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Nedocromil sodium inhibits T-cell function in 
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Nedocromil sodium, a topical antiinjlammatory agent recommended as a prophylactic regimen 
for asthma, is known to inhibit both allergic and nonallergic inflammatory processes in which 
an essential role for T cells has been implicated. Therefore the direct effects of this drug on 
several aspects of T-cell activity were analyzed in the present study. By using murine 
lymphocytes we found that NS at concentrations of IOm8 to 10S6 mollL inhibited the mitogen- or 
antigen-induced proliferative responses of these cells. It is interesting to note that higher 
concentratrions were ineffective. Preincubation of immune lymph node cells from contact 
sensitized mice with the drug abrogated their ability to transfer contact sensitivity to naive 
recipients, an effect that was found to be specific for the treated cells. Nedocromil sodium also 
interfered with the mitogen-induced interleukin-2 and tumor necrosis factor production by 
T cells and with their ability to adhere to the bound protein components of the extracellular 
matrix laminin andjbronectin. All these effects may be attributed to the inhibition of the 
increase of cytosolic calcium, which accompanies the early phase of T-cell activation and which 
is an essential step in inducing the aforementioned phenomena. (J ALLERGY CUN IMMJNOL 
1993;91:817-24.) 
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Nedocromil sodium (NS) exhibits clinical efficacy 
as a prophylactic regimen in asthma, but its mode of 
action remains unsolved. Several studies in vivo have 
shown the particular efficacy of this drug in dimin- 
ishing the late phase asthmatic responses.‘~3 Also, it 
has been demonstrated that NS has the capacity to 
downregulate activation of various effector cells in 
vitro, such as monocytes, mast cells, neutrophils, and 
eosinophils.4 However, its effect on T-cell activity has 
not been fully elucidated.’ Several lines of evidence 
support the hypothesis that the events occurring in late 
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Abbreviations used 
CS: Contact sensitivity 

DNFB: Dinitrofluorobenzene 
ECM: Extracellular matrix 

[jH] TdR: Methyl [3H] thymidine 
I-LNCs: Immune lymph node cells 

LPR: Late phase reaction 
MC: Mast cell 
NS: Nedocromil sodium 
Ox: Oxazolone 

EAN: Experimental allergic neuritis 
TNF: Tumor necrosis factor 

HBSS: Hank’s balanced salt solution 
ConA: Concanavalin A 
CPM: Counts per minute 

CTLL: Cytotoxic T-cell line 
[Ca’ + Ii: Cytoplasmic free calcium content 

phase reactions (LPRs) may be relevant to the patho- 
genesis of asthma.G* Recently the participation of 
T cells in LPR in the skin and in the lungs has been 
described.‘-” Moreover, activated T lymphocytes 
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were identified in both bronchial biopsies and bron- 
choalveolar lavage obtained from stable atopic asth- 
matic patients. “, l3 Accordingly it has been proposed 
that these cells and their products may contribute to 
the inflammatory process that characterizes these re- 
actions. It is therefore reasonable to assume, on the 
basis of these studies, that inhibition of T-cell activity 
may suppress the evolution of the LPR and the in- 
flammation that underlies the asthmatic process. Fur- 
thermore, NS was shown to inhibit the progression of 
experimental allergic neuritis (ENA), a known T-cell 
dependent inflammatory demyelinating process of the 
peripheral nervous system.r4 Although the authors 
claimed that the drug inhibited the disease by inter- 
fering with mast cell (MC) degranulation, its effect 
on other cells, crucial for the pathogenesis of EAN, 
had not been evaluated. Moreover, so far the role of 
MFr in inflmnmatnnr nrnr~ra~~ rnrh IC FAN bar nnt ..I_0 1.1 1~...c.L1.... U&V’ ,  y l ” . , IUUVU “UIll U ”  Y‘ . I .  llU” ll”L 

been fully elucidated. We therefore decided to eval- 
uate directly the effect of NS on several aspects of 
T-cell activity. We have found that NS inhibited both 
mitogen- and antigen-induced proliferative responses 
of T cells and their abilitv to transfer contact sensi- 
tivity (CS) and to produce interleukin-2 (IL-2) and 
tumor necrosis factor-alpha (TNF-a). In addition, the 
drug inhibited the ability of T cells to adhere to ex- 
tracellular matrix (ECM) components. These findings 
may be attributed to the interference with cytosolic 
free calcium changes associated with the initial steps 
of T-cell activation. 

and single cell suspensions were prepared and washed (2 
times) in RPM1 1640 medium (Biological Industries, Beth 
Haemek, Israel). Recipients were given 5 X lO’/mouse I- 
LNCs intravenously and were ear challenged within 112 
hour of transfer. Examination of the BALB/c I-LNC prep- 
arations after May-Grfinwald Giemsa staining showed that 
they contained very few granulocytes (<0.2%). 

Elicitation of CS 

Mice were ear challenged with 20 ~1 of 0.2% DNFB or 
20 pl of 0.5% Ox (10 pl to each side of the ear) in the 
same vehicle as described above. A constant area on the 
ears was measured immediately before challenge and 24 
hours later with a Mitutoyo (Mitutoyo, Paramus, N.J.) en- 
gineer’s micrometer. The CS reaction was determined as 
the increment of swelling expressed as the mean in units of 
10e4 inch + SEM. Percentage inhibition was calculated as 
the following: 

Positive control 

% Inhibition = 
experimental grol 

Positive controi 

The background (irritation) response of recipients of LNCs 
from naive unsensitized donor mice was subtracted from all 
groups before calculation of inhibition was done. 

Mitogenic proliferation of lymphocytes 

Spleen cells from BALB /c mice were minced through a 
metal screen, treated with TRIS ammonium chloride buffer 
to lyse the red cells, and then washed three times with RPM1 
medium. Then, 5 x IO5 viable cells were culured in round- 
bottom, 96-well culture plates (Nunclon Delta, Roskilde, 
Denmark) containing 0.2 ml RPM1 1640, supplemented 
with L-glutamine, nystatin, penicillin, streptomycin, and 
5% fetal calf serum. 

MATERIAL AND METHODS 
Mice and reagents 

BALB/c female mice were purchased from the animal 
breeding facility at the Sackler School of Medicine (Tel- 
Aviv). All mice were used at 8 to 12 weeks of age. The 
guidelines prepared by the Institute of Laboratory Animal 
Resources for the care and use of the animals were followed. 
2,4-Dinitrofluorobenzene (DNFB) was obtained from Ald- 
rich Chemical Co. (Milwaukee, Wis.), 2,4 dinitrobenzene 
sulfonic acid sodium salt (DNBSO,) was purchased from 
Eastman Kodak Co. (Rochester, N.Y.), and 4 ethoxy- 
methylene 2 phenyl oxazolone (Ox) was purchased from 
BDH Chemicals Ltd. (Poole, England). 4-Bromo calcium 
ionophore A23 187 (4BrA23 187) was purchased from Sigma 
Chemical Co. (St. Louis, MO.). NS was kindly provided 
by Fisons Pharmaceuticals (Loughborough, U.K.) . 

NS (dissolved in RPMI) was added to some of the above 
samples in various concentrations, ranging between lo+ to 
10e8 mol/L (molecular weight 442). Unless specified other- 
wise, NS was added at the initiation of the culture and was 
present for the entire culture period. 

Thirty minutes after the addition of NS, 1 pg conca- 
navalin A (ConA) (Difco Laboratories, Detroit, Mich.) was 
added to each milliliter of the culture suspension. 

These cell cultures (in quadruplicate) were incubated for 
72 hours at 37” C in a humidified atmosphere of 5% CO*, 
95% air. Eighteen hours before the conclusion of culture 
1.0 p,Ci (methyl-[)H] thymidine [3H] TdR) (Sp.ac.25 
Ci/mmol, Nuclear Research Center, Negev, Israel) was 
added to each microtiter well. Cells were subsequently har- 
vested onto fiberglass filters by use of a multiple channel 
semiautomated cell harvester, and the cell-associated radio- Induction and transfer of contact sensitivity 

DNFB immune lymph node cells (I-LNCs) were obtained activity was counted in an automated beta counter (Rack- 
from donor mice sensitized on day 0 and 1 with 0.5% DNFB beta, LKB Wallace, Finland). 
or 2% Ox in 4: 1 acetone: olive oil. Donors were sensitized Control samples included cultures that were prepared as 
with 25 p,l of DNFB or 50 pl of Ox applied to the shaved described above without the addition of NS. Results are pre- 
abdomen, and 5 pl of these haptens were applied to the feet sented as average counts per minute (CPM) 2 SEM. Inhi- 
and ears. On day 4 the draining lymph nodes were removed, bition of proliferation was calculated as described for CS. 
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FIG. ‘I. inhibition of ConA-stimulated spleen cells by NS. Several concentrations of the drug 
were added at culture initiation. Cells were activated with 1 kg/ml of ConA, and [3H] TdR 
incorporation was measured at 72 hours. Data, mean 2 SEM of four different experiments 
performed in quadruplicate. 

Enriched T-cell population was obtained by passage of 
plastic nonadherent spleen cells over nylon wool.” 

IL-2 production assay 

T cells were incubated for 24 to 48 hours under the same 
conditions as described above. After harvesting, supema- 
tants were clarified by centrifugation and then extensively 
dialyzed against distilled HzO, phosphate buffer, and RPM1 
1640 for 36 hours in dialysis tubing retaining molecules in 
excess of 12,000 d. They were then sterile-filtered and stored 
at - 20” C until used. 

The IL-2 activity in supernatants was determined with 
use of a murine IL-2 dependent cytotoxic T-cell line 
(CTLL). Supematants were added at different concentra- 
tions to 1 x lo4 indicator cells. IL-2 activity was assessed 
by [ZH] TdR uptake by the CTLL after a 6-hour pulse with 
1 pCi / well at the end of a 36-hour incubation. Recombinant 
IL-2 (Cetus Co., Emeryville, Calif.) in different concen- 
trations was used for determination of the IL-2 content in 
the various samples. Quantities of IL-2 secreted by the dif- 
ferent cultures were assessed by use of a computer program 
as described by Stadler et al.lh 

Measurement of TNF-a secretion 

TNF-a bioactivity in spleen cell supematants was de- 
tected with use of an MTT 18-h cytotoxicity assay with 
BALB/c Cl. 7 fibrosarcoma target cells.” The specificity 
of the cytotoxic activity was determined with a monospecific 

rabbit anti TNF-o antisera (donated by D. Aderka, MD, 
The Weizmann Institute, Rehovot, Israel), and recombinant 
murine TNF-a (Genzyme, Boston, Mass.) standards were 
included in each assay. 

T-cell adhesion to fibronectin and iaminin 

This assay was recently described by US.‘~ In brief 5’Cr- 
labeled T cells were pretreated (for 30 minutes) wi;h NS 
and then activated with ConA (2 pg/ml) in fibronectin- or 
laminin-coated wells. After a l-hour incubation period, the 
wells were washed three times with phosphate-buffered sa- 
line, and the remaining bound cells were lysed and trans- 
ferred into testing tubes for the measurement of radioactiv- 
ity. Percent of cell adhesion was calculated as follows: 

CPM of residual cells in the well 
Total CPM of cells seeded in the well - 

x 100 

spontaneous release of Yr 

Determination of cytoplasmic free calcium 
content [Ca2 + Ii 

T cells (3 to 4 x lO’/ml) were loaded with the fluores- 
cent indicator quin-2 by incubation with 50 pmol/L of the 
acetoxymethyl parent compound (Sigma Chemical Co., St. 
Louis, MO.) for 20 minutes at 37” C in Hanks’ balanced 
salt solution (HBSS), and then they were diluted lo-fold 
and incubated for an additional 30 minutes. After they were 
loaded, the cells were centrifuged at 1000 g for 5 minutes 
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TABLE I. NS treatment of I-LNCs inhibits their ability to transfer CS 

Donor cells NS treatment 
Ear swelling 

( x 10m4 inches) 2 SEM p value 

(A) I-LNC (DNFB) 
(B) I-LNC (DNFB) 
(C) Naive-LNC 

- 38 + 4 
lo-‘M 21 t 3 <O.OOl vs A 

- 9+2 

Four to five mice were included in each group. 
Data represent mean 2 SEM of three different experiments. 

and resuspended in fresh HBSS at 2 x lo6 cells/ml. The 
quin-2-loaded cells were incubated for 30 minutes at 
37” C with different concentrations of NS or HBSS alone 
and then centrifuged (1000 g, 5 minutes) and resuspended 
with HBSS at 2 X 106/ml. 

[Ca* +]i was determined before and at 5 minutes after 
the addition of 4 p,g/ml of ConA at 37” C. 

Extracellular quin-2 fluorescence was quenched with use 
of 100 pmol/L MnC&, and then chelated with an equimolar 
concentration of Ca-DTPA (calcium-diethylenetriaminepen- 
taacetic acid). 

Calculation of [CaZ+ ]i was made as previously de- 
scribed,” after correction for autofluorescence and extra- 
cellular quin-2. 

Statistical analysis 

The results of the experimental and control groups were 
compared for statistical significance (p < 0.05) by use of 
Student’s t test (two-tailed). 

RESULTS 
NS inhibits proliferative responses 
of lymphocytes 

To investigate the effect of NS on T-cell function 
we tested its effect on [3H] TdR incorporation by mu- 
tine spleen cells in vitro. The drug was administered 
to the cells 30 minutes before introduction of the mi- 
togen (ConA). Results are shown in Fig. 1. 

In these experiments spleen cells were incubated 
with 1O-5 to lo-’ mol/L solutions of the drug together 
with 1 &g/ml of ConA for 72 hours. As can be seen 
in this figure, there was a small insignificant inhibition 
of proliferation when cells were incubated with either 
10m5 mol/L (10 pmol/L) or 10m9 mol/L (0.001 
p,mol/L) of NS. However, inhibitions of [3H] TdR 
uptake of 78% and 76% were found at lo-’ mol/L 
and at lo-’ mol/L NS, respectively. At the concen- 
trations tested, NS had no effect on lymphocyte vi- 
ability (viability of cells after a 72-hour incubation 
was always >90% by trypan blue exclusion and by 
cell counts). The fact that the highest concentration 
of NS had minimal inhibitory effect on proliferation 
argues against a cytotoxic effect of the drug. Similar 
results were obtained when I-LNC’s obtained from 

mice that had been sensitized with DNFB were stim- 
ulated with the specific antigen DNBSO, (2.5 p,g/ml) 
(not shown). 

NS treatment of I-LNC in vitro blocks their 
ability to transfer CS 

The T cells that proliferate in vitro when restimu- 
lated with specific antigen represent a different pop- 
ulation than the T cells capable of passively transfer- 
ring CS. 2o We therefore determined whether NS could 
interfere with the function of effector cells that transfer 
cs.2’ 

I-LNCs from mice sensitized to DNFB (I-LNC 
[DNFB]) were incubated for 90 minutes at 37” C with 
lo-’ mol/L of NS. The cells were then centrifuged, 
resuspended in fresh RPMI, and immediately injected 
intravenously into each of five syngeneic recipients 
(5 x 10’ cells per recipient). Control cells included 
I-LNCs (DNFB) not treated with NS and LNCs re- 
covered from mice that were not sensitized to DNFB 
(naive-LNCs) . These populations were incubated, re- 
suspended, and injected in the same manner as NS- 
treated I-LNCs (DNFB). Recipient animals were ear 
challenged within 30 minutes of cell transfer, and 
the contact response was measured 24 hours later 
(Table I). 

At a concentration of lo-’ mol/L, NS produced 
59% inhibition of the contact response. Once again it 
should be pointed out that there were no differences 
in cell numbers or viability (>90%) between NS- 
treated groups and the control groups. 

One can argue that the treated I-LNCs simply trans- 
ferred sufficient drug to block CS by a systemic action 
on other host cells. To test this possibility, we per- 
formed an experiment in which 5 x 10’ I-LNCs from 
mice sensitized to Ox (I-LNC [Ox]) were cotrans- 
ferred with 5 x 10’ NS-treated or untreated I-LNCs 
(DNFB) (Table II). The left ears of recipient mice 
were then challenged with DNFB, and the right ears 
were challenged with Ox. Mice that received both 
NS-treated I-LNCs (DNFB) (lo-’ mol/L NS) and 
untreated I-LNC (Ox) (group B) exhibited significant 
suppression of the response to DNFB (50% suppres- 
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TABLE II. The inhibition of transfer of CS by NS is specific for the treated cells 

Donor cells 

(A) I-LNC (DNFB) 
+ I-LNC (Ox) 

(B) I-LNC (DNFB)-NS* 
+ I-LNC (Ox) 

(C) Naive-LNC 

Ear Challenge 

Left DNFB 
Right ox 
Left DNFB 
Right ox 
Left DNFB 
Right ox 

Ear swelling 
(x IO-’ inch) + SEM 

28 +- 4 
36 t 3 
19 I 2 
34 t 4 
IO +- 2 
15 -c 2 

p value 

<O.Ol vs A 
NS vs A 

sion). By contrast, there was no detectable inhibition 
of the response to the unrelated antigen Ox (compare 
groups A and B for right ears). This experiment shows 
that NS blocks CS by an effect on the treated T cells 
and not on other target tissues. 

Incubation with NS prevents ConA-induced 
production of lymphokines 

We next evaluated the effect of NS on the produc- 
tion of IL-2 by mitogen-activated T cells. This aspect 
of the cellular immune response was tested directly 
by assaying the dialyzed supematants of ConA-stim- 
ulated cells for IL-2 activity (Table III). This is the 
mean + SEM of three different experiments. Incu- 
bation of murine spleen cells with 1 pg/ml ConA 
induced the secretion of 6.0 p,g/ml IL-2 at 24 hours. 
The addition of 10 -’ mol / L NS to this system blocked 
the IL-2 production. There was a mild inhibition of 
IL-2 production when cells were incubated with lOmE 
mol/L of NS, and virtually no effect with the highest 
concentration of the drug (10m6 mol/L). 

Once again, these results with the specific “thera- 
peutic window” argue against a cytotoxic effect of NS 
on either the effector splenocytes or the target IL-2 
dependent CTLL cell line. Furthermore, the dialy- 
zates, which were tested for the presence of IL-2, 
contained substances with molecular weight (MW) 
greater than 12,000 d, whereas the MW of NS (which 
is water soluble) is 442 d. 

NS at lo-’ and lo-’ mol/L (Table IV) abrogated 
the production of TNF-a by ConA-activated spleen 
cells. However, it did not affect TNF-(w production 
by spleen cells when these were stimulated with li- 
popolysaccharide, indicating a specific effect of the 
drug on T cells (and not macrophages or B cells) in 
these cell populations. 

NS inhibits T-cell adhesion to 
ECM components 

To mediate an immune response lymphocytes must 
be able to interact with and respond to the surrounding 
extracellular environment. Besides interacting with 

TABLE III. ConA-induced IL-2 secretion is 
prevented by NS 

Incubation conditions 

NS % 
Cells + treatment IL-2 (U/ml) Suppression 

Medium - 0.24 h 0.02 
ConA - 6.0 +- 0.50 0 
ConA 10mx mol/L 4.5 rt 0.62 25 
ConA lo-’ mol/L 0.9 +- 0.01 85 
ConA IO.-” mol/L 5.6 rt 0.25 6 

TABLE IV. ConA-induced TNF-a production 
is prevented by NS 

Incubation conditions 

NS 
Cells + treatment 

TNF-u 
@g/ml) 
f SEM 

% 
Suppression 

Medium - 24 2 5 
ConA - 531 ‘- 28 
ConA lo-* mol/L 228 2 15 60 

ConA IO-’ mol/L 75 ? 7 90 
LPS - 213 f 30 0 
LPS 1O-8 mol/L 247 -c 19 0 
LPS lo-’ mol/L 231 ” 20 0 

other cells, lymphocytes in vivo interact with mac- 
romolecules found within the ECM as they move 
within various microenvironments.** WP therefore an- 
alyzed the effect of NS on T-cell adhesion to surfaces 
coated with the ECM components fibronectin and 
laminin. 

As can be seen in Table V, 38% and 40% of ConA- 
activated T cells adhered to fibronectin and laminin, 
respectively. There was no detectable adherence to 
uncoated plates, whereas the adhesion to bovine serum 
albumin-coated wells of activated T cells was always 
5% or less. Pretreatment (30 minutes) of these cells 
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TABLE V. NS inhibits T-cell adherence to 
ECM components 

TABLE VI. Effect of NS on ConA-induced 
changes in cytosolic calcium 

% Adhesion f SEM 
NS 

pretreatment Fibronectin Laminin 
(mol/L) (% Suppression) (% Suppression) 

Preincubation 
conditions 

NS treatment 

[Cal] i (nmol/L) 

Pre-ConA Post ConA 

- 38 k 2 40 ?I 5 
lo-I0 29 ‘- 4 (24) 30 + 3 (25) 
1o-8 20 4 3 (47) 23 2 1 (43) 
1o-6 19 + 7 (50) 21 -c 4 (47) 

Adherence of nonactivated T cells was 2% to 5%. 
Data, mean + SEM of three different experiments. 

within 10-l’ mol/L NS before activation caused a antiinflammatory effects on eosinophils , macro- 
mild inhibition of adhesion, whereas 10m8 mol/L and phages, and neutrophils,*‘s 28 and an ability to reduce 
1O-6 mol/L of NS induced a significant (>40%) in- bronchial hyperresponsiveness.‘. 3 Although it is ef- 
hibition of adhesion. Washing the drug out before fective in the clinical treatment of asthma, the precise 
cell activation reversed the inhibitory effect (not mechanisms by which NS accomplishes this are not 
shown). known. 

The effect of NS on lectin-induced uptake 
of calcium 

Proliferative responses of lymphocytes to mitogens 
and antigens are associated with early changes in cy- 
tosolic calcium.23y 24 It has also been shown that 
changes in cytosolic calcium are required for lectin- 
induced secretion of IL-2.” We therefore evaluated 
the effect of NS on ConA-induced changes in [Ca* + Ii 
(Table VI; mean + SEM of four different experi- 
ments) . 

In the present study we examined the effect of NS 
on various aspects of T-cell activity. First we showed 
that this drug inhibited the mitogenic response of 
spleen cells and the antigen-induced proliferative re- 
sponse of I-LNCs. 

Within the first 5 minutes of the addition of ConA, 
the resting [Ca’ + ]i of enriched T-cell population in- 
creased from 115 k 5 to 271 k 11 nmol/L (135% 
increase). A 30-minute incubation of quin-2-loaded 
cells with either 10e8 mol/L or lo-’ mol/L NS did 
not significantly alter the resting [Ca’+]i, but the 
presence of the drug abrogated the increase in [Ca’ + ]i 
that occurred after the addition of the mitogen (59% 
zincrease and 43% increase, respectively). The effects 
of NS were reversible because washing the drug out 
restored the ConA-induced increase in the cytosolic 
calcium (Table V, groups D and E). These findings 
were further explored by attempting to bypass the 
effect of NS on [Ca* + Ii by use of the calcium ion- 
ophore 4-BrA23187. The addition of lo-’ mol/L of 
the ionophore to the NS-pretreated (lo-’ mol/L) 
groups resulted in recovery of the suppression that 
had been induced by the drug [Ca2+]i = 
405 2 104). 

In addition, a 90-minute incubation of I-LNCs with 
10e7 mol/L of NS significantly inhibited their ability 
to transfer CS to naive recipients (Tables I and II). 
These results indicate that NS influenced different 
populations of T cells, because distinct T-cell sub- 
populations were identified to mediate in vivo (trans- 
fer) and in vitro (proliferative response) manifesta- 
tions of delayed hypersensitivity.20 The I-LNC prep- 
arations used in our studies contained negligible 
numbers of either granulocytes or MCs according to 
May-Gtinwald or toluidine blue staining, indicating 
that the drug influenced directly the T-cell compart- 
ment included in these populations. Moreover, NS 
was previously found to be ineffective against mouse 
peritoneal MCs. 29 We have also shown that the in- 
hibition of CS was specific for the treated I-LNCs. 
Animals that received both NS-treated I-LNCs from 
mice sensitized to DNFB (I-LNC [DNFB]) and I- 
LNCs from mice sensitized with Ox expressed ab- 
rogated response to DNFB challenge but responded 
normally to challenge with Ox on the opposite ear. 
Thus there was no systemic effect of NS transferred 
with the treated cells. 

DISCUSSION 

The pharmacologic actions of NS in asthma are 
many and include suppression of mediator release,26 

In the light of the pivotal role of IL-2 in the immune 
response in general and in T-cell activation in partic- 
ular, inhibition of its production may explain the bi- 
ologic effect of NS. Indeed, NS inhibited IL-2 pro- 
duction. We were concerned that the drug may have 
an inhibitory effect on the CTLL assay, therefore all 

A - 11.5 _t 5 271 2 11 
B lo-* mol/L 130 + 15 207 2 14 
C lo-’ mol/L 100 ? 9 143 2 23 
D lo-’ mol/L + washing 92 k 6 277 k 18 
E lo-’ mol/L + washing 109 k 13 237 k 12 
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supematants of the cultures under investigation had 
been intensively dialyzed before they were assayed 
for lymphokine production. Once again, the same 
dose-response relationship was observed as in the pro- 
liferative responses, that is, the highest concentration 
of the drug was ineffective. We currently do not have 
any clear explanation for this observation; however, 
it should be mentioned that the very same dose-re- 
sponse relationship was found when the effect of NS 
on eosinophil activation was examined.27 The optimal 
concentration of the drug in inhibiting eosinophil cy- 
totoxic activity was lo-’ mol/L, whereas lo-’ 
mol / L was ineffective. 

Preincubation with NS was also found to inhibit 
adhesion of activated T cells to ECM components 
(Table V). This effect of the drug may interfere with 
yet another essential function of T cells, because in 
vivo they interact with macromolecules found within 
the ECM as they move within various microenviron- 
ments by way of a number of lymphocyte ECM re- 
ceptors termed B,-integrins.30. 3’ These integrins fa- 
cilitate the ability of these cells to interact with and 
respond to a wide variety of microenvironments.2’ 
This ability of lymphocytes was also found to be func- 
tionally fundamental in facilitating their migration 
from the vascular lumen into the surrounding tissues 
through the basememt membrane on one hand, and 
from tissues into lymphatic vessels on the other hand. 
For example, VLA-6 (016 B, integrin)-mediated adhe- 
sion to laminin is likely to be critical to migration 
through the basement membrane where laminin is a 
major constituent.32 Adhesion of lymphocytes to ECM 
not only facilitates their migration from the intravas- 
cular compartment but also temporarily immobilizes 
them at the site of the ongoing immune response. Thus 
at least a part of the inhibitory effect of NS on the 
elicitation of CS may be attributed to the ability of 
the drug to inhibit adhesion to ECM. Indeed, in a 
recent study Ferguson et a1.33 have shown that inhi- 
bition of adhesion to ECM components abrogated T- 
cell mediated immune responses (such as CS) in vivo. 

The above-mentioned effects of NS on T-cell func- 
tion may be attributed at least in part to its ability to 
block the rise in cytosolic calcium, which accompa- 
nies lymphocyte activation (Table VI).24. ” The pro- 
duction and secretion of IL-2 after lectin treatment 
appears to be dependent on this mitogen-induced rise 
in [Ca* t Ii.*’ Preventing the increase of the cytosolic 
calcium is associated with inhibition of IL-2 produc- 
tion and subsequent proliferation.25 This effect of NS 
on calcium ion flux was reversible, because washing 
the drug out restored the response (Table VI). 

Furthermore, T-cell adhesion to protein compo- 
nents of the ECM was also shown to be an active 
process that requires the stimulation of the T cells by 

a peptide antigen or mitogen, 18* 3o therefore inhibition 
of calcium flux and cell activation resulted in inter- 
ference with cell adhesion. 

Do the effects of NS on the various aspects of T- 
cell activity explain its effectiveness in the clinical 
treatment of asthma? Although the presence of T cells 
has been demonstrated in asthma and in allergic 
LPR,‘-13 their precise role in the pathogenesis of 
asthma has not been fully elucidated and remains so 
far largely indirect. Therefore the causal relationship 
between the effects of NS on T-cell function and its 
clinical effectiveness in asthma remains largely spec- 
ulative. Moreover, the information that has been gath- 
ered so far points to the fact that T cells that are 
involved in allergic reactions belong to the T,, sub- 
population. ‘I, I3 These cells are characterized by their 
ability to produce and release IL-4, IL-5, and IL-10 
but no IL-2 or interferon gamma, whereas T,, clones 
produce IL-2 and interferon gamma but no IL-4 or 
IL-.5.34 T,, clones mediate delayed type of hypersen- 
sitivity reactions, whereas the T,, promote preferential 
B-cell production of IgA, IgE, IgGl, and IgM and 
the growth of eosinophils. 35. 3h 

Our data suggest that NS affects a pattern of activity 
that characterizes the T,, subpopulation, namely IL- 
2 production and elicitation of CS, which is a pro- 
totype of delayed hypersensitivity reaction. As men- 
tioned above, this subpopulation has not been shown 
to participate in asthma. It is interesting to note that 
O’Hehir et a1.5 could not find any effect of NS on 
cloned human allergen-specific CD4 T-cell function, 
which most probably belonged to the T,,, subpopu- 
lation. 

It seems that our results may explain at least in part 
the effect of NS on inflammatory processes such as 
EAN.14 Whether this effect is specific for the T,, pop- 
ulation is currently examined in our laboratory. 
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