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Increased expression of the natural killer cell inhibitory receptor CD85j/ILT2
on antigen-specific effector CD8 T cells and its impact on CD8 T-cell function
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SUMMARY

We investigated whether inhibitory natural killer cell receptor (iNKR) expression contributes to
impaired antigen-specific cytotoxicity and interferon-y (IFN-y) production by CD8 T cells
during chronic infection. INKR immunoglobulin-like transcript-2 (ILT2/CD8Sj) is expressed
on 40-55% of cytomegalovirus (CMYV)-, Epstein—Barr virus (EBV)- and human immunodefi-
ciency virus (HIV)-specific CD8 T cells in both healthy and HIV-infected donors. Other iNKRs
(CD158a, b1, el /2, k, CD94 /NKG2A) are expressed on only a small minority of CD8 T cells
and are not preferentially expressed on tetramer-staining virus-specific cells. In normal donors,
TLT2 is expressed largely on perforin® CD27" effector cells. However, in HIV-infected donors,
only a third of ILT2™ cells are also perforin™ . In both normal and HIV-infected donors, ILT2™
cells are prone to spontaneous apoptosis. Therefore, ILT2 is normally expressed during effector
cytotoxic T-lymphocyte (CTL) differentiation, but can also be expressed when effector mat-
uration is incomplete, as in HIV infection. The effect of ILT2 on CDS cell function was assessed
by preincubating effector cells with ILT2 antibody. While blocking ILT2 engagement has no
appreciable effect on cytotoxicity, it increases antiviral IFN-y production by approximately
threefold in both normal and HIV-infected donors. Thus, ILT2 expression, increased on anti-
viral CD8 cells in chronic infection, may interfere with protective CD8 T-cell function by

suppressing IFN-y production.
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INTRODUCTION

Human immunodeficiency virus-1 (HIV-1)-infected indi-
viduals generate an adaptive CDS8 T-cell response that only
partially controls infection (reviewed in refs 1-3). Although
HIV-specific CD8 T cells constitute as many as 10% of
peripheral blood CD8 T cells, only a fraction produce
interferon-y (IFN-p) in response to HIV antigens.*® More-
over, freshly isolated cells are often unable to lyse HIV-
infected target cells.*”® These functional defects in HIV
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infection have been linked to aberrant signalling secondary
to down-modulation of the T-cell signalling molecules,
CD3{ and CD28, lack of perforin expression and incomplete
effector-cell differentiation in CD8 T cells.”*!%!! CD§ T-cell
triggering can also be hindered by engagement of inhibitory
cell-surface signalling molecules, including inhibitory nat-
ural killer cell receptors (iNKR), which are expressed on
previously activated CD8 T cells.'*'? iNKRs are reported to
be expressed at higher frequencies on CDS8 T cells during
HIV infection.'* ¢

More than 30 NKRs have been identified as proteins in
humans, and genomic analysis suggests that more than 100
possible NKR genes may be expressed.!” The inhibitory
subset of NKRs (iNKR) are predicted to interfere with
T-cell activation by signalling through immunoreceptor
tyrosine-based inhibition motifs (ITIM).!*!3 NKRs can be
classified into two broad groups: immunoglobulin (Ig)
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superfamily molecules, such as killer inhibitory receptors
(KIR), recognizing specific human leucocyte antigen (HLA)
alleles as their ligands, and immunoglobulin-like transcript
(ILT) receptors, recognizing a broader spectrum of class la
and Ib HLA alleles; and C-type lectin receptors of the
CDY% family that bind to HLA-E. Current data suggest
that inhibitory receptors may raise the threshold of T-cell
activation, protect the organism against autoimmunity
and participate in terminating a primary immune
response, 1131820

The expression of HLA alleles known to bind particular
NKRs has been linked to disease prognosis in HIV infec-
tion.?’ 2 HIV nef-mediated down-modulation of HLA-A
and HLA-B, which also serve as NKR ligands, might
influence the CD8 T-cell cytotoxicity of HIV-infected tar-
gets.>*?% Furthermore, HLA-G, the preferred ligand of
CDS85j/ILT2,%%" is up-regulated on monocytes and T
Iymphocytes in HIV infection, perhaps as a consequence of
enhanced interleukin-10 (IL-10) production.’®® These
findings suggest that expression of iNKRs may play a role
in HIV infection, possibly by inhibiting CD8 T-cell trig-
gering. Previous studies have reported conflicting results
regarding NKR expression on CD8 T cells in HIV infec-
tion.'*'® However, none of these studies investigated NKR
expression on antigen-specific CD8 T cells. NKR-expres-
sing cells have oligoclonal T-cell receptor (TCR) usage,
suggesting that NKRs are expressed after antigen-driven
T-cell expansion.’®*! Here we studied the expression and
function of multiple NKRs [five KIR receptors (CD158a,
CD158bl, CD158¢el/e2, CD158k), CD85j/ILT2 and the
C-type lectin receptors (CD94, NKG2A)] on HIV,
cytomegalovirus (CMV) and Epstein—Barr virus (EBV)-
specific CD8 T cells in HIV-infected and healthy donors.
Only CD85j/ILT2 was found to be highly expressed on the
surface of antiviral CD8 T cells, identified by tetramer
staining. In HIV infection, where the majority of circulating
CDS8 T cells are antigen-experienced,*>** =40% of circu-
lating CD8 T cells express CDS85j/ILT2. Moreover,
40-60% of tetramer-positive CD8 T cells that recognize
these persistent viruses (HIV, EBV and CMV) during
chronic infection are ILT2™ in both HIV-seropositive and -
seronegative donors. Blocking CD85j/ILT2 engagement
significantly restores diminished IFN-y production in
response to viral antigens, but has little, if any, effect on
dampened antiviral cytotoxic function. Therefore, although
iNKR expression may reduce the likelihood of immune-
mediated pathology by diminishing immunoreactivity, our
results suggest that in chronic infections increased iNKR
expression may inhibit a protective immune response.

MATERIALS AND METHODS

Subjects

Subjects were eight healthy volunteers and 17 HIV-sero-
positive donors of diverse disease stages expressing HLA
class I alleles A2.1 and/or BS. Of the HIV seropositive
subjects, five were long-term non-progressors (LTNP), six
were stage A subjects receiving highly active antiretroviral
therapy (HAART) and six had stage B or stage C disease.

Table 1. Major histocompatibility complex (MHC) class 1
tetramers used in this study

Antigenic ~ Amino Peptide Restricting

Virus  peptide acids sequence element
CMV  pp65 495-503 NLVPMVATV  HLA-A0201
EBV BMLF1 280288 GLCTLVAML HLA-A0201
EBV BZLF1 190-197 RAKFKQLL HLA-BS8
HIV gag 77-85 SLYNTVATL HLA-A0201
HIV RT 309-317 ILKEPVHGV HLA-A0201
HIV RT 294-302  YTAFTIPSI HLA-A0201
HIV env 593-600 YLKDQQLL HLA-B8

Informed consent was obtained from each subject. The
study was approved by the Institutional Review Boards.
Peripheral blood mononuclear cells (PBMCs) were
obtained by Ficoll gradient centrifugation and used either
as fresh cells or thawed cryopreserved cells, frozen using a
programmed cell freezer (Gordinier Model 9000; Gordinier,
Roseville, MI). Flow cytometry results with thawed cells
were comparable to those obtained with freshly isolated
cells.

Tetramers

Tetramers of A2.1 or B8 class I molecules complexed with
epitopic peptides encoded by HIV, EBV or CMV (Table 1),
were produced in our laboratory as previously described,?
or obtained from the National Institute of Allergy and
Infectious Diseases Major Histocompatibility Complex
(MHC) Tetramer Core Facility (Yerkes Regional Primate
Research Center, Atlanta, GA).34 The concentration of
tetramers used for staining was titrated to minimize
background staining. Specificity was confirmed for each
tetrameric complex using peptide-specific cytotoxic T-lym-
phocyte (CTL) lines. The sensitivity of detection of tetr-
amer-positive cells was 0:01%. For phenotypic analysis,
streptavidin—phycoerythrin (PE) tetramer-stained popula-
tions were required to be well-separated on flow cytometric
dot-plots of tightly gated lymphocytes costained for
tetramers and CD8-Cy5 (mAb B9.11; Immunotech, West-
brook, ME) and to represent at least 0-:05% of CD8 T cells
in the sample.

Flow cytometry

PBMCs were suspended at 1 x 10° cells/50 ul in fluores-
cence-activated cell sorter (FACS) blocking buffer (Hanks’
balanced salt solution containing 10% human AB serum,
0-5% human IgG and 5 mm EDTA) for 15 min at 4° and
then incubated with streptavidin—PE-conjugated tetramer
for an additional 40 min at 4°. For external staining, cells
were washed and resuspended in FACS buffer [2% fetal calf
serum (FCS) in phosphate-buffered saline (PBS)] and
stained with fluorescein isothiocyanate (FITC)-conjuga-
ted monoclonal antibodies (mAbs) to CD27, ILT2 or
CD45RA, PE-conjugated ILT2 and phycoerythrin-cyanin
5-1 (Cy5)-conjugated CD8 mAb or with IgG-conjugated
FITC, -PE and -Cy5 isotype-matched controls (Coulter
Immunotech, Westbrook, ME or BD PharMingen, San
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Diego, CA). The anti-iINKR immunoglobulins EB6 (anti-
p58.1/CD158a, IgGl), GLI183 (anti-p58.2/CD158bl,
1gG1l), Z27 (anti-p70/CD158el/e2, IgGl), Q66 (anti-
pl40/CD158k, IgM), XA185 (anti-CD9%4, IgGl), Z199
(anti-NKG2A, IgG2b) were generated in the laboratory of
Lorenzo Moretta.’>*>37 The myeloma supernatant HP-F1
(anti-ILT2/CD85;j, 1gG1) was a gift of Dr Miguel Lopez-
Botet (Barcelona, Spain).*® iNKR staining was followed by
secondary antibody staining using 2 ul of FITC-conjugated
goat anti-mouse immunoglobulin (DAKO, Carpinteria,
CA). After incubation for 30 min at 4°, cells were washed
and resuspended in FACS buffer, containing 1% formal-
dehyde, for analysis. For internal staining with FITC-con-
jugated perforin mAb J0G9 (Pharmingen), cells were
resuspended in 50 ul of FACS buffer and permeabilized
using the Caltag Laboratories (Burlingame, CA) Fix and
Perm kit, according to the manufacturer’s protocol. All
samples were analysed on a FACScalibur using CELL QUEST
software (Becton Dickinson) on a CD8"&" lymphocyte-
gated population, unless stated otherwise. Because we were
initially limited to three-colour staining, we were unable to
simultaneously stain for CD3 and CDS together with the
other markers we were studying. In a few samples we
verified that the CD8"&" gate included very few NK cells
(< 2%) and excluded few CD8Y™ CD3" CD8 T cells
(< 9%), and that our results were not substantially altered
by using a CD3" CDg4m " high g5t

Cell selection

CD4" cells were depleted using CD4 Dynabeads (Dynal
MPC, Oslo, Norway). Tetramer-positive or CD8" cells
were positively selected using anti-PE (after staining with
streptavidin PE-conjugated tetramer) or anti-CD8 micro-
beads, respectively, and MS™ MACS separation columns
(Miltenyi Biotec Inc., Auburn, CA) following the manu-
facturer’s protocol.

In vitro stimulation

PBMCs (1 x 10° cells/well in 48-well plates) in culture
medium (RPMI-1640 containing 10% FCS, 2 mm HEPES,
100 pug/ml streptomycin, 100 U/ml penicillin, 2 mM L-glu-
tamine, 50 um 2-mercaptoethanol) were treated with
10 ng/ml anti-CD3 (Clone UCT1; Coulter Immunotech),
harvested at designated time-points, and analysed by flow
cytometry for ILT2, perforin and CD8 expression.

Detection of apoptosis

PBMCs (1 x 10° cells/well in 48-well plates) in culture
medium were treated with 0, 10 or 100 ng/ml anti-CD3 and
harvested 8 hr later for staining with annexin V-FITC (BD
Pharmingen), ILT2-PE and CD8-Cy5 in 10 mm HEPES
(pH 7-4), containing 140 mMm NaCl and 2-5 mm CaCl,.
Samples were analysed within 90 min of staining.

CD8 T-cell lines and clones

HIV, CMYV or EBV-specific CDS8 T-cell lines were generated
by stimulating PBMCs or immunomagnetically selected
HIV-specific IFN-y-producing cells, isolated as described
previously,* with 5 ug/ml antigenic peptide (Table 1). The
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next day, recombinant interleukin-2 (rIL-2) (60 IU/ml;
Chiron Oncology, Emeryville, CA) and/or recombinant
interleukin-15 (rIL15) (25 ng/ml; R & D Systems, Minnea-
polis, MN) were added, and cells were cultured for an
additional 10-14 days with biweekly addition of cytokines.
For cloning, immunomagnetically selected HIV-specific
IFN-y-producing cells were seeded at five cells/well in
microtitre plates in the presence of HIV peptide-labelled
autologous adherent cells. rIL-2 (60 IU/ml) and rIL-15
(25 ng/ml) were added 1 day later and biweekly thereafter.
Every 10-14 days, cells were restimulated with peptide-
labelled autologous cells.

CTL assay

Log-phase autologous B lymphoblastoid cell lines (B-LCL)
target cells were labelled for 1 hr at 37° with 100 uCi of
ICr, washed and resuspended in culture medium at 10°
cells/ml, as described previously.* Labelled targets (10
cells/well) in triplicate U-bottom microtitre wells were
incubated for 1 hr at 37° with peptides (5 pug/ml or the
indicated concentrations). Effector cells (100-ul volumes) at
indicated effector/target (E : T) ratios were added and the
plates incubated at 37° over CO, for 4 hr. Supernatants
(35 ul) were counted on a Top Count microplate reader
(Packard, Meriden, CT) and percentage specific cytotoxic-
ity was calculated from the average counts per minute
(c.p.m.) as follows:

Percentage specific cytotoxicity
= [(average c.p.m. — spontaneous release)

+ (total release - spontaneous release)] x100.

The spontaneous release for all experiments was < 20%.
Peptide-specific cytotoxicity was calculated as the difference
between percentage specific cytotoxicity against peptide-
loaded targets and targets incubated with medium. For
ILT2-blocking experiments, effector cells were incubated in
culture medium with an equal volume of undiluted HP-F1
myeloma supernatant, isotype-control IgGl (Beckman
Coulter) or medium for 10 min at 4° before being added to
radiolabelled target cells.

IFN-y production

Adherent PBMCs (1 x 10° cells/well) were cultured with
medium, antigenic or irrelevant peptide (5 ng/ml, Table 1)
for 1 hr at 37°. Non-adherent cells were cultured in med-
ium, anti-ILT2 blocking antibody or isotype control anti-
body, as described above, for 30 min at 4° before adding to
peptide-loaded adherent cells. Two hours later, 20 um
Brefeldin A (Sigma, St Louis, MO) was added, and 4 hr
later the non-adherent cells were stained for CDS8 and
intracellular IFN-y and analysed by flow cytometry, as
described previously.*

Statistical analysis

The difference between groups was analysed using the
two-tailed Student’s z-test. When results using the same
samples were compared, a paired two-tailed z-test was
used.
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RESULTS

CD85j/ILT2 is highly expressed on antigen-specific
CDS8 T cells in normal donors and in HIV infection

We assayed PBMCs for expression of the KIR receptors
p358.1/CD158a, p58.2/CDI158bl, p70/CDI158el/e2 and
p140/CD158k, for the C-type lectin proteins CD94 and
NKG2A, and for CD85j/ILT2, on total, as well as on EBV
and CMV antigen-specific, CD8 T cells in six healthy do-
nors and six HIV-seropositive donors (Fig. 1, Table 2). On
average, less than 20% of CMV- and EBV-specific T cells
of all CD8 T cells were found to stain for KIR or C-type
lectin receptors in normal donors. The proportion of cells
staining for these receptors was either similar or lower in
HIV-infected donors. Moreover, the KIR and C-type lectin
receptors were not expressed on a higher proportion of
tetramer-positive cells compared with all circulating CD8
T cells.

M. N. Ince et al.

While ILT2 is expressed on just over 20% of all CD8 T
cells in normal donors, > 40% of EBV- and CM V-specific
cells in normal donors are ILT2*. In HIV-infected donor
samples, =40% of tetramer-positive, as well as total, CD8 T
cells express ILT2. These results suggest that ILT2 is
expressed on a subpopulation of antigen-experienced T
cells. In HIV infection, there are few naive CD8 T cells in
the circulation.>** Because most circulating cells are anti-
gen-experienced in HIV infection, the frequency of ILT2
expression on all CD8 T cells is similar to that on tetramer-
staining subsets. In normal donors, where = 50% of circu-
lating cells are naive,*>3? the proportion of ILT2-expressing
cells is about half of that observed in the tetramer-staining
cells. However, antigen-experienced antiviral CD8 T cells in
normal donors express ILT2 to the same extent as in HIV
infection.

ILT2 is expressed comparably on HIV-, EBV- and
CMV-specific CD8 T cells in HIV infection, irrespective of
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Figure 1. Immunoglobulin-like transcript-2 (CD85j/ILT2) is highly expressed on antigen-specific cells in healthy and human
immunodeficiency virus (HIV)-seropositive individuals. Representative flow cytometry analysis is shown of inhibitory natural
killer cell receptor (iINKR) expression on total and cytomegalovirus (CMV)-specific CD8 T cells in peripheral blood
mononuclear cells (PBMCs) from (a) a healthy HIV-seronegative individual and (b) an asymptomatic HIV-seropositive
donor. The first dot-plot for each sample displays the percentage of human leucocyte antigen (HLA)-A0201-CMV tetramer-
positive cells in the lymphocyte gate. All the tetramer-positive cells are CD8"€" and form a well-separated population. Other
dot-plots displaying NKR expression are gated on CD8™&" cells. The percentage of tetramer-positive and total CD8 " cells
that stain above background for each iNKR are shown. The high proportion of CMV tetramer-positive cells in (a) that are
CD94" is not representative of the group of normal donor samples (Table 2).
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Table 2. Natural killer cell receptor (NKR) expression on Epstein—Barr virus (EBV) and cytomegalovirus (CMV) tetramer-positive
CDB8 T cells from six human immunodeficiency virus (HIV)-seropositive and six HIV-seronegative donors

% of CD8 T cells

% of tetramer + cells

NKR HIV HIV HIV HIV

NKR molecule type Antibody  Ligand seronegative  seropositive  P-value  seronegative  seropositive  P-value
CD158a (p58.1) KIR EB6 HLA-Cw4 16 + 14 5+2 0-04 15 £ 15 5+3 0-08
CD158bl (p58.2) KIR GL1383 HLA-C 12 £7 8 + 1 0-1 85 3+1 0-01
CD158el/e2 (p70) KIR 727 HLA-B 4 £5 4 +3 0-4 9 +7 3+ 1 0-05
CD158k (p140) KIR Q66 HLA-A 3+2 3+2 04 6+ 8 3+2 0-1
CDY% Lectin = XA185 HLA-E 15+ 14 20 + 27 0-4 18 + 17 13 £ 11 03
NKG2A Lectin  Z199 HLA-E 12 £ 12 4 +1 0-06 12 + 21 2 +1 0-1
CD85j (ILT2) ILT HPF1 HLA-G* 23 + 14 40 + 11 0-04 42 + 24 41 £ 15 0-89

*Immunoglobulin-like transcript (ILT2) binds to all major histocompatibility complex (MHC) class I molecules, including human leucocyte antigen-G

(HLA-G).

Significant differences between HIV-seropositive and seronegative donors are shown in bold.

disease stage. Because ILT2 was the only iNKR we tested
that was highly expressed on the surface of CD8 T cells in
HIV infection, we focused on analysing ILT2 expression in
HIV-specific, as well as EBV- and CMV-specific CD8 T
cells. Samples from 17 HIV-infected donors were analysed
for T cells recognizing four HIV, one CMV and two EBV
epitopes (Table 1). Most donors recognize one or two of
those peptides at a frequency of > 0-05%, which was our
cut-off value for analysis to provide sufficient events to
obtain reproducible phenotypic characterization. Twenty-
seven tetramer-positive populations were analysed. ILT2
was found to be expressed at a significantly higher level on
total and tetramer-positive CD8 T cells, irrespective of viral
antigen or HIV disease stage (Table 3). Taking all samples
together, 43 + 14% of total CD8 T cells and 48 + 19% of
tetramer-positive CD8 T cells are ILT2 ", in this extended
analysis of HIV-infected individuals. No statistically signi-
ficant difference was found between ILT2 expression on

Table 3. Immunoglobulin-like transcript-2 (ILT2) is expressed on
antiviral tetramer-positive CDS8 cells responding to cytomegalo-
virus (CMYV), Epstein-Barr virus (EBV) and human immuno-
deficiency virus (HIV) in all stages of disease in HIV infection

No. of tetramer-
positive samples

Tetramer-positive
cells expressing

Donors analysed ILT2 (%)

Tetramer

CMV 6 6 51 + 27

EBV 13 13 46 + 19

HIV 5 8 44 + 18
Disease stage

LTNP* 5 45 + 21

Stage A 6 11 55 + 20

Stage B or C 6 8 43 £ 13

No significant differences between tetramers or disease stages were
identified.

*LTNP (long-term non-progressors) are defined as individuals who have
been infected with HIV for at least 5 years and who had maintained CD4
counts of > 450/mm? in the absence of antiviral therapy. Disease staging
was based on the lowest recorded CD4 count according to the staging system
of the Centers for Disease Control. All stage A donors were receiving highly
active antiretroviral therapy (HAART).
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total and tetramer-positive cells between the different
HIV™ groups. Moreover, the CD8 T cells specific for each
of the chronic infections studied (CMV, EBV, HIV) have
similar proportions of ILT2" cells (Table 3). Therefore,
ILT2 is expressed on many antiviral CD8 T cells in HIV
infection across the disease spectrum, from LTNPs to
patients with acquired immune-deficiency syndrome
(AIDS).

In normal donors ILT2 is expressed on effector CD8 T cells

As ILT2 is expressed on activated CD56" CDS8 T cells and
increased in HIV infection, we next investigated whether
ILT2" CD8 T cells are effector cells, because effector
maturation in activated CD8 T cells is impaired in HIV
infection. PBMCs were co-stained for ILT2 and T-cell
markers that change during CD8 T-cell differentiation. Two
of the best markers for CTL differentiation are perforin up-
regulation and CD27 down-modulation.** In four healthy
donors, 32 + 15% of ILT2" and 84 + 7% of ILT2 CDS§
T cells were demonstrated to express CD27 (P < 0-001)
(Figs 2 and 3). Moreover, 55 + 10% of ILT2" CDS8
T cells stain for perforin, while only 1 £ 1% of ILT2" CDS8§
T cells are perforin-positive (P < 0-0001) (Figs 2 and 3).
However, there is no significant correlation between
ILT2 and CD45RA expression, because 61 £+ 21% of
ILT2" and 52 + 18% of ILT2" CD8 T cells are
CD45RA™" (P = 0-5) (Figs 2 and 3). This lack of corre-
lation is probable because CD45RA is expressed on both
naive CD8 T cells and effector CTLs.*' The high level of
perforin staining and lack of CD27 staining on
ILT2™ versus ILT2  CD8 T cells suggests that ILT2 is
expressed on differentiated effector CD8 T cells in normal
donors.

ILT?2 is expressed on CD8 T cells that are not terminally
differentiated CTLs in HIV infection

In HIV infection, many antiviral CD8 T cells have com-
promised function in response to antigen and do not have
the phenotype of effector CTLs."? They express some
markers associated with activation, but mostly are not
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Figure 2. Immunoglobulin-like transcript-2 (CD85j/ILT2) expres-
sion correlates with CD8 T-cell differentiation into effector cells.
Representative flow cytometry analysis is shown of gated CDgMeh
cells in peripheral blood mononuclear cells (PBMCs) from (a) an
human immunodeficiency virus (HIV)-seronegative donor and
(b) an HIV-seropositive donor. Cells were co-stained for ILT2 and
CD27, CD45RA, or perforin. ILT2™ cells are preferentially CD27~
and perforin-positive. For annexin V staining, cells co-stained for
CD8, ILT2 and annexin V were analysed on gated subpopulations
of ILT2" or ILT2 CD8"#" cells. Spontaneous apoptosis was
substantially higher amongst ILT2" cells.

directly cytotoxic and do not express perforin. We therefore
studied the phenotype of CD8 T cells expressing ILT2 in
four HIV-seropositive donors. In HIV-infected donors, as in
normal donors, ILT2 expression correlates with CD27
down-modulation. While 42 + 23% of ILT2" CDS8 T cells
are CD27", 83 £ 13% of ILT2” CD8 T cells are CD27 "
(P =002) (Figs 2 and 3). In HIV-seropositive samples,
unlike HIV-seronegative samples, the expression of ILT2
and CD45RA correlate somewhat, as 72 + 6% of ILT2"
CD8 T cells are CD45RA™ compared with 58 + 6% of
ILT2 CD8 T cells (P = 0-02) (Figs 2 and 3). This associ-
ation is probably evident in HIV-seropositive samples as the
proportion of naive CD8 cells is substantially reduced dur-
ing HIV infection.’*** ILT2 also correlates with perforin
expression in HIV-infected samples, as only 9 £ 1% of
ILT2" CD8 T cells stain for perforin, while 32 + 12% of
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Figure 3. Immunoglobulin-like transcript-2 (CD85j/ILT2") CD8
T cells are more often CD27 and perforin* and have a higher rate
of spontaneous apoptosis. Comparison of phenotypic properties of
ILT2" and ILT2  CD8 T cells in four healthy donors and four
asymptomatic human immunodeficiency virus (HIV)-infected
donors. The analysis was performed as described in the legend of
Fig. 2.

ILT2" cells are perforin-positive (P = 0-009). Nonethe-
less, a significantly lower percentage of ILT2" CD8 T cells
stain for perforin in HIV-seropositive compared with HIV-
seronegative samples (32 £ 12% vs. 55 + 10%; P =
0-02). Therefore, many CD8 T cells that up-regulate ILT2 in
HIV infection are not effector CTLs.

ILT2" CD8 T cells are prone to spontaneous apoptosis

A significant fraction of CD4 and CD8 T cells in HIV
infection spontaneously undergo apoptosis in short-term
culture,*? although only a minor proportion (much less than
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Figure 4. Inmunoglobulin-like transcript-2 (ILT2) and perforin expression change in parallel during the in vitro activation of
CDS8 T cells with anti-CD3. Peripheral blood mononuclear cells (PBMCs) from three normal donors were activated with a
suboptimal concentration of anti-CD3 and analysed for expression of perforin and ILT2 on CD8" lymphocytes on the
indicated days. (a) Data from a representative donor; (b) and (c), the proportion of CD8 T cells staining for ILT2 and

perforin, respectively, in all the samples.

1%) are HIV infected. As most effector T cells are terminally
differentiated and do not survive, if ILT2 is expressed on
terminally differentiated effector CD8 T cells, we would
expect a higher proportion of ILT2" cells, compared with
ILT2 cells, to stain for annexin V, either spontaneously or
after in vitro T-cell activation. In four normal donor sam-
ples, spontaneous apoptosis of ILT2" CD8 T cells is more
than twice as great in ILT2" compared with ILT2” CD8 T
cells (19 £ 8% vs. 6:5 £ 4:5%, P = 0-04). (Figs 2 and 3)
As expected, spontaneous apoptosis is much higher in
samples from five asymptomatic HIV-infected donors and in
ILT2™" cells in these samples compared with ILT2" samples:
32 + 10% of ILT2™ CDS cells from HIV-infected donors
are annexin V' compared with 18 + 7% of ILT2 cells
(P = 0-02). We did not find any significant increase in ann-
exin V staining in cultures 8 h after activation with CD3
antibodies compared with spontaneous apoptosis in mock-
treated cultures (data not shown). This is probably because
annexin V staining associated with activation-induced cell
death only occurs later. However, because ILT2 expression
is induced within 2 days of T-cell activation (Fig. 4), it is not
feasible to compare later time-points.

ILT2 and perforin expression change in parallel
after short-term T-cell activation in vitro

To confirm the association of ILT2 expression with T-cell
differentiation, PBMCs from three normal donors were
activated in vitro with a suboptimal concentration of anti-
CD3, and co-stained for perforin and ILT2 on CDS8 T cells
over 4 days (Fig. 4). Before culture, =20% of CDS8 T cells
are ILT2 ", and about half of those are also perforin-pos-
itive. Although there was little change in ILT2 or perforin
expression 1 day later, within 2 days a larger proportion of
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cells expressed both perforin and ILT2. By day 4, fewer
cells expressed either marker. We interpret these data to
show activation of effector function in antigen-experienced
cells in the culture, as naive T cells do not differentiate into
effector cells within 2 days. Both perforin and ILT?2 are up-
regulated in tandem, although some perforin-positive cells
are ILT2™ and some ILT2 " cells are perforin-negative. This
heterogeneity probably reflects the heterogeneous nature of
antigen-experienced cells. Moreover, the loss of ILT2 and
perforin expression by day 4 probably represents apoptosis
after activation of the antigen-experienced CD8 T cells.
Few, if any, naive T cells are activated to express perforin
by day 4 in these cultures, because of the low concentration
of anti-CD3 used (data not shown).

ILT?2 expression has little effect on the cytotoxic function
of CD8 T cells

To study the functional relevance of ILT2 up-regulation in
HIV infection, we tested the impact of ILT2 expression on
cellular cytotoxicity and IFN-y generation using antibodies
that block ILT2 receptor engagement. An HIV-specific
CD8 T-cell clone and three viral peptide-stimulated CDS8
T-cell lines with a high proportion (50-100%) of ILT2"
cells were preincubated with medium, the ILT2 blocking
antibody, HP-F1, or isotype-control antibody, before being
used as effector cells in a 4-h chromium-release assay
against autologous peptide-coated target cells. The cyto-
toxicity of the clone was slightly improved by blocking
ILT2 engagement (Fig. 5a), but blocking ILT2 has no
discernible effect on the cytotoxicity of the three cell lines
(data not shown). Because ILT2 might have an effect only
at limiting concentrations of antigen, we also tested the
effect of ILT2 antibody in cytotoxicity assays using a range
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Figure 5. Immunoglobulin-like transcript-2 (CD85j/ILT2) expres-
sion exerts little inhibitory effect on the cytotoxic function of CD8
T cells. (a) A human immunodeficiency virus (HIV) gag-specific
CD8 T-cell clone showed, at most, a minimal inhibitory effect of
ILT2 engagement on specific cytotoxicity. Cytotoxicity may be
minimally enhanced in the presence of anti-ILT2 blocking antibody
(<) compared with isotype-control antibody (@), or no antibody
(O), against gag peptide-armed targets. In the absence of peptide
there is no killing (A). ILT2 blocking has no effect at all in specific
lysis by three other antigen-specific T-cell lines (data not shown).
(b) Blocking ILT2 also has no effect on specific lysis at limiting
concentrations of peptide antigen. Effector cells, pretreated with
blocking antibody (<), control antibody (@), or no antibody ((J),
were tested for lysis of autologous B-LCLs treated with the indi-
cated concentrations of cytomegalovirus (CMV) A0201-resticted
peptide. (c) Freshly isolated peripheral blood mononuclear cells
(PBMCs), stained for CMV A0201 peptide and selected for tetr-
amer-positive CD8 T cells, were incubated with ILT2 or control
antibody and used as effector cells. Blocking ILT2 increased the
killing somewhat by one cell line, but not by another (data not
shown). Preincunbation was performed in the presence of:
(<), blocking antibody; (@), control antibody; ((J), no antibody.

of doses of CMV antigenic peptide to arm target cells. No
substantial increase in specific cytotoxicity in the presence
of the anti-ILT2 blocking antibody was seen at any peptide

concentration (Fig. 5b). T cells maintained in culture up-
regulate adhesion and cytotoxic molecules, and may
therefore have a reduced threshold for cytotoxic function
and be less susceptible to the inhibitory effect of ILT2 than
cells in vivo. We therefore tested the effect of blocking ILT2
engagement using freshly isolated, CMV tetramer-enriched
CDS8 T-effector cells from two HIV-seropositive donors. In
one sample, but not the other (data not shown), cyto-
toxicity was found to be enhanced somewhat by blocking
ILT2 signalling (Fig. 5c). Thus, ILT2 expression may
inhibit the cytotoxicity of some (but not all) CD8 T cells,
but only to a limited extent.

ILT2 expression inhibits IFN-y production by CD8 T cells

We next tested the effect of blocking ILT2 engagement on
IFN-y production in response to EBV and CMV antigenic
peptides in five separate experiments. In these tests, two
normal samples with a high frequency (> 0:1%) of CDS8
T cells staining for EBV and/or CMV tetramers, and one
HIV-seropositive sample with a high frequency of CMV
tetramer-positive cells were used. Freshly isolated non-
adherent PBMCs were preincubated with medium, ILT2
blocking antibody or control antibody before being added
to antigenic peptide-coated autologous stimulator cells
(Fig. 6). Blocking ILT2 significantly increased IFN-y pro-
duction. In the five experiments, 0-18 + 0-08% of CD8 T
cells produced IFN-y in response to antigenic peptide,
compared with a background of 004 + 0-01% in the
absence of peptide (Fig. 6). The proportion of IFN-y-
producing cells increased approximately threefold to
0-50 £ 0-33% after preincubation with anti-ILT2 blocking
antibody (P = 0-002), but did not change significantly
after incubation with control antibody (0-14 £+ 0-13%).
Incubation with ILT2 antibody in the absence of peptide or
with irrelevant peptide did not change the background (not
shown).

DISCUSSION

In this study we found that ILT2, but not seven other
iNKRs, is highly expressed on CMV, EBV and HIV
antigen-specific CD8 T cells in HIV infection and in
normal donors. Two previous studies also reported simi-
larly enhanced ILT2 expression on EBV and/or CMV
tetramer-positive CD8 T cells in a few normal donor
samples.**** In normal donors, ILT2 expression on the
surface of CD8 T cells occurs principally on effector cells
that have down-modulated CD27, express perforin and
have an increased level of spontaneous apoptosis. In HIV
and other chronic infections, many antiviral CD8 T cells
are defective in effector functions and do not have the
phenotypic properties of effector CTLs (reviewed in
ref. 3). Although ILT2" CDS8 T cells in HIV infection are
more likely than ILT2™ cells to be CD27 and perforin-
positive, many ILT2" cells in HIV infection are perforin-
negative and CD27". Therefore, antiviral CD8 T cells
express ILT2, even though they fail to undergo terminal
maturation to effector CTLs. Using an ILT2 blocking
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Figure 6. Immunoglobulin-like transcript-2 (CD85j/ILT2) inhibits interferon-y (IFN-y) production by CD8 T cells. Non-
adherent peripheral blood mononuclear cells (PBMCs) from one human immunodeficiency virus (HIV)-seropositive (a) and
two HIV-seronegative (b—e) donors, preincubated with ILT2 blocking antibody, control antibody or no antibody, were mixed
with Epstein—Barr virus (EBV) (b, c, e) or cytomegalovirus (CMV) (a, d) antigenic peptide-armed autologous adherent cells
and analyzed for IFN-y production. Percentages of CDS8 T cells staining for intracellular IFN-y are shown. The mean value +
standard deviation (SD) of the five experiments is also shown for each condition. The percentage of IFN-y™ cells increases by

approximately threefold when ILT2 engagement is blocked.

antibody, we found that ILT2 receptor engagement has a
modest and variable inhibitory effect on cytotoxicity, but
substantially inhibits IFN-y production in response to
antigen. Therefore, ILT2 expression raises the threshold for
triggering CD8 T-cell functional responses and probably
contributes to the immune regulation of CD8 T cells to
prevent immunopathogenicity. However, in settings of
chronic infection, such as HIV infection, ILT2 up-regula-
tion interferes with the protective antiviral CD8 T-cell
response. Not only do a high proportion of antiviral CD8 T
cells (= 40%) express ILT2, but ILT2 engagement inhibits
IFN-y production in response to viral antigens.

The effect of ILT2 expression on CM V-specific cells may
be especially relevant as ILT2 binds to the CMV gene
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product, UL18.* In this study, we used CMV peptide-
armed stimulator/target cells. It would be of interest to
determine whether the inhibitory effect of ILT2 cell-surface
expression on CD8 T-cell functions is greater in response to
CM V-infected cells than to the peptide-loaded targets used
here, particularly as the frequency of ILT2" CDS8 T cells
increases in immunosuppressed transplant recipients who
develop CMV discase.*

The NKRs are a rapidly evolving family with little
similarity between humans and rodents, and substantial
divergence even between humans and closely related non-
human primates.*® However, the ILT family of receptors,
unlike the KIRs, is relatively conserved between ethnically
diverse human populations. Unlike the other NKRs, the



540 M. N. Ince et al.

ILT receptors are also broadly expressed on diverse cells in
the leucocyte lineage, including B cells, neutrophils and
monocytes, in addition to T lymphocytes and natural killer
cells.'®!3 There is some evidence that ILT2 may be broadly
expressed in the cytoplasm of all T cells, even naive T cells,
but is only present at high concentrations on the cell surface
of previously activated cells.*” Therefore, as we stained for
ILT2 without permeabilization, this study only relates to
cell-surface expression. The phenotypic properties of ILT2 "
cells (mostly CD27 perforin ™ in normal donors, but less so
in HIV-infected donors) in our study suggest that ILT2 is
expressed on the surface of activated CD8 T cells before they
have completed differentiation into effector CTLs and is
sustained on effector CTLs. The high rate of spontaneous
apoptosis we observed is also consistent with expression on
terminally differentiated effector cells and in agreement with
the findings of Young er al.,** who also found low levels of
bel-2 expression on ILT2™ cells. Because the proportion of
central memory CDS cells is normally so small, it is difficult
to draw any conclusions from this study about whether
ILT2 is expressed on different subsets of antigen-experi-
enced cells without effector function (so-called central
memory and effector memory cells).*' After suboptimal
in vitro activation of normal donor PBMCs, cell-surface
ILT2 expression is up-regulated on some CDS8 T cells within
48 hr of anti-CD3 engagement, in parallel with perforin.
This early response probably occurs on antigen-experienced
cells, as naive T cells require more than 3 days to differen-
tiate into effector cells. Our findings are consistent with the
results of other studies which found that TLT2* T cells are
mostly CD28~, CD27", CD56" and CD57".***® The high
level of ILT2 expression in HIV infection then reflects the
massive expansion of ‘effector’ and especially ‘effector
memory’ CDS8 T cells compared with naive and central
memory CD8 T cells in HIV-infected individuals.*>** Fur-
ther studies are required to pinpoint the cell-surface
expression of ILT2 during activation of naive T cells and to
define precisely the conditions required for continued ILT2
expression after activation.

A few earlier studies looked at NKR expression on CD§
T cells in HIV infection.'*'** Although one group found
increased expression of several iINKRs on CDS8 T cells in
HIV-infected individuals, including some that we did not
find to be increased in this study, others failed to reproduce
these data. The apparent discrepancy could be related to
the treatment status of HIV-infected donors, as enhanced
expression of NKRs other than ILT?2 declines after 2 years
of HAART.,* which most of our HIV-infected donors were
receiving. None of these studies looked at antigen-specific
cells. We now find that ILT2 is also highly expressed on
tetramer-positive antiviral cells in HIV infection and in
normal donors. However, only about 50% of tetramer-
positive cells were ILT2". This probably reflects the fact
that during these chronic infections where the frequency of
infected cells actively replicating virus is extremely low, the
antiviral CD8 T cells that stain with tetramers are a het-
erogeneous mix of cells that have a diverse history of
exposure to antigen, including memory cells, recently acti-
vated cells and cells that have been only partly activated by

suboptimal stimulatory signals.*>® In fact, most HIV-
specific CD8 T cells have some characteristics of effector
cells and some characteristics of memory cells.>*?

iNKR signalling on CD8 T cells is thought to raise the
activation threshold for antigenic stimulation to prevent
immunopathogenesis and autoreactivity and participate in
terminating the primary immune response.'*'* In fact,
during T-cell activation, ILT2 polarizes towards the
immunological synapse and ILT2 triggering recruits the Src
homology protein, SHP, reduces the phosphorylation of the
key proximal signalling molecules, CD3{ and linker for
activation of T cells (LAT), and more distal signalling
molecules such as the extracellular signal-related kinases
(ERK), and inhibits the activation of cytoskeletal changes
associated with activation.>' It is therefore not surprising
that blocking ILT2 triggering enhances the function of
ILT2" CD8 T cells, especially IFN-y production in
response to antigen. However, blocking ILT2 has a variable
effect on enhancing cytotoxicity. Our finding, of differential
effects of ILT2 on IFN-y production and cytotoxicity,
supports work which suggests that the threshold for acti-
vating cytotoxicity is much higher than that for activating
cytokine production.!'*3 Moreover, cytotoxic function
is more compromised than cytokine production during
chronic infection in both humans and mouse models.*%
The variable effect of ILT2 engagement on cytotoxicity
might be related to variability in TCR affinity or in the
co-expression of costimulatory and adhesion molecules and
other inhibitory receptors, which can affect the strength and
quality of T-cell activation. In fact, previous studies found
more pronounced inhibition of cytotoxicity by ILT2
blocking antibody than we observed using HIV donor
samples in this study.*”*

A recent study found that the iNKR gp49B1 in mice is
expressed upon CD8 T-cell activation and similarly inter-
feres with antigen-specific IFN-y production, but not with
cytotoxicity.”> Because there is little homology between
human and rodent NKRs, it is possible that gp49B in mice
and ILT2 in humans, although they have little homology
(20% amino acid identity), play similar dominant roles in
regulating CD8 T-cell function on activated CD8 T cells.
As the human genome encodes =100 NKRs that might be
expressed on CD8 T lymphocytes,'” and the expression of
these receptors (most of which have not even been identified
as proteins) are unknown, other iNKRs might also con-
tribute to regulating CD8 T-cell function.

ILT2 is highly expressed on antiviral CD8 T cells in
normal donors and HIV-infected donors, where about half
of viral tetramer-staining CD8 T cells are ILT2". More-
over, ILT2 engagement significantly stifles the IFN-y
response to antigen. Given the importance of the IFN-y
response in controlling viral infection,***>® inhibition of
T-cell activation by ILT2 may play an important role in
impeding a protective immune response to HIV and other
chronic viral infections, especially CMV. During an acute
infection, ILT2 expression may help the host to maintain
the delicate balance between effective immunity and
immune pathogenesis by raising the threshold for triggering
CTL effector function. In the setting of chronic infection,
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however, inhibiting CD8 T-cell function may allow the
virus to gain the upper hand.
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