
of August 9, 2022.
This information is current as

from Effector to Memory CTL
Receptors Correlates with the Transition
Receptor Complex-Encoded Ig-Like 
Differential Expression of Leukocyte

L. Lanier and Peter Parham
Neil T. Young, Markus Uhrberg, Joseph H. Phillips, Lewis

http://www.jimmunol.org/content/166/6/3933
doi: 10.4049/jimmunol.166.6.3933

2001; 166:3933-3941; ;J Immunol 

References
http://www.jimmunol.org/content/166/6/3933.full#ref-list-1

, 22 of which you can access for free at: cites 41 articlesThis article 

        average*
   

 4 weeks from acceptance to publicationFast Publication! •  
   

 Every submission reviewed by practicing scientistsNo Triage! •  
   

 from submission to initial decisionRapid Reviews! 30 days* •  
   

Submit online. ?The JIWhy 

Subscription
http://jimmunol.org/subscription

 is online at: The Journal of ImmunologyInformation about subscribing to 

Permissions
http://www.aai.org/About/Publications/JI/copyright.html
Submit copyright permission requests at: 

Email Alerts
http://jimmunol.org/alerts
Receive free email-alerts when new articles cite this article. Sign up at: 

Print ISSN: 0022-1767 Online ISSN: 1550-6606. 
Immunologists All rights reserved.
Copyright © 2001 by The American Association of
1451 Rockville Pike, Suite 650, Rockville, MD 20852
The American Association of Immunologists, Inc.,

 is published twice each month byThe Journal of Immunology

 by guest on A
ugust 9, 2022

http://w
w

w
.jim

m
unol.org/

D
ow

nloaded from
 

 by guest on A
ugust 9, 2022

http://w
w

w
.jim

m
unol.org/

D
ow

nloaded from
 

http://www.jimmunol.org/cgi/adclick/?ad=56317&adclick=true&url=https%3A%2F%2Fwww.biolegend.com%2Fen-us%2Fcell-hashing-app-note%3Futm_source%3DJofImmunology_072622%26utm_medium%3Dbanner1872x240%26utm_campaign%3Dcell-hashing_app-note
http://www.jimmunol.org/content/166/6/3933
http://www.jimmunol.org/content/166/6/3933.full#ref-list-1
https://ji.msubmit.net
http://jimmunol.org/subscription
http://www.aai.org/About/Publications/JI/copyright.html
http://jimmunol.org/alerts
http://www.jimmunol.org/
http://www.jimmunol.org/


Differential Expression of Leukocyte Receptor
Complex-Encoded Ig-Like Receptors Correlates with the
Transition from Effector to Memory CTL 1

Neil T. Young,2* Markus Uhrberg, 3* Joseph H. Phillips,† Lewis L. Lanier,4† and Peter Parham*

The human leukocyte receptor complex (LRC) on chromosome 19q13.4 encodes Ig superfamily receptors expressed on hemo-
poietic cells. Killer Ig-like receptors (KIR) are expressed in cytotoxic lymphocytes but other LRC molecules (Ig-like transcrip-
t(ILT)/leukocyte Ig-like receptor (LIR)) are more ubiquitous. We investigated expression of the ILT2/LIR1 inhibitory receptor
compared with the related KIR. Both ILT2/LIR1 and KIR were expressed by peripheral CD81 T cells with a memory/effector
phenotype. ILT2/LIR1 1 T cells demonstrated diverse TCRBV repertoires in contrast to KIR1 T cells, while numbers of periph-
eral ILT2/LIR1 1 T cells were greater than KIR1 T cells and the majority of ILT2/LIR1 1 T cells did not coexpress KIR. Analysis
of CD81 T cells with specific HLA class I tetramers confirmed this pattern of expression, indicating differential regulation of LRC
gene expression in T lymphocytes. Only a minor proportion of ILT2/LIR11 KIR 2 clones survived in vitro cloning, were more
susceptible to anti-CD3 or cognate peptide induced cell death than KIR1 T cells and exhibited lower levels of the Bcl-2 survival
molecule. Our results indicate a sequential program of LRC-encoded receptor expression with initial ILT2/LIR1 expression in
effector T cells and KIR gene transcription in the minor proportion of expanded clones which survives activation-induced cell
death to become long term memory T cells. The Journal of Immunology,2001, 166: 3933–3941.

K iller cell Ig-like receptor (KIR)5 molecules are members
of the Ig superfamily, containing either two (KIR2D) or
three (KIR3D) extracellular Ig domains (1). The genes

for these receptors are located in a polygenic cluster on chromo-
some 19q13.4 (2). Further molecules with homology to KIR have
been described and shown to be encoded by genes located in the
same genomic region, now designated the leukocyte receptor com-
plex (LRC) (3). This additional family of receptors, known either
as Ig-like transcripts (ILT) (4), leukocyte Ig-like receptors (LIR)
(5), or monocyte inhibitory receptors (MIR) (6, 7) have structural
and functional similarities to KIR including multiple isoforms.
ILT/LIR possess either four or two extracellular Ig-like domains
and can be classified as inhibitory forms with long cytoplasmic

tails containing immunoreceptor tyrosine inhibitory motifs
(ITIMs) which recruit SHP-1 phosphatase (8) or short-tailed, ac-
tivating forms which associate with the FcRIg signaling subunit
(9). ILT/LIR proteins differ from KIR by being principally ex-
pressed on cells with a phagocytic and Ag-presenting function
such as monocytes, macrophages, dendritic cells, and B lympho-
cytes, although a subset of these inhibitory receptors are expressed
on peripheral NK and T lymphocytes (4, 5).

The functional activity of human NK cells and a subset of CTL
is influenced by the interaction of KIR with epitopes of HLA class
I molecules. Upon binding their specific ligands, KIR recruit
SHP-1 phosphatase via ITIMs located in their cytoplasmic tail,
inhibiting the signaling processes associated with cellular activa-
tion (1). In NK cells, KIR genotype and expression repertoire de-
termine self tolerance (10) and allow these cells to detect “missing
self,” i.e., the loss of cell surface HLA class I expression resulting
from infection with certain viruses or malignant transformation.
Isoforms of the KIR molecules that have short cytoplasmic tails
lacking ITIM motifs may trigger effector cell activation through
association with the adaptor molecule DAP12 (11). The precise
role of KIR expression in CTL is unclear, although these receptors
can modulate signals transmitted through the TCR/CD3 complex
(12–14). KIR expression in T lymphocytes appears to be restricted
to cells with a differentiated “memory” phenotype (15).

As the KIR and ILT/LIR receptors are encoded within the same
genomic cluster, it is relevant to assess the features of ILT/LIR
expression in peripheral lymphocytes and the extent of any coin-
cidence with KIR expression, particularly as inhibitory receptors
such as ILT2/LIR1 appear to be expressed on both NK and T
lymphocytes and recognize HLA class I ligands (16). Investigation
of these features will provide information on cell-type specific ex-
pression of genes within the LRC and may have important impli-
cations for the functional repertoires of cells with cytotoxic capac-
ity. We have thus analyzed characteristics of the ILT2/LIR1
inhibitory receptor on T lymphocytes in comparison with expres-
sion of the related KIR. Previous studies have demonstrated the
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expression of ILT2/LIR1 by a proportion of T cells but have not
addressed the coordination of ILT2/LIR1 and KIR expression or
defined the specific types of T cells that express ILT2/LIR1. Our
results indicate a certain overlap in expression of the two types of
receptors but also demonstrate a differential regulation of Ig-like
receptor acquisition which correlates with the development of re-
sistance to activation-induced cell death in memory CTL.

Materials and Methods
Normal donor leukocytes

Buffy coats obtained by leukapheresis of normal blood donors were pur-
chased from Stanford Medical Center Blood Bank. Cord blood samples
were obtained from normal term deliveries at the Maternity Unit, Packard
Children’s Hospital, Stanford. Mononuclear cells were obtained from these
products by Ficoll-Hypaque gradient centrifugation. HLA class I typing
was performed on genomic DNA derived from PBMC using PCR followed
by direct sequencing and sequence-specific primer amplification.

Flow cytometry

Three-color flow cytometry was performed on mononuclear cells stained in
a two-stage procedure with the ILT2/LIR1-specific mAb HPF1 (16) fol-
lowed by FITC- or PE-labeled goat anti-mouse reagent. After blocking
with normal mouse serum (Sigma, St. Louis, MO), cells were counter-
stained with directly conjugated (FITC or CyChrome) Abs specific for the
T cell markers CD3, CD4, CD8, TCRgd, TCRab, CD45RO, CD45RA,
CD57, CD28, CD27, CD38, and the NK cell markers CD16 and CD56. A
mixture of PE-coupled KIR-specific mAbs consisting of the anti-KIR re-
agents EB6 (anti-KIR2DL1, anti-KIR2DS1; Coulter, Hialeah, FL), DX27
(anti-KIR2DL2/L3, anti-KIR2DS2), DX9 (anti-KIR3DL1), and DX31 (anti-
KIR3DL2) was also used. T cell clones as well as peripheral mononuclear
cells were analyzed by flow cytometry using FITC-coupled mAbs specific
for the TCRV region families AV2, AV12.1, BV3.1, BV5a, BV5b, BV5c,
BV6.7, BV8a, BV12, BV13, BV14, BV16, BV21, BV22, and BV23
(Coulter and Serotec, Raleigh, NC). For analysis of intracellular Bcl-2
levels by four color flow cytometry, PBMC were first stained with appro-
priate PE, Cychrome or APC-labeled Abs specific for cell surface markers,
permeabilized, and stained with FITC-labeled anti-Bcl-2 or IgG1 isotype
control (Becton Dickinson, San Jose CA).

Ag-specific T lymphocytes were identified using synthetic HLA-
A*0201 tetrameric complexes labeled with PE fluorochrome. HLA-A2 tet-
ramers were refolded with HCMV pp65 peptide NLVPMVATV or human
EBV BZLF1 peptide GLCTLVAML. Tetramer staining was performed at
room temperature to minimize low affinity binding.

Cells (23 105) of each T cell clone and 13 106 PBMC were incubated
at 4°C for 45 min with the appropriate Abs, washed, and analyzed on a
FACScan or FACSort flow cytometer using CellQuest (Becton Dickinson)
and FlowJo (TreeStar, San Carlos, CA) analysis software.

T cell cloning

Single CD31 HPF11 T cells were sorted using a FACStar or FACSVan-
tage cell sorter and Cyt-clone software (Becton Dickinson). Single-cell
sorted T cell clones were established and maintained as described (17).
Briefly, T cell clones were cultured in IMDM (Life Technologies, Gaith-
ersburg, MD) containing 200 U/ml recombinant IL-2 (provided by C.
Reynolds, National Cancer Institute/Biological Response Modifier Pro-
gram, Frederick, MD) and 5% human T-STIM (Becton Dickinson). Mixed,
allogeneic PBMC (13 106/ml; three donors) and 13 105/ml JY cells
(EBV-transformed B lymphoblastoid cell line) were irradiated and used as
feeder cells at the start of the culture and subsequently at weekly intervals.
Irradiated feeder cells without T cell clones (“feeders-only” culture) were
cultured in parallel to control for background proliferation.

RNA preparation and reverse transcription

Total cellular RNA was extracted from 3–53 106 T cell clones and the
“feeders-only” culture using RNAzol according to the manufacturer’s in-
structions (Tel-Test, Friendswood, TX).

First strand cDNA was synthesized from 1mg RNA by reverse tran-
scription using oligo(dT) (Perkin-Elmer, Norwalk, CT) and Moloney mu-
rine leukemia virus reverse transcriptase (Life Technologies, Gaithersburg,
MD) in a volume of 50ml at 42°C for 1.5 h.

PCR amplification

RT-PCR analysis of KIR expression on T cell clones was performed as
described (18) using a panel of PCR primer pairs to enable the specific

amplification of six groups of inhibitory KIR (KIR2DL1–4 and
KIR3DL1–2) and six groups of noninhibitory KIR (KIR2DS1–5 and
KIR3DS1). Amplifications were performed with specific primers at a con-
centration of 0.5mM in 25-ml reactions for 30 cycles using 2ml of cDNA
per reaction. Internal control primers specific forb-actin were included in
each PCR at a concentration of 0.05mM. Feeders-only cultures were used
as RT-PCR controls to monitor the presence of residual transcripts from
irradiated feeder cells. The use of this RT-PCR analysis allowed us to
detect expression of all KIR genes, including those receptors that cannot be
detected by specific Abs.

TCRBV family-specific PCR was performed as previously described
(19). For each of 25 TCRBV families a specific sense primer and a com-
mon antisense primer matching the TCRB constant region were used. T
cell clones were amplified for 25 cycles, PBMC for 35 cycles using 1ml
of cDNA per 25-ml reaction.

TCRB gene rearrangements of T cell clones were determined by direct
sequencing of products obtained by TCR family-specific PCR. Due to the
monoclonality of the established T cell clones, no subcloning step was
necessary to obtain unambiguous complementarity-determining region 3
(CDR3) sequences. PCR products were purified using a QIAquick PCR
Purification Kit (Qiagen, Chatsworth, CA) and cycle-sequenced using dye-
labeled deoxynucleotide terminators and a 373A automated sequencer (Ap-
plied Biosystems, Foster City, CA). TCRB rearrangements were deter-
mined in both directions using the family-specific and constant region-
specific primers used for PCR amplification.

Functional analysis

T cell clones (23 104) reactive with tetrameric HLA complexes were
incubated at 37°C in 96-well plates with irradiated peptide-pulsed stimu-
lator cells at a ratio of 5:1 for the indicated time periods in IL-2 medium.
Stimulator cells comprised the 721.221 HLA class I-negative B lympho-
blastoid cell line transfected with cDNA for HLA-A*0201 and incubated in
the presence of relevant nonamer peptides at 37°C overnight before wash-
ing and irradiation. Cultures for each time point were established in du-
plicate. Peptides were synthesized by F-moc chemistry and purified to
greater than 90% purity by reverse phase HPLC (Sigma Genosys, Austin
TX). Cells were analyzed by flow cytometry with fluorochrome-labeled
anti-CD8 and anti-CD3 Abs. Cell viability was assessed by forward and
side scatter characteristics and staining with FITC-labeled annexin V (Bec-
ton Dickinson). For anti-CD3 stimulation, T cell clones (23 105) were
incubated in the presence of 1mg/ml anti-CD3 mAb (clone UCHT1;
Coulter) and 2mg/ml recombinant protein G (Sigma) in IL-2 medium at
37°C for 6 h, washed, and assayed for Annexin V binding and propidium
iodide exclusion by flow cytometry. Control incubations consisted of T cell
clones incubated in the presence of protein G or medium alone. For anal-
ysis of PBLs, CD31 CD81 T cells were sorted into ILT2/LIR11 KIR2 and
ILT2/LIR11 KIR1 populations by flow cytometry before anti-CD3 stim-
ulation and flow cytometric analysis as described above.

Statistical analysis

Analysis of differences in Ig-like receptor expression between flow cytom-
etry-defined subsets was accomplished using a two-tailed Studentt test and
ANOVA.

Results
Variation in ILT2/LIR1-inhibitory receptor expression in PBLs

Flow cytometric analysis of ILT2/LIR1 expression in PBMC of 20
normal donors using the specific mAb HPF1 demonstrated that the
principal cell types expressing this inhibitory receptor were mono-
cytes and B lymphocytes (Fig. 1A), as previously reported (16). In
all individuals analyzed, ILT2/LIR1 was expressed on close to
100% of CD32 CD191 B lymphocytes and CD141 CD161 or
CD131 CD161 monocytes. In contrast to the ubiquitous expres-
sion by B lymphocytes and monocytes, ILT2/LIR1 was expressed
on a subset of peripheral adult CD31 T lymphocytes and CD32

CD561 NK lymphocytes (Fig. 1A) and a very small proportion of
cord blood T lymphocytes (mean5 1.7% SD 5 1.2, n 5 5).
ILT2/LIR1 was expressed on a mean of 48% (SD5 21.4) ofgd T
lymphocytes and a mean of 23.5% (SD5 14.9) ofab T-lympho-
cytes in the 20 normal adults. Expression of both ILT2/LIR1 and
KIR was restricted to CD81 T lymphocytes, with,1% of CD41

T lymphocytes expressing Ig superfamily inhibitory receptors (Fig.
1B). Although the values for CD31 cells appear quantitatively
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similar to that for CD81 cells, this is an artifact of presenting the
results as mean values. Analysis of individual donors demonstrates
that these values are not correlated and are apparently influenced
by variations in numbers of CD81 T cells between donors (data
not shown).

ILT2/LIR1-inhibitory receptor is principally expressed by
memory CTLs

In view of the low numbers of ILT2/LIR11 T lymphocytes ob-
served in cord blood samples and the previously reported restric-
tion of KIR expression to memory phenotype adult T lymphocytes,
we performed a subset analysis of T cells in the panel of 20 normal
individuals using the HPF1 Ab and a pool of Abs recognizing
KIR2D and KIR3D molecules. This analysis demonstrated that
both ILT2/LIR11 and KIR1 T cells are predominantly contained
within the CTL memory/effector population i.e., CD81 CD561

CD571 CD272 CD282 T cells (Fig. 2A-D).
However, analysis of subsets defined by markers previously rec-

ognized as distinguishing Ag-naive and Ag-experienced T cells
showed no significant differences in ILT2/LIR1 or KIR expression
between either CD45RA/RO or CD381/CD382 T cells (Fig. 2,E

and F). ILT2/LIR11 T cells were of a higher proportion in the
CD45RA1 population, which may correlate with the reported ef-
fector function of this subset of cells (20). By comparison with
KIR expression in the populations defined by CD8, CD56, CD57,
CD27, or CD28, ILT2/LIR1 was expressed by a significantly
higher number of T cells within each subset (p , 0.0005).

Coexpression of ILT2/LIR1 and KIR on CTLs

Our analysis of inhibitory receptor expression in T lymphocyte
subsets revealed a consistently greater number of cells positive
with the HPF1 Ab than the mixture of KIR-specific Abs within all
subsets tested. This raised the possibility that ILT2/LIR1 and KIR
expression may not be concomitant in these cells. To analyze this
further, we tested coexpression of ILT2/LIR1 and KIR in the pe-
ripheral lymphocytes of twenty individuals. Although a consistent
proportion of KIR1 NK (gated on CD561 or CD161 lympho-
cytes) or T lymphocytes (gated on CD31 lymphocytes) coex-
pressed ILT2/LIR1 (Fig. 3A), this feature was not apparent when
ILT2/LIR11 CD31 T-lymphocytes were analyzed for coexpres-
sion of KIR (Fig. 3B). Although equivalent levels of KIR expres-
sion were observed on ILT2/LIR11 NK lymphocytes, the majority
of ILT2/LIR11 T cells expressed only this receptor and the mi-
nority coexpressed KIR. A comparison of the relative proportions
of ILT2/LIR1 and KIR coexpression in the CD31 population is
shown in Fig. 3,C andD.

This difference between ILT2/LIR1 and KIR expression in T
lymphocytes and NK cells was strikingly apparent when the
twenty individuals were analyzed individually (Fig. 4). In both
CD31 CD81 (Fig. 4A) and TCRab1 (Fig. 4B) populations, 19 of
20 individuals expressed ILT2/LIR1 on a higher percentage of T
cells than KIR molecules. However, the majority of these individ-
uals expressed ILT2/LIR1 on a lower percentage of their NK
(CD32 CD561) cells (Fig. 4C) than KIR molecules withgd T
cells demonstrating an intermediate phenotype (Fig. 4D).

Clonal analysis of ILT2/LIR1-positive T lymphocytes

To precisely investigate the characteristics ofILT2/LIR1 expression
in T lymphocytes, we derived T cell clones by single cell sorting of
CD31 ILT2/LIR11 lymphocytes from the peripheral blood of two
donors who were previously analyzed in detail for the features of KIR
expression in both NK (10) and T lymphocytes (21). The phenotype
and TCR clonotype of the clones were analyzed in detail using flow
cytometric and molecular techniques. Because the pool of KIR-
specific Abs we used in the flow cytometric analysis detect all but four
of the 12 known KIR molecules, a precise molecular analysis of T cell
clones was required to unambiguously determine the full extent of
overlap in Ig-like receptor expression.

ILT2/LIR11 T cell clones are representative of peripheral blood
T lymphocytes

The panels of ILT2/LIR11 T cell clones derived from donors NV
and PP have similarities to the populations of KIR1 T cell clones
we have previously analyzed (21) but also have significant differ-
ences (Table I). In short, although these cells typically displayed
the phenotypes of activated memory cells, the panels comprised
not only CD81 T cells but also included CD42 CD82 TCRab
cells and rare CD41 cells. Similar proportions of TCRab and
TCRgd cells were derived from cloning ILT2/LIR11 T cells as
were found in KIR1 cloning.

ILT2/LIR11 T cell clones exhibit a diverse TCR repertoire

The most striking finding of our previous study of KIR1 T cell
clones was the almost complete restriction of TCRBV region gene
usage in TCRab clones from donor NV. All such clones were

FIGURE 1. ILT2/LIR1 receptor is expressed on a subset of peripheral
blood T and NK lymphocytes.A, Mean percentage of ILT2/LIR11 cells
within each of the major mononuclear cell populations as determined by
flow cytometric analysis of 20 normal adult individuals. Errors bars depict
SD of the mean. Open columns, CD31 T lymphocytes; solid black col-
umns, CD32 CD561 NK lymphocytes; solid gray columns, CD191 B
lymphocytes; hatched white columns, CD141 monocytes; hatched black
columns, CD131 monocytes.B, Mean percentage of ILT2/LIR11 cells
within each of the major T cell subsets as determined by flow cytometric
analysis of 20 normal adult individuals. Errors bars depict SD of the mean.
Within the peripheral lymphocyte population, ILT2/LIR1 is principally
expressed on cytotoxic cells. Open columns, ILT2/LIR1 (HPF1 Ab); filled
columns, KIR (a mixture of EB6, DX27, DX9, and DX31 Abs).
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TCRBV16 and expressed a highly restricted CDR3 sequence (21).
We used PCR amplification and nucleotide sequencing of TCRBV
gene transcripts from ILT2/LIR11 T cell clones from donors NV
and PP to assess the extent of TCR diversity in these cells. A
proportion of the ILT2/LIR11 TCRab clones from donor NV rep-
resented the population cloned previously as they expressed the
same TCRBV16 clonotype as the KIR1 T cell clones. However, a
further population of ILT2/LIR11 T cell clones expressed TCRB
chain genes of diverse families and clonotypes including
TCRBV2, BV6, BV17, BV21, and BV23 (Table II). No motifs
common to all represented TCRBV families were found when the
CDR3-encoding regions of these transcripts were sequenced, sug-
gesting that these clones originally proliferated in response to
unique peptide Ags. Similar results were found in clones derived
from donor PP, where clonal TCRBV transcripts included
TCRBV1, BV2, BV3, BV6, BV10, BV13, BV14, BV16, BV17,
and BV21 (Table II).

In addition, flow cytometric analysis of peripheral blood CD81

lymphocytes with TCRBV-specific mAbs in six normal donors
indicated that ILT2/LIR1 was expressed on a proportion of all
families tested (mean5 25.4% 1SD5 10.3) whereas the mixture
of KIR-specific Abs only detected low percentages in each family
(mean5 6.1% 1SD5 4.1) or expansions within a small number
of families.

Clonal analysis of ILT2/LIR1 and KIR coexpression

Typing of KIR gene expression in each of the T cell clones by
RT-PCR and flow cytometry revealed a surprising finding. Al-
though all clones were ILT2/LIR11, only a very small number
displayed the Ig-like receptor phenotype of the cells that predom-
inated in peripheral blood, i.e., ILT2/LIR11 KIR2. From a total of
104 clones (including 20 from a third donor), only 19 did not react
with KIR-specific mAbs and the majority of these expressed
KIR2DL4, KIR2DS4, or KIR3DS1, which are not detectable by
currently available Abs but can be detected at the cDNA level (Fig.
5). Thus, only 3 of the 104 clones displayed a truly KIR2 pheno-
type. The remaining 101 clones displayed KIR phenotypes, as de-
termined by RT-PCR typing, similar to those described in our pre-
vious study (21). These results indicate that our use of the pooled
KIR-specific Abs in the analysis of PBLs detected the majority
(;80%) of the KIR-expressing T cells.

To examine thisapparent differential expression of LRC-
encoded receptors more precisely, we analyzed Ag-specific
peripheral blood CD81 cells of normal donors with tetrameric
HLA class I molecules (Fig. 6). Using an HLA-A*0201-
HCMVpp65 tetramer, it is evident that the majority of these
peptide-specific CD81 T cells express ILT2/LIR1 (Fig. 6B) but
only a very small proportion express KIR or CD94 receptors
(Fig. 6C). Similar results were detected in another five donors

FIGURE 2. ILT2/LIR1 receptor expression is principally restricted to memory/effector T lymphocytes. ILT2/LIR1 and KIR expression was determined
by flow cytometry in CD31 T lymphocytes positive or negative for the following markers of T cell memory and activation:A, CD56;B, CD57;C, CD28;
D, CD27;E, CD45;F, CD38. Mean percentage of positive cells within each subset is shown (n5 20). Error bars depict SD of the mean. Open columns,
ILT2/LIR1 (HPF1 Ab); filled columns, KIR (a mixture of EB6, DX27, DX9, and DX31 Abs).
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using tetramers containing either HCMV- or EBV-specific
peptides (data not shown) confirming the validity of the LRC
receptor phenotype found in our analysis of peripheral blood
CD81 lymphocytes (Fig. 4).

ILT2/LIR11 KIR2 clones are prone to activation-induced cell
death

In view of the discrepancy observed between the phenotype of
peripheral blood ILT2/LIR11 T cells and that of the in vitro ex-
panded panel of T cell clones, we reasoned that the majority of
ILT2/LIR11 T cells did not survive the cloning procedure and only
those clones, which were also KIR1, exhibited long-term in vitro
growth characteristics. To investigate whether possible differences
in the survival ability of T cell clones correlated with their expres-
sion of particular Ig-like receptors we performed another two ex-
periments. After isolation and limited expansion of HCMVpp65
peptide-specific T cell clones using tetramers and single cell sort-
ing, we tested the response of these ILT2/LIR11 KIR2 clones to
in vitro stimulation with their cognate peptide/HLA class I restric-
tion element in the presence of IL-2.

As shown in Fig. 7A, incubation of T cell clones with their
cognate peptide resulted in the death of;80–90% of these cells by
48 h of culture, with a slightly more rapid rate of cell death induced
by stimulator cells pulsed with higher peptide concentrations. In
contrast, incubation with stimulators pulsed with an equivalent
concentration of irrelevant peptide resulted in a decrease of viable
CD81 cells of only 5–10%. To compensate for any potential dif-
ferences in the affinity of clonally distributed TCRs for peptide-
HLA complexes, we also stimulated ILT2/LIR11 KIR2 and ILT2/
LIR11 KIR1 T cell clones with soluble anti-CD3 Ab in the
presence of protein G and IL-2. After 6 h of incubation under these
conditions,;50% of cells of the KIR2 clone bound annexin V,
indicating the translocation of plasma membrane phospholipids

characteristic of the early stages of apoptosis (22). In contrast,
KIR2DL41 T cell clones displayed only a background level of
such annexin V binding (Fig. 7B).

Flow cytometric sorting of peripheral CD81 T cells expressing
ILT2/LIR1 alone or in combination with KIR demonstrated a sim-
ilar finding, with the KIR2 cells being more susceptible to anti-
CD3-induced cell death (Fig. 8A). This population also contained
significantly (p , 0.005) lower intracellular levels of the survival
molecule Bcl-2 (Fig. 8B). The results of these two experiments

Table I. Phenotypic characteristics of ILT2/LIR11 T cell clones
derived from two normal donorsa

Phenotype
NV Clones
(n 5 45)

PP Clones
(n 5 39)

TCRab 80b 59b

TCRgd 20 41
CD81 67 33
CD41 0 8
CD4282 13c 21c

CD561 71 28
CD571 67 77
CD281 0 5
CD161 20 5
CD45RO1 100 100

a Clones were derived by single cell sorting of CD31 ILT2/LIR11 peripheral
blood lymphocytes and expanded in vitro. Clones were phenotyped by flow cytometry
and T cell receptor type was confirmed by RT-PCR.

b Percentage of total clones expressing the indicated cell surface marker.
c Percentage calculated from the number of TCRab CD4282 clones.

FIGURE 3. The majority of CD31 ILT2/LIR1-expressing T lympho-
cytes do not coexpress KIR. Flow cytometric analysis of receptor coex-
pression in peripheral lymphocyte subsets reveals differences in ILT2/LIR1
and KIR coexpression in the CD31 T cell subset. Mean percentage of
positive cells within each subset is shown (n5 20). Error bars depict SD.
Open columns, CD31 cells; filled columns, CD561 cells; hatched columns,
CD161 cells.A, Percentage of ILT2/LIR11 cells of each subset within the
KIR1 population.B, Percentage of KIR1 cells of each subset within the
ILT2/LIR11 population.C andD, Proportions of single and double posi-
tive CD31 cells within either KIR1 or ILT2/LIR11 populations,
respectively.

FIGURE 4. Discordant expression of ILT2/LIR1 and KIR in peripheral
blood cytotoxic lymphocytes. Each panel depicts the percentage of PBL
subsets (A, CD81 T cells;B, TCRab T cells;C, CD32 CD561 NK cells;
D, TCRgd T cells) expressing either ILT2/LIR1 (left, HPF1 Ab) or KIR
(right, a mixture of EB6, DX27, DX9, and DX31 Abs) in 20 normal in-
dividuals. Values for each receptor are linked for individual donors and
demonstrate a consistently higher proportion of ILT2/LIR1 expression in
CD81 TCRab T cells that is not observed in NK or TCRgd cells.
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indicate that expression of KIR by T cells correlates with the ac-
quisition of resistance to activation-induced cell death by
apoptosis.

Discussion
The LRC contains a large number of genes encoding Ig-superfam-
ily proteins that have both structural and functional homologies.

Although certain of these receptors (e.g., ILT2/LIR1) are ex-
pressed on several hemopoietic cell types, particular genes such as
KIR are only expressed in cells with a specific function. The mech-
anisms that control this cell type-specific gene expression are cur-
rently unknown. Our initial results demonstrated the expression of
the ILT2/LIR1 inhibitory receptor on virtually all B lymphocytes
and monocytes but emphasized the differences between individuals
in terms of T lymphocyte expression. This feature suggested clonal
variation in ILT2/LIR1 expression and prompted us to investigate
the detailed characteristics of ILT2/LIR1 expression in T lympho-
cytes in regard to that of the related KIR genes. Unlike certain KIR
genes (18), haplotypic diversity in the presence of the ILT2/LIR1
gene did not contribute to the apparent clonal variation because all
donors typed positively for ILT2/LIR1 at the level of genomic
DNA (data not shown).

The phenotypic assessment of peripheral blood T cell subsets
definitively shows that ILT2/LIR1 and KIR genes are expressed in
the same types of T cells, i.e., differentiated, Ag-experienced cy-
totoxic cells which may have lost the requirement for costimula-
tion. However, this overlap in expression of the related genes is not
necessarily coordinate as the proportions of ILT2/LIR11 cells al-
ways exceeded that of KIR1 cells within each subset. The more
widespread expression of ILT2/LIR1 is also supported by pheno-
typic analysis of T cell clones and Ag-specific T cells. ILT2/
LIR11 clones and peripheral T cells displayed a diverse assort-
ment of TCRV region gene usage in contrast to KIR1 cells. Also,
ILT2/LIR11 clones included CD42CD82 and rare CD41 T cells
in addition to the CD81 cells characteristically expressing KIR.

Analysis of coexpression of the two receptor types demonstrated
the predominance of ILT2/LIR11 KIR2 T cells in peripheral
blood and the use of tetrameric HLA class I constructs confirmed
this pattern of receptor expression within a population of CD81 T
cells specific for distinct viral peptides.

The derivation of ILT2/LIR11 T cell clones allowed us to define
a major functional difference between cells expressing ILT2/LIR1
alone or in concert with KIR. The use of established in vitro clon-
ing procedures failed to produce clones representative of the major
phenotype observed ex vivo, as the only cells that displayed sig-
nificant in vitro proliferation were KIR1 and not ILT2/LIR11

KIR2. Further functional analysis of these clones demonstrated

FIGURE 5. Phenotypic analysis of CD31 ILT2/LIR11 T cell clones
detects KIR2DL4 expression. Flow cytometric analysis of a panel of T cell
clones demonstrates only a minor proportion display the commonest phe-
notype observed in peripheral blood.A and B, Flow cytometric and RT-
PCR analysis of KIR expression in two representative clones.C, KIR phe-
notype defined by RT-PCR in 19 clones (from a total of 104) that did not
react with KIR-specific Abs, demonstrating that the majority of these cells
express KIR2DL4. Open boxes indicate a negative typing result, and filled
boxes represent a positive result.

FIGURE 6. Analysis of peripheral Ag-specific CD81 T cells confirms
the ILT2/LIR11 KIR2 phenotype. Ex vivo analysis of bulk-sorted CD81

cells reactive with an HLA-A*0201-HCMVpp65 tetramer (A) demon-
strates a phenotype consistent with the investigation of peripheral blood T
cells. These cells display a proportion of ILT2/LIR1 expression (B) at least
10-fold greater than KIR expression (C).

Table II. Comparison of the range of TCRBV gene usage in T cell
clones selected on the basis of KIR expression or ILT2/LIR1 expressiona

Donor NV Donor PP

KIRb ILT2/LIR1c KIRb ILT2/LIR1c

BV16 BV16 BV11
BV2 BV14 BV14
BV6 BV21 BV21
BV12 BV1
BV17 BV2
BV21 BV3
BV23 BV6

BV10
BV13
BV16
BV17

a TCRBV gene usage was determined by RT-PCR and nucleotide sequencing. The
overlap between the two populations is apparent but ILT2/LIR11 clones display a
greater diversity of TCR usage.

b KIR1 T cell clones. Data from Ref. 21.
c ILT2/LIR11 T cell clones derived in the present study.
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that ILT2/LIR11 KIR2 clones were susceptible to apoptosis when
activated through the TCR/CD3 complex, whereas KIR1 clones
were not. This result was confirmed by analysis of these T cell
populations derived from peripheral blood, which additionally
demonstrated a lower level of the cell survival molecule Bcl-2 in
ILT2/LIR11 KIR2 CD81 T cells.

It could be argued that without an Ab to specifically identify
KIR2DL4, we do not currently know the true extent of KIR2DL4
expression in the serologically KIR2 population. However, if all
of the ILT2/LIR11 KIR2 cells expressed KIR2DL4 we would
expect a far higher proportion of the in vitro expanded clones to

display this phenotype than was actually detected (;18% of ILT2/
LIR11 clones compared with;60% of peripheral blood ILT2/
LIR11 T cells). This suggests that the data on KIR expression we
obtained by flow cytometry are not a gross underestimate of pe-
ripheral KIR1 T cells.

These phenotypic and functional results allow us to propose a
scheme for the sequential acquisition of LRC-encoded receptors
by activated CTLs. In our previous study of KIR1 T cell clones
(21), we suggested that the diverse KIR phenotypes displayed by
a dramatically expanded clone of T lymphocytes represented the
end result of a program of KIR gene activation which began with
the expression of KIR2DL4, a receptor which has been demon-
strated to be expressed in all KIR1 NK or T cells (23).

Our present study supports such a serial mechanism of LRC
receptor expression and allows this to be extended to a stage before
the expression of KIR2DL4. The dramatically increased propor-
tion of activated T cells that are ILT2/LIR11 KIR2, as exemplified
by the tetramer binding population, can be regarded as effector
CTL because they comprise the greater number of Ag-specific
cells, are CD561 (24) and are prone to apoptosis when stimulated
(25). This association of ILT2/LIR1 gene expression with T cell
activation may be related to our finding of an NCAM (CD56)-
associated transcription element in the 59-untranslated region of
ILT2/LIR1 cDNA clones (N.Y., unpublished data). However, the
precise signals determining Ig-like receptor gene expression are
currently unknown. Although certain cytokines, such as IL-15
(26), TGF-b (27), and IL-10 (28), have been reported to induce or
modulate expression of the lectin-like receptors CD94 and
NKG2A on T cells, no effects on LRC-encoded Ig-like receptor
expression have been observed. The relevance of KIR2DL4 ex-
pression at the initiation of KIR gene expression in T cells is un-
clear. Although this receptor has been detected at the mRNA level
in all KIR1 cells, its expression on the cell surface is currently
controversial. One study reports KIR2DL4 expression on all pe-
ripheral NK cells (23), whereas another suggests that KIR2DL4 is
only expressed on the surface of decidual NK cells in pregnancy
(29). The significance of the apparent specificity of KIR2DL4 for
the nonclassical HLA-G class I molecule (23, 29) is also unclear
because HLA-G expression is highly tissue restricted (30). Specific

FIGURE 7. Stimulation of TCR of T cell clones
defines resistance to activation-induced cell death
associated with expression of KIR.A, HLA-
A*0201-HCMVpp65 tetramer-reactive ILT2/LIR11

KIR2 T cell clones (BCTB1 and BCTB2) were in-
cubated with 721.221-HLA-A*0201 cells pulsed
with 10 mM HCMVpp65 peptide (f), 1mM HCM-
Vpp65 peptide (M), or 10mM EBV BZLF1 peptide
(E), and the viability of CD81 cells was determined
by flow cytometry at indicated time points.B, ILT2/
LIR11 KIR2DL42 and ILT2/LIR11 KIR2DL41 T
cell clones were incubated with 1mg/ml soluble anti-
CD3 in the presence of 2mg/ml protein G for 6 h
and analyzed for binding of annexin V by flow
cytometry.

FIGURE 8. Peripheral CD81 lymphocytes expressing ILT2/LIR1 are
more susceptible to activation-induced cell death and have lower intracel-
lular levels of Bcl-2.A, Bulk-sorted ILT2/LIR11 KIR2 (top) and ILT2/
LIR11 KIR1 (middle) peripheral CD31 CD81 lymphocytes were incu-
bated with 1mg/ml soluble anti-CD3 in the presence of 2mg/ml protein G
for 6 h and analyzed for binding of annexin V by flow cytometry.Bottom,
Profile of cells incubated with protein G alone. Results shown are repre-
sentative of four donors.B, PBLs were stained to identify CD31 CD81

ILT2/LIR11 (open columns) and CD31 CD81 KIR1 (filled columns) T
cells, permeabilized, and stained with a labeled anti-Bcl-2 Ab. The graph
shows intracellular Bcl-2 levels (measured in arbitrary fluorescence units)
in each subset of CD81 T cells of four donors. Significantly (p, 0.005)
lower levels of Bcl-2 are found in the ILT2/LIR11 population.
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reagents to reliably detect KIR2DL4 are required before these mat-
ters can be fully resolved.

The relatively small population of KIR1 cells represent clones
that have made the transition to a state of long-lived memory T
cells in a scheme that is consistent with the recently demonstrated
linear differentiation of specific memory CTL in transgenic mice
(31). The proportions of KIR1 and KIR2 cells within the ILT2/
LIR11 T cell population are consistent with the numbers of effec-
tor and memory cells reported in the anti-HY response of these
mice. This situation is likely to be observed in chronic viral in-
fections because the pool of responsive peptide-specific T cells
will continually be exposed to Ag (32), becoming activated and
expanding in number before maintaining dynamic homeostasis
through apoptosis, with a small percentage of cells remaining as
KIR1 memory cells. Such a predominance of effector cells may
not be observed where viral infections are cleared and only the
relatively scarce Ag-specific memory cells will be detectable (33).

Recently, it has been suggested that memory T cells can be
distinguished into two types (effector and central) based on the
expression of CCR7 chemokine receptors, correlating with their in
vivo trafficking (34). Due to the unavailability of the Abs defining
the CCR7 chemokine receptor we have been unable to directly
assess how this correlates with the expression of specific Ig-like
receptors. We would suggest that the major population of ILT2/
LIR11 KIR2 cells represent the effector cells characteristic of an
initial immune expansion, while future studies should allow us to
define whether the ILT2/LIR11 KIR1 cells we have identified are
comparable with the effector memory subset defined by Sallusto et
al. (34).

Our results also indicate a possible role for KIR in the mainte-
nance of memory T cell survival and resistance to activation-in-
duced cell death. Effector CD81 cells have lower levels of the cell
protective molecule Bcl-2 (35), which results in sensitivity to ap-
optosis induced by fratricide (36) or TNF-a (37). Our findings
support these reports and suggest that KIR expression in T cells is
associated with resistance to activation-induced cell death medi-
ated through stimulation of the TCR. At present, we cannot assign
this anti-apoptotic role directly, as it is possible that KIR expres-
sion in memory cells is simply coordinate with that of another
molecule(s) that confers this survival feature (38). However, KIR
have been suggested to bind the p85a subunit of PI3-kinase lead-
ing to activation of the anti-apoptotic AKT kinase (39), and the
functionally equivalent Ly49 receptors in mice may be involved in
the selection and survival of individual NK clones (40).

The differential expression of ILT2/LIR1 and KIR in activated
T lymphocytes is consistent with differences in the structure and
ligand binding specificities of these molecules. Whereas KIR bind
defined epitopes in thea1 domain of HLA-C or HLA-B molecules,
the larger size of the four Ig-domain ILT2/LIR1 molecule is com-
patible with its binding to the commona3 domain of class I in an
extended conformation, similar to that of CD8 (41). If such a
model is correct, the molecular dimensions of ILT2/LIR1, in ad-
dition to the nature of its ligand binding site, would allow con-
comitant binding of both TCR and ILT2/LIR1 to the same HLA
class I ligand molecule. This would enable the recruitment of phos-
phatases directly to the site of TCR signaling and the subsequent
diminution of cellular activation.

In conclusion, our study indicates a program of sequential ex-
pression of Ig-superfamily receptors encoded within the LRC, with
ILT2/LIR1 expression as an initial event in early stage, activated
cytotoxic effector T cells followed by the acquisition of KIR at the
stage of transition to differentiated memory cells. The expression
of KIR appears to correlate with a resistance to activation-induced
cell death in these cell populations, although the requirement for

KIR interaction with self-HLA class I in this process is currently
unknown.

In view of the close developmental and functional relationships
between NK and CD81 T lymphocytes (42), further investigation
of the events occurring in activated CD81 T cells should enable
the use of such cells as an appropriate working model for analysis
of LRC gene transcription and expression. Future studies will al-
low us to determine the potential role of these Ig-like receptors in
the long-term survival of memory T cells.
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