
Background: CD8+ T cells can suppress allergen-induced late
airway responses (LARs) and airway inflammation.
Objective: To test the hypothesis that the suppression of LARs
and airway eosinophilia by CD8+ T cells is IFN-γ mediated, we
tested the effects of adoptively transferred CD8+ T cells, in
which IFN-γ synthesis was inhibited by an antisense (AS)
oligodeoxynucleotide (ODN), on the airway responses of a rat
model of allergic asthma.
Methods: CD8+ T cells were harvested from the cervical lymph
nodes of ovalbumin (OVA)–sensitized Brown Norway rats for
administration to other actively sensitized syngeneic rats.
CD8+ T cells (2 × 106) were incubated for 6 hours with 2
µmol/L AS ODN or sense ODN and were injected intraperi-
toneally into recipients; inhibition of IFN-γ expression in vitro
by AS ODN was shown by means of flow cytometry. Two days
later, rats were challenged with aerosolized OVA.
Results: OVA-induced LAR and bronchoalveolar lavage (BAL)
fluid eosinophilia were suppressed by sense ODN-treated CD8+

T cells. IFN-γ expression in BAL cells was elevated in these
animals. IFN-γ expression in BAL cells was at control levels in
recipients of AS ODN–treated CD8+ cells, confirming the suc-
cess of the AS treatment in vivo. BAL eosinophilia was also
largely restored in the AS ODN treatment group. In contrast,
the CD8+ T cell–induced suppression of the LAR was not sig-
nificantly affected by AS ODN pretreatment.
Conclusions: These results indicate that CD8+ T cells inhibit
airway eosinophilia through secretion of IFN-γ but may sup-
press the LAR by means of other mechanisms. (J Allergy Clin
Immunol 2002;109:803-9.)
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CD4+ T cells of the TH2 type are pivotal cells in aller-
gic inflammation.1,2 IL-4 and IL-5 are 2 of the TH2-type
cytokines that are characteristically expressed at sites of
allergic inflammation and affect the immune response to

foreign sensitizing proteins by promoting IgE synthesis,
favoring lymphocyte differentiation toward the TH2 sub-
type in vivo, and enhancing eosinophil recruitment, acti-
vation, and survival.3-7 In atopic asthma, increased
expression of TH2-type cytokines has been shown in
lymphocytes within the bronchial mucosa and in bron-
choalveolar lavage (BAL) fluid.2,8 In animal studies evi-
dence of T-cell involvement has been obtained through
the demonstration that adoptive transfer of antigen-
primed CD4+ T cells can induce late airway responses
(LAR) and airway hyperresponsiveness (AHR) in naive
rats.9,10 Similar experiments have shown that the transfer
of TH2 cell clones in mice induces airway eosinophilia
and AHR.11-13

In contrast to the CD4+ T cell, the role of the CD8+ T
cell in allergic airway responses is less clear. CD4+ T
cells recognize antigens presented by MHC class II mol-
ecules (eg, HLA-DR, HLA-DP, and HLA-DQ in human
subjects), whereas CD8+ T cells recognize antigens pre-
sented by MHC class I molecules (eg, HLA-A, HLA-B,
and HLA-C). Responses to exogenous antigenic proteins
are usually MHC class II restricted. However, there is
recent evidence that class I pathways may also be
involved.14,15 Depletion of CD8+ cells in the rat leads to
a marked increase in the LAR and airway eosinophilia
after allergen exposure,16,17 whereas the administration
of CD8+ cells from a sensitized donor rat to a sensitized
recipient undergoing challenge has the opposite effect.18

The mechanisms by which CD8+ T cells inhibit the aller-
gic airway response are not clear. These cells have both
cytotoxic properties, and they are a source of
immunomodulatory cytokines.19 Most CD8+ T cells pro-
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duce large amounts of IFN-γ.20 IFN-γ is a plausible can-
didate for the inhibition of allergen-induced responses
because it is a TH1-type cytokine that can suppress the
proliferation of TH2-type T cells and promote the devel-
opment of TH1-type T cells.21 Consistent with this idea
are the findings that exogenous recombinant IFN-γ
inhibits the LAR in the rat22 and suppresses AHR and
airway eosinophilia in mice.23,24

Adoptive transfer of CD8+ T cells suppressed the
LAR and airway eosinophilia in Brown Norway (BN)
rats sensitized and challenged with ovalbumin
(OVA).18 This suppression was associated with
increased expression of IFN-γ and downregulation of
TH2-type cytokine (IL-4 and IL-5) expression in BAL
cells.6 The suppressive effect induced by the CD8+ T
cells was antigen specific, occurring only when the
CD8+ cells were harvested from OVA-sensitized, and
not BSA-sensitized, animals. Although IFN-γ is a plau-
sible mediator of the suppressive effects of the CD8+ T
cells, there is as yet no proof that this is the mechanism
by which CD8+ T cells inhibit the LAR. The aim of the
current study was to test that hypothesis that IFN-γ
mediates the inhibition of allergic airway responses
mediated by CD8+ T cells. We used a well-character-
ized rat model of allergic airway responses and used
the technique of adoptive transfer of T cells to explore
the mechanisms of the CD8+ T-cell effects. The adop-
tive transfer of CD8+ T cells provides a tool to explore
the mechanisms by which CD8+ T cells act in vivo
because it permits the manipulation of these cells
before their transfer in such a way that their in vivo
functions are also altered. Gene silencing with anti-
sense (AS) oligodeoxynucleotides (ODNs) is a useful
tool for studying the function of specific genes25 and
was the technique that we chose to use.

METHODS

Media and reagents

Supplemented RPMI-1640 (penicillin, 100 µg/mL streptomycin,
and 5% or 10% heat-inactivated FCS) and goat anti-mouse FITC-
labeled IgG were purchased from GIBCO BRL (Gaithersburg, Md).
W3/25 (anti-CD4 mAb), MRC OX8 (anti-CD8 mAb), MRC OX-33
(anti-CD45 mAb), and ED9 (anti-myeloid), were purchased from
Cedarlane (Hornby, Canada). MACS microbeads were purchased
from Miltenyi Biotec GmbH (Bergisch Gladbach, Germany). Anti-
rat IFN-γ mAb was purchased from BioSource, Inc (Camarillo,
Calif). BMK13, an anti-human major basic protein (MBP) mAb,
was provided by Dr R. Moqbel (Edmonton, Alberta, Canada). Phos-
phorothioate-ODNs were synthesized26 by the Sheldon Biotechnol-
ogy Center (Montreal, Canada).

Study protocol

Airway responses to OVA were measured 14 days after sensiti-
zation and 2 days after CD8+ T-cell transfers. Three groups were
studied. The control group consisted of 8 rats administered cell-free
medium only because unsensitized CD8+ cells have no effect on air-
way responses to allergen challenge.18 The AS group consisted of 8
rats transferred with IFN-γ AS ODN–treated CD8+ T cells. The
sense group consisted of 8 rats transferred with IFN-γ sense
ODN–treated CD8+ T cells.

Animals and sensitization

Male BN rats (7-9 weeks; Harlan Inc, Bicester, England) were
sensitized subcutaneously in the neck with 1 mg of OVA (grade V;
Sigma Immunochemicals, St Louis, Mo) and 4.28 mg of Al(OH)3
gel (Anachemia Chemicals, Montreal, Quebec, Canada) in 1 mL of
normal saline and 0.5 mL of Bordetella pertussis vaccine (6 × 109

heat-killed bacilli/mL; Institut Armand Frappier, Laval-Des-Rapi-
des, Quebec, Canada) intraperitoneally. Seven days later, rats were
intubated while under the effects of pentobarbital anesthesia (35
mg/kg administered intraperitoneally) and given a 5-minute expo-
sure to aerosolized OVA (5%, wt/vol) to boost sensitization.

Treatment of CD8+ T cells with ODNs and

adoptive transfer

Cervical lymph node cells were harvested from donor rats (n = 3
or 4) 14 days after sensitization and purified to greater than 90% by
means of negative selection with immunomagnetic cell sorting
(MACS)18 and the following antibodies: W3/25; anti-CD4, OX-33;
anti–B cell and ED9; anti-myeloid cell. CD8+ T cells were incubat-
ed with ODNs (2 µmol/L) for 6 hours in medium supplemented
with 5% FCS, and 2 × 106 cells were transferred intraperitoneally to
OVA-sensitized recipients.

AS ODN and IFN-γ expression in

lymphocytes

Mononuclear cells isolated by means of Ficoll-Paque from cer-
vical lymph nodes of naive rats were stimulated with 2 µg/mL con-
canavalin A (Con A; Sigma Immunochemicals) for 48 hours in
medium with 10% FCS to evaluate the effects of AS ODN on IFN-
γ expression by T lymphocytes. After stimulation, cells were incu-
bated with either 2 µmol/L IFN-γ AS ODN, sense ODN, or culture
medium for 6 hours in medium with 5% FCS. The ODN concentra-
tion and duration of incubation were based on published work.26,27

After removal of ODNs, cells were restimulated with 10 ng/mL
phorbol myristate acetate (PMA) plus 0.25 µg/mL ionomycin
(Sigma Immunochemicals) in the presence of Golgistop for 4 hours.
The cells were analyzed by means of flow cytometry (FACScan;
Becton Dickinson, Mountain View, Calif) with an FITC-labeled
anti–IFN-γ antibody (PharMingen, San Diego, Calif).

Measurement of airway responses to

antigen challenge

Two days after the administration of CD8+ T cells or cell-free
medium, animals were anesthetized with urethane (1.25 g/kg
administered intraperitoneally), instrumented, and challenged for 5
minutes with aerosolized OVA or BSA (5% wt/vol). Lung resis-
tance (RL) was measured for 8 hours.6,28

Bronchoalveolar lavage

BAL was performed 8 hours after challenge with 5 × 5 mL of
saline. The total cell count and cell viability were estimated with a
hemacytometer and Trypan blue stain. Slides were prepared with a
Cytospin model II (Shandon, Pittsburg, Pa). The differential cell
count was assessed with May-Grünwald-Giemsa staining.

MBP and IFN-γ expression in BAL cells

determined by means of

immunocytochemistry

BAL cytospin preparations were fixed in acetone-methanol
(60:40) for 5 minutes, air-dried, and stored at –80°C until analysis.
Cells were stained with mouse anti-human MBP mAb or mouse anti-
rat IFN-γ mAb by using the alkaline phosphatase–antialkaline phos-
phatase method. The slides were assessed by a blinded investigator.
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Statistical analysis

The data are expressed as means ± SEM. We used 1-way
ANOVA, followed by the Fischer least significant difference test,
for comparison of several means. Pairs of means were compared
with the Student t test. A significant P value was set at the 5% level
of confidence.

RESULTS

Effect of AS ODN on the level of expression

of IFN-γ by activated T cells

To evaluate the efficacy of AS ODN treatment on
IFN-γ expression by T cells and to ensure that ODNs
were not cytotoxic, we compared the effects of sense
and AS ODNs on intracellular IFN-γ expression in
ConA-stimulated T-lymphocyte preparations by using
flow cytometry. An excess of nonconjugated anti–
IFN-γ antibody was used as a control. After incubation
with ConA and subsequent stimulation with PMA and
ionomycin, 10% to 20% of the gated T lymphocytes
identified as probable blasts on the basis of forward
and side scatter plots (Fig 1, A) were positive for IFN-
γ (Fig 1, B). Only 5% to 10% of T lymphocytes that
were incubated with AS ODN for 6 hours before stim-
ulation with PMA and ionomycin expressed IFN-γ
(Fig 1, C), representing a reduction of approximately
50% in the level of expression of IFN-γ compared with
that seen in control cells, which were incubated with-
out ODN (Fig 2). Pretreatment with sense ODN had a
small effect, decreasing by 16% the number of IFN-
γ–expressing T cells compared with control cells (Figs
1, D, and 2). The difference between sense and AS
treatments was highly significant (n = 4, P < .001).
There were no differences in cell viability, as assessed
by means of Trypan blue exclusion, between the AS
ODN–treated cells (83.9% ± 2.5%), the sense
ODN–treated cells (84.7% ± 1.9%), and the control
cells (85.9% ± 2.4%).

Modulation of IFN-γ expression by CD8+ T-cell

transfers

The effects of CD8+ T-cell transfers on IFN-γ expres-
sion were analyzed in BAL fluid cells. IFN-γ immunore-
activity was identified on the basis of its discrete red
cytoplasmic staining. The majority of IFN-γ immunore-
activity was localized to mononuclear cells, with a mor-
phology consistent with T cells and macrophages. OVA-
challenged control rats had few IFN-γ–expressing cells
in the BAL fluid (Fig 3). CD8+ T cells that were treated
with sense ODNs before transfer resulted in a marked
increase in the number of IFN-γ+ cells compared with
both OVA control rats and rats given AS ODN–treated
CD8+ T cells (P < .001). Rats that received AS
ODN–treated CD8+ T cells had comparable IFN-γ
expression with that of the control animals. This finding
confirms the efficacy of the IFN-γ AS ODN treatment in
neutralizing the effects of CD8+ T-cell transfers on IFN-
γ expression in vivo.
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FIG 1. Quantification by means of FACS analysis of IFN-γ intracel-
lular expression in ConA-stimulated T cells. A shows the gated
population of T cells determined on the basis of their side scatter
(SSC) and forward scatter (FSC). B, C, and D show the number of
T cells expressing IFN-γ after incubation with culture medium
alone, IFN-γ AS ODN (2 µmol/L), or IFN-γ sense ODN (2 µmol/L) for
6 hours before stimulation with PMA (10 ng/mL) and ionomycin
(0.25 µg/mL) for 4 hours, respectively. Results correspond to 1 of
4 representative experiments.
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Airway responses to OVA challenge in

sensitized animals after transfer of CD8+

T cells

Basal airway caliber was unaffected by the transfer of
CD8+ cells, as indicated by the lack of a significant dif-
ference in mean baseline RL among the 3 groups (recipi-
ents of AS ODN–treated CD8+ T cells, sense ODN–treat-
ed CD8+ T cells, and control animals that received only
medium). Fig 4 shows the mean RL at each time point
after OVA challenge for each group. The early airway
response was defined as the maximal value of RL,
expressed as a percentage of baseline RL, in the first 30
minutes after challenge, and there was no significant dif-
ference among groups (Fig 5).

The LAR was calculated as the area under the curve of
RL against time (in centimeters of water per milliliter per
second × minutes) from 3 to 8 hours after challenge after
correction of RL for the baseline value. As shown in Fig 6,
OVA-sensitized rats that received cell-free medium (con-
trol group) had LARs comparable in magnitude with those
previously described in this animal model.18 The transfer
of sense ODN–treated CD8+ T cells inhibited the LAR, an
inhibitory effect that was comparable with the transfer of
untreated OVA-primed CD8+ T cells.18 Interestingly, the
AS-treated CD8+ T cells also inhibited the LAR to a
degree that did not differ significantly from that seen with
the sense-treated CD8+ T cells (Fig 6).

CD8+ T cell–mediated changes in airway

inflammation: Relationship to

IFN-γ synthesis

To evaluate the effects of the transferred CD8+ T cells
on airway inflammation, we analyzed changes in leuko-
cyte numbers in BAL fluid. Approximately 22 mL of fluid
was recovered per BAL, and this did not differ significant-
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FIG 2. Suppression of IFN-γ expression in ConA-stimulated blasts.
Intracellular IFN-γ was assessed by means of flow cytometry after
T cells have been incubated 6 hours with culture medium (no
ODN), IFN-γ AS ODN (2 µmol/L), or IFN-γ sense ODN (2 µmol/L)
before stimulation with PMA (10 ng/mL) and ionomycin (0.25
µg/mL) for 4 hours. The percentage of suppression of IFN-γ was
calculated as followed: percentage suppression = (no ODN – AS
or sense ODN)/no ODN × 100. The means and SEs are shown for
4 experiments.

FIG 3. IFN-γ expression in BAL fluid investigated by means of
immunocytochemistry. BAL fluid was recovered at the end of the
experiment (8 hours after OVA challenge) from OVA-sensitized
animals that were injected intraperitoneally with culture medium
(control, n = 8, filled circles), CD8+ T cells treated with IFN-γ sense
ODN (sense, n = 8, filled squares), or CD8+ T cells treated with IFN-
γ AS ODN (AS, n = 8, open triangles). IFN-γ was detected by using
the alkaline phosphatase–antialkaline phosphatase method with a
mouse anti-rat IFN-γ mAb. Results are expressed as the total num-
ber of IFN-γ+ cells in the BAL fluid. P values were determined by
means of ANOVA, followed by the Fischer least significant differ-
ence test.

FIG 4. Time course of RL expressed as percentage of baseline
value after aerosol challenge. OVA-sensitized animals were inject-
ed intraperitoneally with culture medium (control, n = 8, filled cir-
cles), CD8+ T cells treated with AS ODN (AS, n = 8, filled triangles),
or CD8+ T cells treated with sense ODN (sense, n = 8, open
squares). The animals were challenged with a 5% OVA aerosol.
Results are expressed as means ± SEM.

FIG 5. Early airway responses (EAR) in BN rats. OVA-sensitized
animals were injected intraperitoneally with culture medium
(control, n = 8, filled circles), CD8+ T cells treated with sense ODN
(sense, n = 8, filled squares), or CD8+ T cells treated with AS ODN
(AS, n = 8, open triangles). The early airway responses were cal-
culated as the largest increase in RL within the 30 minutes after a
5% OVA aerosol. Results are expressed as percentage of baseline
for each rat.
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ly among groups. The total cell count was significantly
lower only in the group of animals treated with sense ODN
in comparison with that seen in the nontreated animals
(Table I). There were no significant differences in the
absolute numbers of macrophages, granulocytes, and lym-
phocytes among the 3 groups (Table I). The contribution of
the eosinophils to airway inflammation was assessed by
means of MBP immunostaining because of the previous
finding that the conventional May-Grunwald-Giemsa stain
lacked sensitivity.9 As shown in Fig 7, eosinophilia was
significantly reduced in the BAL fluid of rats that received
either sense ODN– or AS ODN–treated CD8+ T cells in
comparison with that seen in the control group (P < .01
and P < .05, respectively). However, the CD8+ cell-medi-
ated inhibition of eosinophilia was less in the AS ODN–
than in the sense ODN–treated group (P < .05).

DISCUSSION

The mobilization of CD8+ T cells into the lungs of
human subjects after an allergen-induced isolated early
airway response in asthma has led to the suggestion that
CD8+ T cells might have a suppressor effect.29 Animal
models have also implicated CD8+ T cells in a number of
aspects of allergic responses, including AHR and IgE syn-
thesis.30-32 Given the difficulty in directly testing hypothe-
ses in relationship to the role of the CD8+ T-cell cytokines
in the modulation of the LAR, we have used the technique
of adoptive transfer in a model of allergic asthma, the BN
rat.18 In this rat antigen-primed CD8+ T cells have a potent
suppressive effect on the LAR, inhibit BAL eosinophilia,
and reduce the expression of TH2-type cytokines in BAL
fluid of recipient sensitized rats undergoing allergen chal-
lenge. The inhibition of the LAR and of airway eosinophil-
ia is associated with an increase in IFN-γ mRNA expres-
sion in BAL cells.18 The reported inhibitory effects of
IFN-γ in vitro on TH2-type cytokine expression suggested
a possible mechanism by which CD8+ T cells might act to
inhibit allergic airway responses. The current study with
AS oligonucleotides for IFN-γ provides evidence that IFN-
γ synthesis by CD8+ T cells inhibits allergen-induced
eosinophilic inflammation but not the LAR. The latter
must be inhibited by other mechanisms.

It was necessary to effect a significant alteration in the
synthesis of IFN-γ production by airway CD8+ T cells to
test its importance in the modulation of allergic airway
responses. We targeted the synthesis of IFN-γ by the expo-
sure of the CD8+ T cells to AS ODNs directed against IFN-
γ. By using specific AS ODNs previously tested for effica-

cy in inhibiting IFN-γ synthesis by cultured hepatocytes
stimulated with IL-13,26 we produced about 50% inhibition
of IFN-γ expression in ConA-, PMA-, and ionomycin-stim-
ulated T cells. Although this degree of inhibition ex vivo is
relatively modest, the AS treatment appears to have been
much more effective against the stimulus of allergen chal-
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FIG 6. LARs in BN rats. OVA-sensitized animals were injected
intraperitoneally with culture medium (control, n = 8, filled cir-
cles), CD8+ T cells treated with sense ODN (sense, n = 8, filled
squares), or CD8+ T cells treated with AS ODN (AS, n = 8, open tri-
angles). The magnitude of the LARs was calculated as the area
under the curve (AUC) of RL versus time curve from 3 to 8 hours
after a 5% OVA aerosol.

FIG 7. Eosinophilia in BAL fluid investigated by means of immuno-
cytochemistry. BAL fluid was recovered at the end of the experi-
ment (8 hours after OVA challenge) from OVA-sensitized animals
that were injected intraperitoneally with culture medium (control,
n = 8, filled circles), CD8+ T cells treated with sense ODN (sense,
n = 8, filled squares), or CD8+ T cells treated with AS ODN (AS, n
= 8, open triangles). Eosinophils were detected by using the alka-
line phosphatase–antialkaline phosphatase method with the
BMK-13 mAb. Results are expressed as the number of MPB+ cells
in the total volume of BAL fluid.

TABLE I. Total and differential cell counts in BAL

CD8+ T-cell Total cell

Group treatments count (106) Macrophages (%) Lymphocytes (%) Granulocytes (%)

I (n = 8) IFN-γ AS 4.4 ± 0.6 78.5 ± 3.3 1.9 ± 0.3 19.8 ± 3.2
II (n = 8) IFN-γ sense 3.2 ± 0.3* 78.6 ± 4.1 1.7 ± 0.4 20.0 ± 4.1
III (n = 8) Culture medium 5.0 ± 0.7 75.0 ± 3.5 1.2 ± 0.2 23.8 ± 3.5

Cell counts were assessed by means of May Grünwald-Giemsa staining. Data are expressed as means ± SEM.
*P < .05 (ANOVA and Fischer least significant difference test) in comparison with group III.
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lenge in vivo. The IFN-γ AS ODN treatment of the CD8+ T
cells ablated their enhancement of IFN-γ expression in the
BAL after allergen challenge. Indeed, rats transferred with
AS-pretreated CD8+ T cells had as few IFN-γ–expressing
cells in the BAL as the rats that were not given CD8+ T cells.

It seems unlikely that the increases in the number of
IFN-γ+ cells in the BAL fluid are attributable to the
appearance of the transferred CD8+ T cells. Presumably,
IFN-γ produced and released by transferred CD8+ T cells
leads to local amplification of IFN-γ synthesis by resident
cells in the airways of recipient animals or to the recruit-
ment of other IFN-γ–producing cells. This is consistent
with a previous study suggesting that IFN-γ may favor the
expansion of T lymphocytes of the TH1-type phenotype.33

We do not know the phenotype of the T cells in the BAL
that produce IFN-γ, but both CD8+ T cells and CD4+ TH1
cells are potential sources. Additionally, and based on
morphological criteria, it appears that IFN-γ expression
by alveolar macrophages was stimulated also.

Several studies have reported an alternate mechanism
of action of synthetic ODNs caused by the presence of a
particular motif (CpG) within the nucleotide sequence,
leading to an increased production of IFN-γ by T cells.34

Airway eosinophilia and induction of TH2-type cytokine
expression were prevented by such treatment.35 We were
therefore concerned that ODN treatments might alter the
suppressive properties of the CD8+ T cells through the
stimulation of IFN-γ production in a nonspecific manner.
Even though the AS and sense ODNs we used contained
1 and 2 CpG motifs, respectively, FACS analysis of the
ODN-treated CD8+ T cells did not show such an effect.
The lack of nonspecific effects likely resides in the fact
that we selectively treated the targeted T cells before the
injection rather than injecting the ODNs intraperitoneal-
ly during the process of sensitization.35

The successful abrogation of IFN-γ expression in BAL
fluid by means of specific AS treatment of the CD8+ T
cells was associated with a partial restoration of allergen-
induced BAL eosinophilia. This regulatory role of IFN-γ is
likely mediated, at least in part, by effects on IL-5 whose
expression in previous experiments was substantially
reduced by CD8+ T-cell transfers.18 Such observations are
consistent with the reported inhibitory effect of IFN-γ on
TH2-type cytokine expression by CD4+ T cells.33 Despite
the striking effects on IFN-γ expression and eosinophilia
in the BAL fluid, there was no observable alteration of the
LAR; an equivalent suppression of the LAR was seen in
the recipients of both sense ODN– and AS ODN–treated
CD8+ cells. This lack of effect of IFN-γ AS treatment on
the LAR seems unlikely to be caused by a failure to inhib-
it IFN-γ synthesis for the reasons discussed above. There-
fore IFN-γ is unlikely to be the only CD8+ T cell–derived
mediator that is responsible for the inhibition of OVA-
induced LARs. The results also suggest that the eosinophil
is not the effector cell responsible for the LAR.

The mechanism of involvement of CD8+ T cells in
OVA-induced airway responses is not entirely clear. Acti-
vated B cells have been shown to present peptides to
CD8+ T cells and to trigger their suppressive activity for

CD4+ cells.36 There is increasing evidence of MHC class
I–restricted activation of CD8+ T cells by OVA, resulting
in cytokine expression (IFN-γ and IL-2) and cytolytic
activity.30 Fas-mediated apoptosis has been induced in
antigen-activated CD4+ cells by superantigen-activated
CD8+ cells.37 Moreover, the preferential expression of
Fas ligand by activated CD8+ T cells may play a role in
the ability of CD8+ T cells to suppress immune respons-
es by induction of CD4+ T-cell apoptosis.

Other studies with animal models of asthma demon-
strated that IFN-γ may play an important role in the
immunoglobulin synthesis and allergic inflammation. The
immunoregulatory action of the CD8+ T cells on IgE syn-
thesis in vivo and in vitro appears to be mediated by IFN-
γ,38 and both the αβ+ and γδ+ CD8+ T cells have been
implicated in the observed effects on IgE synthesis.38,39

Mice lacking the IFN-γ receptor have higher levels of IgE
and IgG1, lower levels of IgG2a, and a sustained lung
eosinophilic inflammation in the lungs associated with a
prolonged capacity of lung T cells to maintain a TH2 pro-
file.40 Hessel et al41 demonstrated that IFN-γ is essential
to the development of AHR because IFN-γ antibodies
administered during the challenge period completely
inhibit the induction of AHR in OVA-challenged mice. A
recent study, also with the BN rat, showed that adminis-
tration of IFN-γ attenuated AHR and allergen-induced air-
way inflammation.42 There was also evidence of inhibi-
tion of IL-4, IL-5, and IL-10 expression by IFN-γ,
whereas the converse occurred after anti–IFN-γ treatment.
Perhaps the discrepancy between the effects of exogenous
IFN-γ and antibodies directed against IFN-γ on allergen-
induced AHR and the results of the current study reflects
the fact that only the CD8+ T-cell production of IFN-γ was
targeted by the AS ODN pretreatment of these cells. It is
also possible that the factors that cause AHR are not the
same as those responsible for the LAR. One additional
caveat is that it is possible that the inhibition of IFN-γ syn-
thesis by the AS ODN treatment was not complete and
that the thresholds for alterations in eosinophilia and the
LAR differ, with the latter requiring more complete inhi-
bition of IFN-γ than eosinophilia.

In conclusion, we have shown that CD8+ T cells trans-
ferred from sensitized donors can potently inhibit LAR
responses and airway eosinophilia in sensitized recipi-
ents undergoing allergen challenge. The inhibitory effect
of the CD8+ cells is associated with a reduction in
eosinophilia and enhanced expression of IFN-γ in the
BAL. The pretreatment of the CD8+ cells before transfer
with an AS ODN directed against IFN-γ abrogated the
enhanced expression of IFN-γ in the BAL, suggesting
successful targeting of this cytokine expression by the
CD8+ cells. The results of our experiments indicate a role
for IFN-γ in the modulation of eosinophil recruitment
into the BAL but not as a determinant of the suppressive
effects of CD8+ cells on the LAR. It also seems that the
eosinophil may not be the effector cell of the LAR.
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