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Background: We have shown previously that the late airways

response (LAR) can be transferred by ovalbumin-primed Abbreviations used

CD4* T lymphocytes in Brown Norway rats. This response is APAAP: Alkaline phosphatase—anti-alkaline phosphatage
associated with an increase of eosinophils and high expression AS: Antisense

of T,,, cytokines (IL-4 and IL-5) in bronchoalveolar lavage AUC: Area under the curve
(BAL) fluid. BAL: Bronchoalveolar lavage
Objective: In this study we hypothesized that the inhibition of BN: Brown Norway

IL-4 or IL-5 production in the CD4 * cells transferred to a EAR: Early airways response
naive animal could decrease the LAR and prevent airway LAR: Late airways response
eosinophilia in response to antigen challenge. MBP: Major basic protein
Methods: CD4* cells, purified from the cervical lymph nodes NP-Y: Neuropeptide Y

of ovalbumin-sensitized rats, were maintained in culture for 6 ODN: Oligodeoxynucleotide
hours with medium alone or with 10pug/mL IL-4 antisense OVA: Ovalbumin

(AS), IL-5 AS, or control AS oligodeoxynucleotide. Then the R, : Lung resistance

cells were administrated intraperitoneally to naive rats, which

were challenged 2 days later by a 5% ovalbumin aerosol. The
lung resistance was measured for 8 hours, and then BAL was

performed. Cytospin preparations from BAL cells were that the number of activated Cb4 cells in bron-
assessed for the presence of eosinophils by immunocytochem-  choalveolar lavage (BAL) fluid is significantly elevated
istry for major basic protein and for IL-4, IL-5, and IFN- y in asthmatic subjects compared with control subjeéts.
expression. Furthermore, the degree of activation of Cyimpho-

Results: In rats injected with IL-4 AS—treated T cells, LAR,
eosinophils, and IL-4 and IL-5 expression were significantly
decreased compared with the other groups. Only IL-5 expres-

cytes correlates with the number of eosinophils in BAL
fluid, with the degree of airways hyperresponsiveness,
sion in BAL fluid was slightly decreased consequent to the and with ,dlsease severfyCD4* T cells in asthma
transfer of IL-5 AS—treated T cells. express high levels of mMRNA for IL-4 and IL45 hese
Conclusion: This study demonstrates that, in the CDAT 2 cytokines have been suggested to play an important
cell—driven LAR, the early production of IL-4, but not IL-5, by role in the development of airways hyperresponsiveness
the transferred CD4* cells is essential for the development of and the symptoms of asthrhdlL-4 promotes IgE syn-
the LAR. (J Allergy Clin Immunol 1999;104:205-14.) thesis by B lymphocytéd and plays an essential role in
driving lymphocyte differentiation toward the, JIsub-
type in vivo810 |L-4 also enhances expression of the
vascular cell adhesion moleculéllon the surface of
Asthma is a chronic disease characterized byendothelial cells and may account for selective
reversible airway obstruction, hyperresponsiveness, aneosinophil recruitment at sites of allergic inflammation
inflammation of airways. Numerous studies have showrby interacting with very late antigen-4. IL-5 plays a crit-
ical role in regulating the terminal differentiation of
committed eosinophil precursors, in activating mature
eosinophils and thus enhancing their adhesion to vascu-
mins-christie Laboratories, McGill University, Montréal. lar endOthe_“um and t_helr Subsequem mlgratlon II?]tO tis-
Supported in part by Medical Research Council Canada (MT-13273 and MTSU€ES, and in prolonging eosinophil survival at sites of
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Association/Canadian Thoracic Society and Merck-Frosst fellowship. Dr  Studies performed on samples obtained from the air-
Hamid is the recipient of a Chercheur-Boursier award from the Fonds d%ays of asthmatic subjects are most relevant to the patho-
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This data was published in abstract form at the American Thoracic Societ)genesIS of this disease, but manipu ations are limite y
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FIG 1. Schematic diagram representing one example of the mechanism by which AS ODNs work. AS ODNs
act on the translation stage. Usually designed to hybridize specifically to a particular sequence of mRNA, AS
ODNSs block the access of MRNA to the ribosomes, thus preventing translation in the protein of interest. Then
mRNA degradation is promoted by an RNase H-dependent agent (RNase H specifically degrades the RNA
strand of RNA/DNA hybrid). Consequently, the production of a targeted protein is inhibited.

research on the mechanisms underlying allergen-induceForty-two rats were actively sensitized by ovalbumin (OVA) subcu-
changes in lung function and recruitment of inflammatorytaneous injections (1 mg, grade V; Sigma Chemicals, St Louis, Mo)
cells has been conducted with a model of antigen chaland aluminium hydroxide (4.3 mg; EM Science, Gibstocon, NJ)
lenge in Brown Norway (BN) rafd:23In sensitized BN dissolved in a sterile saline solution. SimultaneouBlydetella

rats the late airway response (LAR) after antigen Cha"eng‘pertussisheat-kiIIed bacteria (20 organisms per rat, IAF Biovac)
is associated with airway eosinophilia and increasecwas given intraperitoneally as an adjuvant. The sensitized rats were
used as donors of the antigen-primed €D4lymphocytes to be

express'lon of I,L_4 and IL-5 mRNA: Moreover, in BN transferred to unsensitized syngeneic BN rats.
rats antigen primed-CD4T cells are capable of transfer-
ring allergic airway responses to unsensitized animalsSeparation of T-cell subsets
which showed airway bronchoconstriction mimicking  Fourteen days after OVA sensitization, cervical lymph nodes
LAR and BAL eosinophilid as well as IL-4 and IL-5  from urethane-anesthetized BN rats were removed and transferred
MRNA expression in response to antigen challéhge. to a Petri dish containing 0.5% BSA-PBS. Mononuclear cells were

The aim of this study was to use antisense (AS)harvested by mincing and passing the tissue through a stainless steel
oligodeoxynucleotide (ODN) technology to examine moresieve, and after one wash (40for 5 minutes at 4°C), cells were
specifically the participation of J-type cytokines (IL-4  Passed through a nylon mesh. Cloélls were purified by negative
and IL-5) in the model of LAR adoptive transfer. Usually ie'sd_'og "I‘_’f';hl_a mig”ectj'c Cel:' Sorterf.('viA.CS;b'vt"':je”yt'hB'Ote.c'

: e - . uburi, Calif). Lymph node cells were first incubated with a mix-

?neéﬁﬂeiéoggﬁifﬁiti ngrgzgsz %?;ﬂ%uﬁkﬁgﬁg?ﬁ;_omre of specific mAbs (MCA 620, MCA 340G, and MCA 48G;

’ . . ) . Cedarlane Laboratories Ltd, Hornby, Ontario, Canada) directed
somes, thus prevqntlng protein trans"'it'on.(':_'g_l)', A_‘S Eagainst the undesired cells (ie, myeloid cells, B cells, and*CD8
result, the production of the targeted protein is inhibitedgeyis, respectively). After a 15-minute incubation at 4°C and a sub-
without affecting the translation of other proteins. The sequent wash, cells were indirectly labeled with MACS anti-lgG1
objectives of this study were to test the hypothesis that, iimicrobeads and incubated at 4°C for 30 minutes. Finally, the
an adoptive transfer model of LAR in rats, the treatment oflabeled cells were washed and passed through the MACS column
CD4* T cells with IL-4 AS ODN and/or IL-5 AS ODN slowly, and we collected the effluent containing the cells of interest,
will block the LAR, inhibit airway eosinophilia, and namely the CD#cells. Cell purity was 94.6% + 1.6%, and cell via-
decrease the expression fType cytokines in the lung.  Pility was 95.8% + 0.4%.

Synthesis and design of ODNs

METHODS e . ODNSs were designed and synthesized at the Sheldon Biotech-

Rats and sensitization nology Institute of McGill University. These ODNs were phospho-
Male BN rats, 7 to 10 weeks old, were purchased from a com-rothioate modified to increase their resistance to nuclease degrada-

mercial source (Harlan Sprague Dawley Inc) and maintained in éion and correspond to 5'-GACTGACATCTCTCGATAACTAC-

standard animal facility. We followed the guidelines from the Cana-CCAGAGT-3" for IL-4, 5-AAAAGAAGTGAAATAACCCC-

dian Council on Animal Care for the care and use of the animalsTAATTCAAT-3 for IL-5, and 5"-ACCTGACTGGGAGCGAGAT-
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ACTA-3" for neuropeptide Y (NP-Y), an irrelevant protein that is TABLE I. Effects of the AS ODNs on CD4+ T-cell viability
not produced by T cells. The IL-5 AS and IL-4 AS ODNs were test-

ed in vitro to ensure that they could specifically block the transla-Viability of Viability of CD4+T cells after 6
tion of the corresponding proteins. Briefly, CDR cells were cul- ~ CD4+T cells hours of culture with:
tured with or without AS ODNs for 48 hours (the period corre- before cell Culture

sponding to the delay between the adoptive transfer and the OViculture medium NP-YAS IL-5AS IL-4 AS

aerosol challenge) in RPMI culture medium containing 5% heatgg g 4+ o 4 950+07 959+12 951+13 955+1.0
inactivated FCS, 1 mmol/L sodium pyruvate, 2 mmalfgluta- _ i _
mine, 50umol/L B,-mercaptoethanol, 50 U/mL penicillin, and 50 T.Ota! lcell counts were assessed by May Griinwald-Giemsa staining. CeIIl

. . . viability, expressed as percent, was performed by the Trypan blue exclusion
pg/mL streptomycin and then stimulated for 6 hours with con-

) . . method. Data are expressed as means + SEM.

canavalin A (5Qug/mL final concentration). At the end, cells were
recovered and washed, and cytospin preparations were processed

for IL-5 and IL-4 immunocytochemistry as described below. generous gift from Dr R. Mogbel, University of Alberta); with a
biotinylated goat anti-IL-4 antibody (R&D systems); and with mon-
Adoptive transfer oclonal anti-IL-5 (R&D systems) or anti-IFM-antibodies

(BIOSOURCE). The incubation with the first antibody was fol-

lowed in all cases by amplification steps with either the alkaline

phosphatase—anti-alkaline phosphatase (APAAP) me&i{ttBP,

IL-5, and IFNy) or with biotinylated rabbit anti-goat and alkaline

ODNSs for IL-4, IL-5, or NP-Y were individually added at a final phosphatase—(_:onjugated stre[_)tavid_in (”‘_4).' Positive cells were
quantified by microscopy by an investigator blinded to group status,

concentration of 1fig/mL, and cells were maintained in culture for d It d as th ber of i " I
6 hours at 37°C in a 5% G@tmosphere. This time period was and resulls were expressed as the number of Immunoreactive cells
in 1000 cells from BAL fluid.

determined on the basis of a kinetic study and was considered ¢
optimal for IL-4 and IL-5 AS ODNs to cross the cell membrane, Statistical analysis
hybridize, and block their specific mMRNA. Then oligonucleotide-
treated cells were recovered, and the cells were washed to elimina
the excess of AS and injected intraperitoneally into unsensitizec
syngeneic recipient BN rats (3.0 + 0.161@lIs/rat with a viability

of 95.6% + 0.3% as assessed by Trypan blue exclusion).

Immediately after immunomagnetic separation, €Bells were
washed (406 for 7 minutes at 4°C) in sterile RPMI-1640, resus-
pended at 1®cells/mL in RPMI culture medium (comprised as
above), and distributed in a 24-well plate (1 mL/well). Antisense

Data were expressed as means + SEM. Significant differences
among groups were determined by using the nonparametric
Kruskal-Wallis test (for comparison of airway responses) and
ANOVA (for immunohistochemical results). The Fisher least-sig-
nificant difference test was applied post hoc to test for differences

OVA challenge and measurement of airway between pairs of means. Correlation coefficients were obtained by
response Pearson’s rank method with Bonferroni correction. In all cages a

} ) ) ) value of less than .05 was considered statistically significant.
This protocol has been previously describeriefly, 2 days

after the adoptive transfer, the recipient rats were administered RESULTS

steady and long-lasting anesthetic agent (urethane, 1.5 g/k . s . I
intraperitoneally), intubated, and challenged with aerosolized OVACeII viability and cytokine speCIfICIty of AS

(5% wt/vol) for 5 minutes. A commercial software package (RHT DNs
Infodat Inc, Montreal, Quebec, Canada) was used to determine th
lung resistance (B, which was calculated by multiple linear To ensure that the AS ODNs were not cytotoxic and
regression by fitting the equation of motion: Ptp & RV + K had specific actions, the viability and cytokine expres-
(Ptp, transpulmonary pressure; V, volurieflow; Ey, elastance;  gjon of the CD4 T cells were investigated after different
and K, a constant value). Baseling Ras analyzed immediately periods of incubation with the AS. Table | shows that,
after the challenge and then at 5, 10, and 15 minutes after waor 6 hours of culture, no significant difference in via-
administration and subsequently every 15 minutes for a period of {, . ! . .
hours. The early airways response (EAR) was quantified by takingbIIIty among cells that had been cultured with medium
the maximal value of Rduring the first 60 minutes after OVA chal- alone_, NE'Y AS, “-_'5_ AS, or IL-4 AS was present. The
lenge above the baseline (results expressed as percentage of beC€ll Viability was similar to that of cells before culture
line). We also quantified LAR by calculating the area under the R (Table I). Similar results were observed at up to 48 hours
versus time curve (area under the curve [AUC]) above the baselinof culture with the AS ODNs. As described in the Meth-
values from 3 to 8 hours after OVA challenge. ods section, the efficacy and the cytokine specificity of

IL-5 AS and IL-4 AS were tested by immunocytochem-
BAL istry with anti-IL-5 and anti-IL-4 antibodies, respective-

After the 8 hours of Rmeasurements, animals were killed and |y, |L-5 AS induced a 30% inhibition of IL-5 synthesis

BAL was performed. Briefly, the lungs were lavaged withSmL by CD4 T cells compared with cells that had not been
of sterile saline solution. Total BAL cell numbers and cell viability incubated with ASR < .05). Similar results were shown
were eStinT?jted by using a hdemaf(:)iltometer and Trypan dbluehStai\Nith IL-4 immunoreactivity in cells incubated with IL-4
Cytospin slides were prepared as follows: one was stained with Ma .

AS (P < .005). In both cases the irrelevant NP-Y AS

Grinwald-Giemsa, whereas the others were fixed for 7 minutes i L. .
acetone:methanol (60:40), air-dried, and stored at —20°C untic@used results similar to those obtained for the cells that

immunocytochemistry was performed. were not incubated with AS ODNSs (data not shown).
The synthesis of IL-4 by CD4T cells was not signifi-
Immunocytochemistry cantly affected by IL-5 AS ODNs, and IL-4 AS ODNs

Cytospin BAL cell slides were immunostained with BMK-13 did not significantly decrease IL-5 synthesis (data not
mAb, a mouse anti-human major basic protein (MBP) antibody (shown).
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FIG 2. Time course of R after OVA challenge in BN rats. Unsensitized animals were injected intraperitoneally
with CD4+ T cells treated with culture medium (controls [Co], n =9, open circles) or NP-Y AS (irrelevant AS,
filled circles, n = 13), IL-5 AS (filled squares, n = 8), or IL-4 AS (open triangles, n = 9) ODNs. Two days later,
the animals were challenged with a 5% OVA aerosol. R, was measured every 5 minutes during a 20-minute
period and subsequently every 15 minutes over a period of 8 hours.

TABLE 1. Total cell counts in BAL. pared with controls. Similarly, the recipients of IL-5 AS
Treatment of the BAL total treated—CD4 cells did not demonstrate changes in LAR
CD4+ transferred cell counts compared with controls. To examine the effect of inter-
Group T cells (108 cells)  Viability (%) leukin AS ODNs on R between the period of EAR and
1(n=9)  Culture medium 1.62+041 93.0+39 LAR,we measured Rfrom 1 to 3 hours after OVA chal-
2(n=9) NP-Y AS 1.48+047 958=+3.1 lenge. IL-4 AS treatment was effective in reducing the
3(n=8) IL-5 AS 155+0.44 95521  AUC at this time (Fig 3B) in comparison with controls
4(n=9) IL-4 AS 153+0.65 955+24 (P < .005). However, NP-Y AS and IL-5 AS treatments

Total cell counts were assessed by May Grinwald-Giemsa staining. Cell did not have any effect when Compared with controls.

viability was performed by the Trypan blue exclusion method. Data are

Immunocytochemistry of cells recovered in
expressed as means + SEM.

BAL fluid

Examples of immunocytochemical staining of BAL
Airway response to OVA challenge cells for MBP and IL-4 immunoreactivity are shown in Fig
4. Cells positive for MBP or cytokine immunoreactivity
Fig 2 is an example of the time course pfdRer OVA  were identified on the basis of their discrete red cytoplas-
challenge for one representative animal in each groumic staining. There were no significant differences
(NP-Y AS-, IL-4 AS-, and IL-5 AS-treated rats and con- observed in total cell counts or in cell viability in the BAL
trols). R was not significantly different for the 4 rats for the 4 groups of rats (Table Il). The differential cell
during the early period after challenge. In contrast, in thecount of NP-Y AS—treated CD4ell recipients was simi-
late period after allergen challenge, there was an increaslar to that of medium-treated CP4ell recipients (data
in R_ as early as 105 minutes for the control and NP-Ynot shown). Because eosinophils are a hallmark of allergic
AS—treated rats and later at 180 minutes for the IL-5inflammation, we examined their presence specifically by
AS—treated rats. Only,Rof the IL-4 AS—treated rats was MBP staining. As shown in Fig 5, eosinophilia was signif-
not increased over the baseline. To compare the resulicantly reduced in the BAL fluid of rats that received IL-4
for the different groups, we expressed thedaring the ~ AS-treated CD#cells in comparison with control® K
first hour after challenge in percentage of baseline an.001). In animals that received NP-Y AS- or IL-5
the R during the following hours as the AUC. AS-treated CD# cells, no significant change in BAL
As shown in Fig 3A, the results were similar for the 4 eosinophilia was demonstrated compared with controls.
groups of rats during the first hour after OVA challenge.
In fact, none of them showed an EAR as defined by &
200% R increase over the baseline. In contrast, when the Fig 6 shows that in comparison with controls IL-4
AUC from 3 to 8 hours after challenge was analyzed (Figexpression was significantly decreased in BAL recovered
3, C), only the R of recipients of IL-4 AS—treated CBP4  from rats that received IL-4 AS—treated Cizells P <
cells was decreased in comparison with contrBls( .001). In rats that received irrelevant AS- or IL-5 AS—treat-
.001). This effect was specific because the irrelevant Aced CD4 cells, IL-4 expression was not significantly dif-
(NP-Y AS) did not show any significant effect when com- ferent from that found in controls. Although IL-5

Cytokine immunoreactivity in BAL fluid
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FIG 3. Airway response to OVA in BN rats. Unsensitized animals were injected intraperitoneally with CD4+ T
cells treated with culture medium (controls [Co], n = 9, hatched bar) or NP-Y AS (irrelevant AS, open bar, n =
13), IL-5 AS (shaded bar, n = 8), or IL-4 AS (filled bar, n = 9) ODNs. Two days later, the animals were challenged
with a 5% OVA aerosol. R was measured for 8 hours and analyzed during the first hour for the development
of an EAR (A) and from 1 to 3 hours (B) and 3 to 8 hours for the measurement of the LAR (C). EAR was quan-
tified by taking the maximal value of R, during the first 60 minutes after OVA challenge above the baseline
(results expressed as percentage of baseline). LAR was calculated as the area under the R, versus time curve
above the baseline values from 3 to 8 hours (results expressed as AUC). Results are expressed as means +
SEM. Probability (P) values were determined by using the nonparametric Kruskal-Wallis test.

immunoreactivity in rats that received IL-5 AS—treated AS—treated CD# cells in comparison with control® (<
CD4* cells was decreased in comparison with cont®ls ( .001), whereas in the BAL fluid of the NP-Y AS— or IL-5
< .01), this reduction was less than that seen in the IL-AS—treated groups, IFMexpression did not significantly
AS-treated groupR < .001; Fig 7). Moreover, this differ from that found in controls.

decrease was not significant if compared with that founc . . . .

in the rats that received irrelevant A< .54). The major- Helationships between LAR, BAL eosinophil-

ity of IL-4 and IL-5 immunoreactivities were localized to 8, and cytokine expression in BAL fluid
mononuclear cells with an apparent T-cell morphology. Correlational analyses were performed between the
However, 10% to 20% of IL-4 and IL-5 immunoreactivi- LAR and MBP, IL-4, IL-5, IFNy BAL immunoreactivities
ties were localized to granulocytes, including eosinophilsfor rats belonging to the control group and rats that had
Immunoreactivity of the J;-type cytokine IFNywas also  been administered IL-4 AS—treated CDH cells. These
investigated in BAL. Fig 8 shows that IRNexpression results indicated that the LAR positively correlated with
was increased in the BAL fluid of rats that received IL-4MBP-, IL-4—, and IL-5-immunoreactive protein expres-
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FIG 4. Representative photomicrographs of BAL cells recovered from control rats (A and C) and from rats that
received IL-4 AS-treated CD4+ T cells (B and D). Specific staining shown is for MBP-positive eosinophils (A
and B; black arrows) and IL-4-immunoreactive cells (C and D; white arrows).

sion in BAL fluid (r = 0.74,P = .001;r = 0.62,P = .008;  expression to be negatively correlated with K-Bikpres-
andr = 0.76,P < .001; respectively), whereas numbers of sion ¢ = —0.45 and —0.59, respectively), these associations
IFN-y—immunoreactive cells in BAL fluid inversely corre- were not found to be significant.

lated to the LARI(= —0.65,P = .004). Moreover, the num-

ber of eosinophils was found to correlate with IL-4— andDISCUSSION

IL-5—-immunoreactive protein expression in BAL flurd<

0.68,P = .003; and = 0.74,P = .001; respectively) but In this study we used the BN rat to evaluate the role of
inversely correlated with IFN-immunoreactivity ( = the T,-type cytokines IL-4 and IL-5 in allergen-induced
—0.67,P = .003). IL-4 and IL-5 immunoreactivity were airway narrowing and inflammation. This model has sev-
linked, with a strong coefficient of correlation< 0.84,P eral features in common with human allergic asthma,
< .001). Although there was a trend for IL-4 and IL-5 including high levels of specific IgE after allergen sensi-
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FIG 5. Eosinophilia in BAL fluid investigated by immunocyto-
chemistry. BAL fluid was recovered at the end of the experiment
(8 hours after OVA challenge) from the recipients of culture medi-
um (controls [Co], n = 9, circles) or NP-Y AS- (irrelevant AS, tri-
angles, n = 8), IL-5 AS- (squares, n = 8), or IL-4 AS- (diamonds, n
= 8) treated CD4+ T cells. Eosinophils were detected by the APAAP
method by using the BMK-13 antibody, a mouse anti-human MBP
mAb. Results are expressed as the number of MBP+ cells per 103
BAL cells counted for each rat. Probability (P) values were deter-
mined by using ANOVA, and the Fisher test was applied to test for
differences.
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FIG 6. IL-4 expression in BAL fluid investigated by immunocyto-
chemistry. BAL fluid was recovered at the end of the experiment
(8 hours after OVA challenge) from the recipients of culture medi-
um (controls [Co], n = 9, circles) or NP-Y AS- (irrelevant AS, tri-
angles, n = 8), IL-5 AS- (squares, n = 8) or IL-4 AS- (diamonds, n
= 8) treated CD4+ T cells. IL-4 was detected by the
streptavidin/biotin-alkaline phosphatase conjugated method by
using a biotinylated goat anti-mouse IL-4 antibody. Results are
expressed as the number of IL-4+ cells per 103 BAL cells counted
for each rat. Probability (P) values were determined by using
ANOVA, and the Fisher test was applied to test for differences.
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FIG 7. IL-5 expression in BAL fluid investigated by immunocyto-
chemistry. BAL fluid was recovered at the end of the experiment
(8 hours after OVA challenge) from the recipients of culture medi-
um (controls [Co], n = 9, circles) or NP-Y AS- (irrelevant AS, tri-
angles, n = 7), IL-56 AS- (squares, n = 8) or IL-4 AS- (diamonds, n
= 8) treated CD4+ T cells. IL-5 was detected by the APAAP method
by using a mouse anti-rat IL-56 mAb. Results are expressed as the
number of IL-5+ cells per 103 BAL cells counted for each rat. Prob-
ability (P) values were determined by using ANOVA, and the Fish-
er test was applied to test for differences.
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FIG 8. IFN-y expression in BAL fluid investigated by immunocyto-
chemistry. BAL fluid was recovered at the end of the experiment
(8 hours after OVA challenge) from the recipients of culture medi-
um (controls [Co], n = 9, circles) or NP-Y AS- (irrelevant AS, tri-
angles, n =7), IL-5 AS- (squares, n = 8), or IL-4 AS- (diamonds, n
= 8) treated CD4+ T cells. IFN-y was detected by the APAAP
method by using a mouse anti-rat IFN-y mAb. Results are
expressed as the number of IFN-y* cells per 103 BAL cells count-
ed for each rat. Probability (P) values were determined by using
ANOVA, and the Fisher test was applied to test for differences.

tization with OVA, a high prevalence of both EARs and

LARs, and increases in bronchial responsiveA&3sT

lymphocytes and their cytokines appear to be the princi-
pal cells responsible for orchestrating the inflammatory
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response to antigen. We have recently shown that LARmice to exhibit airway eosinophil infiltration and air-
can be transferred by OVA-primed CDZ cells to  ways hyperresponsiveness in response to antigen chal-
unsensitized rats and that this response is associated wilenge?® IL-4 is essential both for the induction of a local
the accumulation of eosinophils and high expression ofT,, response and for the development of eosinophilic
IL-4 and IL-517.25 However, formal proof of direct inflammation of the lung. Coyle et!élreported that the
involvement of IL-4 and IL-5 in the LAR is lacking. local T, response (IL-4 and IL-5), the development of
We used AS ODNSs to block specifically IL-4 and IL- eosinophilic inflammation of the lung, and IgE produc-
5 protein translation in CD4cells before their transfer. tion were significantly inhibited only when anti-1L-4
We demonstrated that an irrelevant AS targeting NP-Y, santibody was administered during immunization. Anti-
neuropeptide that has never been demonstrated to be priL-4 administration before antigen challenge had only
duced by T lymphocytes or to be involved in the devel-little effect10 This confirmed a previous in vitro study
opment of airway responses, gave similar results as thdemonstrating that IL-4 was required for the priming of
control group, ruling out the possibility that AS oligo- T, cells early in the response to antigen, but oncg,a T
treated CD# T cells nonspecifically modulated airway pattern was established, IL-4 was not required to main-
responses. The blockade of IL-4 production with specif-tain T,, cytokine productio.Our study showed that by
ic AS ODNs in the CDAT cells before transfer to a transferring IL-4 AS ODN-treated CBZ# cells to naive
naive animal decreased the LAR and airway eosinophil-rats, which therefore cannot produce IL-4 on antigen
ia in response to antigen challenge. IL-4 protein expreschallenge, it is possible to inhibit the,lcommitment in
sion was also significantly decreased in the BAL fluid of recipient animals (ie, IL-4 and IL-5 production) and, as
animals that received IL-4 AS oligo-treated CIxlls, a consequence, LAR and lung eosinophilia. This is sup-
confirming the efficacy of IL-4 mRNA blockade by AS. ported by the strong correlations observed between the
These data also suggest that IL-4 production and releasmagnitude of the late airway bronchoconstriction,
by the transferred CD4T cells is involved in the ampli-  eosinophilia, and J-type cytokine expression in BAL
fication of the allergic inflammatory response in the fluid.
recipient rats. Indeed, the IL-4—immunoreactive cells in  The inhibition of late allergic responses may not be
the BAL fluid are likely to represent not only the trans- entirely caused by a decline in IL-4, but the effect may
ferred cells but also a significant number of residenthave been reinforced by IFNbecause its expression
cells. IL-5 immunoreactivity in the BAL fluid of rats that was increased in the BAL fluid of rats that received IL-
received IL-4 AS—treated CD4I cells was also signifi- 4 AS—treated CD#cells. Indeed, IL-4 and IFN-have
cantly reduced. This was not surprising because IL-5been demonstrated to have reciprocal relationships with
production by lymphocytes requires the presence of IL-4endogenously produced IL-4 preventing IlfNXelease,
to shift the T cells toward a,J-type phenotypé8 so that the [T, cell phenotype is stabilized. However, if
In the same experimental conditions the treatment ollL-4 is neutralized, IFNy can prime T, cells and pro-
CD4* cells with IL-5 AS ODNSs before the adoptive duce IFNy, generating a J; cell phenotyp&9An alter-
transfer did not reduce the LAR, eosinophilia, or IL-4 nate mechanism of action of AS ODN treatment is sug-
production. Although the level of IL-5 protein was gested by recent studies in which an increase inylFN-
reduced, the effect of IL-5 AS on IL-5 expression in the secretion by T lymphocytes was induced by synthetic
BAL fluid was less than that induced by IL-4 AS ODN. ODNs containing a particular motif (Cp&)This treat-
This apparent lack of IL-5 AS effect cannot be attributedment prevented airway eosinophilia ang,-Type
to a lack of functional activity because IL-5 AS was cytokine inductiort2 However, the route and the timing
shown to reduce IL-5 production in vitro. When com- of ODN administration in that study was totally differ-
pared with the control group, IFM-expression was ent from that found in our protocol. Even though the IL-
shown to be increased in the BAL fluid of rats that 4 AS ODN that we used contained this motif, the NP-Y
received IL-4 AS—treated CDA cells only. AS ODN did also and yet gave results similar to those
It has been demonstrated that the severity of asthmfound in the control group; the slightly greater If§N-
correlates with the presence of activated T lymphocytesexpression in BAL cells in the NP-Y AS group com-
and eosinophils in BAL fluid,and it has been suggest- pared with that found in the control group was not sig-
ed that T cells initiate and augment responses by secrenificant. It seems more likely that the inhibition of LAR,
ing inflammatory cytokines, including IL-4 and IL-5. In  BAL eosinophilia, and IL-4 and IL-5 immunoreactivi-
this study, using an adoptive transfer model, we demonties in BAL fluid, as well as the increase of IFNis the
strated that IL-4, and not IL-5, synthesized by OVA- consequence of the absence of IL-4 itself rather than a
primed CD4 T cells is the main cytokine involved in the nonspecific effect of the ODN. Furthermore, we can
generation of the LAR and eosinophilia. Our results alsoconclude that because the treatment of primed*CD4
suggest that IL-4 production, during the period of T-cell cells with IL-4 AS before their transfer inhibited the
priming, is critically associated with the later manifesta- adoptive transfer of airway physiologic and inflamma-
tions of airway bronchoconstriction. These results are intory responses, it appears that the initiation and the
agreement with other studies. The existence of an IL-propagation of these responses are a donor cell-derived
4—dependent mechanism leading to airway inflamma-event.
tion was demonstrated by the failure of IL-4—deficient  Several animal models have shown IL-5 to be critical
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for the allergic airway response, particularly eosinophil
influx into tissues and their survival at sites of inflamma-
tion13.33 Studies in mice have suggested that IL-5 may ,
play a more important role in allergen-induced airways
hyperresponsivened8.34 Therefore we expected the
treatment of CD4T cells with IL-5 AS ODN to be effec-
tive also in reducing LAR and airway eosinophilia in our
model. However, because resident cells in the recipient 5
have the ability to produce IL-5 (on IL-4 stimulation), the
IL-5 blockade in the transferred cells might not be suffi-
cient to inhibit the eosinophil infiltration into tissues.
Because we did not investigate the responsiveness of tt
airways in our model, we cannot exclude that IL-5 AS
treatment of CD4T cells may influence this parameter
in rats that received these cells. However, recent studie
have demonstrated that IL-5 is not always required foi "
airways hyperreactivit§e.36

In summary, our results suggest a critical role for IL-4 g,
during antigen priming in establishing the cascade
required for allergic airway inflammation, and therefore
events capable of reprogramming CD® cell-subset

4.

development to respiratory allergens might suggest a poy.

sible tool to design new therapies for the control of asth
ma. Our model provides useful information concerning
the role of IL-4 and IL-5 synthesis by the CD#R cells

because the cell population targeted by the AS is wel
defined, and therefore we can attribute the observed moc
ifications to these AS-modified cells exclusively. This is

the major difference with most of the studies in which12

intravenous or intraperitoneal antibody administration has

been used to neutralize cytokine action. Although the s

antibody usually acts on one specific molecule, it is
shared with different cell types, making it difficult to pin-
point the exact participation of each cell type. Knock-ou
animals also have limitations because we do not know t

what extent the animals adapt to the gene deletion ars,

bypass the mutation across the generations. Several clir
cal trials are already in progress for the treatment of acut
myelogenous leukemia, HIV, cytomegalovirus, and
human papilloma virus infection using AS technolégy.

Recently, AS ODNs were successfully used in a rabbi

model of allergic asthma. The administration of ani’.

aerosolized AS ODN targeting the adenosineeteptor

desensitized the animals to subsequent challenge wit, g

either adenosine or dust mite allergén.

Our results need to be extended to the use of AS i
vivo in animal models and in humans. The lung repre-
sents an ideal organ, given that its large surface area ai
the mucus secretion could facilitate the absorption o
ODNs, which could be administered by aerosol.

We thank Jamilah Saeed and Rosa Pantano for their technic.
assistance.
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