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CD8���� T Cells That Lack Surface CD5 Antigen Expression
Are a Major Lymphotactin (XCL1) Source in Peripheral Blood
Lymphocytes1

Laura Stievano, Valeria Tosello, Novella Marcato, Antonio Rosato, Annalisa Sebelin,
Luigi Chieco-Bianchi, and Alberto Amadori2

To better characterize the cellular source of lymphotactin (XCL1), we compared XCL1 expression in different lymphocyte subsets
by real-time PCR. XCL1 was constitutively expressed in both PBMC and CD4� cells, but its expression was almost 2 log higher
in CD8� cells. In vitro activation was associated with a substantial increase in XCL1 expression in both PBMC and CD8� cells,
but not in CD4� lymphocytes. The preferential expression of XCL1 in CD8� cells was confirmed by measuring XCL1 production
in culture supernatants, and a good correlation was found between figures obtained by real-time PCR and XCL1 contents. XCL1
expression was mostly confined to a CD3�CD8� subset not expressing CD5, where XCL1 expression equaled that shown by ���

T cells. Compared with the CD5� counterpart, CD3�CD8�CD5� cells, which did not express CD5 following in vitro activation,
showed preferential expression of the �� form of CD8 and a lower expression of molecules associated with a noncommitted/naive
phenotype, such as CD62L. CD3�CD8�CD5� cells also expressed higher levels of the XCL1 receptor; in addition, although not
differing from CD3�CD8�CD5� cells in terms of the expression of most �- and �-chemokines, they showed higher expression
of CCL3/macrophage inflammatory protein-1�. These data show that TCR ��-expressing lymphocytes that lack CD5 ex-
pression are a major XCL1 source, and that the contribution to its synthesis by different TCR ��-expressing T cell subsets,
namely CD4� lymphocytes, is negligible. In addition, they point to the CD3�CD8�CD5� population as a particular T cell
subset within the CD8� compartment, whose functional properties deserve further attention. The Journal of Immunology,
2003, 171: 4528 – 4538.

T he chemokines are a large family of cytokines whose pri-
mary biologic function is to control the trafficking of var-
ious leukocyte populations through different lymphoid

compartments and sites of inflammation (1, 2). Based on the num-
ber and position of conserved cysteine residues, four subfamilies
can be identified (3, 4), designated CXC (�-chemokines), CC (�-
chemokines), C (�-chemokines), and CX3C (�-chemokines).
Whereas the CXC and CC families comprise an increasingly grow-
ing number of members, only two and one representative have
been as yet identified for the � and � families, respectively. CXC
chemokines mainly target neutrophils and T cells, whereas CC
chemokines mostly act on monocytes, eosinophils, basophils, and
T cells (5); both families play a relevant role in several leukocyte
functions, including migration, proliferation, cytotoxicity, adhe-
sion, and apoptosis (5, 6). Until a few years ago, the only known
role for the �-chemokine fractalkin and the �-chemokine lympho-
tactin (XCL1)3 was the ability to promote migration of different

leukocyte subpopulations. In particular, XCL1 is efficiently che-
motactic for activated CD4� and CD8� T cells and NK cells (7–
9); more recently, a chemotactic activity on neutrophils and B cells
was also demonstrated (10).

A renewed interest in the possible functions of XCL1 other than
promotion of leukocyte migration has recently arisen. Two major
problems remain, however, and deserve more attention. First, the
source of XCL1 within the immune system is still poorly defined.
On the one hand, lymphotactin synthesis was originally described
as strictly confined to CD8� T cells (8–12); more recently, XCL1
expression was also reported in several other leukocyte popula-
tions, including NK cells (7, 13, 14), dendritic cells (15), activated
mast cells (16), TCR ��� T cells (17, 18), and even CD4� T cells
(19), especially those belonging to the Th1 subset (20, 21). In most
cases, however, no quantitative comparisons between different cell
populations were performed, and the ability to produce XCL1 was
mostly evaluated by nonquantitative PCR approaches. Second, the
role of lymphotactin in regulating T cell function is debated. On
the one hand, XCL1 seems to impair Th1 function in humans (22);
on the other, it seems to favor cellular responses (23, 24) and to
promote antitumor activity through adjuvant-like properties in mu-
rine models (25–29).

In view of these observations, we decided to address the first
issue and to better characterize the lymphotactin cellular source(s)
by comparing XCL1 expression by quantitative real-time PCR as-
say and ELISA in different lymphocyte populations. Here we show
that in humans XCL1 expression is mainly a property of CD8�

T cells, and that the contribution to its synthesis by different TCR
��-expressing T cell subsets, namely CD4� lymphocytes, is negli-
gible. Within the CD8� population, the major contribution is from a
subset lacking CD5 Ag expression, which also shows several peculiar
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phenotypic and functional properties compared with CD5-expressing,
“orthodox” CD8� T cells.

Materials and Methods
Purification of T lymphocyte subsets

The blood samples employed in these studies were obtained from healthy
adult donors (ages 20–47 years) after they gave their informed consent.
PBMC were isolated from buffy coats by Ficoll-Hypaque (Pharmacia-Bio-
tech, Uppsala, Sweden) gradient centrifugation (30) and resuspended in
RPMI 1640 medium. Lymph node samples were obtained from patients
undergoing minor surgery; histological examination of the tissue showed
no gross abnormalities. Tonsils as well as blood samples were obtained
from patients (ages 3–7 years) undergoing tonsillectomy. The tissues were
minced with scissors to obtain single-cell suspensions, which were ana-
lyzed cytofluorometrically as detailed below.

CD4� and CD8� cells were obtained by positive selection on LS
columns using the high gradient magnetic cell separation system MACS
(Miltenyi Biotec, Bergish Gladbach, Germany) after incubation with anti-CD4
and anti-CD8 MicroBeads, according to the manufacturer’s instructions. The
purity of recovered cells was �98%, with no detectable cross-contamination
by CD8� and CD4� cells, as determined by cytofluorometric analysis.

A more complex separation procedure was employed to obtain purified
CD8� T cell subpopulations. To isolate CD3�CD8�CD5� cells, PBMC
were first incubated with anti-CD5 mAb (clone CB01; courtesy of F. Ma-
lavasi, Turin, Italy) and then with goat anti-mouse IgG MicroBeads (Milte-
nyi Biotec). The labeled cells were subsequently passed through a CS
column specific for negative selection; unlabeled cells (CD5� fraction)
were incubated with anti-CD8 Multisort MicroBeads and processed ac-
cording to the above positive selection protocol. After discarding the mag-
netic MicroBeads, the CD5�CD8� T cell subset thus obtained underwent
positive selection with anti-CD3 MicroBeads (Miltenyi Biotec). By the end
of the fractionation procedures, �99% of the cells of the resulting popu-
lation were viable and expressed CD5, CD8, and CD3.

To purify CD3�CD8�CD5� cells, a different separation protocol was
adopted. CD8� cells were first isolated from PBMC using anti-CD8 Mul-
tisort MicroBeads; after removing magnetic beads according to the man-
ufacturer’s instructions, CD5� cells were depleted from the CD8� fraction
with anti-CD5 mAb. Cytofluorometric analysis of the resulting cell popu-
lation showed that �98% of the cells were CD8�CD5� cells, 99% of
which also expressed the CD3 marker.

In a set of experiments, TCR ��- and TCR ��-expressing T cells were
isolated by positive selection with the relevant mAb (BD Biosciences, Hei-
delberg, Germany) and MicroBeads as described above; the purity of the
recovered populations always exceeded 98%.

In vitro cell culture

Unfractionated PBMC, CD4� cells, CD8� cells, CD3�CD8�CD5�, and
CD3�CD8�CD5� cells were cultured at a concentration of 1 � 106/ml in
RPMI medium supplemented with 10% FCS (Life Technologies, Gaith-
ersburg, MD), 2 � 10�5 2-ME, 100 �g/ml nonessential amino acids, and
100 �g/ml L-glutamine (complete RPMI). Each subpopulation was cul-
tured alone and in the presence of the calcium ionophore A23187 (500
ng/ml) and PMA (1 ng/ml; both from Sigma-Aldrich, St. Louis, MO) for
4 h; a cell aliquot was also incubated for 30 h in 24-well plates precoated
with anti-CD3 mAb (clone CBT-3; provided by F. Malavasi, Turin, Italy),
as described previously (31). At the end of the stimulation period, culture
supernatants (SN) were harvested and used for ELISA; the cells were in-
stead pelleted and frozen for subsequent molecular analysis.

In a set of experiments, PBMC and purified CD4� or CD8� cells were
activated with the anti-CD3 mAb as described above and cultured with
rIL-2 (EuroCetus-Chiron, Milan, Italy; 50 U/ml, final concentration) in
both the absence and the presence of an anti-CD28 mAb (Coulter-Immu-
notech, Marseilles, France; 10 �g/ml). Cell and SN samples were harvested
after 24, 48, 96, and 168 h from culture initiation and were processed as
described above for molecular and ELISA analyses.

RNA preparation

RNA was extracted from the different cell populations as reported previ-
ously (32) using the RNeasy Mini kit (Qiagen, Chatsworth, CA), according
to the manufacturer’s instructions. The final RNA pellet was dissolved in
30 �l of RNase-free water. RNA contents were determined spectrophoto-
metrically, and 1 �g of RNA was used for reverse transcription. cDNA
synthesis was performed in a total volume of 100 �l of RNase-free water,
including 2.5 mM dNTPs, 50 �M random hexamers, 25 mM MgCl2, 20
U/ml RNase inhibitor, and 125 U MultiScribe Reverse Transcriptase. All
the above reagents were purchased from PerkinElmer (Emeryville, CA).

Retrotranscription conditions were as follows: 30 min at 42°C, 5 min at
99°C, and 1 h at 4°C.

Nonquantitative PCR analysis of XCL1, XCR1, and CD5
expression

For XCL1 expression analysis, PCR was performed in a 50-�l volume
containing 2 �l of the cDNA fragments, 0.2 U of AmpliTaq Gold polymerase
(PerkinElmer), 200 �M dNTPs (Amersham Pharmacia Biotech, Arlington
Heights, IL), GeneAmp 10� PCR Buffer II (PerkinElmer), 1.5 mM MgCl2,
and 25 pM XCL1-specific primers (forward, 5�-CGACCTCAGCCAT
GAGACTTC-3�; reverse, 5�-CTGCCAGAGACTACTAGCCAG-3�, corre-
sponding to nt 5–25 and nt 351–371 in the cDNA sequence (accession no.
U23772)). The PCR conditions were as follows: one cycle at 95°C for 10 min,
followed by 30 cycles at 95°C for 30 s, 56°C for 30 s, 72°C for 1 min, and a
final extension cycle at 72°C for 7 min. For the control of RNA and cDNA
preparations, we used RT-PCR for �-actin (33). Amplified products were
analyzed electrophoretically on 1.8% agarose gel and were visualized under
UV rays after ethidium bromide staining.

For XCR1 expression detection, the primers (forward, 5�-ATGGAGTC
CTCAGGCAACCC-3�; reverse, 5�-CAGGAAGAAGATGCTGCTGT-3�)
were designed to generate a product of 360 nt (accession no. NM005283).
The amplification profile was composed of denaturation at 94°C for 30 s,
annealing at 57°C for 30 s, and extension at 72°C for 30 s. The 30 cycles
were preceded by denaturation at 95°C for 5 min and were immediately
followed by a final extension at 72°C for 7 min.

The primers used to amplify CD5 cDNA (forward, 5�-GGTATGACCC
AGATTTCCAG-3�; reverse, 5�-AATGCTCCAGGGAGGTACAG-3�)
were designed to encompass a region of 665 nt in the cDNA sequence
(accession no. X89405); PCR was performed using the above conditions.

Real-time PCR analysis of XCL1 and XCR1

XCL1 expression was evaluated by a quantitative real-time PCR assay,
based on the 5�-3� exonuclease activity of the Taq DNA polymerase, as
detailed previously (34). Primers and probes specific for the amplification
of the human XCL1 and GAPDH genes were obtained from PE Applied
Biosystems (Foster City, CA). PCR was performed in duplicate using a
final concentration of 175 nM probe and 600 nM primers. The amplifica-
tion process was conducted in an ABI/PRISM 7700 Sequence Detector
System (PE Applied Biosystems) under the following conditions: an initial
denaturation step (2 min at 95°C), followed by 45 cycles of 15 s at 95°C
and 60 s at 60°C. For each reaction tube, the fluorescence signal of the
reporter dye (FAM-6-carboxyfluorescein for XCL1 and VIC-�-glucuron-
idase for GAPDH) was divided by the fluorescence signal of the passive
reference dye (TAMRA-6carboxy-tetramethyl-rhodamine) to obtain a ref-
erence defined as the normalized reporter signal (Rn). This system pro-
duced a real-time amplification plot based on normalized fluorescence sig-
nal; �Rn, which represents the normalized reporter signal (Rn) minus the
baseline signal established in the first 15 PCR cycles, increases during PCR
as the XCL1 transcript increases, until the reaction reaches a plateau. The
fractional cycle number at which the amount of amplified target reached a
fixed threshold, called the threshold cycle (Ct), was determined. The Ct
obtained was equivalent to the initial number of templates in the sample.
To quantify XCL1 message in the different lymphocyte subsets, the Ct of
each well was plotted against the reference curve, prepared by amplifying
serial dilutions of cDNA derived from unfractionated PBMC, whose con-
stitutive expression of XCL1 was known from literature (7, 12). To min-
imize the influence of DNA quality and to normalize the samples for cell
equivalents, a second real-time PCR assay targeting the GAPDH gene was
performed under the same PCR conditions. As performed for the XCL1
standard curve, a reference curve to quantify GAPDH was generated by
amplifying serial dilutions of cDNA derived from PBMC. Appropriate
negative controls (cDNA obtained from nonlymphoid cells, such as MCF7
and MDA cells, and distilled water) were included in each set of
experiments.

Real-time PCR to detect XCL1 receptor gene (XCR1) expression was
performed using the TaqMan assay essentially as described for XCL1. The
oligonucleotide primers and the fluorogenic probe specific for XCR1 were
as follows: forward, 5�-ACGCTGTTTCGGACCCAG-3�; reverse, 5�-AGG
GCGTATTCTAGCTGCTGTT-3�; and probe, 5�-TCATCCGGAGCTGC
GAGGCC-3�. A reference curve to quantify XCR1 was generated by am-
plifying serial dilutions of cDNA derived from unstimulated CD8�

lymphocytes to cover the range of 1–250 ng. Each assay included duplicate
standard curve samples, a no template control, and triplicate cDNA sam-
ples. All samples with coefficient of variation �10% were retested. The
XCR1 mRNA level in each sample was expressed as the amount of XCR1
mRNA normalized against the housekeeping gene GAPDH mRNA used as
internal control gene.
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FIGURE 1. PCR and real-time PCR analysis of XCL1 expression in different lymphocyte subsets. A, Representative profile of XCL1 mRNA expression
by nonquantitative PCR in PBMC, purified CD4� cells, and purified CD8� cells before (unstimulated) and after in vitro polyclonal activation (PMA/
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Production of anti-XCL1 mAb

Given the paucity of available commercial reagents to set up a sandwich
ELISA for human XCL1, we generated anti-XCL1 mAbs in our laboratory.
Female BALB/c mice, 8–10 wk old, were immunized with human rXCL1
(Chemicon, St. Louis, MO; 10 �g i.p in CFA). Following boosting 15 days
later, splenocytes from immunized mice were fused with myeloma cells in
the presence of 50% polyethylene glycol 4000 and cloned. Over 100 pri-
mary hybridomas were obtained and were screened by ELISA and Western
blotting using a human XCL1-GST fusion protein as a substrate (35).
Thirty anti-XCL1 Ab-producing clones were stabilized; among them,
seven clones were also tested for the ability to inhibit XCL1 chemotactic
activity in an in vitro NK cell migration assay (in collaboration with P.
Allavena, M. Negri Institute, Milan, Italy) and were able to neutralize
XCL1 activity (data not shown). Five of these clones were grown as ascites
in pristane-primed BALB/c mice; the ascitic fluid was precipitated in sat-
urated ammonium sulfate and purified by dialysis against saline solution,
and their Ab contents were evaluated with mouse Ig NL RID kit (Bioline,
Birmingham, U.K.).

ELISA

The production of XCL1 in culture SN was evaluated by a homemade
sandwich ELISA. A polyclonal rabbit anti-human XCL1 Ab (PeproTech,
London, U.K.) was used as a capture Ab and coupled to the wells of
polyethylene microtiter plates (Falcon, Grenoble, France; 5 �g/ml in car-
bonate/bicarbonate buffer, pH 9.6) as described previously (36). SN ali-
quots were then added to individual wells in triplicate; after overnight
incubation at 4°C, the wells were extensively washed with PBS-BSA, and
the anti-XCL1 mAb produced in our laboratory was added as a secondary
Ab (10 ng/ml). After 4-h incubation at room temperature and extensive
washings, an HRP-conjugated anti-mouse IgG (Amersham, Freiburg, Ger-
many) was added as revealing Ab; HRP was visualized by incubation with
O-phenylenediamine dihydrochloride tablets (Sigma Fast; Sigma-Aldrich),
and OD was finally measured at 450 nm using a multiscan ELISA reader.
Preliminary experiments showed that the detection limit of this ELISA was
10 pg/ml. To calculate the amount of XCL1 present in the SN, the absor-
bance values were plotted against a standard curve prepared using serial
2-fold dilutions of human rXCL1 in PBS-3% BSA.

Cytofluorometric analysis

Cytofluorometric analysis was performed as reported previously (37) on an
XL cytofluorometer (Coulter Electronics, Hialeah, FL) using the Expo32
software. At least 15,000 cells were collected in each fluorescence histo-
gram; the negative control settings were determined by using labeled Ig of
the corresponding isotype. The percentages of the CD3�CD8�CD5� and
CD3�CD8�CD5� subpopulations in PBMC were evaluated by triple flu-
orescence using the following mAb combination: anti-CD3-PerCP, anti-
CD8-PE, and anti-CD5-FITC (all from Coulter-Immunotech). The pheno-
typic profile of the different subpopulations obtained at different steps of
the fractionation procedures was analyzed using the following mAb: anti-
CD3-FITC, anti-CD8-PE, anti-CD4-PE (all from BD Biosciences), anti-
CD5-FITC and anti-CD62L-FITC (both from Coulter-Immunotech). The
surface expression of CD8�� and CD8�� on CD3�CD8�CD5� and
CD3�CD8�CD5� subpopulations was evaluated by single immunofluo-
rescence staining with an anti-CD8 mAb recognizing the �-chain of CD8
(thus staining all CD8� cells) and an anti-CD8 mAb recognizing a CD8
epitope generated by coupling of the �- and �-chains (which stains only
CD8��-expressing lymphocytes); both mAb were purchased from
Coulter-Immunotech. The percentage of cells expressing the �� form of
CD8 was then calculated as the difference between values obtained with the
anti-CD8� mAb and values obtained with the mAb recognizing the ��-
associated epitope (38).

RNase protection assay

Chemokine expression in CD3�CD8�CD5� and CD3�CD8�CD5� cells
was analyzed using the RiboQuant MultiProbe mRNase protection assay

(BD PharMingen, San Diego, CA). The Multiprobe template set specific
for the detection of human XCL1, CCL2, CCL3, CCL5, CXCL8, and
CXCL10 mRNA was synthesized by BD PharMingen. Briefly, antisense
RNA probes were generated from DNA templates using T7 DNA-depen-
dent polymerase, in the presence of [�-32P]UTP (Amersham Pharmacia
Biotech; sp. act., 10 �Ci/�l). Labeled probes were hybridized with total
RNA (10 �g) overnight at 56°C; nonhybridized RNA was digested with
RNase according to the manufacturer’s instructions. RNase-protected
probes were resolved by 5% SDS-PAGE, and the gel was air-dried and
finally exposed to XAR film (Eastman Kodak, Rochester, NY) at �70°C.
The identity of each protected fragment was established by analyzing its
migration distance against a standard curve of the migration distance vs the
log nucleotide length for each undigested probe. To quantify chemokine
mRNA expression, the gel was analyzed by Instant Imager (Camberra-
Packard, Grove Hills, IL), and the chemokine/GAPDH ratio was
calculated.

Statistical analysis

Data were managed by StatGraphics software (Statgraphics Statistical
Graphics System, version 2.6, Rockville, MD). The correlation coefficient
was calculated by simple regression analysis, and Wilcoxon’s test was used
to compare quantitative variables. Unless otherwise specified, results were
expressed as the mean � 1 SD.

Results
XCL1 expression in different T cell subsets

By a conventional PCR assay, a message for XCL1 was detected
in both unstimulated and mitogen-activated PBMC as well as in
purified CD4� and CD8� populations (Fig. 1A). The message was
barely evident in freshly isolated PBMC and was strongly en-
hanced by in vitro culture with anti-CD3 mAb for 30 h; surpris-
ingly, PMA/ionomycin stimulation was not apparently associated
with a significant change in XCL1 band intensity (Fig. 1A).

By real-time PCR (Fig. 1, B and C), a low constitutive expres-
sion of the XCL1 gene was observed in freshly isolated PBMC;
anti-CD3 and PMA/ionomycin activation were both associated
with a strong increase in the specific message (Fig. 1C, f). When
CD4� and CD8� lymphocytes were isolated by positive selection,
only a scanty XCL1 message could be observed in CD4� T cells,
which did not substantially increase following OKT3 or PMA/
ionomycin stimulation (Fig. 1C, u). In contrast, high levels of
XCL1 mRNA were detectable in freshly isolated CD8� T cells, as
clearly shown by the fact that the amplification curves of CD8�

lymphocytes intersected the threshold line at a much lower number
of PCR cycles, compared with PBMC and CD4� cells (Fig. 1B);
as shown in Fig. 1C (�), real-time PCR figures were significantly
higher than in unfractionated PBMC or purified CD4� lympho-
cytes. Moreover, in vitro activation of purified CD8� cells with
either PMA/ionomycin or anti-CD3 mAb was associated with a
�1 log increase in XCL1 expression, compared with unstimulated
cells (Fig. 1C).

XCL1 expression has been reported in activated ��� T lym-
phocytes (17, 18). In fact, when XCL1 expression was compared
by real-time PCR in purified TCR ��- and ��-expressing T cells,
XCL1 expression was observed in both populations (Fig. 2). On a
quantitative basis, however, the XCL1 message was higher in ���

ionomycin and anti-CD3). C�, XCL1-expressing positive control; C�, the MCF7 cell line, not expressing XCL1; markers are shown in the first left lane.
The �-actin control for RNA quality is shown at the bottom. B, The panel shows the real-time PCR amplification plots obtained in a single representative
experiment for XCL1 expression analysis of PBMC, CD4� T cells, and CD8� T cells in basal conditions (unstimulated) and after PMA/ionomycin or
anti-CD3 mAb stimulation; the amplification plots of the same samples for the housekeeping gene GAPDH are also reported. The number of PCR cycles
was plotted vs the change in normalized reporter signal (�Rn), as detailed in Materials and Methods. C, Analysis of XCL1 expression by real-time PCR
in unstimulated and polyclonally activated PBMC (f), purified CD4� cells (u), and purified CD8� cells (�). Results are expressed as the ratio between
the expression of the XCL1 gene and the expression of the GAPDH gene, and represent the mean � SD of 10 (PBMC) and seven experiments (CD4� and
CD8� cells).
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than ��� T cells; indeed, constitutive expression was mostly ob-
served in ��� T lymphocytes, whereas it was much lower in the
��� population (Fig. 2).

XCL1 synthesis by different T cell subsets

Quantitative RNA expression data were also confirmed at the pro-
tein level by measuring XCL1 production in culture SN of different
cell populations by a sensitive ELISA set up in our laboratory. As
shown in Fig. 3A, XCL1 production by unstimulated PBMC was
low and was greatly increased following in vitro activation; on the
other hand, constitutive XCL1 synthesis by purified CD4� T cells
was also low, and it was not substantially changed by anti-CD3 or

PMA/ionomycin stimulation (Fig. 3A). On the contrary, in both the
absence and the presence of polyclonal activators, CD8� T cells
produced �50-fold the amount of XCL1 released by CD4� T lym-
phocytes in the corresponding conditions (Fig. 3A). As shown in
Fig. 3B, the real-time PCR data showed a good linear correlation
with in vitro XCL1 production (r 	 0.827; p 
 0.05).

Kinetics of XCL1 expression in different T cell subsets

We then addressed the kinetics of XCL1 expression. As shown in
Fig. 4, anti-CD3 stimulation of PBMC was associated with a rapid
increase in XCL1 expression from baseline values, and levels re-
mained substantially stable over 3 days of culture in the presence
of rIL-2, slowly declining thereafter (Fig. 4). A modest increase in
XCL1 expression was also observed when purified CD4� T cells
were activated and cultured in the presence of rIL-2 (Fig. 4), but
the values reached in unfractionated PBMC or purified CD8� lym-
phocytes were not attained. Similar results were obtained when
long term CD4� cell lines were tested over a 7-wk period, and
when �20 different CD4� T cell clones were analyzed for XCL1
expression (data not shown). On the other hand, CD8� cells
showed a sharp increase in XCL1 expression as early as 24 h
following anti-CD3 activation, which reached a plateau at 2–4
days, slowly declining thereafter (Fig. 4). In these experiments we
could also confirm data by Olive et al. (39) on the differential effect
of anti-CD28 costimulation on XCL1 expression by different T cell
subsets; in fact, the addition to anti-CD3-stimulated CD4� cell
cultures of an anti-CD28 mAb was associated with down-modu-
lation of the modest levels of XCL1 expression, whereas XCL1
expression by CD8� lymphocytes was substantially refractory to
the presence in culture of the anti-CD28 mAb (data not shown).

XCL1 expression in different CD8� T cell subsets

These data clearly indicated that CD3�CD8� T cells were the
major XCL1-producing population within TCR ��-expressing T
cells and produced this chemokine both constitutively and follow-
ing polyclonal activation. It is known that within CD3�CD8� T
cells a minor subset can be distinguished, which is characterized
by the lack of surface CD5 expression (40–42). We thus separated
CD3�CD8� cells on the basis of CD5 expression; as shown in Fig.
5, the XCL1 expression recorded in CD3�CD8� lymphocytes was
mostly contributed to by the CD5� subset, as constitutive and
activation-induced XCL1 expression were �5 and 12 times higher,
respectively, in CD3�CD8�CD5� cells than in the CD5-express-
ing counterpart. These figures were also confirmed at the protein

FIGURE 2. Real-time PCR analysis of XCL1 expression in unstimu-
lated and polyclonally activated TCR ��- and ��-expressing T lympho-
cytes. Results were expressed as the ratio between the expression of the
XCL1 gene and the expression of the GAPDH gene; one representative
experiment is shown.

FIGURE 3. XCL1 production by different lymphocyte subsets. A,
XCL1 contents in culture SN of unstimulated and polyclonally activated
PBMC (f), purified CD4� cells (u), and purified CD8� cells (�) was
measured by ELISA. Unstimulated cells were cultured for 30 h in the
absence of mitogens. B, Correlation between XCL1 expression as evalu-
ated by real-time PCR and XCL1 synthesis in culture SN. The diagram
pooled results obtained in both unstimulated and polyclonally activated
PBMC, CD4�, and CD8� cells.

FIGURE 4. Kinetics of XCL1 expression in different lymphocyte pop-
ulations, as evaluated by real-time PCR. Results were expressed as detailed
in Fig. 1C and represent the mean � SD of three consecutive experiments.
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level; in fact, when we measured XCL1 contents in culture SN by
ELISA, in both unstimulated and activated cells XCL1 production
was significantly higher in CD3�CD8�CD5� cells than in
CD3�CD8�CD5� lymphocytes (Table I). The separation protocol
for CD3�CD8�CD5� cell isolation, which entailed a positive se-
lection step with the anti-CD3 mAb, did not account for this dif-
ference; in fact, when the CD3�CD8�CD5� cells were also sub-
jected, before testing, to positive selection with anti-CD3, no
change in constitutive XCL1 expression was observed compared
with CD3�CD8�CD5� lymphocytes that did not undergo this
procedure (data not shown). The constitutive expression of XCL1
in CD3�CD8�CD5� cells T cells was equal to or even higher than
that with ��� T cells (see Figs. 2 and 5). Thus, XCL1 expression
by ��� T cells seemed to be relatively restricted to this small
subset, which accounts for �3–10% of the CD8� T cells in the
circulation of healthy donors (40, 42). Although this population
has been characterized to some extent, information on its pheno-
typic and functional properties is incomplete, and its function and
physiologic significance are unknown.

Phenotypic characterization of CD3�CD8�CD5� lymphocytes

In view of this, we addressed some unexplored phenotypic prop-
erties of CD8�CD5� T cells. The size of this subset in the different
lymphoid compartments was small; in peripheral blood, according
to previously published data (41, 42), the percentage of
CD3�CD8�CD5� cells within the CD8-expressing population
was 5.2 � 2.8 (range, 10.2–1.0); the size of this subset was sig-
nificantly lower in lymph nodes (1.3 � 0.8; range, 2.5–0.5; p 

0.01, according to the Mann-Whitney test) and tonsils (3.5 � 3.0;
range, 7.9–1.0); in these latter, probably due to the small number

of samples examined, the difference from PBMC was not signif-
icant ( p 	 0.43).

It is known that the CD8 Ag may be expressed on the cell
surface in two molecular forms, as a homodimer composed of two
�-chains or as a heterodimer composed of an �- and a �-chain (43,
44); the CD8��-expressing population is much more represented
in the circulation (38, 43, 44). To evaluate the expression of these
two CD8 forms at the surface of CD3�CD8�CD5� lymphocytes
and in view of the absence of an anti-CD8 mAb specifically di-
rected against the CD8� chain, we were forced to calculate the
proportion of CD8��-expressing cells as the difference between
the figures obtained with two mAb recognizing different epitopes
of the CD8 molecule. As shown in Fig. 6A, virtually all
CD3�CD8�CD5� and CD3�CD8�CD5� lymphocytes stained
with an anti-CD8� mAb, whereas an anti-CD8 mAb recognizing a
CD8 epitope generated by coupling of the �- and �-chains recog-
nized all CD3�CD8�CD5� cells, but only a fraction of
CD3�CD8�CD5� lymphocytes. As a consequence, we could con-
clude that a significantly higher ( p 
 0.01) proportion of
CD3�CD8�CD5� cells expressed the �� form of the CD8 mol-
ecule compared with the CD5� counterpart, which, as expected
(38, 43, 44), mostly expressed the �� variant of this coreceptor
(Fig. 6B).

FIGURE 5. Real-time PCR analysis of XCL1 expression in
CD3�CD8� T cells expressing and not expressing the CD5 marker. Puri-
fied CD3�CD8�CD5� (f) and CD3�CD8�CD5� (�) lymphocytes were
analyzed immediately after isolation and following in vitro polyclonal ac-
tivation. Results were expressed as indicated in Fig. 1C and represent the
mean � SD of five consecutive experiments.

Table I. XCL1 production by unstimulated and stimulated
CD3�CD8�CD5� and CD3�CD8�CD5� lymphocytesa

CD3�CD8�CD5� CD3�CD8�CD5�

Unstimulated 0.24 � 0.11b 1.60 � 0.60c

PMA 0.63 � 0.14 6.34 � 0.31c

Anti-CD3 0.67 � 0.25 6.26 � 0.35c

a CD3�CD8� lymphocytes were separated according to CD5 expression as out-
lined in Materials and Methods; the resulting CD3�CD8�CD5� and
CD3�CD8�CD5� populations were cultured in vitro alone and in the presence of
PMA (4 h) or anti-CD3 mAb (30 h). At the end of the incubation period, SN were
recovered and tested for XCL1 contents by ELISA.

b Results were expressed as nanograms per milliliter (mean � SD of four con-
secutive experiments).

c p 
 0.01 compared to CD3�CD8�CD5� cells.

FIGURE 6. Cytofluorometric analysis of CD8 expression in
CD3�CD8�CD5� and CD3�CD8�CD5� lymphocyte subsets. The
CD3�CD8�CD5� and CD3�CD8�CD5� populations were purified and
stained with an anti-CD8 mAb recognizing the �-chain of CD8 (which
stains all CD8� cells) or an anti-CD8 mAb recognizing a CD8 epitope
generated by coupling of the �- and �-chains (which only stains CD8��-
expressing lymphocytes). The percentage of cells expressing the �� form
of CD8 was then calculated as the difference between the two values ob-
tained. A, Results obtained in a representative experiment; the percent ex-
pression for each mAb is indicated inside each fluorogram. B, Summary of
the results obtained in seven consecutive experiments (mean � SD).
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In previous investigations (40) we showed that
CD3�CD8�CD5� lymphocytes did not display a univocal mem-
ory/naive phenotype, as �30% of them expressed CD45RO, and
�60% expressed CD45RA, which are considered putative markers
of memory and virgin cells, respectively. To further clarify this
aspect, we addressed L-selectin expression on CD3�CD8�CD5�

and CD3�CD8�CD5� cell surfaces. As shown in Fig. 7, CD62L,
which is usually associated with a nonactivated/naive phenotype
and is considered a major receptor for lymphocyte homing to
lymph nodes, was expressed at a significantly lesser extent in
CD3�CD8�CD5� lymphocytes than in the CD5� population
(Fig. 7B; p 
 0.01).

Finally, we compared the expression of the XCL1 receptor,
XCR1, by CD3�CD8�CD5� and CD3�CD8�CD5� cells by both
conventional and real-time PCR analysis. As shown in Fig. 8, by
the former technique XCR1 expression was barely detectable in
unstimulated PBMC, whereas a more distinct band was present in
purified CD8� lymphocytes as well as in CD3�CD8�CD5� and
CD3�CD8�CD5� subpopulations. Upon anti-CD3 activation,
XCR1 expression was clearly evidenced in all the above popula-
tions, but not in two control cell lines, a Kaposi sarcoma cell line
(KS-IMM) and the mammary adenocarcinoma cell line MCF7
(Fig. 8). Real-time PCR analysis showed a significant difference in
XCR1 expression between CD3�CD8�CD5� cells (6.17 � 0.084
ng of XCL1/ng GAPDH) and CD3�CD8�CD5� cells (6.95 �
0.082; p 
 0.01). Thus, XCR1 expression also seems to discrim-
inate between these two CD8� lymphocyte subsets.

Analysis of CD5 expression in CD3�CD8�CD5� lymphocytes

CD5 expression on T lymphocytes occurs during thymocyte or-
thogenesis (45), and several studies demonstrated that its expres-
sion may be involved in positive and negative selection processes
(46, 47). Nevertheless, no information exists on the status of the
CD5 gene in CD8�CD5� T cells; in other words, is it irreversibly
shut off or may it be reactivated under certain experimental con-
ditions? To address this issue, we isolated CD3�CD8�CD5� T
cells and tested the presence of CD5 mRNA before and after in
vitro activation. As shown in Fig. 9, PCR analysis did not show
any CD5 message in either freshly isolated or anti-CD3 mAb- or

PMA/ionomycin-stimulated CD3�CD8�CD5� cells, whereas a
clear message was evident by both PCR (Fig. 9) and Northern
blotting (not shown) in other CD5-expressing populations; further-
more, no CD5 Ag expression could be recorded on the surface of
mitogen-activated CD3�CD8�CD5� cells by cytofluorographic
analysis (data not shown).

�- and �-chemokine expression in CD3�CD8�CD5� T cells

We finally compared the abilities of CD3�CD8�CD5� and
CD3�CD8�CD5� cells to express a panel of � and � chemokines
by RNase protection assay; as a control, we also included evalu-
ation of XCL1 expression by this same approach. As shown in Fig.
10, no difference in constitutive or activation-induced expression
of the �-chemokines CXCL8 and CXCL10 was observed between

FIGURE 9. PCR analysis of CD5 expression in CD3�CD8�CD5� and
CD3�CD8�CD5� lymphocytes. The relevant subsets were purified as de-
scribed in Materials and Methods, and RNA was extracted either imme-
diately or following in vitro polyclonal activation with PMA/ionomycin for
4 h or anti-CD3 mAb for 30 h. C�, Results obtained with the MCF7 cell
line, not expressing CD5; C�, unfractionated PBMC as a positive control.
Molecular markers are shown in the first left lane.

FIGURE 7. Cytofluorometric analysis of CD62L expression in
CD3�CD8�CD5� and CD3�CD8�CD5� lymphocyte subsets. Results ob-
tained in a single representative experiment are shown in the fluorograms
(A); the mean � SD of five consecutive experiments are summarized in B.

FIGURE 8. PCR analysis of XCR1 expression in unfractionated PBMC,
purified CD8� cells, and CD3�CD8�CD5� and CD3�CD8�CD5� subsets.
The relevant cell populations were purified as described in Materials and
Methods, and RNA was extracted either immediately or following in vitro
polyclonal activation with anti-CD3 mAb for 30 h. KS-IMM and MCF7 depict
results obtained, respectively, with a Kaposi sarcoma cell line (provided by Dr.
A. Albini, Genua, Italy) and the human mammary adenocarcinoma MCF7 cell
line. Molecular markers (MW) are shown in the first left lane.
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CD3�CD8�CD5� and CD3�CD8�CD5� cells; in addition, the
constitutive and activation-induced expression of the �- chemo-
kines CCL2 and CCL5 was roughly comparable in the two subsets.
In contrast, constitutive CCL3/macrophage inflammatory pro-
tein-1� expression was much higher in freshly isolated
CD3�CD8�CD5� lymphocytes than in the CD5� counterpart
(Fig. 10B); this difference between the two subsets was also evi-
dent following in vitro anti-CD3 mAb stimulation of the cells (Fig.
10C). The preferential expression of CCL3 in CD3�CD8�CD5�

cells paralleled the behavior observed for XCL1 (Fig. 10, B and C),
which was confirmed by RNase protection assay data obtained by
real-time PCR and ELISA.

Discussion
In the world of chemokines, the � chemokine lymphotactin/XCL1
has been long regarded as a minor component, not only in view of
its poor cysteine endowment compared with chemokines belong-
ing to CC and CXC families, but also because of its limited ac-
tivities on NK and CD8� T cells. Nevertheless, the interest in
XCL1 has recently received a new impetus due to the identification
of its receptor (48) and to several investigations that indicated its
possible role as a potent adjuvant in cancer immunotherapy (25–
29, 49–51). Data are also rapidly accumulating in other immuno-
pathologic settings, and XCL1 has been shown to be involved in
some autoimmune disorders and in transplant rejection in both
experimental models and humans (52–56). Two major problems
still need to be solved. Firstly, although the expression of XCL1
has been described virtually in all lymphocyte populations, includ-
ing CD8� lymphocytes (7–12), CD4� lymphocytes (19–21), NK
cells (7, 13, 14), and ��� T cells (17, 18) under a variety of ex-
perimental conditions, the available data are mostly based on non-
quantitative PCR analyses, and no thorough comparison of the
actual XCL1 synthesis and/or the expression in different T cell
populations was attempted. Secondly, although clear XCL1 effects

other than lymphocyte migration were described on several cell
types, including CD4� T cells (22, 57), this issue is as yet incom-
pletely addressed, and the position of XCL1 within the cytokine/
chemokine network is still elusive.

This article intended to give an answer to the first issue by
evaluating in a quantitative manner the production of XCL1 by
different T cell populations. By a nonquantitative PCR assay, our
data confirmed previous experiments (7–19) and showed that the
constitutive and activation-induced XCL1 message detected in
PBMC was also present in both CD4� and CD8� lymphocytes.
However, comparison of data obtained by conventional PCR (Fig.
1A) and real-time PCR (Fig. 1C) clearly demonstrated how mis-
leading the former may be; in fact, even though XCL1 expression
was greatly potentiated by in vitro PBMC stimulation with anti-
CD3 mAb, no apparent effect of PMA/ionomycin on PBMC could
be recorded by a conventional PCR assay (Fig. 1A), which was
instead evidenced by quantitative molecular analysis (Fig. 1C) and
confirmed by ELISA (Fig. 3). In addition, when XCL1 expression
was addressed at the molecular level by real-time PCR and by a
sensitive ELISA at the protein level, constitutive XCL1 expression
was almost 2 log higher in CD8� T cells compared with CD4�

lymphocytes; a similar gap between the two lymphocyte subsets
was maintained following in vitro polyclonal T cell activation.
XCL1 production was not greatly enhanced by in vitro CD4� cell
culture, nor was substantial XCL1 synthesis observed in estab-
lished CD4� cell clones; nonetheless, our quantitative analysis
(data not shown) confirmed observations made by Olive et al. (39)
and, more recently, by Cristillo et al. (58) showing that CD28
engagement could only modulate the scanty XCL1 expression of
CD4� cells without substantially affecting the synthesis by CD8�

lymphocytes. On the whole, our and previous findings (39, 58) are
in contrast with the observations by Hautamaa et al. (59), who
found a down-regulating effect of CD28 costimulation on XCL1
expression in both murine CD4� and CD8� lymphocytes; whether

FIGURE 10. RNase protection assay
for analysis of chemokine expression in
CD3�CD8�CD5� and CD3�CD8�CD5�

lymphocytes. A, Results obtained in a rep-
resentative experiment are shown. RNA
was extracted immediately after cell isola-
tion (0 h) and following in vitro activation
(30 h). Chemokine controls are shown in
the first left lane. Densitometric analysis of
the ratio between the expression of the in-
dividual chemokines and the GAPDH gene
is shown in B for unstimulated cells and in
C for cells activated in vitro with anti-CD3
mAb.
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this apparent discrepancy is due to interspecies variability or dif-
ferences in culture conditions and detection techniques will be
clarified by future work.

The major contribution to XCL1 production within the CD8�

subpopulation was given by a CD8� subset that lacks expression
of the CD5 surface marker. In this small CD3�CD8�CD5� sub-
population, constitutive XCL1 expression was equal to or even
greater than that observed in ��� T lymphocytes, another T cell
subset known to steadily produce XCL1 (17, 18). The high con-
stitutive and activation-induced synthesis of XCL1 shown by the
CD3�CD8�CD5� cell population was not due to residual ���

cell contamination, as purification procedures entailed a positive
selection step of CD8� cells, and ��� T lymphocytes mostly do
not express this marker. Moreover, cytofluorographic analysis of
CD3�CD8�CD5� cells showed a ��� T cell contamination never
exceeding 1%. Nor could our data be attributed to the residual
presence within the CD3�CD8�CD5� population of NK cells,
which do express CD8, in view of the expression of the CD3
marker in �99% of the cells obtained at the end of the purification
procedure. Thus, we could reasonably conclude that within TCR
��� T lymphocytes XCL1 is mostly produced by CD8� T cells
that lack surface CD5 expression, and that the contribution to its
synthesis by different TCR ��-expressing T cell subsets, namely
CD4� lymphocytes, is negligible.

These results prompted us to investigate the properties of the
major XCL1-producing T cell population, which are largely un-
explored; even though the size of this population is small, its di-
mensions, in fact, equal those of ��� T lymphocytes or NK cells.
Previous work showed that CD3�CD8� T lymphocytes that lack
surface CD5 expression are increased in the circulation of bone
marrow transplant recipients (60, 61) and HIV-infected patients
with advanced disease progression (40). A limited characterization
of this subset (40) revealed that the CD3�CD8�CD5� cells had a
mixed naive/memory phenotype, an impaired in vitro response to
mitogens and Ags, and poor ability to generate alloreactive CTL;
on the other hand, the CD3�CD8�CD5� population, although de-
void of NK activity, was endowed with mitogen-induced cytotoxic
potential (40). The present data confirm and extend these obser-
vations and show that CD3�CD8�CD5� lymphocytes express
molecules commonly associated with a noncommitted/naive phe-
notype such as CD62L to a lesser extent than the CD5� counter-
part. In addition, the CD3�CD8�CD5� cells show preferential
expression of the �� form of the CD8 molecule compared with the
canonical CD8� population. This finding is somewhat surprising
and may help in explaining some experimental and/or clinical ob-
servations. The �� form of CD8 is mostly expressed on NK cells
(43, 62) and is usually associated with a poor proliferative re-
sponse to mitogenic stimulation and preferential display of non-
MHC-restricted cytotoxic activity (43, 63). Indeed, in several re-
peated attempts we never succeeded in stabilizing in vitro long
term CD3�CD8�CD5� lines or clones; the inability of these cells
to undergo substantial in vitro expansion was apparently not due to
the production of immunomodulatory cytokines, such as TGF-�
(data not shown). If transferred to a clinical setting, these observations
may at least partly account for the observed impairment of the CD8�

cell function in AIDS patients (64); besides the inefficient cooperation
by CD4� lymphocytes, in fact, in these patients the increment in a
compartment of functionally inert CD3�CD8�CD5� cells (40)
could also contribute by this pathway to the overall dysfunction of
cytotoxic responses. Moreover, in view of the special ability of
these cells to constitutively produce XCL1, and given the ability
of this latter to down-regulate Th1 cell function (22), the expansion
of CD3�CD8�CD5� cells in the circulation of AIDS patients

could be a further element contributing to the general immune
impairment associated with HIV infection.

The significance of the CD3�CD8�CD5� subset within the
physiology of the immune response remains unclear. As far as we
could document, the CD3�CD8�CD5� phenotype is highly sta-
ble, as no CD5 messenger expression follows in vitro cell activa-
tion. This observation is in contrast with data obtained in mice by
Muller et al. (65), who found the expression of CD5 Ag in in vitro
activated intraepithelial ��� CD8� T cells lacking CD5 expres-
sion; whether this divergent behavior is due to differences between
humans and mice or to special features of mucosa-associated
CD3�CD8�CD5� lymphocytes is unclear. It was shown that CD5
expression at the cell surface may play a role during the complex
itinerary of T cell maturation in the thymus (45–47); thus, the
ontogenetic pathways followed by CD3�CD8�CD5� lympho-
cytes are also uncertain, and work will be needed to ascertain
whether a subset with similar properties could also be identified in
the thymic tissue. In this regard, the observed association of an
increase in CD3�CD8�CD5� lymphocytes during immune sys-
tem reconstitution in patients undergoing bone marrow transplan-
tation (60, 61) also deserves attention.

Notwithstanding, this small subset of CD8� lymphocytes differs
from the “orthodox” CD8� T cells not only in the lack of CD5
expression, but also in other phenotypic characteristics, such as the
composition of the CD8 coreceptor and the expression of homing
molecules such as L-selectin. In addition, CD3�CD8�CD5� cells
express higher levels of the XCR1 receptor; thus, even though we
did not address their chemotactic properties in response to XCL1,
it is conceivable that their functional response could be more pro-
nounced compared with the CD5-expressing counterpart. Some of
these properties, such as the preferential expression of the �� form
of CD8 observed here and the ability of these cells to exert lectin-
mediated cytotoxicity (40), would seem to suggest a transitional
phenotype of the CD3�CD8�CD5� subset, sharing properties of
T lymphocytes and NK cells. On the other hand, the
CD3�CD8�CD5� population shows a particular profile of che-
mokine expression, in that not only it is a major source of XCL1,
but it is also able to produce higher quantities of CCL3/macro-
phage inflammatory protein-1�, both constitutively and following
in vitro activation, compared with the CD5-expressing CD8�

counterpart. The significance of this observation is presently un-
clear, but it is interesting to recall that in murine models both
XCL1 and CCL3 act synergistically with IFN-� as a functional
unit within the innate phase of immunity (23). These observations
must be substantiated by more careful screening of the expression
of a large panel of chemokines/cytokines by CD3�CD8�CD5�

lymphocytes; in any case, further investigation will also be needed
in different immunopathologic settings to clarify the role of this
subset within the physiology of immune function. On the one
hand, in fact, several observations would seem to point to its pos-
sible implication in antiviral immunity in view of its expansion in
several viral infections (40, 66–68); on the other, the independent
observations of an increase in this subset in renal transplant recip-
ients undergoing kidney rejection (69) and of the possible role
played by XCL1 in transplant rejection (54, 55) may indicate a
new potential target in selected immunopathologic settings.
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