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Abstract

Ž .In this study, we examined whether peptides based on the hydrophilic Cluster of Differentiation CD 4-binding part of the amino acid
sequence of human interleukin-16 can block interleukin-16-induced chemotaxis of murine lymphocytes in vitro. Peptide 3 was capable of
inhibiting interleukin-16-induced chemotaxis of murine splenocytes in vitro. Next, we compared the effects of intra-airway administration
of peptide 3 with those of antibodies to interleukin-16 on antigen-induced features in a murine model of allergic asthma. Intra-airway
administration of peptide 3 largely inhibited the development of antigen-induced airway hyperresponsiveness while airway eosinophilia
was not affected. Similar effects were observed after intranasal application of antibodies to interleukin-16. These results indicate that
treatment with peptide 3 causes the same effects as do antibodies to interleukin-16, possibly via the inhibition of interaction between
interleukin-16 and its receptor CD4. Therefore, peptide 3 could be useful as a lead compound in attempting to limit airway
hyperresponsiveness via binding to CD4. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Human allergic asthma is characterised by airway hy-
perresponsiveness and infiltration of lymphocytes and

Ž .eosinophils in the lungs Corrigan and Kay, 1992 . There
is increasing evidence that CD4q T cells play a crucial
role in orchestrating these different phenomena by produc-
ing Th2-type cytokines, including interleukin-4 and inter-

Ž .leukin-5 Corrigan and Kay, 1992; Virchow et al., 1996 .
Besides interleukin-4 and interleukin-5, many other cy-

tokines have been associated with the pathology of asthma,
Ž .one of them being interleukin-16 Center et al., 1996 .

Interleukin-16 has been demonstrated to use the CD4
molecule as its receptor. Upon binding and cross-linking of
CD4 molecules, several second messengers, including

Žp56lck and protein kinase C, are activated Haughn et al.,
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.1992; Ryan et al., 1995; Racioppi et al., 1996 . Further-
more, interleukin-16 can evoke different functional re-
sponses in CD4q cells. One of the most extensively
described actions of CD4 cross-linking by interleukin-16 is

Žthe induction of chemotaxis in vitro Center and Cruik-
.shank, 1982 . It has been demonstrated that interleukin-16

can induce such responses in various CD4q cells, includ-
Žing eosinophils, monocytes and T helper cells Center et

.al., 1995, 1996 . Other biological effects of interleukin-16
include induction of interleukin-2R expression and up-reg-
ulation of MHC-II expression in human lymphocytes
Ž .Center et al., 1995, 1996 .

Both CD4q and CD8q T cells constitutively express
messenger RNA for interleukin-16 and the biologically
active protein is secreted from CD8q T cells after stimula-

Ž .tion with either histamine or 5-hydroxytryptamine 5-HT
Ž . qLaberge et al., 1995, 1996 . Furthermore, CD4 T cells
release interleukin-16 after mitogen, antigen or anti-CD3

Ž .stimulation Center et al., 1996 . Bioactive interleukin-16
can also be produced by eosinophils, mast cells and epithe-

Žlial cells Bellini et al., 1993; Lim et al., 1996; Rumsaeng
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.et al., 1997 . These data suggest that interleukin-16 may be
involved in the pathophysiology of asthma. Indeed, in
patients with allergic asthma as well as in a murine model
of allergic asthma, there is interleukin-16 expression in
epithelial cells and bioactive interleukin-16 was found in

Žbronchoalveolar lavage fluid after antigen challenge La-
.berge et al., 1997; Hessel et al., 1998 . Interestingly,

inhibition of endogenous interleukin-16 by intraperitoneal
administration of antibodies to interleukin-16 has been
demonstrated to partially decrease airway hyperresponsive-
ness but not to affect the number of eosinophils in
bronchoalveolar lavage fluid in a murine model of allergic

Ž .asthma Hessel et al., 1998 .
Ž .In a previous study, Keane et al. 1998 demonstrated

that peptide 3, which is based on the predicted amino acid
sequence of one of the hydrophilic C-terminal regions of
interleukin-16, is capable of partially inhibiting recombi-
nant human interleukin-16-induced chemotaxis of periph-
eral blood mononuclear cells. They also demonstrated that

Ž .peptide 3 could displace binding of antibodies OKT4 to
CD4 molecules. These data suggest that the C-terminal
hydrophilic domain of interleukin-16 is involved in bind-
ing to CD4 and is critical for induction of chemotaxis in

q Ž .CD4 cells Hessel et al., 1998 . Additionally, these data
suggest that the peptide might inhibit interleukin-16-in-
duced activity by binding to CD4 molecules, thereby pre-
venting cross-linking of CD4 molecules by interleukin-16.
Finally, sequence homology of murine and human inter-
leukin-16 is over 80% and cross-specificity is nearly 100%
since identical effects were observed on migration of
human or murine CD4q T lymphocytes induced by either
recombinant human or recombinant murine interleukin-16
and this chemoattracting activity could be blocked by

Žanti-human interleukin-16 mAb clone 14.1, Keane et al.,
.1998 .

In the present study, we examined the effect of various
peptides based on the predicted amino acid sequence of
interleukin-16 on recombinant human interleukin-16-in-
duced chemotaxis of lymphocytes in vitro. Next, we exam-
ined the effects of intranasal administration of these pep-
tides on airway hyperresponsiveness and eosinophilia in a
murine model of asthma. In addition, we compared the
effects of local administration of these peptides with those
of administration of antibodies to interleukin-16 on the
same parameters.

2. Materials and methods

2.1. Peptides and antibodies

Synthetic oligopeptides corresponding to three hy-
drophilic domains identified within the human interleukin-
16 sequence were used in this study. The single letter
amino acid codes of the different peptides are:

Ž .MPDLNSSTDSA based on amino acids 502–512, Fig. 1 ,

Ždesignated peptide 1, AASEQSETVQPGDEIL based on
.amino acids 569–584, Fig. 1 , designated peptide 2 and

ŽRRKSLQSKETTAAGDS, peptide 3 based on amino acids
.616–631, Fig. 1 . Peptides were generously provided by

Dr. W.W. Cruikshank and produced as previously de-
Ž .scribed Keane et al., 1998 . Monoclonal antibodies to

Ž .human interleukin-16 clone 14.1 were verified by west-
ern blotting with recombinant human interleukin-16 and
shown to be neutralising by inhibition of chemoattractant
activity, interleukin-2 receptor expression and human im-

Ž .munodeficiency virus HIV -1 repression in interleukin-
Ž16-treated cells Cruikshank et al., 1994; Theodore et al.,

.1996 . Finally, sequence homology of murine and human
interleukin-16 is over 80% and cross-specificity is nearly
100% since identical effects were observed on migration
of human or murine CD4q T lymphocytes by either
recombinant human or recombinant murine interleukin-16
and this chemoattracting activity could be blocked by

Žanti-human interleukin-16 mAb clone 14.1, Keane et al.,
.1998 .

2.2. Cell isolation and chemotaxis assay

Murine splenocytes were isolated from killed BALBrc
Žmice and maintained in RPMI 1640 medium Bio-Whit-

.taker, Walkersville, MD supplemented with 10% fetal calf
serum and 100 units mly1 of both penicillin and strepto-

Ž .mycin complete medium . Erythrocytes were lysed by
suspension in one part complete medium to three parts
Gey’s solution. This mixture was incubated on ice for 2
min. The reaction was stopped by the addition of 10 parts
complete medium and the cells were then washed twice in
complete medium before use in experiments. Chemotaxis
was performed using a modified Boyden chamber assay as

Ždescribed previously Center and Cruikshank, 1982; Cruik-
. 6shank and Center, 1982 . Cells were suspended at 5=10

mly1 in complete medium and incubated for 15 min with
or without the different peptides at a concentration of 5 mg
mly1. A nitrocellulose membrane with a pore size of 12
mm separated cells in the upper wells from control buffer
or experimental supernatants in the lower wells. Super-
natants in the lower wells consisted of recombinant murine

Ž .interleukin-16 100 nM or medium alone. Chambers were
incubated at 378C for 4 h, then the membranes were
removed, stained with hematoxylin and dehydrated by
sequential washes in ethanol, propanol, and finally xylene.
Cell migration was quantitated by light microscopy, with
counts of the number of cells migrating below a depth of
50 mm. All samples were tested in duplicate, and four
high-power fields were examined in each duplicate.
Chemotaxis induced by medium alone was taken as 100%.

2.3. Sensitisation and challenge

ŽSpecified pathogen-free male BALBrc mice age 6–8
.weeks were obtained from the breeding colony of the
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Ž .Fig. 1. Alignment of the predicted human pro-IL16 amino acid sequence of the longest open reading frame Adapted from Keane et al., 1998 . Genbank
database accession number M90391. Underlined sequences represent the predicted amino acid sequences on which the different oligopeptides were based.

Ž .Central Animal Laboratory The Netherlands . All experi-
ments were approved by the Animal Care Committee of
Utrecht University. The mice were housed in Macrolon
cages and provided with food and water ad libitum. Active
sensitisation was obtained with seven intraperitoneal injec-

Ž .tions of 10 mg ovalbumin grade V in 0.5 ml pyrogen free
saline on alternate days. Four weeks after the last injection,

Žthe mice were exposed to either eight ovalbumin 2 mg
y1 .ml in saline or saline aerosols for 5 min on consecutive

Ž .days 1 aerosolrday . The aerosols were generated with a
Ž .jet nebulizer Pari IS-2, Pari-Werk, Starnberg, Germany

connected to a Plexiglas exposure chamber with a volume
of 5 l in which a maximum of six animals were placed.
Approximately 30 min before each antigen exposure, the
mice were treated intranasally with peptides based on the

Ž .predicted sequence of interleukin-16 Keane et al., 1998
Žafter inhalation of a short-lasting anaesthetic Halothane,

.ALBIC, Maassluis, The Netherlands . Peptides 1 and 3
were tested at a dose of 100 mg dayy1. In a different series
of experiments, peptides 2 and 3 were tested at higher

Ž y1 .doses 240 mg day .
The effects of local administration of anti-human inter-

leukin-16 or control antibodies were also determined. In
this experiment, animals were treated intranasally on the
first and fifth day of the challenge period with either

Ž .murine immunoglobulin IgG 2a or anti-interleukin-16

Ž .monoclonal antibodies 500 mgrmouse 30 min before the
antigen or saline challenge.

2.4. Airway responsiÕeness in ÕiÕo

Airway responsiveness was measured in vivo 24 h after
the last aerosol exposure, using a modified plethysmograph

Ž .Fig. 2. The effects of different peptides on IL16-induced 100 nM
Ž .chemotaxis open bars was tested. Chemotaxis of mouse splenocytes was

Ž .compared to that in complete medium hatched bars, - or to the effect of
Ž .the different peptides without IL16 hatched bars, 1, 2 or 3 . Results are

expressed as means"S.E.M. U P -0.05 significantly different from con-
trol chemotaxis induced by medium or by the different peptides alone.
a P -0.05 significantly different from IL16-induced chemotaxis.
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Ž .as described previously De Bie et al., 1998 . In short,
mice were anaesthetised by intraperitoneal injection of

Ž y1 .urethane 2 g kg , and placed on a heated blanket
Ž .308C . The trachea and jugular vein were cannulated.
Spontaneous breathing of the animals was suppressed by

Ž y1 .i.v. injection of tubocurarine chloride 3.3 mg kg . The
Žtracheal cannula was attached to a ventilator model 687,
.Harvard Apparatus, Southnatick, MA, USA . The mice

maintained physiological arterial blood gas parameters
Ž .data not shown . Changes in flow and pressure were
measured using a plethysmograph coupled to pressure

Žtransducers M45, Validyne Engineering Corp. Northridge,
. Ž .CA, USA . Lung resistance R was measured by quanti-L

Žtating DVrD P D P schange in tracheal pressure, DVst t
. Žchange in flow at points of equal volume 70% tidal

. Žvolume using specific software Model 6, Buxco, Sharon,

.CT, USA . After the response had returned to its baseline
Ž .level after at least 4 min , doses of methacholine ranging

from 40 to 640 mg kgy1 were administered via the jugular
catheter. For each dose of methacholine, the increase in
airway resistance was measured at its peak and expressed
in cm H O mly1 sy1. At least six mice were evaluated per2

experimental group.

2.5. BronchoalÕeolar laÕage

Bronchoalveolar lavage was performed in the same
animals that were used for airway hyperresponsiveness
measurements. Mice were lavaged five times through the
tracheal cannula with 1-ml aliquots of pyrogen-free saline
at 378C. The bronchoalveolar lavage cells were washed

Žwith cold phosphate-buffered saline PBS, 400=g, 48C, 5

ŽFig. 3. Airway resistance after intravenous administration of methacholine in ovalbumin-sensitised mice at 24 h after the last challenge with saline hatched
. Ž . Ž y1 y1 .bars or ovalbumin open bars and intranasally treated daily during the challenge period with control peptides 100 mg day , A, or 240 mg day , B .

Ž y1 y1 .Furthermore, animals were treated with peptide 3 100 mg day , C, or 240 mg day , D . Results are expressed as means"S.E.M. for five to six
animals per group. U P-0.05; UU P-0.01 significantly different from saline-challenged animals. a P-0.05 significantly different from control
peptide-treated ovalbumin-challenged animals.
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.min and the pellet was resuspended in 200 ml cold PBS.
The total number of bronchoalveolar lavage cells was
counted with a Burker–Turk chamber. For differential¨ ¨
bronchoalveolar lavage cell counts, cytospin preparations

Žwere made and stained with Diff-Quick Merz & Dade,
.Dudingen, Switzerland . After coding, all cytospin prepara-¨

tions were evaluated by one observer using oil immersion
microscopy. Cells were identified and differentiated into
mononuclear cells, neutrophils and eosinophils by standard
morphology. At least 200 cells per cytospin preparation
were counted and the absolute number of each cell type
was calculated.

2.6. Materials

Ž .Ovalbumin chicken egg albumin crude grade V was
Ž .purchased from Sigma St. Louis, MO, USA . Urethane

Ž .and methacholine acetyl-ß-methylcholine were purchased
Ž .from Janssen Chimica Beerse, Belgium , tubocurarine
Ž .chloride from Nogepha The Netherlands and Tween-20

Ž .from Merck Darmstadt, Germany .

2.7. Statistical analysis

Total bronchoalveolar lavage cell number and the num-
bers of the various bronchoalveolar lavage cell types were

Ž .tested with an analysis of variance ANOVA . For cell
types with low numbers, e.g., eosinophils or neutrophils, a
Poisson distribution was assumed. Data on airway respon-
siveness were tested for significance using ANOVA fol-
lowed by post-hoc comparison using the Bonferroni test.
The data are expressed as means"S.E.M. and a difference
was considered to be significant when P-0.05. Statistical

q Žanalyses were carried out using SPSSrPC SPSS,
.Chicago, IL .

3. Results

3.1. Chemotaxis assay

The effects of peptides 1, 2 and 3 were measured on
murine recombinant interleukin-16-induced mouse lym-
phocyte motility. Lymphocyte motility induced by medium
alone was taken as 100%. The interleukin-16-induced
chemoattractive activity amounted to 203"7%, which

Ž .was significantly P-0.05 inhibited by peptide 3 to
Ž .124"8% Fig. 2 . Incubation of the target cells with

either peptide 1 or 2 did not result in any detectable
Ž .decrease in interleukin-16-induced chemotaxis Fig. 2 .

Furthermore, peptides 1, 2 and 3 did not induce any
chemotaxis by themselves as compared to chemotaxis

Ž .induced by medium alone Fig. 2 .

3.2. Airway resistance in ÕiÕo

Peptides 1 and 2 did not inhibit chemotaxis in vitro
Ž .Fig. 2 and were therefore used as control peptides in the
in vivo studies. Peptide 1 was used as control peptide at a
dosage of 100 mg dayy1, whereas peptide 2 was used as

Ž y1 .control at a higher dose 240 mg day . In animals
treated daily intranasally with control peptides, airway
hyperresponsiveness after ovalbumin challenge was ob-
served when compared with saline-challenged animals.

Ž y1 .After treatment with control peptide 100 mg day ,
airway resistance in ovalbumin-challenged animals was

Ž .significantly P-0.01 enhanced to 127"1 cm H O2

mly1 sy1, as compared to that in saline-challenged ani-

Fig. 4. Airway resistance after intravenous administration of metha-
choline in ovalbumin-sensitised mice at 24 h after the last challenge with

Ž . Ž .saline hatched bars or ovalbumin open bars and treated intranasally on
the first and fifth day of the challenge period with control antibody
Ž . Ž .mIgG2a, A or antibodies to IL16 500 mgranimal, B . Results are
expressed as means"S.E.M. for five to six animals per group. U P -0.05;
UU

P - 0.01 significantly different from saline-challenged animals.
a P -0.05 significantly different from mIgG2a-treated ovalbumin-chal-
lenged animals.
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Ž y1 y1 .mals 20"16 cm H O ml s , Fig. 3A . In animals2
Žtreated with control peptide at a higher dose 240 mg

y1 . y1day , airway resistance in response to 640 mg kg
methacholine amounted to 116"9 cm H O mly1 sy1

2

after ovalbumin challenge, whereas in saline-challenged
animals airway resistance amounted to 11"5 cm H O2

y1 y1 Ž .ml s P-0.05, Fig. 3B . Treatment with peptide 3
Ž y1 . Ž .100 mg day , however, significantly P-0.05 re-
duced the ovalbumin-induced airway hyperresponsiveness
by 57% to 54"30 cm H O mly1 sy1 at the highest dose2

of methacholine, as compared to that in ovalbumin-chal-
Ž .lenged control peptide-treated mice Fig. 3C . A higher

Ž y1 .dose of peptide 3 240 mg day did not further reduce
Žthe airway resistance to methacholine 64"19 cm H O2

y1 y1 .ml s at the highest dose of methacholine, Fig. 3D .
No significantly different effects were observed between
all differently treated saline-challenged animals.

In animals treated intranasally with mIgG2a and chal-
lenged with saline, airway responses to the highest dose of

Ž y1 .methacholine 640 mg kg amounted to 23"10 cm
H O mly1 sy1, whereas in ovalbumin-challenged animals,2

Ž .airway responses were significantly P-0.01 enhanced
y1 y1 Ž .to 126"1 cm H O ml s Fig. 4A . Treatment of2

ovalbumin-challenged mice with antibodies to interleukin-
Ž .16 500 mg at day 1 and 5 significantly decreased airway

resistance by 59%, when compared to that in mIgG2a-
treated ovalbumin-challenged animals. However, this air-

Ž .way resistance was still significantly P-0.05 enhanced
as compared to that in saline-challenged anti-interleukin-

Ž y1 y1 .16-treated animals 12"5 cm H O ml s , Fig. 4B .2

Table 1
Percentage of eosinophils present in bronchoalveolar lavage fluid from
ovalbumin-sensitised and saline or ovalbumin-challenged mice. During
the challenge period, the mice were treated intranasally daily with control

Ž y1peptide or peptide 3 100 mg day , 30 min before each aerosol
.challenge . In a different experiment, mice were treated daily during the

Ž y1challenge period with either control peptide or peptide 3 240 mg day ,
.30 min before each aerosol challenge or with either mIgG2a or antibod-

Ž y1ies to IL16 500 mg mouse on the first and fifth day of the challenge
.period .

Data are expressed as means"S.E.M.

Treatmentrchallenge Dosage Eosinophils
y1Ž . Ž .mg day %

Controlrsaline 100 2"1
aControlrovalbumin 100 42"11

Peptide 3rsaline 100 1"1
aPeptide 3rovalbumin 100 54"10

Controlrsaline 240 1"0
aControlrovalbumin 240 14"2

Peptide 3rsaline 240 1"0
aPeptide 3rovalbumin 240 23"5

mIgG2arsaline 500 0"0
amIgG2arovalbumin 500 14"9

Anti-IL16rsaline 500 2"1
aAnti-IL16rovalbumin 500 21"8

a P-0.05 significantly different from saline-challenged animals.

3.3. Cellular infiltration into bronchoalÕeolar laÕage fluid

No or almost no eosinophils could be detected in bron-
choalveolar lavage fluid from saline-challenged animals
treated with the peptides, mIgG2a or anti-interleukin-16
Ž .Table 1 . In all differently treated animals, ovalbumin
challenge caused infiltration of eosinophils into the bron-

Ž .choalveolar lavage fluid Table 1 . No significant effects
of the different treatments of ovalbumin-challenged ani-
mals on this eosinophilic infiltration were detected. Fur-
thermore, no significant differences in infiltration of
mononuclear cells or neutrophils were observed between

Ž .different treatment groups data not shown . Finally, no
differences were observed in total number of cells between

Ž .the different treatment groups data not shown .

4. Discussion

The study now described showed that peptide 3, which
is based on the predicted amino acid sequence of recombi-
nant human interleukin-16 is capable of inhibiting recom-
binant murine interleukin-16-induced chemotaxis of murine
splenocytes. Peptide 3 also markedly inhibited antigen-in-
duced airway hyperresponsiveness in a murine model of
allergic asthma, whereas eosinophilic infiltration was not
significantly altered. Furthermore, we demonstrated that
local administration of antibodies to interleukin-16 also
decreased airway hyperresponsiveness without affecting
eosinophil infiltration, which is in agreement with results
of previous experiments in which antibodies to interleukin-

Ž .16 were administered intraperitoneally Hessel et al., 1998 .
Peptides 1 and 2 were based on different C-terminal-located
regions of the predicted amino acid sequence of recombi-
nant human interleukin-16. These peptides have been
demonstrated not to interfere with interleukin-16-induced
chemotaxis in vitro in this study or with anti CD4 antibody

Ž .binding to CD4 in another study Keane et al., 1998 .
Therefore, we used these two peptides as control peptides.

Recently, it has been observed that in antigen-exposed
asthmatics, as well as in our murine model of allergic
asthma, interleukin-16 expression in epithelial cells and the
presence of bioactive interleukin-16 in bronchoalveolar

Žlavage fluid are up-regulated Laberge et al., 1997; Hessel
.et al., 1998 . Interleukin-16 is a natural soluble ligand for

CD4, which activates several CD4-associated second mes-
sengers and induces chemotaxis of CD4q cells, including

ŽT lymphocytes, monocytes and eosinophils in vitro Center
.et al., 1995, 1996 . So far, no evidence exists for the

induction of chemotaxis of CD4q cells in vivo. The amino
acid sequence of peptide 3 is based on a hydrophilic
C-terminal region of recombinant human interleukin-16.
This region of recombinant human interleukin-16 is very

Žlikely to be exposed on the surface of the molecule Keane
.et al., 1998 . This particular peptide was capable of inhibit-

ing recombinant murine interleukin-16-induced chemotaxis
of mouse splenocytes in vitro. This is in agreement with
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results of previous experiments in which it was demon-
strated that peptide 3 is capable of decreasing recombinant
human interleukin-16-induced chemotaxis of human CD4q

Ž .cells Keane et al., 1998 . Furthermore, peptide 3 can
partially prevent the binding of monoclonal antibodies to

Ž .CD4 Keane et al., 1998 . These data, together with the
observation that interleukin-16 uses CD4 as receptor, sug-
gest that the C-terminal hydrophilic region of interleukin-16
is involved in binding of CD4. Furthermore, these data
suggest that peptide 3 interacts with CD4, thereby inhibit-
ing cross-linking by interleukin-16 and subsequent sig-
nalling. Recently, it has been observed that intraperitoneal
administration of antibodies to interleukin-16 can partially
inhibit airway hyperresponsiveness, whereas eosinophilia

Ž .is not affected Hessel et al., 1998 . In the present study, it
was demonstrated that inhibition of interleukin-16 interac-
tion with CD4 by peptide 3 has effects similar to those of
inhibition of interleukin-16-induced effects by intraperi-
toneal administration of anti-interleukin-16. Furthermore,
as now described, local administration of anti-interleukin-
16 also largely inhibits airway hyperresponsiveness with-
out affecting eosinophil infiltration.

Recently, it has been demonstrated that interferon-g
plays an important role in the induction of airway hyperre-
sponsiveness in our murine model since administration of
antibodies to interferon-g can inhibit the development of
airway hyperresponsiveness without affecting eosinophil

Žnumbers in bronchoalveolar lavage fluid Hessel et al.,
.1997 . We can thus conclude that airway hyperresponsive-

ness and eosinophilia are not causally related in this
model, which is consistent with results from another murine

Ž .model of allergic asthma Corry et al., 1996 .
Production of interferon-g by human peripheral blood

mononuclear cells can be detected after incubation in vitro
with a combination of interleukin-16 and interleukin-2
Ž .Parada et al., 1998 . Therefore, if peptide 3 inhibits
cross-linking of CD4 molecules by interleukin-16 and
subsequent local interferon-g production, it could be spec-
ulated that airway hyperresponsiveness is decreased,
whereas eosinophilia is not affected. The same could be
true for the effects of antibodies to interleukin-16. In
contrast, others have demonstrated that interferon-g is a
potent down-regulator of the development of airway hyper-

Žresponsiveness in different animal models Lack et al.,
.1996; Nagai et al., 1997 . Therefore, at present, no definite

conclusions can be drawn as to how interleukin-16 plays a
role in development of airway hyperresponsiveness in this
murine model. Furthermore, if peptide 3 decreases airway
hyperresponsiveness via prevention of interleukin-16-CD4
interaction, it can also not be excluded that peptide 3 has
direct effects on other CD4q cells, e.g., monocytes or
dendritic cells.

In the present study, airway eosinophilia was not inhib-
ited by intra-airway treatment with either anti-interleukin-
16 or peptide 3. Endogenous interleukin-16 could be im-
portant for the induction of airway hyperresponsiveness

via recruitment of CD4q cells, including eosinophils.
However, intraperitoneal or local administration of anti-
bodies to interleukin-16 did not affect eosinophilia in this

Ž .or other studies Hessel et al., 1998 . From previous
studies, it is known that murine eosinophils do not express
CD4 on their membrane as determined by FACS analysis
Ž .E.M. Hessel, personal communication . Furthermore, it
has been reported that interleukin-16 does not prime or

Ž .activate eosinophils in vitro Rand et al., 1991 . Finally, in
vivo chemotaxis of CD4q cells, including eosinophils, by

Žinterleukin-16 could not be detected J.J. de Bie, unpub-
.lished observations and therefore inhibition of chemotaxis

of eosinophils or lymphocytes by peptide 3 or the antibod-
ies to interleukin-16 is not very likely.

Previously, it was demonstrated that inhibition of en-
dogenously produced interleukin-16 by intraperitoneal
treatment with anti-interleukin-16 inhibits production of

Ž .antigen-specific IgE Hessel et al., 1998 . In agreement
with this, local administration of anti-interleukin-16 also
inhibited the up-regulation of antigen-specific IgE levels in

Ž .serum after ovalbumin challenge data not shown . How-
ever, no effects of peptide 3 on IgE production were

Ž .observed data not shown and, therefore, it could be
speculated that peptide 3 has lower stability or a shorter
half-life than do antibodies to interleukin-16. However,
further research is necessary to explain why antibodies to
interleukin-16 do inhibit IgE production whereas peptide 3
does not.

In conclusion, our data suggest that peptide 3, which is
based on the predicted amino-acid sequence of interleukin-
16, can significantly inhibit airway hyperresponsiveness,
whereas eosinophilia is not affected. Our results also
showed that treatment with peptide 3 has the same effects
as antibodies to interleukin-16, possibly via inhibition of
the interaction between interleukin-16 and its receptor
CD4. Therefore, peptide 3 could be useful as a lead
compound in attempts to limit airway hyperresponsiveness
via binding to CD4.
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