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Phenotypic profile and functional characterization of rat lymph node-derived
v0 T cells: implication in the immune response to cytomegalovirus
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and Trauma Research, The Bruce Rappaport Faculty of Medicine, Technion-Israel Institute of Technology, Haifa, Israel

SUMMARY

vd T cells are unique, and their localization at sites of infection is considered critical in immune
defence. We demonstrate the accumulation of yd T cells in rat regional popliteal lymph nodes
(PLNi) starting 2 days after inoculation of cytomegalovirus (CMV) into the footpad. Early-
appearance PLNi y0 T cells significantly inhibited plaque development and the spread of CMV
infection. These Y0 T cells were negative for CD4 and CD8beta receptors, proliferated in response
to interleukin-2 (IL-2) and contained high levels of interferon-y (IFN-y), the appearance of which
correlated with the curing of fibroblasts from virus infection. The addition of anti-IFN-y abolished
the ability of fibroblast monolayers to be cured from CMYV infection. In contrast, this protection was
not abolished by the addition of anti-rat IL-2 or anti-rat TNF-o., or by the depletion of NKR-P1-
bearing cells within yd T cells. In addition, the present study shows that while y3 T cells derived
from naive and CM V-infected rats are able to kill both YAC-1 targets and CM V-infected syngeneic
fibroblasts in vitro, only the latter are able to clear CM V-infected fibroblast monolayers. Finally, our
data suggest that the expression of NKR-P1 by yd T cells is critical for cytotoxicity, but its

contribution to the curing from CMV infection was limited.

INTRODUCTION

The majority of T cells in the circulation and lymphoid organs
express the o T-cell receptor (TCR), commonly in conjunction
with the co-receptor of either CD4 (=~ 70%) or CDS8 (~20-
30%)."? A less frequent population of T cells expresses the ¥8
TCR, usually in the absence of CD4 and CD8.%* There is also
evidence that, particularly in rats, Y6 T cells from lymphoid
organs express the CD8-af heterodimer together with CD2 and
CD5.*° 8 T cells are fundamentally different from o T cells,
and their presence at sites of infection is considered critical for
their unique role in immune defence.'*®

Currently, there is clear evidence of the participation of
both aB and ¥8 T cells in clearing virus infections.”™'' CDS8 o
T cells are the major component in the adaptive immune
system, providing specific pathogen recognition and long-term
memory. Yet, during a primary immune response, there is a lag
period of ~3—4days before antigen-specific responses are
evident, and off T-cell responses do not peak until ~day 7.
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Therefore, it is essential that other strategies are employed by
the immune system in order to mount an aggressive early
immune response.'> Expansion of y5 T cells was observed
in the early phases of human skin infection with Myco-
bacterium leprae and in the lungs of mice exposed to aerosol
containing M. tuberculosis antigen.'®> In another study, a
significant increase was found in the number of yd T cells in
the spleen of normal C57BL/6 mice, starting 2days after
infection with vaccinia virus (VV).'* In addition, the maximal
frequencies of yd T cells at the earliest time-point (3 days)
tested after challenge in mice with influenza A virus were
determined.'>'®

It is well accepted that the elimination of virus infection is
achieved by the co-participation of direct lysis of infected cells
and the action of cytokines.>!%!>17

The potent cytotoxic responses of Y3 T lymphocytes against
cells infected with viruses may be essential for overall anti-
viral defence. However, not all yd T cells reactive with virus-
infected cells are cytotoxic. Therefore, further analysis of
antiviral immunosurveillance by yd T cells is crucial for
understanding the unique biological role of this lymphocyte
subset.

Like a8 T cells, yd T cells differentiate into interferon-y
(IFN-y) [T helper 1 (Th1-like)]- and interleukin (IL)-4 [T helper
2 (Th2-like)]-producing cells.'® Importantly, in y& T-cell-
mediated protection, IFN-y is the main candidate for the
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effector molecule because IFN-y is indispensable in innate
immunity against viruses™'® and v8 T cells predominantly
produce IFN-y upon activation.?

In the present study we analysed the phenotype, cytokine
profile and functions of y8 T cells present in the popliteal lymph
nodes (PLN) of rats after a single injection of cytomegalovirus
(CMV) into the footpad. We also clarified the possible mechan-
isms of their action in order to reveal the role of IL-2, IFN-y and
tumour necrosis factor-o. (TNF-o) in regulating their potential
activity. These results are discussed in light of the potential
function of y3 T cells as a first line of defence against CMV in
lymphoid tissues.

MATERIALS AND METHODS

Viruses

The Smith’s strain murine CMV (MCMYV) was obtained from
Dr B. Rager-Zisman (Ben-Gurion University, Beersheba,
Israel). In order to adapt the MCMYV to the rat system, the
virus was passaged three or four times through the rat fibroblast
monolayer (aMCMYV). Then, the aMCMV was titrated by
development of cytopathic plaques in mouse and rat fibroblast
monolayers.'’

Animals

Spraque-Dawley and inbred DA rats, weighing 240-330 g, were
used in the experiments. Animal care and all experiments were
performed in accordance with the National Research Council’s
Guide for the Care and Use of Laboratory Animals, and the
protocol was approved by the Animal Care and Use Committee
of the Technion.

Immunization

Rats were infected by injecting 10000 plaque-forming units
(PFU) of aMCMYV in 0-1 ml phosphate-buffered saline (PBS)
into the footpad. Control legs were either left uninfected or
infected with mock-infected culture supernatant (Ben-Gurion
University, Beersheba, Israel). Two and 6days after virus
inoculation, cell suspensions were prepared from both the
draining PLN (PLNi) and the contralateral PLN (PLNc), as
described previously.>' Each experiment was conducted on
groups of four to six rats.

Fractionation of cells

PLN cells were fractionated using magnetic microbeads con-
jugated with anti-fluorescein isothiocyanate (FITC) and a mag-
netic field system (Miltenyi Biotec, Bergisch Gladbach,
Germany), as described previously.?! The mouse monoclonal
antibodies (mAbs) — anti-TCR Y8 (clone V45) and anti-
CDS8beta (clone 341) (PharMingen, San Diego, CA) — were
used. Fractions used in experiments were 90-95% pure, as
assessed by flow cytometry.

For some experiments the negative-selected yd T cells were
prepared using a fluorescein isothiocanate (FITC)-labelled
cocktail consisting of anti-af TCR, CD8beta, CD4 and
NKR-P1 mAbs. As shown by fluorescence-activated cell sorter
(FACS) analysis, this fraction was 90% pure for v T cells and
negative for afy T cells, and CD4 CD8 and NKR-P1-bearing
cells.

Flow cytometric analysis

The cell-surface phenotype was determined using mouse mAbs
that reacted with the following rat molecules: CD8beta (clone
341); CD4 (0X-35); af TCR (clone R73); 3 TCR (clone V45)
(PharMingen); and CD161 (also known as NKR-PI, clone 10/
78; Serotec, Oxford, UK). Determinations were made in a
Becton-Dickinson (Lincoln, Park, NJ) flow cytometer (FACS-
Calibur model). In parallel, for each animal, an autofluores-
cence control (unstained cells) and an isotypic control were
analysed. Isotype controls yielded results of < 1%, and have not
been included in the graphs.

Staining for intracellular immunofluorescence

The levels of intracellular IFN-y, IL-2, IL-4 and TNF-o. were
determined by using a Cytofix/Cytoperm Kit (PharMingen). All
procedures were performed strictly in accordance with the
manufacturer’s instructions. Purified rabbit anti-rat IFN-y
(Immunogenetics, Zwijndrecht, Belgium), anti-rat TNF-o
mAbs (Zymed Laboratories Inc., San Francisco, CA) and
anti-rat IL-2 (PharMingen) were used at concentrations of
1 1g/10° cells. R-phycoerythrin-conjugated goat anti-rabbit
immunoglobulin G (IgG) (Sigma, Rechovot, Israel) was
employed as the second antibody and used with an irrelevant
isotype-matched Ab to control background staining.

Cytotoxicity assay

The cytotoxic activity of PLN-derived lymphocytes against
CMV-infected and -uninfected fibroblasts was determined as
described previously?' by a °'Cr-release assay. After 2 days,
y-radioactivity was counted separately in medium and in
cell fractions. >'Cr release was calculated, in counts per
minute (c.p.m.), in triplicate wells according to the standard
formula:

% Specific release =[(c.p.m. experimental —c.p.m. sponta-
neous) <+ (c.p.m. maximum — c.p.m. spontaneous)] x 100.

The spontaneous release was obtained from fibroblasts
incubated with medium only. For maximal release, targets were
incubated with 1% Triton-X-100 (=~ 97-98% release).

The cytolytic activity of PLN cells against natural killer
(NK)-sensitive mouse YAC-1 cells was measured by using flow
cytometry, as described previously.?>** YAC-1 cells were
grown in RPMI-1640 supplemented with 10% fetal calf serum
(FCS) (Biological Industries, Kibbutz Beit HaEmek, Israel).
Effector cells and washed YAC-1 cells were mixed at effector to
target (E:T) ratios of 5:1, 10:1 and 20:1 in 200 ul of the
culture medium, incubated for 1 hr at 37° in an atmosphere of
5% CO,, and analysed by flow cytometry. Live and dead target
cells were gated and counted separately. The majority of
effector cells could be gated out upon their scattering para-
meters, and the spillage of gates corresponding to target cells
was subtracted. The percentage of dead YAC-1 cells was
calculated using the following formula:

% Dead YAC-1 cells = [DC = (DC 4 LC)] x 100%,

where DC = number of dead cells and LC = number of live
cells. The cytotoxicity index (CTI) was determined by subtrac-
tion of the target cell spontaneous death values. The viability of
targets was >95%.
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Three distinct cell populations were detected and gated on
the plot of forward (FSC) and side (SSC) light scatters, corre-
sponding to effector cells, live and dead targets. The population
with relatively lower FSC and slightly higher SSC value was
determined as dead cells.?**

Cytokines

Recombinant human IL-2 (rhIL-2) and rat IL-2 (rIL-2) (Gen-
zyme Diagnostic, Cambridge, MA) were used for the cell
cultures. For neutralization of the effects of endogenous IL-
2, 20 pg/ml of anti-rat IL-2 (PharMingen) was added to the
fibroblast monolayers simultaneously with lymphocytes.

The polyclonal rabbit anti-rat IFN-y (Immunogenetics) neu-
tralized the antiviral effect of 10 U IFN-vy at a dose of 2-5 pg/ml
(0-5 pg/well). Rabbit anti-rat TNF-o (Zymed Laboratories Inc.)
was added at a dose of 20 pg/ml (4 png/well).

Proliferation assay

Purified CD8beta™, CD4™ and y8 T cells (2-2-5 x 10%/200-pl
well) were cultured with 100 U/ml rhIL-2 for 48—72 hr in round-
bottom 96-well plates. Cells were pulsed with 1 puCi [*H]thy-
midine ([3H]TdR) for 12—16 hr before harvesting on glass-fibre
filters. [3H]TdR incorporation was measured by liquid scintil-
lation counting and expressed as c.p.m.

Statistics

Data were expressed as mean & SD. Kruskal-Wallis analysis of
rank was used to determine if a variable changed significantly
with respect to time. Differences between groups (dependent
and independent variables) were evaluated using the Student’s -
test of paired differences and the Wilcoxon rank-sum (Mann—
Whitney U) test. Probabilities of <0-05 were considered
significant.

RESULTS
Response of yo T cells to CMYV infection

On day 6 after inoculation of aMCMYV into the footpad, the
draining PLN became swollen and contained 4-3 + 1.9 x 107
cells, as compared with 2-340.7 x 10° cells in the draining
PLN of rats on day 2 postinfection (P <0-05) and with
1-3+£0:3x 10° cells in contralateral PLN (P <0-01). The
number of cells in contralateral PLN was similar to those
observed in the PLN of uninfected rats (data not shown).
The yd T-cell percentage rose dramatically (P < 0-01) in the
draining PLN starting 2days after infection with aMCMV
(18-74+2-1%) as compared with contralateral PLN (3-3 £+
1:5%) (Figs 1 and 2). Thus, although the percentages of yd T
cells detected on days 2 and 6 postinfection (15-8 +3-7%) were
similar, at least 10-fold more yd T cells were present in PLN
from rats on day 6 postinfection.

Freshly isolated cells from draining PLN and contralateral
PLN were used for separation. Fifty thousand cells of y3 T and
vd T~ cell fractions were plated on fibroblast monolayers
preinfected with 50 PFU of aMCMV/well. For comparison,
50000 cells of the CD8beta™ fraction [previously described as a
cytotoxic T lymphocyte (CTL) with specific antiviral activ-
1721 were also plated. The results are summarized in Table 1.
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Figure 1. Co-expression of NKR-P1 (vertical line) with y& T-cell
receptor (TCR) (horizontal line) on preparations of contralateral popli-
teal lymph nodes (PLNc) and draining PLN (PLNi) from rats 2 days
postinfection. Cells were prepared from freshly isolated PLN, stained
with monoclonal antibodies (mAbs) and analysed as described in the
Materials and methods. Numbers in quadrants of the dot-plots represent
the percentage of lymphocytes. Numbers within R3 area correspond to
the percentage of double-staining NKR-P1* y3 TCR™ cells among v& T
cells (R3). Results are typical of six replicate experiments.

It was shown that while confluent cytopathic plaques devel-
oped in control cultures of fibroblasts alone (Table 1, row 1),
different patterns of plaque development were found in cultures
of different cell fractions. Observations on a daily basis identi-
fied curing of the fibroblast monolayer from aMCMYV infection
(the infected fibroblasts disappeared and the number of fibro-
blasts in the plaque area expanded so that plaques could no
longer be distinguished) by CD8betat (Table 1, row 5) and y8
T cells from rats on day 6 postinfection (Table 1, row 7). We
also found that yd T-cell depletion had no influence on devel-
opment of the immune response induced by CD8beta™ CTL
(Table 1, row 6).

The curing of fibroblast monolayers from virus infection was
not abolished by the depletion of NKR-P1" cells within y§ T
cells (Table 1, row 8).

The protective effects of yd T cells were mainly caused by
the presence of IFN-y, as the addition of anti-IFN-y abolished
the curing of fibroblast monolayers from aMCMYV infection
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Figure 2. The detection of cell-associated interferon-y (IFN-y) content in rat popliteal lymph node (PLN)-derived yd T cells using
two-colour flow cytometry. Dot-plots of a representative result among five tests are shown. (a) Background staining with isotypic
immunoglobulin G—fluorescein isothiocyanate (IgG—FITC) and phycoerythrin (PE)-conjugated secondary antibodies. (b) Contralateral
PLN (PLNc) from rats 6 days postinfection. (c) Draining PLN (PLCi) from rats 2 days postinfection. (d) PLNi from rats 6 days
postinfection. Cytokine-positive cells were identified according to background staining (< 1% of the analysed subset). Numbers in
quadrants of the dot-plots represent the percentage of lymphocytes. Numbers in parenthesis correspond to the percentage of interferon-
y* (IFN-y™) cells among & T cells. TCR, T-cell receptor.

Table 1. Inhibition of plaque development in syngeneic monolayer by different types of rat lymph node-derived cell populations

No of plaques (Mean + SD)

PFU/ml in
culture fluid

Days after

Type of cells* infectionf Day 4 Day 7 Day 8 Day 10 Day 12
1. Infected monolayer only 47.0+3.7 > 200 Confluent Confluent 64 000
2. PLNc, y§ T* 2 7-0+2:6 19-7+2-5 >20° Confluent 68 000
3. PLNi, 6 T+ 2 25+13 93+15 93+15 9-3+£1:5% 3000
4. PLNi, y0 T~ 2 8-:3+0-96 51-:0+6-6 Confluent Confluent 52000
5. PLNi, CD8* [§ 1-3+£0:96 03+0-5 0305 0 0
6. PLNi, y6 T~ 6 45+13 4.0+0-8 33+10 331108 0
7. PLNi, v T+ 6 0 23+19 23+19 2.3+£198 0
8. PLNi, y§ T 6 48+17 43+1-0 4.3+£0-96 1-8+0-9 0
(NKR-PI depleted)

9. PLNi, vyd T 6 29-34+4-6 > 200 Confluent Confluent 64000
(NKR-PI depleted)

anti-IFN-y

*A total of 50000 ¥ T or y8 T~ cell fractions, as well as CD8™ cells, were plated on syngeneic fibroblast monolayers (10000 fibroblasts/well) preinfected 2 hr
previously with 50 plaque-forming units (PFU) of aMCMYV [Smith’s strain murine cytomegalovirus (MCMYV), passaged three or four times through the rat fibroblast
monolayer] in 0-1 ml of Dulbecco’s modified Eagle’s minimal essential medium (DMEM); in rows 8 and 9 the negative selected v T cells depleted from NKR-P1" were
used. PLNc, contralateral popliteal lymph nodes; PLNi, draining popliteal lymph nodes.

1DA rats were injected with 10000 PFU of aMCMYV into the footpad; PLN cells were derived either day 2 or day 6 after inoculation with aMCMV.

{Plaques were dramatically enlarged in size.

§Plaques were arrested.

IFN-v, interferon-y.

© 2003 Blackwell Publishing Ltd, Immunology, 108, 129-136
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(Table 1, row 9). However, the protection was not abolished by
the addition of anti-rat IL-2 or anti-rat TNF-o (data not shown).

In contrast to lymphocytes obtained from rats onday 6
postinfection, when lymphocytes were obtained from rats on
day 2 postinfection, only draining PLN-derived yd T cells
(Table 1, row 3) induced the inhibition of cytomegalic plaque
development. However, this protection was not absolute, and
after 10days plaques dramatically increased in size and
aMCMYV was detected in the culture medium.

Phenotype and cytokine profile of yo6 T cells

The phenotypes of yd T cells determined by double labelling
showed that only 1-5+0-2% of contralateral PLN y§ T cells,
and 1-67 £0-4 of draining PLN 3 T cells in rats on day 6
postinfection were CD8beta™. Moreover, ¥ T~ fractions from
all rat groups contained the highest proportion (from 17-7 to
21-6%) of CD8beta™ lymphocytes. The 8 TCR and CD8beta
(marker of CTL) are thus expressed on different cell populations
in this virus-induced process. No cells were categorized as yd
TTCD4" cells.

Recently, it was found that a large proportion of yo T cells
express different types of NK receptors. Based on this observa-
tion we also studied the co-expression of NKR-PI receptors on
¥8 T cells. NKR.P17 y8 T+ cells constituted 1-7 + 0-3% of the
total number of yd T cells in contralateral PLN, as well as in
PLN of uninfected rats (data not shown), and their percentage
increased to 6-8 £ 1:4% on day 2 and to 7-0 =4-3% on day 6
after inoculation with aMCMV. A representative result of six
independent experiments is shown in Fig. 1.

The intracellular content of IL-2, IL-4, IFN-y and TNF-o in
vd T cells of PLNs from rats ondays 2 and 6 postinfection is
presented in Table 2. It was found that the percentage of Yo T
cells containing IL-2 significantly increased in the draining PLN
of rats on day 6 postinfection as compared with contralateral
PLN or draining PLN of rats on day 2 postinfection (P < 0-001).
Only a relatively small number of yd T cells contained IL-4 and
TNF-a, and there was no difference in the number of y6 T cells
containing IL-4 and TNF-a in the PLN between infected and
uninfected rats. We also examined whether yd T cells were

Table 2. Intracellular content of cytokines in rat lymph
node-derived yd T lymphocytes

vd T cells containing cytokines (%)

PLNc, 2 days PLNi, 2days PLNi, 6days
after inoculation after inoculation after inoculation
Cytokines ~ with aMCMV with aMCMV with aMCMV
1L-2 0 0 14-3 £ 1-6%t
L4 0-9+0-5 1-:6 +0-5 1-:6 +0-5
TNF-o 42405 4.8+1-5 42405
IFN-y 1-54+09 13-0+1-8* 812+ 4-9%f

*P < 0-05 compared with contralateral popliteal lymph nodes (PLNc).

P < 0-05 compared with draining popliteal lymph nodes (PLNi), 2 days after
inoculation with aMCMYV [Smith’s strain murine cytomegalovirus (MCMV),
passaged three or four times through the rat fibroblast monolayer].

IFN-vy, interferon-y; TNF-o, tumour necrosis factor-o.
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activated by aMCMYV to produce IFN-y. On day 2 postinfection,
13-0+£ 1-8% of the yd T cells from draining PLN contained
IFN-y (Table 2, Fig. 2c). A considerable increase in the percen-
tage of yd T cells containing IFN-y was observed in draining
PLN on day 6 postinfection (81-2 +4-9%; P < 0-0001, Table 2;
Fig. 2d).

v0 T cells as cytotoxic effector cells

Given the importance of cytotoxicity in the immune response to
CMYV, we next determined the cytotoxic effector functions of v
TV and y8 T~ fractions obtained from the same donor in a Cr>'-
release assay. Fifty thousand cells of y8 T" and y8 T~ fractions,
obtained from rats 2 and 6 days after virus inoculation, were
plated on *'Cr-labelled fibroblast monolayers preinfected with
1000 PFU of aMCMYV/well. Lysis of infected fibroblasts by
effector cells was determined only at 2days postinfection,
because the infected cells do not release >'Cr during the 2—
3days after infection. After 5-6days, the infected fibroblasts
progress into confluent cytopathic plaques and die.

It was found that at an E:T ratio of 5: 1, both contra-
lateral PLN and draining PLN y§ T+ cells from rats on day 2
postinfection showed a similar ablility to kill aMCM V-infected
fibroblasts (27 £ 3-5% and 24-6 4 0-4%, respectively, P > 0-05)
(Fig. 3). However, the ¥ T"-cell cytotoxicity against infected
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Figure 3. Lysis of aMCMYV [Smith’s strain murine cytomegalovirus
(MCMYV), passaged three or four times through the rat fibroblast
monolayer]-infected fibroblast monolayers (10000 fibroblasts/well)
by popliteal lymph node (PLN)-derived y5 T and y8 T~ cell fractions
from rats 2 and 6days after inoculation with 10000 plaque-forming
units (PFU) of aMCMYV into the footpad. Freshly isolated PLN cells
were fractionated using a magnetic field system with monoclonal anti-
bodies (mAbs) to rat yd T-cell receptor (TCR). Fifty thousand purified
cells were plated on 'Cr-labelled syngeneic monolayers preinfected
2 hr in advance with 1000 PFU of aMCMV/10 000 fibroblasts. Analysis
was performed 2 days after addition of y3 T cells. The infected fibroblast
monolayer maintained without lymphocytes did not release *'Cr.
Results represent the mean value = SD from four independent experi-
ments. *Statistically significant difference (P < 0-05). PLNc, contral-
ateral popliteal lymph node; PLNi, draining popliteal lymph node.



134

fibroblasts was significantly elevated to 36-5+3-7% by day 6
after infection with aMCMV (P =0-03 versus contralateral
PLN, and P =0-004 versus draining PLN from rats on day 2
postinfection).

In contrast, y6 T~ fractions of contralateral PLN from
the same rats failed to lyse the infected targets (< 5%). More-
over, y0 T~ fractions from draining PLN derived from rats
on day 2 postinfection revealed very low cytolytic acti-
vity against aMCM V-infected fibroblasts compared with yd
T~ fractions from draining PLN derived from rats on day 6
postinfection (8-0 £ 3-5% versus 37-7 & 6-4%, P =0-0007). In
the latter, strong lysis is attributed to the occurrence of CD8"
CTL.

During the first 3 days of culture there was no significant
lysis of uninfected fibroblasts as compared with infected mono-
layers in yd T* cultures (4-941-2% for contralateral PLN;
4.3+ 0-4% for draining PLN, P > 0-05) or in cultures of y6 T~
fractions (0%).

In order to determine whether the lysis of infected fibroblasts
is dependent upon the presence of NKR-P1 cells, in further
experiments we used negatively selected v T cells depleted of
NKR-P17 cells (see the Materials and methods). It was found
that depletion of NKR-P17 cells from the y3 T cells resulted in a
reduction in the death of cells in the infected monolayer, from
26 £5-9% to 13-9 £ 3-7% in contralateral PLN (P =0-01) and
from 30+£8-4% to 9-8£4-5% (P=0-004) in draining PLN
from rats on day 6 postinfection.

v6 T cells were also tested for their ability to lyse YAC-1, a
known target for natural killer cells. It was found that at the E: T
ratios of 10:1 and 20: 1, yd T cells from both uninfected and
infected PLN were equally cytotoxic for YAC-1 targets. More-
over, the v T* sets from draining PLN of rats 6days post-
infection mediated the same lysis against the YAC-1 target as
compared with lysis mediated by ¥ T* cells from PLN of rats
2 days postinfection. As in the case of aMCM V-infected targets,
the removal of the NKR-P17 cells resulted in a decreased death
of the YAC-1 target (Fig.4).
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Figure4. YAC-1 lysis by draining popliteal lymph node (PLNi)-
derived y8 T* cells from rats 2 and 6days after inoculation of
10000 plaque-forming units (PFU) of cytomegalovirus (CMV) into
the footpad, as compared to PLN from uninfected rats.

Cultured yo T cells

To further characterize the yd T cells developed following
infection with CMV, we examined the response of the purified,
positively selected yd T cells from rats on day 6 postinfection,
cultured in the presence of IL-2.

As shown in Table3, the proliferation of y& T cells in
response to 48 hr of stimulation by IL-2 in vitro was higher
compared with the proliferation of purified CD4" (P =0-03) or
CDS8beta™ (P = 0-0002) lymphocytes. However, during the next
5 days of culture in the presence of rhIL-2 or rIL-2 (data not
shown), a high level of blastogenesis was observed in all types
of cultures. It was found that curative and cytolytic activities
were particularly effective when blasts from these established
cultures were transferred to syngeneic aMCM V-preinfected
fibroblasts.

Table 3. Effect of recombinant human interleukin-2 (rhIL-2) on the proliferative capacity of CD8beta’, CD4" and y8 T™ cell subsets
derived from rat draining popliteal lymph nodes (PLNi)

Type of culture|

Type of Addition c.p.m.}

cells* of IL-27 after 48 hr P-value§ 2 days 5days
CD4™" + 4123 £495 0-03 30-40% blasts 80-90% blasts
CDh4+ - 374+£90 Lymphocytes Lymphocytes
CD8™ + 813 +44 0-0002 10-15% blasts 50-70% blasts
CcD8* - 235+2 Lymphocytes Lymphocytes
v8 T + 5900+ 524 50-70% blasts 80-90% blasts
8 T - 421+ 156 Lymphocytes Lymphocytes

*PLN were used from rats 6 days postinfection. Positively selected 8 T, CD8beta™ and CD4 " cells were used at 10 000/well. Approximately 90-95% of positive
fractions expressed the corresponding markers when analysed using flow cytometry.

tCells were cultured with or without 100 U/ml hrIL2 in culture plates with round-bottom wells.

1[3H]Thymidine (1 pCi) was present in each well for the last 16 hr of culture before determining the incorporated radioactivity using a Wallac liquid scintillation
counter. Representative data out of four experiments are shown as counts per minute (c.p.m.), which are means of triplicate wells.

§Compared with IL-2-activated ¥5 T* lymphocytes.
{Number of blasts/100 cells.
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FigureS. Lysis of aMCMV [Smith’s strain murine cytomegalovirus
(MCMV), passaged three or four times through the rat fibroblast
monolayer]-infected and -uninfected fibroblast monolayers by inter-
leukin-2 (IL-2)-induced blasts developed from Y8 T+ and y3 T~ draining
popliteal lymph node (PLNi)-derived lymphocytes. Fifty thousand cells
of y8 T" and y8 T~ cell fractions were cultured on syngeneic fibroblast
monolayers with 100 U/ml human recombinant IL-2 (hrIL-2). Five days
later, when clear blasts developed, the cells were harvested, washed
twice, and 50 000 cells/well were plated on a S1Cr-labelled monolayer,
untreated or infected 2hr previously with 1000 plaque-forming units
(PFU) of aMCMYV with or without 100 U/ml hrIL-2. The percentage of
specific SICr release was counted 3 and 6 days after passage. Results
represent the mean value = SD from three independent experiments.
*Statistically significant difference (P < 0-01).

In contrast to y8 T cells, in which lytic activity does not
depend on the presence of IL-2, the blasts from yd T~ fractions
induced stronger lysis of infected fibroblasts in the presence of
IL-2 (Fig.5). In addition, when blasts developed from both y&
T and vd T~ fractions were transferred to fresh, uninfected
syngeneic monolayers, strong IL-2-dependent lysis was
observed 6days after passage (Fig.5).

DISCUSSION

vd T cells are apparently activated in response to CMV infec-
tion,'>?* but precise mechanisms of their protective/curative
effects are still poorly understood. In some experimental disease
models, y3 T cells appear to reduce damage, whereas in others,
results imply that they exacerbate it. Even within a single
disease model, the effects depend upon the time-point at which
the yo T cells are examined. Moreover, it was shown that the
various yd T-cell subsets carry out contrasting roles in host
resistance and that these subsets normally balance one another
out.”® Therefore, further information on the activational stages
of the yd T cells during their development is needed to address
this issue.

Our fundamental finding is that we identified and character-
ized the rat Y3 T lymphocytes that appeared in draining PLN
after a single injection of aMCMYV into the footpad, as compared
with contralateral PLN-derived yd T cells. The protective effect
of draining PLN vd T cells can be detected 2 days postinfection.
The absolute number of y3 T cells showed a relative increase of
at least 10-fold by day 6 postinfection. These yd T cells were
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found to exhibit high cytolytic activity, extensive proliferation
in response to IL-2 activation in vitro, and the majority (81%)
also produced IFN-vy. Similarly to the classical CD8 CTL, they
can completely protect fibroblast monolayers from infection
with aMCMV in vitro. The phenotypic analysis showed that the
vd TCR and CD8beta markers are expressed on different cell
populations in this virus-induced process. Therefore, antiviral
activity of yd T cells is not dependent upon the presence of
CD8beta™ CTL.

Importantly, while yd T cells derived from naive and
aMCM V-infected rats are able to kill both aMCM V-infected
fibroblasts and YAC-1 targets, only draining PLN, which pro-
duce large amounts of IFN-vy, are able to clear CMV infection
in vitro. Our data demonstrated that the appearance of IFN-vy is
correlated with the curing of fibroblasts from virus infection,
and that the neutralization of endogeneous IFN-y abolished the
protective antiviral effects of yd T cells from draining PLN. The
activation of IFN-y-secreting yd T cells at 2 days postinfection
with V'V, was observed by Selin et al.'* The IFN-y-producing y&
T cells that appeared at an early stage of infection in the peri-
toneal cavity and the liver after intraperitoneal (i.p.) infection
with MCMV were also analysed in mice by Ninomiya et al.’?
The kinetics of these mouse yd T cells resemble those of y6 T
cells in the draining PLN of rat, as described in our experiments.

The addition of anti-rat TNF-o or anti-rat IL-2 had no effect
on the curing of fibroblasts from aMCMYV infection. Never-
theless, an accumulation of IL-2-positive v T cells in draining
PLN occurred 6days after infection. As IL-2 stimulation of
lymphocytes resulted in extensive lysis of both infected and
uninfected syngeneic fibroblasts, we proposed that yo T cells
from draining PLN could activate other T-cell subsets via
cytokine release. In this context, the observed IL-2-induced
cytotoxicity against uninfected syngeneic fibroblasts is worthy
of mention in light of developing autoimmunity, which may
occur post-CMV infection.

Recently, it was found that the Y6 T-lymphocyte subset has
the potential to kill targets by using different mechanisms, includ-
ing Granzymes A and B, Fas ligand, perforin, lymphotoxin 3
and a gene implicated in generating the lytic response of NK
cells.’® Human and murine y8 T cells express inhibitory NK
receptors”’>® as well as NKG2D, an NK type of activating
receptor that is also expressed by cytolytic CD8™ o T cells and
NK cells.?®

NKR-P1 is a marker of interest on v T cells. Rat NKR-P1 is
a type-II integral membrane protein with an extracellular C-type
lectin domain, which is an NK cell-activating receptor. NKR-P1
knockout and NKR-P1-inhibition studies suggest a role of this
receptor in target-cell recognition. Eichlberger & Doherty
described a population of NK1.17y8 T™ cells that developed
in cultures of influenza-infected mice with cytotoxic activity.'?
However, these cells were unable to lyse the virus-specific target.

Based on this observation, the expression of NKR-P1 was
assessed on PLN-derived rat Y6 T cells. The total number of
NKR.P17y8 T+ cells increased four-fold by day 2 after inocu-
lation with aMCMYV. The depletion of NKR-P1™" cells within y§
T cells significantly decreased, but did not abolish the cyto-
toxicity against either infected fibroblasts or YAC-1 targets.
This implies that the NKR-P1 receptor is involved in the killing
induced by yd T cells. In contrast, as we can see from Table 1,
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the expression of NKR-P1 by yd T cells has little functional
relevance in curing fibroblasts from CMYV infection. As IFN-v is
an essential molecule in the innate immunity against CMV
infection, we assume that in our rat model the NKR.P17 y§ T*
cells are weak producers of IFN-y. This suggestion is consistent
with the observation that depletion of NK cells expressing the
DX-5 antigen (murine pan-NK marker) from 8 T-cell-enriched
spleen cells did not affect IFN-y production in response to
Listeria monocytogenes infection.” Nor can we exclude the fact
that other types of NK receptors, such as Ly-49 or the NKG2
family of C-type lectins, including NKG2A, NKG2C, NKG2D
and NKG2E, may be involved in the antiviral effects of yd T cells.
In conclusion, our results show that v T cells can manifest
their effects as early as 2 days postinfection, before the conven-
tional primary CD8- and CD4-of8 T-cell populations develop.
Thus, y8 T cells can provide an important line of defence
against CMV, linking innate and adaptive immune responses.
The virus-induced enormous increase in the absolute number of
v T cells, their high cytotoxicity and active production of IFN-
v, making the surrounding cells refractory to infection, may be a
mechanism of early protection during CMV infection.
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