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Background: Allergic inflammation is regulated by the local
production and release of several cytokines.

Objectives: This study was designed to assess the changes in
mRNA cytokine—positive cells after allergen provocation and
to compare these cytokines with tissue eosinophilia as a mark-
er of allergic inflammation.

Methods: A grass pollen allergen provocation study was con-
ducted in autumn, out of the hay fever season. Nasal mucosal
biopsy specimens were taken before provocation and 1 hour,
24 hours, and 1 week after allergen provocation. Eosinophils
and mRNA-positive cells (in situ hybridization for IL-2, IL-3,
IL-4, IL-5, IL-6, IL-8, IL-10, IL-13, IFN- 'y, RANTES, and
TNF-a) were assessed in the biopsy specimens.

Results: After allergen provocation, an increase in cell number
was found for eosinophils and cells expressing mRNA for the
chemokines IL-8 and RANTES and for the T,, cytokines IL-

10 and IL-13. Significant correlations were found between
eosinophils and RANTES and eosinophils and IFN-n the
early phase and between eosinophils and IL-5 and eosinophils
and RANTES in the late phase. The increase in eosinophils
and IL-10 and IL-13 mRNA-positive cells could still be
observed 1 week after allergen provocation.

Conclusions: Nasal allergen provocation induced significant
tissue eosinophilia and a significant increase in IL-8, IL-13,
and RANTES mRNA—positive cells. A significant increase in
eosinophils and IL-10 and IL-13 mRNA—positive cells com-
pared with baseline can still be observed 1 week after a single
allergen provocation. (J Allergy Clin Immunol 1999;103:441-
50.)
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Abbreviations used
BU: Biologic unit
SSC: Sodium sodium citrate

release of several cytokin&$3 A major role was origi-
nally assigned to the cytokines produced Qylympho-
cytes, such as IL-3, IL-4, IL-5, and IL-1%812,14-17|n
addition to the well-known J, cytokines, chemokines
(IL-8 and RANTES}!18-20and perhaps TNE-are also
thought to play a role in allergic inflammatiéh21.22
Accumulating data now points to a large network of
interacting cytokines produced by a number of cells that
regulate mucosal allergic inflammation. However, the
existing data about cytokines is partially contradictory
and sometimes confusing. This is the result of several
factors, including different study designs, the limited
numbers of cytokines evaluated, and observations on var-
ious levels, such as the protein and mRNA levels.

Allergen challenge studies have found increases in
protein and mRNA for IL-4 and IL-5 and an increase in
IL-6 protein®.16.23However, in natural disease no dif-
ferences were found between season and preseason IL-
4, IL-5, and IL-6 protein level$? Rises in numbers of
TNF-a mRNA-positive cells were observed after filter-
disk provocatior?l However, in a study comparing nasal
polyps of allergic and nonallergic patients, more TNF-
o—positive cells were found in the nonallergic gréép.

To our knowledge, no in vivo data is available about

The pathophysiology of allergic rhinitis is based onthe dynamics of a number of cells expressing IL-6, IL-8,

the presence of inflammatory cells in the nasal muéosa.and IL-10 mRNA in the upper airway mucosa after aller-
Allergen-induced rhinitis is accompanied by a cellulargen provocation. For other cytokines, details on time-
infiltrate in which eosinophils, mast cells, T cells, and related changes after allergen provocation are incom-

Langerhans cells are prominént.Allergic mucosal

inflammation is regulated by the local production and
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plete.

In this out-of-season biopsy study, we investigated, on
several occasions after the provocation, the effect of a
single provocation with grass pollen in patients with iso-
lated grass pollen allergy. Eosinophils and a wide range
of T,; and T, cytokine— and chemokine—expressing
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6, IL-8, IL-10, IL-13, IFN-y, RANTES, and TNFa)
were determined in mucosal biopsy specimens before
and at various times after allergen provocation. Correla-
tions between eosinophils (as a marker of allergic inflam-
mation) and cytokines were evaluated.
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TABLE I. Primer sequence for each cytokine used for making digoxigenin dUTP DNA probes

Sequence (5-3°) primers Fragment(bp)
IL-2 sense AAGAATCCCAAACTCACCAGGATGC (exon 2) 200 bp
IL-2 a-sense CCCTTTAGTTCCAGAACTATTACGT (exon 394)
IL-3 sense GCCTTTGCTGGACTTCAACA (exon 1-2) 194 bp
IL-3 a-sense TTGGATGTCGCGTGGGTGCG (exon 4%)
IL-4 sense ACTCTGTGCACCGAGTTGACCGTAA (exon 2) 300 bp
IL-4 a-sense TCTCATGATCGTCTTTAGCCTTTCC (exon“4)
IL-5 sense AGCCAATGAGACTCTGAGGA (exon 1-2) 319 bp
IL-5 a-sense GGGAATAGGCACACTGGAGAGTCAA (exon2H)
IL-6 sense ATGAACTCCTTCTCCACAAGC (exon 1) 610 bp
IL-6 a-sense TGGACTGCAGGAACTCCTT (exon3)
IL-8 sense CTGTGTGAAGGTGCAGTTTTGCC (exon 1-2) 237 bp
IL-8 a-sense CTCAGCCCTCTTCAAAAACTTCTCC (exon 358)
IL-10 sense ATGCCCCAAGCTGAGAACCAAGACCCA (exon ?) 352 bp
IL-10 a-sense TCTCAAGGGGCTGGGTCAGCTATCCCA (exor?®?)
IL-13 sense CCCAGAACCAGAAGGCTCCGC (exon 1-2) 185 bp
IL-13 a-sense GCTGGAAAACTGCCCAGCTGAG (exon 3°4)
IFN-y sense TTTAATGCAGGTCATTCAGATG (exon 1-2) 388 bp
IFN-y o-sense CAGGGATGCTTCTTCGACCTCGAAAC (exon?4)
RANTES sense CGCTGTCATCCTCATTGCTA (exon ?) 197 bp
RANTESa-sense CACACACTTGGCGGTTCTT (exon®)

TNF-a sense
TNF-a a-sense

AGAGGGAAGAGTTCCCCAGGGAC
TGAGTCGGTCACCCTTCTCCAG

(exon 1-2) 443 bp
(exorP%)

METHODS Immunohistochemical staining of
Patients eosinophils

Nine patients (5 women and 4 men; median age, 22 years [rangt  Eosinophil staining was performed by using an alkaline-phos-
19 to 51 years]) participated in this study. All patients had a history ofphatase procedure with an mAb against major basic protein (BMK-
seasonal allergic rhinitis for grass pollen of at least 2 years duratior13) (Sanbio, Uden, Netherlands), as previously described by
Allergy to grass pollen was confirmed by a positive skin prick test Godthelp et a8.
response (3+) with Alutard Soluprick extract (1 SQ/mL), with no skin
prick reactions to other relevant allergens. Al patients were asymptoDigoxigenin probe manufactured by PCR

matic at the start of the study. None of the patients were using an  The digoxigenin probe was manufactured by PCR with a modi-
medication during the Study or had Undergone immunotherapy in th*ﬁcation of the method described by Klem26 Total RNA was iso-
3 years before the study. No relevant abnormalities were found on eg|agted from stimulated (concanavalin A or LPS) blood mononuclear
nose, and throat examination. All patients gave their written informedce”s or in vivo a||ergen_5timu|ated nasal mucosal cells by the phe_
consent, and the study was approved by the medical ethics comming| extraction method, a modification of the protocol described by
tee. Chomczynski and Sacchi.One microgram of RNA was then
. reverse transcribed to cDNA (AMV Boehringer Mannheim Bio-
StUdy design chemica). The reverse-transcribed mix, a total volume ofil20
This allergen provocation study was conducted between Octobecontains 50 mmol/L Tris-HCL (pH 8.3), 10 mmol/L Mg{B0
and December 1995, well out of the hay fever season. Biopsy speimmol/L KCI, 1 mmol/L dithiothreitol, 1 mmol/L EDTA, 1@ig/mL
imens were taken from the inferior turbinate by using a GerritsmaBSA (Boehringer Mannheim), 1 mmol/L dNTP mix (Pharmacia),
forceps?4 Each patient underwent 4 nasal biopsies: the first at base10 pug/mL oligo(dT)12-18 (Pharmacia), 2.5 OD/mL hexanucleotide
line, the second 1 hour after provocation with grass pollen, the thircpd(N)6 (Pharmacia), and 1 mmol/L spermidine-HCI. This mixture
24 hours after provocation, and the fourth 1 week after provocationwas incubated at 42°C for 60 minutes. After this reaction, the final
Biopsy specimens were coded, and therefore the analyses welolume was topped up to a total volume of 200with ultrapure
done in a blinded fashion. water.

. Ten microliters of the cDNA was directly subjected to PCR in
Provocation the presence of a master mix containing PCR buffer, 1.5 mmol/L
The patients were acclimatized to the room for at least 15 min-MgCl,, 50 mmol/L KCI, 10 mmol/L TRIS-HCI (pH 8.3), gelatin

utes. After that, PBS, an inert water-rich solution, was administerec(0.1%), 1 U AmpliTag polymerase, 0.025 mmol/L dNTP, ana.1

to rule out nonspecific hyperreactivity. After 10 minutes, patients from each cytokine primer for a total volume of | H0 (Table ).

were provoked with 5QuL of an agueous nasal spray containing The reaction tubes were placed for 3 minutes in the PCR block
grass pollen (10,000 biologic units [BU}/mL; ALK, Groningen, The (MJ Research), which was preheated to 94°C to avoid cold
Netherlands) and 10 minutes later with another 100,000 BU/mL.oligodeoxyribonuclear fusion. After preparing the PCR mixture on
After both provocations, symptoms such as sneezing, rhinorrheaice, PCR was carried out for 35 cycles under the following condi-
itching, and nasal blockage were recorded on a 4-point (range, 0 ttions: denaturation at 94°C for 30 seconds, annealing at 55°C for 30
3) scale. Patients were also asked to rate their symptoms during ttseconds, and extension at 72°C for 1 minute. Final-cycle extension
day after provocation after 3, 6, 9, 12, and 24 hours. was at 72°C for 10 minutes.
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The specificity of amplification was checked by assessingcontro“ing the method
whether a fragment of the expected size had been obtained by g
(1.5%) electrophoresis or by southern blot hybridization with an
internal 32Py ATP (Amersham)-labeled probe. The membranes
were exposed to Kodak XAR films.

PCR reaction products were run on gel, isolated from gel, anc
cleaned up with the Wizard DNA Clean-Up System (Promega). The
isolated DNA was used in a repeated PCR with the same cytokine
specific primers under the following conditionsub of isolated Quantification
PCR product, 1QuL of 10x Taq polymerase buffer, L of 10 ) ) .

OD/mL sense primer and |8 of 10 OD/mL antisense primer The biopsy specimens were codgd, and 2 sectl.qns pf each spec-
(Table 1), 5 U Taq polymerase (Ampli Tag; Perkin Elmer Cetus, men were counted in a bllndeq fashion at a mggnlflcatlo_n 0£.400
Norwalk, Conn), and BL of dNTP (2 mmol/L each of dATP, dCTP, The surface area of the epithelium and the lamina propria of 2 sec-
dGTP, 1.3 mmol/L dTTP, and 0.7 mmol/L DIG-11-dUTP; tions were determined by computer image analysis (Kontrons
Boehringer Mannheim) in a total volume of 480. The PCR pro- Image Analysis System Vid_e_oplan). The number of .epsinophils and
tocol started with an adaptation of the hot start to avoid coldth® number of mRNA-positive cells per square millimeter of the
oligodeoxyribonuclear fusion. It was followed by 30 seconds atSection area in the lamina propria was calculated.

94°C, 45 seconds at 55°C, and 1.5 minutes at 72°C during 20 T .
cycles. The resulting digoxigenin-labeled DNA (probe) was (:on-statIStIcaI analysis

trolled on 1.5% agarose gel. The specificity of amplification was ~The statistical analysis was performed with SPSS 7.5 for Win-
checked by assessing whether a fragment of the expected si:dows 95. Friedman 2-way ANOVA was used for statistical analysis.
(approximately 25% larger in base pairs than the normal PCR procThe Wilcoxon signed-rank test was used for a comparison between

The controls used were those previously described by Bloch et
al.28 To control the mRNA in situ hybridization, cryostat sections
were incubated with RNase A (Boehringer Mannheim). This result-
ed in a significant signal reduction. Hybridization without a probe
or unrelated probes gave no signal. Different cytokine probes result-
ed in different staining patter@z26

uct) had been obtained. baseline and several points after allergen provocation (Fig 2).
. .. Correlation coefficients were obtained by using Spearman’s rank
In situ hybridization method. Biopsy specimens taken at baseline represent the baseline

All reactions were carried out with RNase-free materials andlevel of symptoms and saline provocation (no symptoms were
solutions except for the RNase treatment of the negative control:observed at these moments), and the biopsy specimens taken 1 hour
Each tissue specimen was cut into serigh®thick sections on a  after allergen provocation were compared with the early-phase symp-
Reichert-Jung 2800e frigocut cryostat and transferred to poly- tomatology between 30 minutes and 1 hour; the specimens taken 24
lysine (Sigma)—coated microscope slides, dried, and stored ghours after provocation were compared with the symptomatology
—80°C. The slides were used within 3 months of storage, heated tdescribed during 3 to 24 hours after provocation. The data of these 3
room temperature, dried, and fixed in buffered 4% formalin for 15time points were correlated with each other (n = 27). Correlation
minutes. The slides were rinsed twice with PBS for 5 minutes. Probetween eosinophils and cytokine-expressing cells were made at the
teinase K (lug/mL; Boehringer Mannheim) treatment was applied time of each biopsy (n = 9). Because of multiple testirijvalue of
for 5 minutes at 37°C, followed by washing with PBS and fixing in less than .025 was considered to indicate a significant correlation.
buffered 4% formalin for 5 minutes to stop the proteinase K reac-
tion. There then followed 2 more rinses in PBS for 5 minutes, perRESULTS
meabilization with 0.01% triton-X100, and a repeat washing with Nasal symptoms
PBS. This was followed by dehydration by incubation, with increas- .
ing amounts of ethanol (70% for 2 minutes, 96% for 2 minutes, anc N0 Symptoms were observed before provocation or
100% for 5 minutes) air drying. The mixture for hybridization was &fter provocation with saline. Nasal provocation with the
pipetted onto ice and contained 80 100% deionized formamide, allergen resulted in all patients having a significant
20 pL 20x sodium sodium citratéSSC), 40uL denatured salmon  increase in immediate nasal symptoms (eg, sneezes, itch-
sperm DNA (10ug/mL Tris-EDTA; Boehringer Mannheim), 1L ing, nasal blockage, and rhinorrhea). Between 6 and 12
t-RNA (100 mg/mL), and QL diluted probe. The hybridization hours after the allergen provocation, late-phase nasal

mix was incubated at 100°C for 1 minute to make the DNA singlesymptomS’ especially blockage and itching, were
stranded and then cooled immediately on ice for 5 minutes. The Segpserved in all patients.

tions were incubated with the hybridization mix at 42°C for 1 hour
and then for 16 hours (overnight) at 37°C in a humidity room. AfterMicroscopic evaluation

hybridization, the cells were washed with 30% formamd&3C .
at room temperature, 30% formamidef0 8SC, at 42°C for 15 The cryostat sections of the nasal mucosa had an aver-

minutes, and PBS for 5 minutes. The slides were then placed in @9€ surface area of 2 mrand an intact epithelium.
semiautomatic stainer (Sequenza, Shandon). After this, the sectiorStaining with mAb for eosinophil major basic protein
were incubated for 10 minutes with BSA 0.5% to 1% in PBS incu-(BMK-13) could easily be identified by the red cytoplas-
bated with normal sheep serum (CLB, Netherlands) for 10 minutemic granules and dark violet nucleus (Fig atd).

and subsequently incubated with 1:500 alkaline phosphate—conjLEOSinoph” numbers were determined in the lamina pro-
gated sheep-digoxigenin F(ab)2 fragments diluted in PBS-BSApria_ The mRNA in situ hybridization staining patterns
0.5% to 1% and normal human serum 10%. They were rinsed agag,, cytokines varied from a dark purple circle to a large
with PBS for 5 minutes, rinsed with TRIS buffer (0.1 mol/L, pH : - -

9.5) for 5 minutes, and incubated with NBT-BCIP substratedark pur_ple dot 6.‘5 shown in Figeth Fig 1 ShQWS rep- .
(Sigma). The incubation time is probe dependent. The substratresentatlve Se(.:“ons from nasal m“°°.5?" biopsy speci-
development was controlled with the microscope. Finally, the sec/MENS EXpressing mRNA' mRNA-pOS.ItI\./e cells yvgre
tions were rinsed in distilled water and mounted in glycerin-gela-l0cated among the inflammatory cell infiltrates within

tine. Optimal probe concentration was obtained by dilution titration.the lamina propria. The majority of cells showing
hybridization signals for cytokines were present in the
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FIG 1. Photomicrographs of 4 nasal mucosal biopsy sections immunohistochemically stained with BMK-13
antibodies against major basic protein. Before allergen provocation, almost no eosinophils were present (a);
1 hour after allergen provocation, eosinophil extravasation into the nasal tissue was observed (b); and 24
hours after allergen provocation in the epithelium, as well as in the lamina propria, eosinophils were present
(c). d, One week after allergen provocation, the most eosinophils were present in the lamina propria (magni-
fication x550).

subepithelial layer. The number of positive cells was only.002). Before provocation, very small numbers of
determined in the lamina propria, because the number ceosinophils were found, mainly in the deep layers of the
positive cells in the epithelium was too small for statisti-lamina propria. Within 1 hour after provocation, a

cal analysis. remarkable increase in eosinophils was observed.
ch fter all . Eosinophils were still present 1 week after the provoca-
anges after allergen provocation tion. Significantly higher eosinophil numbers were

Changes after allergen provocation are shown in Fig 2observed compared with baseline 1 week after provoca-
Eosinophils increased after allergen provocatiBn<(  tion (P = .008).
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FIG 1. CONT. e-h, Representative photomicrographs of in situ hybridization of nasal biopsy sections from
patients with allergic rhinitis after allergen challenge with digoxigenin-labeled DNA probes coding for IL-3 (e),
IL-10 (f), IL-13 (g), and RANTES (h). mRNA-positive cells exhibited a dark purple staining and displayed opti-
mal cellular and subcellular resolution (magnification x550).

IL-2, IL-3, IL-4, IL-5, IL-6, IFN-y, and TNFa an increase only 1 hour after allergen provocation,
mRNA—expressing cells showed no significant changewhich remained relatively stable at 24 hours and 1
after allergen provocation. Numbers of THFexpress- week). The T, cytokine IL-13 P < .04) increased sig-
ing cells decreased 24 hours after allergen provocatiomificantly, and this effect remained significant until 1
but not to a significant extent. Numbers of chemokineweek after provocation. There was a tendency toward an
IL-8 (P = .02) and RANTESK < .01) mRNA—positive increase in IL-10 mRNA—positive cell® < .06) after
cells increased significantly after allergen provocation.allergen provocation. Here also, a significant increase
The dynamics for both IL-8 (Fig 3) and RANTES was found 1 week after allergen provocation compared
(Fig 2,k) were the same after allergen provocation (ie,with baseline P = .04).
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FIG 2. Number of eosinophils (a) and mRNA-positive cells (b-1) in nasal mucosa biopsy specimens. Nasal
mucosa biopsy specimens were taken before provocation, 1 hour after provocation, 24 hours after provoca-
tion, and 1 week after provocation. Allergen challenge (ch) was performed with 1000 and 10,000 BU grass

pollen.

TABLE IlI. Eosinophil correlations with cytokines

Eosinophils
correlated (1 h
after provocation)

Eosinophils
correlated (24 h
after provocation)

IL-2
IL-3
IL-4
IL-5
IL-6
IL-8
IL-10
IL-13
RANTES
TNF-a
IFN-y

0.6 (.1)
0.7 (.04)
0.7 (5)
0.3 (5)
0.2 (.6)
0.6 (.1)
0.2 (.5)
0.3 (4)
0.8 (.025)
0.7 (:2)
0.4 (.02)

0.2 (.7)
0.2 (.7)
0.5 (.2)
0.8 (.009)
0.2 (.7)
-0.3 (.5)
0.3 (.5)
0.04 (.9)
0.7 (.007)
0.8 (.8)
0.1 (.007)

Correlations were between the number of BMK-13—positive cells compared

Cellular relationship to nasal symptoms

Correlations were found between numbers of
eosinophils in biopsy sections, and nasal symptom scores
were as follows: itching, 0.654°(< .001); discharge,
0.439 P = .025); sneezing, 0.54% (< .001); and total
symptom score, 0.44%(= .02).

Correlations were found between numbers of IL-8
mRNA—expressing cells in biopsy sections, and nasal
symptom scores were as follows: blockage, 0.48& (
.02); discharge, 0.63%P(= .001); and total symptom
score, 0.539F < .001). Correlations were observed
between RANTES in biopsy sections, and the nasal
symptom score for itching was 0.582 % .002). Corre-
lations were also observed for IL-10 in biopsy sections,

with the number of cells expressing positive hybridization signals at 1 hour and the nasal symptom score for diSCharge was 0512 (

and 24 hours after provocation, and all values are regre@jealues.

= .007).
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FIG 2. CONT.
Cytokine mRNA relationship to tissue mucosal biopsy specimens was investigated and com-
eosinophilia pared with tissue eosinophilia and symptomatology.

Digoxigenin-labeled probes were used because they have

Before allergen provocation, no significant correlationsalmost unlimited shelf life and provide optimal cellular
were observed between the number of cells expressirand subcellular resolution compared with radioactive
mRNA for cytokines and the number of eosinophils. Inprobes?® DNA probes were used because it is easier to
the early phase a significant correlation was observeavoid DNase than RNase when manufacturing these
between the number of eosinophils and the number cdigoxigenin probes.
cells expressing mRNA for RANTES. Twenty-four hours  Single allergen provocation was used as a model for
after allergen provocation, correlations were observecstudying allergic inflammation in the upper airways. In
between eosinophils and IL-5, RANTES, and I¥N- this study a 5QL allergen solution was sprayed into each
mRNA-positive cell numbers. A correlation between nostril (11,000 BU in total), as described ab#ve?
eosinophils and IL-6r(= 0.8,P = .007) was observed 1 To rule out the chance of nonspecific changes caused
week after allergen provocation (forfregression] and by provocation with PBS or the biopsy specimen, a sec-

P values, see Table II). ond study was performed. In this study patients were
sprayed with a PBS solution containing benzalkonium
DISCUSSION chloride, which was similar to the diluent of the allergen

solution. Biopsy specimens were taken before and 24
The effect of a single allergen provocation with grasshours after the last PBS provocation. Eosinophils,
pollen on cytokine mRNA-expressing cells in nasalRANTES, and IL-8 were evaluated at both time points.
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TABLE lll. Cytokine mRNA-positive cell fluctuation after allergen provocation in nasal mucosal biopsy specimens from
patients with hay fever

Correlation

Allergen with
Cytokine Suspected cell targets in allergic inflammation provocation eosinophilia
IL-2 T cells and B cells (proliferation, activation, and differentiation) — —
IL-3 Mast cells and eosinophils (colony-stimulating factor) — —
IL-4 B cells (IgE-isotype switch), endothelium — —
IL-5 Eosinophils (differentiation, activation, and survival) — +
IL-6 T cells, B cells, (proliferation and differentiation) and fibroblasts — —
IL-8 Lymphocytes, neutrophils, basophils, and eosinophils (chemotaxis) 1 —
IL-10 Macrophages and T cells (inhibitor of IRNunctions) 1 —
IL-13 B cells (IgE-isotype switch) 1 —
IFN-y Macrophages (activation) and IL-4 antagonist (IgE isotype switch) — +
RANTES Eosinophils and monocytes (chemotaxis) 1 +
TNF-a Fibroblasts and endothelium (production of other cytokines and adhesion molecules — —

[ELAM-1, ICAM-1])

ICAM-1, Intracellular adhesion molecule-#t. AM-1,endothelial leucocte adhesion molecule-1.

No significant differences (Wilcoxon signed-rank test) This study found no significant increase for IL-5
were found by comparing specimens taken before anmRNA—positive cells after allergen provocation. This
after PBS provocation. can probably be explained by the large range and high
IL-2, a T,; cytokine, plays a role in the proliferation, baseline levels in IL-5 mRNA—positive cell numbers. A
activation, and differentiation of T cells and B cells. clear correlation was observed between eosinophils and
No changes were observed in the numbers of IL-2IL-5 24 hours after allergen provocation.
MRNA~positive cells. Once again, it was shown that this The chemokines RANTES and IL-8 are proinflamma-
T,.1 cytokine was not involved in allergic inflammation tory cytokines that are important in eosinophil chemo-
during allergen provocation. These findings confirm taxis. A significant increase of RANTES and IL-8
other reports that did not find a change in IL-2 (on pro-mRNA—expressing cells was observed after allergen
tein and mRNA level) in the no$6:3%lung31.32and  challenge. Similar observations were made for protein
skin33 after allergen challenge. level in nasal lavage fluith49-42bronchoalveolar lavage
IL-4 and IL-13 have similar functions in B-cell isotype fluid,32 and for RANTES mRNA and RANTES pro-
switching to IgE and also have a pivotal role in the upreg-tein—positive cells in nasal biopsy specimens of allergic
ulation of intracellular adhesion molecule-1 and vasculaipatients after local allergen challerf§eThe number of
cell adhesion molecule-1 expression on endothelial¥ells. TNF-a mRNA-positive cells was unchanged after
We failed to find an increase in IL-4 during allergen provo- provocation, indicating that TNE-is not involved in the
cation. This confirms data from the lower airways, in which allergen-induced reaction. This data confirms that TNF-
no differences were found between IL-4 protein—positivea plays a role in bacterial infections but not in allergic
bronchoalveolar lavage fluid T cells in asthmatic subjectsinflammation, as is indicated by studies in nasal pé&g/ps
compared with nonallergic patients with asthma or controland bacterial infection®:44 This is despite the fact that
subjects$’! and also no IL-4 production/upregulation was one study found an increase in TRFMRNA—positive
found after allergen challendé.Bradding et dR also  cells after filter-disk allergen provocat®nand once an
found no upregulation of IL-4 protein in patients with sea-increase was found, 2 hours after allergen provocation in
sonal allergic rhinitis in the hay fever season comparemasal lavage fluid on the protein levél.
with those patients out of the hay fever season. Thos There was no significant increase in IL-6 after allergen
results contradict the findings of Durham &18135who provocation. On the protein level (protein-positive cells)
used filter-disk nasal allergen provocation, which might bein a number of studies, no differences were observed in
a stronger stimulus. The local allergen concentration in thithe upper airways between allergic patients and control
filter-disk provocation is higher, and the filter disk is held subjectsi® either before or after allergen provocatién.
in position for 10 minutes, implying that mucociliary clear- However, in nasal lavage fluids, IL-6 protein levels were
ance cannot remove allergens. By contrast with IL-4 cellsfound to be increased during the late-phase reattith.
we found a significant increase in the number of IL-13 Numbers of IL-10 mRNA-—positive cells were
mRNA—positive cells. These findings confirm data from increased after allergen provocation. IL-10, which is con-
Ghaffad’ for the nasal mucosa and Y#ddor the skin. sidered to be a,_} cytokine, inhibits the release of IFN-
IL-3 and IL-5 are T, cytokines that stimulate the y*6 and generally inhibits cytokine synthesis by human
growth of mast cells and eosinophils. They are found ttmonocytest” IFN-y, which is considered to be g,;T
be more numerous in allergic patients compared withcytokine, did not show a significant increase after aller-
nonallergic control subjects and are found to be increasegen provocation, thereby confirming Durham’s dhta.
in allergic patients after allergen provocatfo#®.37-39 The number of eosinophils correlated with nasal symp-
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toms was previously observed by Pipkorn et8dfur- 11
thermore, correlation between the chemokines (IL-8 anc

RANTES) and nasal symptoms confirms the data from

Douglass et &? who observed an increase in rhinitis |,

symptomatology after IL-8 challenge in the nasal mucosa
We used eosinophils as an indication of the amount o

allergic inflammation. In the early phase only the num-13

bers of RANTES and IFN-mRNA—positive cells were
significantly correlated with eosinophil numbers. The

symptomatology of patients in the early phase after alleris.

gen provocation is mainly caused by the release of histe
mine and other inflammatory mediators by mast Gélls.

However, in the late phase significant correlations were
found between eosinophils and IL-5 and eosinophils ant
RANTES. One week after a single allergen provocation,

there was still significant tissue eosinophilia and a signif-1"-

icant increase in IL-13 and IL-10 mRNA—positive cells.
The correlation of RANTES with eosinophils in the

early and late phases indicate that RANTES may be ais.

important as IL-5 for eosinophil recruitment. In conclusion,

nasal allergen provocation in patients with allergic rhinitis 1%

induced significant tissue eosinophilia and a significant

increase in IL-8, IL-13, and RANTES mRNA-positive 20.

cells (Table Ill). This increase in eosinophils and IL-10 and
IL-13 mRNA—positive cells could still be observed 1 week
after allergen provocation.

We thank Dr S. P. Thomas for his textual advice.
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