
Protective genotypes in HIV infection reflect superior function of 
KIR3DS1+ over KIR3DL1+ CD8+ T cells

Katrin Zipperlen1, Maureen Gallant1, Staci Stapleton1, John Heath1, Lisa Barrett2, and 
Michael Grant1,3

1Division of BioMedical Sciences, Faculty of Medicine, Memorial University of Newfoundland, St. 
John’s, NL, Canada

2Division of Infectious Diseases, Department of Medicine, Dalhousie University, Halifax, NS, 
Canada

Abstract

Certain human class I histocompatibility-linked leukocyte antigen (HLA)/killer cell 

immunoglobulin-like receptor (KIR) genotypic combinations confer more favourable prognoses 

upon exposure to human immunodeficiency virus (HIV). These combinations influence natural 

killer (NK) cell function, thereby implicating NK cells in protection from HIV infection or disease 

progression. Since CD8+ T cells restrict HIV replication, depend upon HLA class I antigen 

presentation and can also express KIR molecules, we investigated how these HLA/KIR 

combinations relate to the phenotype and function of CD8+ T cells from uninfected controls and 

individuals with chronic HIV infection. CD8+ T cells from KIR3DL1 and KIR3DS1 homozygous 

individuals, and expressing the corresponding KIR, were enumerated and phenotyped for CD127, 

CD57 and CD45RA expression. Ex vivo and in vitro responsiveness to antigen-specific and 

polyclonal stimulation was compared between KIR-expressing and non-expressing CD8+ T cells 

by interferon-γ production. There were higher numbers and fractions of KIR3DL1-expressing 

CD8+ T cells in HIV-infected individuals independent of HLA-Bw4 co-expression, whereas 

expansion of KIR3DS1-expressing CD8+ T cells reflected HLA-Bw4*80I co-expression. 

KIR3DL1+ and S1+ CD8+ T cells were predominantly CD127−CD57+CD45RA+. KIR3DL1-

expressing CD8+ T cells were insensitive to ex vivo stimulation with peptides from HIV or 

common viruses, but responded to anti-CD3 and recovered responsiveness to common viruses in 

vitro. Ex vivo non-responsiveness of KIR3DL1-expressing CD8+ T cells was also independent of 

HLA-Bw4. KIR3DS1-expressing T cells responded normally to ex vivo antigenic stimulation, 

illustrating functional superiority over KIR3DL1+ CD8+ T cells.
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Introduction

Killer cell immunoglobulin-like receptors (KIR) are polymorphic transmembrane signaling 

proteins expressed on natural killer (NK) cells and some T cells. There are 15 different KIR 

proteins named for having either two (KIR2D) or three (KIR3D) extracellular domains with 

either long (L) or short (S) cytoplasmic tails1. Inhibitory KIR antagonize activation-related 

phosphorylation events by recruiting SHP-1 and SHP-2 phosphatases via intracellular 

tyrosine inhibitory motifs in their long cytoplasmic tails. Activating KIR, except KIR2DL4, 

have short cytoplasmic tails containing a basic amino that interacts with adaptor proteins 

such as DAP12 to recruit protein kinases and promote activation-related phosphorylation 

events. Specific extracellular ligands for KIR molecules are found within the highly diverse 

set of class one human histocompatibility linked leukocyte antigen (HLA) molecules that 

present peptides to CD8+ T cells. However, rather than directing their selective recognition 

on highly polymorphic regions of HLA-A, B or C molecules, individual KIR focus either on 

relatively non-polymorphic HLA-G molecules or amino acid (aa) sequences common to 

roughly half of the polymorphic HLA-B or C alleles2. From the perspective of KIR 

restriction, this collapses the vast polymorphism of class I HLA-B and C molecules into five 

groups (C1, C2, Bw4*80T, Bw4*80I and Bw6). In a process termed licensing, engagement 

of cognate class one HLA ligands by inhibitory KIR during NK cell maturation empowers 

subsequent NK cell activation by stressed, transformed, infected or otherwise altered 

autologous cells3. Regulation of mature NK cell activity is effected by integration of positive 

and negative signals received through KIR and other receptors1, 4–7. Multiple allelic variants 

of KIR and MHC molecules engender cognate interactions across a range of affinities and 

since KIR and MHC genes are inherited independently, identical KIR molecules function 

differently in MHC-disparate hosts. This idiosyncrasy is thought to underlie associations 

between outcomes of microbial infection or exposure and co-expression of particular allelic 

forms of KIR with their ligands8–15.

In HIV infection, delayed disease progression is associated with co-expression of KIR3DS1 

and class 1 HLA-Bw4 molecules incorporating isoleucine at aa 80 (Bw4*80I)12. While this 

association as yet has no demonstrated physical basis, the role of KIR molecules and HLA 

in modulating NK cell function suggests the KIR3DS1/HLA-Bw4*80I combination delivers 

enhanced NK cell surveillance against HIV. Although subjects with a KIR genotype 

including either KIR3DS1 or the HLA Bw4 epitope have higher mean NK cell activity than 

subjects with neither, relative protection from HIV disease progression requires the 

combination12, 16. In vitro experiments suggest a specific interaction between KIR3DS1 on 

NK cells and Bw4*80I on HIV-infected CD4+ T cells enhances NK suppression of HIV 

replication17. During acute HIV infection, KIR3DS1+ NK cells selectively expand and a 

KIR3DS1-associated aa polymorphism in HIV Gag suggests immune selective pressure 

exerted on HIV by NK cells18, 19. However, no functional interaction between KIR3DS1 and 

HLA-Bw4*80I directly explaining the association with delayed disease progression has 

been delineated20. In another study, modest NK inhibition of HIV replication was observed 

irrespective of the donor’s HLA and KIR genotype21. Thus, the impact of co-ordinate 

KIR/HLA genotypes on NK surveillance against HIV and the contribution of NK cells in 

general to delayed disease progression in HIV infection remain controversial.

Zipperlen et al. Page 2

Immunol Cell Biol. Author manuscript; available in PMC 2015 July 13.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



Another possible explanation for the relationship between slow disease progression and co-

expression of HLA Bw4*80I and KIR3DS1 is that inhibitory KIR alleles negatively affect T 

cell behaviour compared to activating KIR. Activation of T cells is reduced by inhibitory 

KIR engaging their cognate class I ligands, suggesting that in certain settings, a lack of 

inhibitory signaling through HLA-Bw4 engagement favours KIR-negative and KIR3DS1-

expressing T cell function22–26. Since the number of CD8+ T cells expressing KIR increases 

in HIV infection, the antiviral cellular immune responses of some KIR3DS1 versus 

KIR3DL1-expressing individuals might be differentially affected by their CD8+ T cell KIR 

expression27. If, as suggested by epidemiological associations and the specificity of closely 

related KIR3DL1 alleles, HIV infection transforms HLA-Bw4*80I into the KIR3DS1 

ligand, any advantage to KIR3DS1 expression might be augmented by co-expression of 

HLA-Bw4*80I7, 12, 28, 29. A number of class I HLA molecules expressing Bw4*80I are 

associated with delayed disease progression in HIV infection independent of KIR genotype, 

presumably through better presentation of HIV peptides to CD8+ T cells. Ancillary 

stimulation of HIV-specific CD8+ T cells through KIR3DS1 and Bw4*80I engagement 

during HIV peptide recognition might further enhance CD8+ T cell surveillance against 

HIV30, 31.

To test the possibility that differential behaviour related to expression of either the inhibitory 

KIR3DL1 or activating KIR3DS1 molecule on CD8+ T cells could potentially contribute to 

the association between delayed HIV disease progression and co-expression of KIR3DS1 

with HLA-Bw4*80I, we compared phenotypic and functional attributes of KIR3DL1-

expressing CD8+ T cells to those of KIR3DS1-expressing CD8+ T cells in both HIV-infected 

individuals and uninfected controls, with or without co-ordinate expression of cognate class 

I HLA ligands. Our data are consistent with the functional superiority of KIR3DS1-

expressing over KIR3DL1-expressing CD8+ T cells being a potential factor contributing to 

delayed disease progression in HIV infection.

Results

KIR3DL1/S1 expression on CD8+ T cells in HIV Infection

Since KIR expression is more common on CD8+ T cells than CD4+ T cells, we compared 

the percentage of CD8+ T cells expressing KIR3DL1 between KIR3DL1 homozygous HIV-

infected subjects and uninfected controls. A higher median percentage of CD8+ T cells from 

HIV-infected individuals than uninfected controls expressed KIR3DL1 (0.6, IQR 0.25–1.15 

versus 0.2, IQR 0.15–0.6, p = 0.0339, fig. 1a). To test whether this expansion of KIR3DL1-

expressing CD8+ T cells was related to co-expression of the class I HLA Bw4 ligand, we 

compared the percentage of KIR3DL1-expressing CD8+ T cells between KIR3DL1 

homozygous HIV-infected subjects who were either Bw6 homozygous, Bw4*80T or 

Bw4*80I. There was no significant difference in the percentage of CD8+ T cells expressing 

KIR3DL1 between these groups (p = 0.8274, fig. 1b). These data indicate that expansion of 

CD8+ T cells expressing inhibitory KIR3DL1 in HIV infection is independent of co-

expression of the HLA-Bw4 ligand.

Multivariate regression analyses were performed to evaluate associations between the 

percentage of KIR3DL1+ T cells and plasma HIV viral load, β-2 microglobulin level, CD8+ 
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T cell count, CD4+ T cell count, magnitude of CMV-specific CD8+ T cell response and 

relative CMV-specific humoral response. Univariate correlation of each potential variable 

with percentage of KIR3DL1+ T cells was performed and variables were included in the 

multivariate model if the two-sided p < 0.10. Univariate analysis demonstrated that only 

CD8+ T cell count (Spearman’s rho = 0.382, p = 0.001) and magnitude of CMV-specific 

CD8+ T cell response (Spearman’s rho = 0.348, p = 0.010) were significantly associated 

with the percentage of T cells expressing KIR3DL1 in the group of HIV-infected 

individuals. Model assumptions were tested and met and the final model containing CD8+ T 

cell count had a reasonable goodness of fit (R2 = 0.558). Magnitude of CMV-specific CD8+ 

T cell response did not explain a significant amount of the variation compared to CD8+ T 

cell count and was not included in the final model.

There was no significant difference in the percentage of CD8+ T cells expressing KIR3DS1 

between the small number of HIV-infected and uninfected KIR3DS1 homozygotes 

identified. As KIR3DS1 homozygous individuals were rare, we compared the percentage of 

KIR3DS1-expressing CD8+ T cells between Bw4*80I expressers and others (Bw4*80T and 

Bw6) across HIV-infected and uninfected groups. Homozygous KIR3DS1 subjects co-

expressing HLA-Bw4*80I had a significantly higher median percentage of CD8+ T cells 

expressing KIR3DS1 (0.4, IQR 0.4–1.2 versus 0.2, IQR 0.1–0.3, p = .0177, fig. 1c). This 

suggests that expansion of KIR3DS1+ CD8+ T cells in KIR3DS1 homozygous individuals 

relates to co-expression of the HLA-Bw4*80I epitope, which potentially serves as a ligand 

for KIR3DS1 under certain circumstances.

Phenotype of KIR3DL1/S1+ CD8+ T cells

Expression of KIRs on T cells is generally associated with previous activation22–26. 

Therefore, we evaluated expression of CD45RA, CD57 and CD127 on KIR3DL1+ and 

KIR3DS1+CD8+ T cells from homozygous HIV-infected and uninfected individuals to 

assess memory and effector cell status (fig. 2a, b). In the HIV-infected group, the median 

percentages (with IQR) of KIR3DL1+ CD8+ T cells that were CD45RA+, CD57+ and 

CD127+ respectively were 96.9 (91.7–100), 76.5 (71.5–92.6) and 25.6 (11.5–33.3) Values in 

the uninfected group were very similar 92.9 (68.9–98.9), 71.4 (50.0–95.5) and 31.0 (14.5–

55.0) with no significant differences between them (two tailed Mann-Whitney test). This 

common predominant CD45RA+CD57+CD127− phenotype suggests that KIR3DL1 

expression on CD8+ T cells from HIV-infected and uninfected individuals reflects similar 

histories of antigen exposure, activation, proliferation and differentiation. However, a small 

percentage of KIR3DL1+ CD8+ T cells do express CD127, a marker generally characteristic 

of naïve or central memory T cells. Although there were few KIR3DS1 homozygotes and a 

low percentage of CD8+ T cells expressing KIR3DS1 in most of them (fig. 1c), we assessed 

KIR3DS1+CD8+ T cell phenotypes in 7 HIV-infected individuals. The median percentages 

(with IQR) of KIR3DS1+ CD8+ T cells that were CD45RA+, CD57+ and CD127+ 

respectively were 43.5 (35.0–76.0), 93.5 (77.3–98.8) and 25.0 (19.5–50.) The same 

CD45RA+CD57+CD127− phenotype as expressed by the KIR3DL1+ CD8+ T cells from 

HIV-infected individuals was prominent, but there was a trend towards more 

KIR3DS1+CD8+ T cells expressing CD57 and significantly fewer KIR3DS1+ than 

KIR3DL1+ CD8+ T cells in HIV-infected individuals expressed CD45RA (p = 0.1164 and p 
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= 0.0003) respectively, two-tailed Mann-Whitney test, fig. 3). Therefore, expression of 

inhibitory or stimulatory KIR3DL1 alleles on CD8+ T cells in HIV infected individuals is 

associated with a similar terminally differentiated, effector memory cell-like phenotype with 

some variation in CD57 and CD45RA expression.

Ex vivo responsiveness of KIR3DL1/S1+CD8+ T cells

The responsiveness of KIR3DL1+ and KIR3DS1+ CD8+ T cells to antigen specific and anti-

CD3 stimulation ex vivo was tested in the setting of different genotypic combinations. When 

CD8+ T cells from KIR3DL1 homozygous individuals co-expressing HLA-Bw4 were 

stimulated with single antigenic peptides or peptide pools from CMV or HIV, 

KIR3DL1+CD8+ T cells did not produce interferon-gamma (IFN-γ), despite specific IFN-γ 
responses in the homologous KIR3DL1−CD8+ T cell population. Data shown in figure 4 is 

representative of experiments carried out with 12 HIV-infected individuals and 6 uninfected 

controls. This suggests that in the setting of HLA-Bw4 co-expression, KIR3DL1+CD8+ T 

cells are anergic to antigen-specific stimulation. Anergy to antigen-specific T cell 

stimulation was largely independent of in vivo exposure to the HLA-Bw4 ligand of 

KIR3DL1 as KIR3DL1+ CD8+ T cells from 9 of 10 HLA-Bw6 homozygous individuals 

were also anergic to antigen-specific stimulation with peptides from common viruses or HIV 

(fig. 5a, b). Only 1 individual with a robust CMV-specific response had KIR3DL1+CD8+ T 

cell responses against CMV and the fraction of KIR3DL1+CD8+ T cells responding was less 

than that of the KIR3DL1−CD8+ T cell population (fig. 5c). The unresponsiveness of 

KIR3DL1+CD8+ T cells from HLA-Bw4 expressing individuals to stimulation through the T 

cell receptor complex was overcome by anti-CD3 in 10/10 individuals tested (fig. 5d), 

showing that even in this setting, KIR3DL1+CD8+ T cells were not completely anergic. 

However, ex-vivo antigen-specific responsiveness of KIR3DL1+CD8+ T cells is absent or 

greatly reduced greatly reduced in both HLA-Bw4-expressing and HLA-Bw6 homozygous 

individuals. In contrast to KIR3DL1+CD8+ T cells, KIR3DS1+CD8+ T cells from 3/3 HIV-

infected individuals tested responded to antigen-specific stimulation with common viral 

peptides and HIV peptides by producing IFN-γ (fig. 6). Despite their similar phenotype, 

KIR3DS1+ CD8+ T cells are functionally superior to KIR3DL1+ CD8+ T cells in terms of ex 
vivo IFN-γ production following antigen-specific stimulation with HIV or other common 

viral peptides.

In vitro responsiveness of KIR3DL1+ CD8+ T cells

To test whether KIR3DL1+ CD8+ T cells from HLA-Bw4+ KIR3DL1 homozygous 

individuals could recover antigen-specific responsiveness after in vitro culture, we 

stimulated PBMC with specific peptides, intereleukin-7 (IL-7) and IL-2 and reassessed 

peptide-specific IFN-γ responses of KIR3DL1+ CD8+ T cells by secondary stimulation with 

peptide-pulsed autologous BLCL. Under these conditions, KIR3DL1+ CD8+ T cells 

responded to antigen-specific stimulation with common viral peptides (fig. 7a), but not HIV 

peptides (fig. 7b). Therefore, KIR3DL1+ CD8+ T cells from HLA-Bw4+ individuals are not 

uniformly unresponsive to antigen-specific stimulation. However, with this protocol, we 

could not determine whether the KIR3DL1+ CD8+T cells producing IFN-γ in response to 

the common viral peptides after in vitro stimulation were originally KIR3DL1+ or acquired 

KIR3DL1 in vitro. To address this issue, we purified KIR3DL1+ cells from freshly-isolated 
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PBMC and expanded these cells by mitogenic stimulation with concanavalin A (Con A)/

IL-2 or peptide-specific stimulation together with allogeneic feeder cells as described in the 

methods. Under these conditions, KIR3DL1+ cells also responded to antigen-specific 

stimulation with other viral peptides (fig. 7c). Results of ex vivo and in vitro stimulation 

experiments are summarized in Table 1.

Discussion

Several studies suggest that the epidemiological association between certain HLA/KIR 

genotypic combinations and slow HIV disease progression relates to differential NK cell 

behaviour within that genetic background12, 17, 19, 29. Stochastic expression of some subset 

of available inhibitory and activating receptors on NK cells, together with allele-dependent 

variation in the potency of signaling through those receptors and independent inheritance of 

HLA ligands mediating licensing, inhibition or activation, produces an idiosyncratic NK 

repertoire from which certain clones can undergo selective expansion. Since a subset of T 

cells, primarily CD8+, also express inhibitory and activating receptors that modulate NK cell 

behaviour, differential T cell behavior may also occur in relation to the expression pattern of 

these receptors in various genetic backgrounds22, 24–27, 32. We investigated this possibility 

and found that the behaviour of CD8+ T cells in HIV-infected individuals did vary with their 

expression of either inhibitory KIR3DL1 or activating KIR3DS1 receptors. Ex vivo antigen-

specific activation of CD8+ T cells expressing KIR3DL1 was severely limited relative to that 

of the CD8+ T cell population not expressing KIR3DL1, irrespective of HLA Bw4/Bw6 

background. This activation deficit or anergy was not absolute as it was overcome in all 

cases tested by stimulation through the TCR complex with anti-CD3 antibodies. Identical 

results were obtained in a recent study with CD8+KIR+ T cells from non-HIV-infected 

individuals using the same P815/anti-CD3 stimulation protocol33. After in vitro stimulation 

with IL-7, IL-2 and peptides, KIR3DL1+ CD8+ T cells did respond to secondary antigen-

specific stimulation with peptide-pulsed autologous B lymphoblastoid cells, reiterating our 

conclusion, and that of several other studies, that the ex vivo anergy demonstrated by 

KIR3DL1+ CD8+ T cells is neither absolute, nor intransigent22, 24, 32–34. Although many 

KIR3DS1 and L1-expressing CD8+ T cells share a similar CD127−CD45RA+CD57+ 

phenotype indicative of effector memory cells, the KIR3DS1-expressing CD8+ T cells of 

homozygous individuals exhibited no ex vivo deficit in antigen-specific activation compared 

to KIR3DS1-negative CD8+ T cells from the same individual. Thus, the behaviour of a 

subset of the CD8+ T cell population is related to the KIR phenotype of individual cells and 

hence, to the KIR genotype of the host. Although we and several other groups found that co-

expression of the HLA-encoded Bw4 ligand does not appear to dictate the effect of 

KIR3DL1 expression on CD8+ T cell behaviour, co-expression of HLA-Bw4*80I, which 

represents a putative ligand of KIR3DS1, does appear to influence in vivo expansion of 

KIR3DS1+ CD8+ T cells32, 33.

Although we found that the inability of KIR3DL1+ CD8+ T cells to respond to conventional 

antigen-specific stimulation ex vivo was independent of engagement of HLA-Bw4 ligands 

by KIR3DL1, several previous studies, measuring longer term proliferation as opposed to ex 

vivo antigen-specific IFN-γ production, reported some dependency on specific KIR ligation 

for reduced responsiveness24, 32. More recent studies suggest that even in the absence of 
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ligand binding, KIR3DL1 may co-localize with the T cell receptor at the immunological 

synapse and recruit phosphatases that inhibit T cell activation35. While this is generally 

consistent with our observations, CD8+ T cells expressing KIR3DL1 after in vitro culture no 

longer exhibited an antigen-specific activation deficit, and within a licensing environment, a 

greater fraction of NK cells expressing KIR3DL1 than not expressing KIR3DL1 respond to 

ex vivo stimulation36. At least in this situation, expression of KIR3DL1 is not constitutively 

inhibitory, possibly through altered programming imprinted during the NK licensing 

process. Another possibility is that CD8+ T cell expression of KIR3DL1 reflects recent or 

repeated previous antigenic exposure in vivo that leaves the T cells refractory to ex vivo 

stimulation37. However, in that case, we would also expect KIR3DS1-expressing T cells to 

be refractory to ex vivo antigen-specific stimulation, which was not observed. Whatever the 

mechanism, a subset of the CD8+ T cells of a KIR3DS1 homozygous individual is 

functionally superior to the homologous subset of a KIR3DL1 homozygous individual. 

Unlike KIR3DL1+ CD8+ T cells, expansion of KIR3DS1+ T cells appears to depend on co-

expression of the putative HLA-Bw4*80I ligand. If this expansion is predicated on positive 

signaling that is at least partially collateral to TCR signaling, this might produce cells less 

refractory to antigen-specific signaling ex vivo. Our phenotypic analysis of KIR3DL1/S1+ 

CD8+ T cells indicates that the KIR+CD8+ T cell population of HIV-infected individuals 

generally expresses the same markers as in non-HIV-infected individuals, and thus, is mostly 

comprised of CD8+ T cells with similar effector memory status24, 33. However, we did 

observe one potentially meaningful phenotypic difference based on expression of the 

activating KIR3DS1 versus inhibitory KIR3DL1 receptor. While KIR3DL1 and KIR3DS1 

CD8+ T cells were similar in terms of CD127 expression, a significantly lesser fraction of 

KIR3DS1+ CD8+ T cells expressed CD45RA. This could reflect a stage of differentiation or 

activation less proximal to terminal differentiation and more sensitive to activation. Antigen-

specific responses against HIV were not detected even following culture of KIR3DL1+ 

CD8+ T cells, which raises several possibilities. Firstly, there could be no entry of HIV-

specific CD8+ T cells into the KIR3DL1+ population. This seems unlikely given the 

prominence of KIR3DL1+ CD8+ T cells specific for other viruses and previous evidence for 

clonal overlap between the KIR-expressing and KIR-negative CD8+ T cell populations35. 

Secondly, the chronicity of HIV infection relative to CMV, Flu and EBV might differentially 

affect the fate of HIV-specific KIR3DL1+ CD8+ T cells in regard to clonal deletion or 

development of a more intransigent anergy.

The functional superiority of KIR3DS1+ over KIR3DL1+ CD8+ T cells and their selective 

expansion in the setting of HLA-Bw4*80I co-expression that we describe herein is 

consistent with epidemiological data indicating a protective effect of this genotypic 

combination against HIV disease progression. Co-expression of KIR3DL1 with certain 

HLA-Bw4 ligands is associated with resistance to HIV infection, but not always with 

protection against disease progression8, 12, 29. Since there was no evidence of superior 

function for CD8+ T cells expressing KIR3DL1, with or without co-expression of HLA-

Bw4, the association with protection from infection, in this case, is more likely to reflect 

effective licensing of NK cells and their potential role in the early stages of viral infection 

than to reflect a functional advantage for CD8+ T cells expressing KIR3DL1.
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The list of cell surface molecules that can modulate T cell function during secondary 

antigenic exposure continues to grow, mostly with members that reduce the likelihood of T 

cell activation and limit acquisition or expression of a full range of effector functions. 

However, just as inhibitory molecules may play a negative role in chronic conditions such as 

cancer and HIV infection, acquired cell surface molecules that can increase the likelihood of 

T cell activation, such as KIR2DL4, KIR2DS1-5, KIR3DS1, NKG2C-E, and CD16, might 

actually enhance T cell activation and their retention of a full range of effector functions in 

certain settings. Exploitation of this possibility offers a rational complement to ongoing 

strategies aimed at reducing delivery of negative signals to T cells in chronic infection and 

cancer.

Methods

Subjects and peripheral blood mononuclear cell isolation

Study subjects infected with HIV were recruited through the Newfoundland and Labrador 

Provincial HIV Clinic. Uninfected subjects were recruited from laboratory and hospital 

personnel. All provided informed consent for whole blood collection, immunological studies 

and researcher access to medical laboratory records. The Newfoundland and Labrador 

Health Research Ethics Authority gave ethical approval for this study. Acid-citrate-dextrose 

treated whole blood was collected by forearm venipuncture, diluted 1:2 with phosphate 

buffered saline (PBS) and peripheral blood mononuclear cells (PBMC) isolated by Ficoll-

Hypaque (GE Healthcare Bio-Science) density gradient centrifugation. Interface cells were 

washed once in PBS with 1% fetal calf serum (FCS) and resuspended in lymphocyte 

medium comprised of RPMI 1640 with 10% FCS, 100 IU/ml penicillin, 100 μg/ml 

streptomycin, 2 mM L-glutamine, 10 mM HEPES buffer solution and 2 × 10−5 M 2-

mercaptoethanol (all from Invitrogen).

Analysis of KIR3DL/S1 and class I HLA-A and B genotype

Subject DNA was isolated from B lymphoblastoid cells (BLCL) transformed as previously 

described or from fresh PBMC using the illustra genomicPrep Mini Spin kit (GE 

Healthcare)38. To determine KIR3DL1 genotype, 200 ng genomic DNA was used in 

separate KIR3DL1 and KIR3DS1 gene-specific polymerase chain reactions (PCR) as 

previously described39. The KIR3DL1 primers (forward 5′ CCA TCG GTC CCA TGA 

TGC T 3′ and reverse 5′ AGA GAG AAG GTT TCT CAT ATG 3′) and KIR3DS1 primers 

(forward 5′ GGC AGA ATA TTC CAG GAG G 3′ and reverse 5′ AGG GGT CCT TAG 

AGA TCC A 3′) were used at 0.5 μM each in 50 μl reaction volume with 0.2 mM dNTPs, 

1.5 mM magnesium chloride, 1X Taq buffer and 2.5 U Taq polymerase (all from Invitrogen). 

The PCR was run on a PTC-100 thermal cycler (MJ Research) under the following 

conditions: initial denaturation for 5 min at 95° C, then 20 s at 97° C, 45 s at 62° C and 90 s 

at 72° C for 5 cycles followed by 25 cycles of 20 s at 95° C, 45 s at 60° C and 90 s at 72° C. 

Products were visualized by ethidium bromide staining after separation on 1.5% agarose 

gels. For 2 digit resolution HLA-A/B typing, subject DNA was isolated from BLCL as 

above and PCR with allele-specific primers carried out using commercial kits from One 

Lambda. Reaction conditions, product separation and visualization on agarose gels and 

interpretation of electrophoresis banding pattern were as per the manufacturer’s instructions.
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Phenotypic analysis of KIR3DL/S1 expressing CD8+ T cells

Aliquots of 1 × 106 PBMC were stained with isotype controls or allophycocyanin (APC)-

conjugated anti-CD3 (clone HIT3a, Biolegend), peridinyll chlorophyll protein (PerCP)-

conjugated anti-CD8 (clone HIT8a, Biolegend) fluorescein isothiocyanate (FITC) or 

phycoerythrin (PE)-conjugated anti-KIR3DL1 (clone DX9, Miltenyi Biotech), or anti-

CD3•APC, anti-CD8•PerCP and phycoerythrin (PE) conjugated anti-KIR3DL1/S1 (clone 

Z27, Beckman Coulter). This allowed confirmation of KIR3DL1/S1 genotypic analysis, 

measurement of the percentage of CD8+ T cells expressing KIR3DL1 and measurement of 

the percentage of CD8+ T cells from KIR3DS1 homozygotes expressing KIR3DS1. Further 

characterization of KIR3DL1++ or KIR3DL1S1++ CD8+ T cells for expression of CD45RA, 

CD57 and CD127 using anti-CD45RA•PE or FITC (clone JS.83, eBioscience), anti-

CD57•FITC (clone TB03, Miltenyi Biotech) and anti-CD127•FITC (clone BioRDR5 

eBioscience) as appropriate was carried out using PBMC from homozygous individuals with 

discernable KIR3DLI/S1++ CD8+ T cell populations.

Functional analysis of KIR3DL1/S1 expressing CD8+ T cells

Intracellular detection of IFN-γ production following different forms of stimulation was 

carried out to assess the functional status of KIR3DL1/S1-expressing CD8+ T cells. 

Antigen-specific responsiveness ex vivo was assessed by stimulation with individual 

peptides from HIV, cytomegalovirus (CMV), EBV or Flu, (synthesized by EZBioLab, 95% 

pure, 4.0 μg/mL final concentration), overlapping peptide pools from HIV Gag, Pol, Env or 

Nef proteins (National Institute of AIDS and Infectious Diseases AIDS Reagent Repository, 

0.15 μg/mL final individual peptide concentration), or overlapping peptide pools from CMV 

pp65 and IE-1 proteins (Miltenyi Biotech, 0.5 μg/mL final individual peptide concentration). 

Cells were cultured with peptides at 1 × 106/ml at 37°C in a 5% CO2 humidity controlled 

incubator for 1 hr after which brefeldin A (Sigma) was added to 10 μg/ml and incubation 

continued for another 4 hours. Cells were then washed and surface stained with anti-

CD3•FITC, anti-CD8•PerCP, DX9•PE or Z27•PE as appropriate, fixed, permeabilized (Dako 

intrastain kits) and stained with anti-IFN-γ•APC (clone 4S.B3, eBioscience). For non-

specific stimulation through the T cell receptor (TCR) complex, 1 × 106 PBMC were 

incubated 5 hours with 1 μg/ml anti-CD3 (clone OKT3, ATCC CRL 8001) and 1 × 105 Fc 

receptor-expressing P815 cells (ATCC TIB-64). Brefeldin A was added after the first hour 

with staining as above, with exclusion of anti-CD3.

Selection and expansion of KIR3DL1-expressing T cells

KIR3DL1-expressing cells were isolated from PBMC of individuals homozygous for high 

expressing KIR3DL1 alleles, and expanded in vitro by either mitogenic or peptide-specific 

stimulation together with exogenous cytokines as described below. To select KIR3DL1+ 

cells, freshly-isolated PBMC were washed with separation buffer (PBS with 5 mM ethylene 

diamine tetraacetic acid and 0.1 % bovine serum albumin, Sigma), resuspended in a small 

volume and incubated with 1 μg purified DX9/106 cells for 30 min at 4°C. Cells were 

washed and resuspended in separation buffer at 3 × 106/ml with goat anti-mouse IgG 

conjugated magnetic beads (Invitrogen) at a bead-to-target cell ratio of 10:1 and incubated at 

4°C on a rotator for 45 min. Bead-bound cells were collected by magnetic attraction and 
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unbound KIR3DL1-negative cells passaged twice with remaining bead-bound cells removed 

by magnetic attraction each time. Bead-bound cells were expanded with 10 μg/ml Con A, 10 

U/ml IL-2 and irradiated (3000 Rad) allogeneic PBMC. In several cases, bead-bound cells 

were expanded by peptide specific stimulation with heterologous feeder cells and 25 ng/ml 

IL-7 added at the time of initial stimulation and IL-2 added to 10 U/ml after day 3 of 

culture38, 40. Beads were removed after 9 days of culture by vigorous pipetting and magnetic 

collection 24 hours before secondary stimulation with peptide-pulsed autologous BLCL. 

Autologous BLCL were pulsed with the peptide or peptide pool of interest for 1 hour prior 

to addition of responder cells at a 10:1 responder to stimulator ratio such that the final 

peptide concentration was as stated above for secondary stimulations. Brefeldin A as added 

to 10 μg/mL after 1 hour and stimulation continued for a further 4 hours before surface 

staining and detection of intracellular IFN-γ by flow cytometry was carried out as 

previously described.

Statistical Analysis

Data sets were assessed for normal distribution by the Kolmogorov-Smirnov, D’Agostini 

and Pearson and Shapiro-Wilk tests. If all tests indicated normal distribution, data were 

represented with mean ± standard deviation (SD) shown for the different groups and 

Student’s t test used to compare groups. If any data sets being compared did not meet test 

criteria for normal distribution, data were represented with median and interquartile range 

(IQR) shown and groups compared by Mann-Whitney test. Anova was used if more than two 

groups were compared. A two-tailed probability value of less than 0.05 was considered to 

indicate a significant difference. For multivariable regression analyses, univariate correlation 

was first assessed by Spearman’s rho correlation test and variables included in the 

multivariate linear regression model if p < 0.10. A two sided 0.05 level test determined 

statistical significance. Data analyses were conducted with IBM SPSS version 21 for 

Macintosh.
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Figure 1. 
Distributions of percentage CD8+ T cells expressing KIR3DL1 or KIR3DS1 in different 

HIV-infected and uninfected subgroups. The percentage of CD8+ T cells expressing 

KIR3DL1 was compared between HIV-infected and uninfected KIR3DL1 homozygous 

subjects (a) and between subgroups of the HIV-infected individuals distinguished by HLA-

Bw4*80I, Bw4*80T or Bw6 status (b). The percentage of CD8+ T cells expressing 

KIR3DS1 was compared between KIR3DS1 homozygous subjects expressing Bw4*80I or 

not with different symbols used to distinguish HIV-infected (□) from uninfected (○) 

individuals (c).

Zipperlen et al. Page 13

Immunol Cell Biol. Author manuscript; available in PMC 2015 July 13.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



Figure 2. 
Representative examples of analysis of CD45RA, CD57 and CD127 expression on 

KIR3DL1+ (a) or KIR3DS1+ (b) CD8+ T cells from KIR3DL1 or KIR3DS1 homozygous 

subjects by flow cytometry. Gating for analysis was on CD3+CD8+ lymphocytes with DX9-

FITC or DX9-PE identifying KIR3DL1+ cells and Z27-PE identifying KIR3DS1+ cells.
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Figure 3. 
Distribution of KIR3DL1/S1+CD8+ T cell phenotypes. The percentage of KIR3DL1+ and 

KIR3DS1+ CD8+ T cells expressing CD45RA, CD57 and CD127 in groups of HIV-infected 

KIR3DL1 or KIR3DS1 homozygous individuals was compared by flow cytometry.
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Figure 4. 
Representative ex vivo antigen-specific responses of KIR3DL1+CD8+ T cells from 

KIR3DL1 homozygous individuals co-expressing HLA-Bw4. Freshly-isolated PBMC from 

an uninfected (a) and HIV-infected individual (b) were incubated with overlapping peptides 

from CMV pp65 (a) or HIV Gag (b) as described in the methods section and production of 

intracellular IFN-γ was assessed by flow cytometry with gating on CD3+CD8+ 

lymphocytes. Unstimulated controls are shown in the left hand panel of each set.
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Figure 5. 
Representative ex vivo antigen-specific responses of KIR3DL1+CD8+ T cells from HLA-

Bw6 subjects and representative ex vivo response to P815/anti-CD3 stimulation. Freshly-

isolated PBMC from three KIR3DL1 homozygous HIV-infected individuals defined as 

HLA-Bw6 (a, b, c) and one uninfected KIR3DL1 homozygous individual co-expressing 

HLA-Bw4 were incubated with overlapping peptides from CMV pp65 (a, c) or HIV Gag (b) 

as described in the methods. Freshly-isolated PBMC from an uninfected KIR3DL1 

homozygous individual who co-expressed HLA-Bw4 were incubated with P815 cells and 

anti-CD3 as described in the methods section (d). Intracellular IFN-γ production was 

assessed by flow cytometry with gating on CD3+CD8+ (a, b, c) or CD8+ lymphocytes (d). 

Unstimulated controls, including PBMC incubated with P815 cells without anti-CD3 (d) are 

shown in the left hand panel of each set.
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Figure 6. 
Representative ex vivo antigen-specific responses of KIR3DS1+CD8+ T cells. Gating was on 

CD3+KIR3DS1+ cells as in (a) with CD8+ cells producing IFN-γ shown in the upper right 

hand quadrants of the subsequent plots. Freshly-isolated PBMC from a KIR3DS1 

homozygous individual were unstimulated (b) or incubated with overlapping peptides from 

CMV pp65 (c) or HIV Gag (d).
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Figure 7. 
Representative secondary antigen-specific responses of KIR3DL1+CD8+ T cells following 

in vitro stimulation and expansion. Freshly-isolated PBMC from 2 HLA-Bw4+ HIV-infected 

individuals were cultured for 7 days with specific HLA-A2-restricted flu (a) or HIV-Gag 

peptides (b), restimulated with peptide-pulsed autologous BLCL as described in the methods 

section, and tested for antigen-specific IFN-γ production by intracellular flow cytometry 

with gating on CD3+CD8+ lymphocytes. Cells expressing KIR3DL1 were positively 

selected from freshly isolated PBMC of an uninfected HLA-Bw4 individual, incubated with 

a specific HLA-A2-restricted CMV peptide for 7 days, restimulated with peptide-pulsed 

autologous BLCL as described in the methods section, and tested for antigen-specific IFN-γ 
production by intracellular flow cytometry with gating on CD3+CD8+ lymphocytes (c).
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Table 1

KIR3DL1+ and KIR3DS1+ CD8+ T cell response rates to different stimulations.

HIV peptides CMV peptides P815/anti-CD3

PBMC Uninfected controls

KIR3DL1++ HLA-Bw41 0/6 6/6

KIR3DL1++ HLA-Bw6 0/3 3/3

KIR3DS1++ 1/1 1/1

PBMC HIV-infected subjects

KIR3DL1++ HLA-Bw4 0/10 0/6 4/4

KIR3DL1++ HLA-Bw6 0/6 1/8 2/2

KIR3DS1++ 3/3 3/3 3/3

In vitro restimulation2 purified KIR3DL1++ Flu peptide

peptide + IL-2 + IL-7 0/4 2/2 1/1

Con A + IL-2 0/2 2/2

1
CD8+ KIR3DL1+ T cell responses against HIV or CMV peptides in PBMC from control and HIV-infected individuals with different genetic 

backgrounds and strong overall T cell responses against the corresponding peptides were assessed by surface and intracellular flow cytometry.

2
KIR3DL1+ cells purified from PBMC of KIR3DL1 homozygous individuals were restimulated with either specific peptides or mitogen (Con A) 

plus cytokines and the reactivity of expanded cells was tested against HIV, CMV or flu peptides by surface and intracellular flow cytometry.
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