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Cetiri zrne Decreases lnterleuki lî-4,
Interleu kin -5, and I nterfero t1-y
Gene Expressions in Nasal-
Associated Lymphoid Tissue of
Sensitized Mice

Hong-Ryul Jin, M.D.,* Yoshitaka
Shuichiro Endo, M.D.,# and Eiko

Okamoto, M.D.,# Zensei Matsuzaki, M.D.,#
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ABSTRACT

Although the action of cetiriztne dihydrochloride (c:etiri-

zine), a potenî histamine II) receptor antagonist, has been well
known, íts effect on the cytokine profiles in the nasal immune
inductive site has noî been elucidated yef. We studied the efect
o.f cetiizíne on îhe cytokine pro.files in the nasal-associated

lltmphoid issue QíALD, which is a principal muco.ral lym-
phoid tissue of the respiratorv tract in n>denls. Two different
tloses of cetirizine were given intraoraily for 5 days before the
n^sal challenge of ovalbumin in sensitized mice. The sensitized
gì'oup was given normul saline instead of cetírizine, and the
nonsensiîízed group had no sensitization or nredication. The
ci-îokíne gene expre.ss'rons in the NAI.T taken from the ntir:e
v,ere investigated with real-time quantitative reverse-trsn-
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scrîptìan polymerase chain reaction. The effecr of cetirizine on

the allc:rgic symptom score, histilmine threshold, and the eo'

sinophil count in the nasal septal mucosa wer€ examined ako.

Compored with the normal mice, lhe sensitized mice showed

significantly increased levels of interleukin (lL)-4 and IL-5

gene eÍpression olthough the increase of interferon (INF)-y

gene e::pression was not signifcant- In tlrc cefirizine Sroups,
rhe levels of expression of IL-4, IL-s, and INF-y fu the NALT

were significonfly decreased compared with the sensitiz.ed
group- The cetÌrizine groups also showed decreased allergíc

rvmpÍ<r.n score, histamine threshold, und eo.sínophil count in

the nasil septal mucosa contpared with the sensitiz,ed group. In

conclu::ion, ceti.riz.ine reduced the levels of expression of IL-4,

IL-5, and INF-y in. the NALT of ovalbumin-sensitízed mice.

Cetiriztne also reduc'ed the acuÍe allergic' svmplom, histamine

sensitiv'ity, and eosínophil count in the nasal septal mucosa.
(American Journal of Rhinoloey 16,43-48, 2OA2)

lnfetirizine, a well-known second-gcneraúon antihista-

\-, nine. inhibits the effect of histamrne, which is a

major mecliator of the allergic reaction. Cetirizine also in-

hibits inflammatory mediator release from basophils and

mast cells and reduces intercellul;u adhesion molecule 1

expression.l+ Despite these well-known effects, the action

of cetiiizine on cytokine secretion in allergic inflammation

is sornewhat controver.sial. A number of in vftra studies

have shown that cetirizine inhibits cytokine secretion from

mast cells, ba.sophils, and nasal epithelial cells.tT But srud-
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ies using st imulated bronchial epithel ial cel lss or skin bi-
opsy specimens of allergic patientse have shown that anti-
hislamines including cetirizjne had no significant effect on
cytokine production. Thus- the action of ceririzine on cyto-
kine production in allergic inflammation needs further elu-
cidation,

Murine nasal-associated lymphoid tissue (NALT), found
as bilateral strips of subepithelial, noncncapsulated lym-
phoid tissue on the ventral aspect of the postcrior nasal tract,
is a principal mucosal lymphoid tissue of the respiratory
îract ln rodents and is considered to be the equivalent of
Waldeyer's ring in human.ro NALT also is an elTeclive site
of inducing nasal mucosal immunity against intranasal al-
lergen. tt'tz Jfiis study investigatetl the effect ol'cetirizine on
Interleukin (lL)-4. IL-5, and Interferony (lNF)-y gene ex-
pression profiles of rnucosal lymphocytes of NALT in
ovalbumin (OA)-sensitizecl mice. The effects of cetirizine
on the acute aliergic symptom. histamine threshold, and
eosinophil infiltration of the nasal mucosa were studied also.

MATERIAI-S AND METHODS

Animal Sensitization, Challenge, and Cetirizine

f-feattny 
young male C-578L./6 mice 6-8 weeks of age

I. |. and weighing -20 g were obtained from ìrlippon
SLC (Shizoka, Japan). Mice were maintained in barrier-
protected animal facilities under pathogen-free conditions in
the experimental animal faciìities of the Yamanashi Medical
University- The animal protocol used in rhis srudy wa.s
reviewed and approved by the Animal Care Advisory Com-
mittee of the Yamanashi Medical University.

General sensitization was induced with intraperítoncal
injection of I pg of OA (chicken egg albumin, grade V;
Sigma, Saint Louis, MO) conjugated with 2 mg of alum
(Pierce, RockJbrd. IL). This was repcated on the 5th, l2th,
and l Sth day with four total injcctions. Bordetella perrussis
toxin (0.02 mL) was injected intradermally on the lst and
l Sth days. One wcek after the last intraperitoneal injection,
the animals were sensitized locally daily fbr 5 day.s by
applying 400 pg of OA dissolved in 2 p"L of normal saline
inrranasally. Allergy was confirmed with percutaneous ana-
phylaxis reaction u.sing guinea pigs and sera of rhe .sensi-
tized mice.

Cetirizine, dissolved in normal saline, was given orally to
14 núce (3.5 and 35 pmol/kg, 7 mice each) 2 hours befbre
the nasal sensitization ftrr 5 days (low-dose and high-dosc
cetirizine groups). Normal saline instead of cetirizine was
given olally to seven rnice (sensitized group). Five normal
mice with no sensitization or treatment (nonsensitizcd
group) were used also for comparison.

Allergic Symptom Score and Histamine
Threshold Test

1f-}n. 
day after the tinal local sensitization, the number of

\-t nasal scrubbing movements was counted for l0 min-
utes after intranasal OA applicarion. One point was *qiven to
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every five consecutive scrubbing movemenLs, which are

very fàst, or to one isolated. relativel-v slow scrubbing

move nent. The next da;', histarnine threshold was measured

by sc,-rring thc scrubbing movenrcnts after intranasally ap-

plyin5r various concentrations of histamine solution. lf thc

symplom score was under 20, the mice were tested with

histanrine solution of a higher dose. The histamine thresho.ld

was determined by averaging the histamine concentration of

the mice in which the symptom scores were over 20.

Preparation of NALT Lymphocytes

tTh. following day after evaluation of allergic synplom

I- score and histamine threshold, mice rvere killed with

cervic;al dislocation and then intracarcliac blood was ex-

tracteC with a syringe. After collecting bìood for allergy

confir'mation, the head of the mouse was .severed along thc

line beween the upper and lower jaws. The tip of the nose

contarning the forereeth was cut r.rff. The facial skin and

cheek muscles were removcd, and thc nasal part was sepa-

rated from ùe rest of the head along the line of eyebalis.

After peeling away the palatal mucosa, NALT, which is

localized bilaterally on the posterior sidc of the palate, was

teased gently with sharp forceps and collccted in a 1.5-mL

Eppcndorf tube. The NALT fragment, which accumuiated

and formed a nodule between a colurnnar epithelium and the

palate: wall, was liberated easily. After removing NALT, the

remaining tissue was immersed in l07o formaldehyde solu-

tion for histology.

Numbcr of Eosinophils in the l{asal Mucosa

fhte fixed nasal mucosa wa.s stained with hernatoxylin

I and eosin after sectioning u,ith thickness of 4-5 p"m.

The rrumber of eosinophils rr,as counted in 10 high-power

fìelds (400x) and the mean was obtained.

RNA Extraction, Reverse Transcription, and

Real-Tirne Quantitative Polymerase Chain Reaction

fcrtal RNA was isolated from NALT using an RNA

|. extracting kit (RNeasy Mini Kit; Qiagen, [nc., Valen-

cia, CA) according to the mauufacturer's instructions. The

quality of RNA was a-sscssed by conventional denaturing
gel e ectrophuresis. Approximately 1000 ng of total RNA

from each sample was reverse transcribed (RT) in a l00-pl

volunre reaction using 125 U of MultiScribe reverse tran-
script ase (Perkin-Elmer Corp./PE Appl ied B i os y stems, Fos-

ter City, CA). 40 U of ribonuclease inhibitor (Perkin-Elmer

Corp.iPE Applied Biosy.stems), 2.5 pM of random hexanrer
(Perkin-Etmer Coqp./PE Applied Biosysterns), 500 p.M of

rleox.rnucleoside triphosphate mixture, and 5.5 mM of mag-

nesium chloride.

Pre:developed primers and probes for mou.se IL-4,IL's,

and JFN-7 complementary DNA (cDNA) were used for

polyrrera.se chain reaction (PCR). The amplicons produced

by PCR were subsequently analyzed by gel electrophoresis.

Real-time quantitative PCR was achieved in 96-well reac-

tion plate using a cDNA equivalent of 80 ng/totaì of RNA'
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P < 0,05

Non- Sensitized 
Cetirizine Cetirizine

sensitized 3.5 pmol/kg 35 pmoUkg

Fígure I. Allergic svntptom sc()re. Nasal -rcruhbing movements

were countedJor l0 nùnutes after OA challenge. One poirú w,as

given to every,five consecuth'e st:rubhing m()vemgrlts or <tne iso-

lated scrubbing, movement.

50 pet-/tube with the TaqMan Universal Master Mix includ-
ing AmpliTaq Gold DNA polymerase, AmpErase uracyl-
N-glycosylase, deoxynucleoside triphosphate, deoxyuridine
triphosphate, and optim ized buffer (Perkin-Elmer Corp./PE
Applied Biosystems) according to the manufacturer's in-
structions. PCR was developed on a Gen€Amp 5700 Se-
quence Detector (Perkin-Elmer Corp-/PE Applied Bio.sys-
tems). To norrnalize for differences in the amount of total
RNA added to the reaction, amplification of glyceralde-
hydes-3-phosphate dehydrogenase (GAPDH) cDNA was
performed as an endogenous control. Prirners and probes for
cytokines and GAPDH gene were obtained from the Perkin-
Elmer Corp./PE Apptied Biosystems. The mRNA content of
each target gene was determined in 1.1 samples of the two
cetirizine-treated groups, 7 control sarnples, and 5 normal
samples.

Statistical Method

Tth" symptom score, histamine threshold, eosinophil
I count, and mRNA expression profiles were cornpared

between each group using analysis of variance with Dun-
can's multiple cornparison tests. Significant difference was
accepted whenp < 0.05.

RESULTS

Allergic Syrnptom Scorg Histamine Threshold, and
Eosinophil Count

fTltt" sensitized group showed a signiFrcantiy increased
I symptom score (p < 0.05.1 ancl eosinophìl number

(7r < 0.05), and a significantly decreased histamine thresh-
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old Qr < 0.05) compared with the nonscnsitized eroup. The
cetirizine groups showed a significantly decrea.scd symptom

score (p < 0.0-5) and eosrnophil number (p < 0.05) and a

signilìcantly increased histamine threshold (p < 0,05) com-

pared with the sensitized group (Figs. l-3), No differences
were found between the two different cctirizine groups in

symptorn score, hi.starnine threshold, and eosinophil num-

bcrs rp > 0.05).

Level of Cytokine Gene Expression

tT,.t validate the real-time PCR method for comparative
- .I- quantitation of messenger RNA (mRNA) leveìs, the

ampl:fication efficiency of tbe target gene and GAPDH u'as

rneasrred by seriaìiy diluling the cDNA sarnples. The effi-

ciency of the amplihcation, zrs determined by the slope of

the plot curve, allowed us to quantify the cytokrne gene

expression by using the comparative threshold cycle method

according to the manufacturer's instructions. The calibrator

was (ron.stifuted from one sample of normal mice: it was

used as the I x sample, and all other levels were expressed

as an n-fold diff'ercnce relative to the calibrator (Tatrle I).

Fig. .1 shows one example of the amplifrcation plots for

mRNA of cytokines and GAPDH"

Compared with the nonsensitized group, the IL-4 and

IL'5 gene expressions were significantly higher in the sen-

sitized group ú? < 0.01). In contrast, the rnean [NF-7 gene

expression showed a trend toward increase compared with

the nonsensitized group, but failed to achieve significance
(p > 0.05).

In both cetirizine groups. profound alterations were de-

tected in the expression of the three target genes. Compared
with the sensitized group, the cetirizine groups showed

.signilìcantly decreased levels of all three cytokine gene

expressions. In the low-dose cetirizine group, the IL-4

mRNA level was 4- to 20-fbld (rnean. lO-fold), the IL-5

P <0.01

P <0.01 P >0.05
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Figure 2. Ir',,e! of histamine threshold. Conc'entrations of hista-

mine tausíng an allergic .rt-mptom score of )20 duríng l0 minutes

were îndicatetl cs thre.rhoÌds.
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P < 0.05

Non- Sensitized Cetirizine Cetirizine
sensitized 3.5 prmol/kg 35 pmol/kg

Figure 3- TIrc nuntber of ersinophils in the nasal sepîal mrx'ostt.
The number o.f eosinophils vtas counted in I0 high-powcr fields
(magnification x4ff)) and averaged.

*nNe level was 4- to l8-fokl (mean. ll-fold), an<l thc
INF-7 mRNA level was 2- to 3l-fold (mean, 1l-fold) lower
than that in the sensitized group (p < 0.01)- In thc high-dose
cetirizine group, the IL-4 rnRNA level was 20- t<_r 9,fold
(mean, 47-fold), the IL-5 mRNA level was 7- to 2?_fold
(rnean, l7-fold;, and the INF-7 mRNA level was 2_ to
23-fold (mean, 8-fold) lower than that in the sensitized
group (p < 0.01).

Comparing the leveis of cytokine gene expressions be-
tween the cetirizine groups and the nonsensitized group, the
INF-7 in both ceririzine groups and the IL-4 in the high_
dose cetirizine group showed lower levels than that in the
nonsensitized group (p < 0.05). Although the levels of IL_5
gene expressions were nor significantly differenr in normal
and in both cetirizine groups (p > 0.05), the level of IL-4

gerje e):pression in the low-dose cctirizine group was higher
that th:rt in the nonsensitized group (p < 0,05),

DISC{-ISSION

A 
pfùying various methods of measuring cyrokine ex-

.Cf, Jrression in NALT is very limited because the small
numbers of cells recovered prohibit the analysis of cytokine
secretion directl.v. In most studies, the cytokine expression
was m€ia.sured by enzyme-linked immunospo! assay13 or by
conventional RT-PCRr I'r'l from the cultured T cells isolated
from NALT or by ELISA from supernarant of cultured cells
after antigen st imulat ion.15 In this study, using real-t ime
quantit;iúve RT-PCR from NALT, we could measure cyto-
kine gene expression more sensitively and accurately than
enzymr:-linked immunospot assay or conventional RT-PCR
and alsr more directly than previous methods by excluding
the variations evolving from culture of cells.

The ,Josage of cetirizine we used in this study was higher
than tht: usual dosage in humans. Higher dosage was needed
to compensate for the relatively short period of cetirizine
adminir;tration. Because the cetirjzine powder dissolved in
normal saline was very acidic (pH was almost Z-3), we
adjusîerJ the pH into neutral to make the soludon nrclrc
acceptable to the mice.

The clinical actions of cetirizine in patients who were
allergic are summaríznd as a decrease of acute allergic
symptoms and histamine sensilivity.tr, These actions were
confirnred in this study by decreasetl allergic symptom
score and increased histamine threshold in the both cetiri-
zine grr>ups compared with the sensitized group.

It ha; been revealed that T cells in NALT are CD4+ in
757o and such CD4+ T cells have ThO environment, which
can gain a Th I anrJ/or TM phenorype depending on rhe
stimulus.rr. l5 The al lergic inf lammation induced by OA
sensitization may have directed the ThO environment of
NALT î.o the Th2 environment and thus increasing the
Ievels c'f ThZ cytokines like IL-4 and IL-5 as shown in this

TABLE I

Distribution of mRNA Values According to the Group [Mean (SD), Median (min-max)]

Groups No. IL-5 INF-y
Nonsensitized

Sensitized

Low-dose cetirizine (3.5 pmollkg)

High-dose cetirizine (35 prnoVkg)

2.2 (2.3)
r.0 [0.6-6.3]

5 1 . 7  ( 3 1 . 8 )
52.4122.s-10t)l
5.4 (3.6)
3.7 12.0-10.71
l . l  (0 .5 )
1.2 lO.2-1.71

1.3 (0 6)
1.2 [A.6-2.2]

r6.s (7.4)
r5.9 [6.5-26.])
r .5 (0 7)
r.2lo.9-2.81
l . 0  ( i . 1 )
0.s [0.2-3.4]

2.2 (2.s)
r.0 [0.6_6.3]
3.2 (3.0)
2.s 10.7-9.21
0.3 (0.2)
0.3 [0.0*-0.5]
0.4 (0.3)
0.3 [0.0*-o.9]

Results are expre.rsed as an n-fotd difi'erence relative to the calibrator.+<o.1.
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Figure 4. Amltftrtcoîíon plots of the (A) IL4, (B) IL-5, @nl (C) INF-y nRNAs plus (D) CAPDH *enes. EithÙ nalogranr of toîal RNA

e racted Jrom a wruse oJ each group u,ere used iÌ the Taqman PCR assa!- Rn inlicates the magnitude oÍfluorescence generated by Îhe PCR

reaction. N, úonsensitized mouse; 5, sensitized mtture: C, celirizine (35 pmol^)!)-treated nìouse

R
n 0.4

t1 25 27
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study. Although the levels of Th2 cytokines were signif,i-

cantly increased in sensitized mice compared with normal

mice, the increase of INF-y was not significant. Despite

controversial results about the levcl of INF-7 in patients

wbo were allergic,l?-ts Ú1s current hypothesis is that imbal-

ances between Th2 and Thl cytokines seem to be respon-

sible for allergic conditions.rT Our study clearly .showed an

increased ratio of Thz (IL-4 and IL-5)/Th I (INF-7) cyto-

kines in sensitized mice compared with normal mice.

This study showed that high ThZfihl cytokine ratio in

mice that were ailergic changed to a low Th2/Thl ratio witb

cetirizjne treatment, indicating the role of cetirizine in nor-

malizing cytokine balance- This action was more effective

with higher doses (35 pmoykg) of cetirizine. This was

primarily caused by the more drarnatic decrease in the Th2

cytokine expression cornpared with the decrease of Th I
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cytokine expression. This effect probably is because ceti-

rizine interl'ered with the cytokine cascade through its an-

tiallergic actions such as blocking inflammatory mediator

releas.: from basophils and mas[ cells, as weil as reducing

intracr:lJular adhesion molecule I expression in epitheiial

cells,z'ro thus limiting the incursion of inflammatory ceìls to

the site of allergic reaction. The reduced nasal inflammation

may have influenced the NALT, which is a well-known site

of efl'ectively inducing nasal mucosal immunity against

intranasal allergen.rt.l2.r5 Although in vivo studies are rare,

some in vitro studies have shown the same inhibitory action

of cetirizìne on the cytokine production from cultured rnast

cells, basophils, or respiratory epithelial cells'-s-7

Rerluced expression levels of IL-+ and IL-5, which pro-

mote eosinophiì recruitment and activation, may be one

explaration for our finding of significantly decreased eo'

47
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.sinophils in s^epral mucosa in the ceririzine groups compared
with the sensitized group. Another possible nrechanisrn for
decreased eosinophils is the biocking of inflamrnatory me_
diator release from the mast cell Ieading to decreasecl in-
flarnmatory cell recruitmenr inclutling eo.sinophils. Thesc
results are in line with other literature, which indrcates
decreased eosinophils in the site of allcrgic inflammation by
cetirizine 6s416gp9.2(t-22

CONCLUSION

f 
etnizine treatment reduced the levels of IL-4, IL-5, and

\-, INF-Z gene expressions in NALT of OA-sensitizecl
mice. cetirizine treatrnent also reduced the acute aìlergic
symptom and eosinophil count in the nasal .septal mucosa
and increased the histamine thresholci in oA-sensitized
mice.
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