HCV co-infected adults (N=231) including subjects with SC of HCV (N=68) and CI (N=163), SC were significantly older, with a longer duration of known HCV infection, less frequently IVDU, a higher CD4+ T cell nadir and CD4+ T cell counts compared to CI individuals (Table 1). Gender, geographical origin, HIV CDC stage were not different within the two groups. 
Association of C2C2 KIR ligand with spontaneous clearance of HCV in European HIV-HCV co-infected individuals
Worldwide population studies have reported that KIR gene, KIR genotype and KIR ligand frequencies differ between populations (44). In this study, HIV-HCV co-infected individuals were either from European (84.1%) or from African (15.9%) geographic origin. To highlight any potential KIR gene and/or KIR-KIR ligand genetic combinations associated with SC of HCV, both polymorphic KIR and HLA class I genes were first assigned in the entire cohort of HIV-HCV co-infected subjects. KIR gene, KIR genotype, KIR ligand and KIR/KIR ligand frequencies were similar between SC and CI and between HIV-HCV co-infected individuals and unaffected healthy blood donors, all from French origin (controls) (data not shown). 
 The absence of associations of KIR/KIR ligand genetic combinations with SC of HCV in the entire cohort led us to restrict our analysis to European people who were predominant, including 57 SC and 134 CI individuals (Table 1).  Specific HLA-A and HLA-B KIR ligand frequencies were identical between SC and CI subjects (Fig. 1a, b). Interestingly, European SC were characterized by increased frequencies of HLA-B Bw4 I80 and HLA-A+HLA-B Bw4 compared to controls (46% vs 25%, p=0.013 and 19% vs 8%, p=0.044 respectively) (Fig 1b) suggesting a favored Bw4 environment. Conversely, the frequency of HLA-B Bw4-Bw4- was decreased in SC compared to controls (33% vs 50%, p=0.047) (Fig 1b). European CI were characterized by a decreased frequency of HLA-A Bw4 compared to controls (10% vs 20%, p=0.034) and increased frequencies of HLA-A+HLA-B Bw4 and HLA-B Bw4-Bw4- compared to controls (20% vs 8%, p=0.013 and 33% vs 50%, p=0.0095 respectively) as previously mentioned for SC subjects (Fig 1b). Besides HLA-B KIR ligands, European SC were characterized by an increased frequency of C2C2 (30% vs 16%, p=0.05; 23% vs 10% HLA-C*04 excluded, p=0.025) compared to CI (Fig 1c). Interestingly, the frequency of C2C2 was particularly high in European SC since representing only 17% in controls (Fig 1c). Besides KIR ligand frequencies, although KIR3DL2+/HLA-A3/A11 (Fig 1d) and KIR3DL1+/Bw4 (Fig 1e) genetic combinations were similar between SC and CI individuals, European SC exhibited a higher frequency of KIR3DS1+/HLA-B Bw4 I80+ compared to CI (23% vs 11%, p=0.044) (Fig 1e). Due to a favored Bw4 environment, SC individuals showed a higher frequency of the KIR3DL1+/HLA-A/B Bw4 genetic combination compared to controls (81% vs 64%, p=0.031) (Fig 1e). Interestingly, in accordance with the predominance of C2C2 ligands, European SC were characterized by a higher frequency of KIR2DL1+/C2C2 (28% vs 14%, p=0.023) and KIR2DL2/3+/C2C2 (30% vs 16%, p=0.032; 23% vs 10% HLA-C*04 excluded, p=0.027) genetic combinations (Fig 1f). Conversely, a lower frequency of the KIR2DL2/3+/C1+ (i.e C2C2-) genetic combination was observed in European SC (70% vs 82%, p=0.032; 77% vs 89%, p=0.041 HLA-C*04 included) compared to European CI (Fig 1f). European CI exhibited a higher frequency of KIR2DL2/3+/C1+ compared to controls (89% vs 69%, p=0.0004, HLA-C*04 included) (Fig 1f). These genetic KIR/HLA associations suggest in particular that NK cells from European SC preferentially evolved in a C2C2 environment. Bivariate analysis confirmed the beneficial associations of C2C2, KIR2DL1+/C2C2, KIR2DL2/3+/C2C2 and KIR3DS1+/HLA-B Bw4 I80 genetic combinations with SC of HCV in European HIV-HCV co-infected subjects (Table 2). Besides KIR/KIR ligand genetic combinations, European SC were significantly older, characterized by a lower proportion of IVDU HIV or HCV contamination and a higher number of nadir CD4+ T cells compared to European CI (Table 2). Multivariate analysis confirmed on a limited sample size that the C2C2 environment, and in a lesser extent, age, IVDU HIV contamination, were associated with SC of HCV in European HIV-HCV co-infected subjects (Table 3).
Functional KIR2D+ NK cell repertoire in European HIV-HCV co-infected subjects with spontaneous clearance of HCV 
As C1 and C2 KIR ligands impact on the phenotypic and functional composition of KIR2D+ NK cell repertoire, we investigated the KIR+ NK cell phenotype in representative French healthy blood donors (Ctrl), HIV-HCV co-infected SC and CI subjects from the VICKIR cohort for which frozen PBMC were available and displaying different HLA-C environment and KIR genotypes (S1 Table). Although a small sample size, C2C2 environment was more prevalent in SC (43%) compared to CI (30%) subjects (S1 Table). A different combination of specific anti-KIR mabs gives us the opportunity to define mono-specific KIR+ NK cell subsets, KIR2DL1, KIR2DS1, KIR2DL2, KIR2DL3, KIR2DS2, KIR2DS4, and KIR3DL1 being clearly targeted on NK cells in accordance with KIR genotype (Fig 2). European SC individuals exhibit the same frequencies of total NK cells (Fig 2a), KIR2DL1/S1+, KIR2DL1+, KIR2DL1+/S1-, KIR2DL1+/S1+, KIR2DS1+/L1- (Fig 2b), KIR2DL1/S1+/L2/3/S2-, KIR2DL2/3/S2+, KIR2DL2/3/S2+/L1/S1-, KIR2DL3+, KIR2DL2+, KIR2DS2+ (Fig 2c), KIR3DL1+, KIR2DS4+ (Fig 2d), NKG2A+, NKG2C+ (Fig 2e) and DNAM-1+ (Fig 2f) NK cell subsets compared to controls. In contrast, CI exhibited decreased frequencies of KIR2DS1+/L1- (3.49% vs 9.06%, p=0.041, Fig 2b) and KIR2DL2+ (1.52% vs 6.59%, p=0.034, Fig 2c) NK cells compared to SC and of KIR2DL1/S1+ (9.10% vs 22.97%, p=0.013), KIR2DL1+ (5.88% vs 15.62%, p=0.024), KIR2DL1+/S1+ (0.67% vs 3.62%, p=0.031), KIR2DL1/S1+/L2/3/S2- (4.80% vs 13.30%, p=0.039) NK cells compared to controls (Fig 2b, 2c). Both SC and CI showed a decreased frequency of CD57+ NK cells compared to controls (32.9% vs 40.65%, p=0.026 and 27.80% vs 40.65%, p=0.017 respectively) (Fig 2f) suggesting less differentiated NK cells. 
In addition to unaltered KIR2D+ NK cell phenotype in SC compared to controls,  KIR2DL1/S1+/L2/3/S2- (Fig 2g), KIR2DL2/3/S2+/L1/S1- and KIR3DL1+ (data not shown) NK cells from SC individuals are functional in terms of degranulation and exhibit CD107a+ NK cell frequencies higher to controls (42.8% vs 34.4%, p>0.05) and to CI individuals (42.8% vs 24.0%, p>0.05) although results did not reach significance due to a limited sample size. Overall, SC of HCV in European HIV-HCV co-infected subjects was associated with functional KIR2D+ NK cells sustaining a beneficial potential of degranulation of KIR2DL1+ NK cells especially in a C2 environment.  
Mature KIR2DL2/3/S2+ T cells as a hallmark of spontaneous clearance of HCV in European HIV-HCV co-infected individuals
In addition to NK cells, KIR impact on T cell mediated adaptive immunity and a role of KIR+ T cells in HIV and HCV infection has been reported (21). KIR are expressed on non-conventional CD56+ T cells which have a particular phenotype potentially modulated by KIR being expressed at a high frequency. Since CD56+ T cell phenotype has never been investigated in HIV-HCV co-infected individuals, we performed a high-resolutive phenotyping of CD56+ T cells in European SC, CI and controls from the same individuals as ones previously studied for NK cell compartment (S1 Table). No significant differences of CD56+ T cell phenotype was observed between SC, CI subjects and controls (data not shown). In parallel, a high-resolutive phenotyping of conventional T cells was investigated on European SC, CI and controls. Although SC and controls exhibit the same frequencies of T cells, CI subjects showed a decreased frequency of T cells compared to controls (69.60% vs 77.20%, p=0.038, Fig 3a). KIR2DL1/S1+, KIR3DL1+ and KIR2DS4+ T cell subset frequencies were similar in SC, CI and controls, all at low frequencies (data not shown). Interestingly, KIR2DL2/3/S2+ T cell frequencies were significantly higher in SC compared to controls (1.97% vs 0.75% p=0.042) and to CI (1.97% vs 0.52% p=0.015) (Fig 3b). The increase of KIR2DL2/3/S2+ T cells in SC patients could be linked to an increase of KIR2DL2+ T cells especially in C2+ SC subjects compared to C2+ controls (2.05% vs 0.53%, p=0.02) and to C2+ CI subjects (2.05% vs 0.19%, p=0.040) although a limited sample size of KIR2DL2+ genotyped individuals included (data not shown).

Besides KIR, SC showed an increased frequency of CD57+ and DNAM-1+ T cells compared to controls (13.90% vs 5.83%, p=0.005 and 67.80% vs 29.75%, p<0.0001, respectively Fig 3c) arguing that HIV-HCV co-infected subjects exhibit activated T cells. CI showed an increased frequency of DNAM-1+ T cells compared to controls (77.00% and 29.75% p<0.0001, Fig 3c). Overall, these phenotypic data sustain a beneficial impact of differentiated KIR2DL2/3/S2+/CD57+/DNAM-1+ T cells in SC of HCV in HIV-HCV co-infected individuals. 
DISCUSSION
Our study examined for the first time the role of KIR/HLA genetic combinations combined to NK, T, CD56+ T cell phenotyping and NK cell degranulation on the SC of HCV in French HIV-HCV co-infected people. Although a limited sample size, multivariate analysis confirmed increased frequencies of C2C2 in SC compared to CI subjects only in those of European origin underscoring the importance of both individual background and HLA class I environment associated with a specific KIR2D+ NK and T cell repertoire. 
In a previous study involving a large cohort of UK and US HCV infected people,  presence of C1C1 in KIR2DL3 homozygous individuals was associated with the SC of HCV (19). This protective KIR2DL3/C1C1 association was observed both in Caucasians and African Americans but only in non-transfused individuals (19). More recently, the KIR3DL1/HLA-B Bw480T genetic combination was found associated with SC of HCV in German people who injected drugs (33). However, in these two studies, mixed HCV mono-infected - who were predominant - and HIV-HCV co-infected people were included preventing any comparison. In our HIV-HCV co-infected cohort, neither KIR2DL3/C1C1 nor KIR3DL1/HLA-Bw480T genetic combinations were associated with SC of HCV. Individual background and mode of HIV and/or HCV contamination may account for these discordances. In addition to KIR/HLA polymorphism, one cannot exclude the role of the favorable IL28B CC genotype in SC of HCV (45) and the HCV genotype not taken into account due to unavailable typing for SC individuals in this retrospective and multicentric study. Of note, HCV is not accessible in SC people. For this reason, genotyping for subtype and IL28B identification is not feasible.
Besides KIR/HLA genetic markers, we found that older age and less IVDU contamination were associated with SC of HCV. A recent meta-analysis found that the likelihood of SC of HCV was lower in males, HIV-infected individuals, absence of HBV co-infection, asymptomatic infection, black race, non-genotype 1 infection, older age and alcohol or drug problems (46). Our results are similar except for age. However, we took into account the age at time of SC diagnosis and not the age at time of SC that may be several years apart and explained the difference.
In our study, no association of total NK cell frequencies with the SC of HCV or CI was found as previously reported (39). Interestingly, we reported no alteration of both KIR2D+ NK cell phenotype and function in terms of degranulation in SC individuals. The preferential C2C2 environment of SC may sustain a preponderant role of licensed KIR2DL1+ NK cells. Indeed, KIR2DL1+ NK cells specifically interact with HLA-Cw molecules of C2 specificity with a strong binding whereas KIR2DL2/3+ NK cells interact with HLA-Cw molecules of C1 specificity with a weak binding and also with some HLA-Cw molecules belonging to C2 group (7). In contrast, lower frequencies of KIR2D+ NK cells in CI suggest a deleterious imprint of HCV and/or HIV on NK cell repertoire in chronically infected HIV-HCV individuals. So far, few studies have analyzed KIR+ NK cell repertoire in HCV infected individuals. It has been shown that KIR3DL1+ NK cell functionality in terms of cytokineproduction and degranulation was associated with SC of HCV in HLA-Bw4 80(T)+ people who injected drugs, predominantly HCV mono-infected (33). However, NK cell response was restricted only to KIR3DL1+ NK cells without taking into account KIR2D+ NK cell repertoire (33). In contrast, we did not report any impact of KIR3DL1+ NK cell repertoire, even in a favored Bw4 environment, in HIV-HCV co-infected individuals. HLA class I environment, individual background not taken into account in the German cohort and mode of HIV and/or HCV contamination may account for these discordances. 
Beside KIR+ NK cell repertoire, HIV-HCV co-infected people included in our study were characterized by a decreased frequency of CD57+ NK cells compared to controls. In contrast, a mature CD57+ NK cell expansion has been reported after HIV or HCV mono-infected subjects as a consequence of cumulative lifetime exposure to infections (47). In HIV-HCV co-infected subjects, a higher frequency of CD57+, NKG2C+ NK cells compared to HIV and HCV mono-infected people, and a lower frequency of NKG2A+ NK cells compared to controls have been reported (38). However, in this latter study, there was no discrimination between SC if any and CI among HIV-HCV co-infected subjects and no resolutive KIR+ NK cell phenotype determination was done preventing any comparison (38). 
On the T cell side, we reported an increased frequency of CD57+, DNAM-1+ and KIR2DL2/3/S2+ T cells in SC compared to controls. Chronic viral infections such as HIV and HCV offer some of the best examples of expansion of CD57+ CD8+ T cells (47). CD57+ T cells are presumed to lack proliferative capacity and are known to increase in frequency with chronic immune activation as well as during normal aging. It has been shown that CD8+ T cells may up-regulate CD57 and become senescent during CI with pathogens including HIV, and HCV (47). Moreover, expression of inhibitory markers as PD-1, TIM3 is increased on effector memory T cells in HIV-HCV co-infected as compared to HCV or HIV mono-infected subjects (48). These expressions are usually associated with decreased proliferation and cytotoxicity in HIV-HCV coinfection. Cytokine microenvironment could also play a role. Thus, systemic elevation of pro-inflammatory IL-18 has been reported in HIV-HCV co-infected versus HIV or HCV mono-infected subjects (49). We hypothesize that presence of cytokines as IL-18 in HIV-HCV co-infected individuals may increase KIR2DL2/3/S2+ T cell frequencies. An extended T cell phenotype in the presence of IL-18 associated to functional assays on a larger sample size of HIV-HCV co-infected individuals could confirm this hypothesis since functional CD8 T cells play a key role in spontaneous HCV clearance. 
Overall, our data suggest a role of mature T cells and KIR2D+ NK on the SC of HCV in European HIV-HCV co-infected individuals. This may imply a regulation of cell surface expression of HLA-C molecules on infected cells. The modulation of HLA-C expression by HCV remains unclear but the down-regulation of HLA-Cw molecule expression following HIV infection (50) suggests a down-regulation of HLA-Cw molecules on infected cells in HIV-HCV co-infected individuals. In a specific C2C2 environment, our data sustain that the SC of HCV in European HIV-HCV co-infected individuals may be driven by an efficient KIR2DL1+ NK cell response given the restricted C2 specificity and the strong interactions occurring between KIR2DL1 and C2 molecules. 
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FIGURE LEGENDS 
Fig. 1: C2C2, KIR2DL1+/C2C2, KIR2DL2/3+/C2C2 and KIR3DS1+/HLA-Bw4 I80 genetic combinations associated with spontaneous clearance of HCV in European HIV-HCV co-infected subjects. KIR ligand frequencies determined from HLA-A (a), HLA-B (b), and HLA-C typing (c). KIR3DL2/HLA-A (d), KIR3DL1/S1/HLA-A/B Bw4 (e) and KIR2DL1/2/3/S1/2/HLA-C (f) genetic combination frequencies established in European HIV-HCV co-infected subjects with spontaneous clearance (SC, n=57) and with chronic infection (CI, n=134) of HCV and in healthy volunteer blood donors (Ctrl, n=100). Statistical significance (*, p≤0.05; **, p≤0.01, ***, p≤0.005) between groups was determined using Chi2 test.
Fig. 2: Functional KIR2D+ NK cell repertoire in European HIV-HCV co-infected subjects with spontaneous clearance of HCV. Density plot illustrating the strategy used to target NK cells (CD3-CD56+) and corresponding frequencies (scatter plots) of NK cells (a), density plots and frequencies of KIR2DL1/S1+, KIR2DL1+, KIR2DL1+/S1-, KIR2DL1+/S1+, KIR2DS1+/L1- (b), KIR2DL1/S1+/L2/3/S2-, KIR2DL2/3/S2+, KIR2DL2/3/S2+/L1/S1-, KIR2DL3+, KIR2DL2+, KIR2DS2+ (c) KIR3DL1+ and KIR2DS4+ NK cells (d), frequencies of NKG2A+ and NKG2C+ (e), CD57+ and MFI of DNAM-1+ NK cells (f), frequencies of CD107a+ KIR2DL1/S1+/L2/3/S2- NK cells (g) from healthy donors (Ctrl), European HIV-HCV co-infected subjects with spontaneous clearance of HCV (SC) and European HIV-HCV co-infected subjects with chronic infection (CI). The results are represented as median +/- standard errors of the mean. Statistical significance (*, p≤0.05) between more than two groups were determined using one way ANOVA.
Fig. 3: Mature KIR2DL2/3/S2+ T cells are a hallmark of spontaneous clearance of HCV in European HIV-HCV co-infected individuals. Density plot illustrating the strategy to target T cells (CD3+CD56-) and corresponding frequencies (scatter plots) of  T cells (a), KIR2DL2/3/S2+ T cells using a combination of anti-KIR2DL3 (180701) and in-house anti-KIR2DL3/S2 (1F12) mAbs (43) (b), CD57+ and DNAM-1+ T cells using anti-CD57 (HNK1) and anti-DNAM-1 (11A8) mabs respectively (c) from controls (Ctrl), European HIV-HCV co-infected subjects with spontaneous clearance of HCV (SC) and European HIV-HCV co-infected subjects with chronic infection (CI). The results are represented as median +/- standard errors of the mean. Statistical significance (*, p≤0.05, **, p≤0.01, ****, p≤0.0001) between more than two groups were determined using one way ANOVA.
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