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IL-4 and IL-13: Their Pathological Roles in Allergic Diseases and their
Potential in Developing New Therapies-Update
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Abstract: Bronchial asthma is a complex disease in which a lot of cells and mediators are involved. However, a substan-
tial body of evidence has accumulated pointing to the pivotal role of Th2-cytokines, interleukin (IL)-4, and IL-13, based
on expression of these cytokines in the bronchial lesions, genetic association of the signaling molecules of these cytoki-
nes, and analyses of mouse models. We previously reviewed the signal transduction of these cytokines, the correlation of
these cytokines with the pathogenesis of allergic diseases, and trials to develop reagents targeting these cytokines. Since
we published that article, several progresses have been made in this field, so in this article, we summarize the recent top-

ics as for the issues that we picked up before.
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INTRODUCTION

We reviewed the pathological roles in allergic diseases
and the potential in developing new therapies of IL-4 and IL-
13 two years ago [1]. We here have added several updated
issues related to this.

1. THE MECHANISM OF THE IL-13 RECEPTOR o2
CHAIN (IL-13R02) EXPRESSION

Two types of IL-13 receptor exist: the heterodimer com-
posed of the IL-4R o chain (IL-4Rat) and the IL-13 receptor
ol chain (IL-13Ral), and IL-13Ra2. The hetrodimeric re-
ceptor transduces the IL-13 signal intracellularly mainly via
‘the JAK-STAT and the phosphatidylinositol-3 kinase/IRS-
1/2 pathways. In contrast, it is confirmed that 1IL-13Ra2
blocks its signal, acting as a ‘decoy receptor’ [1-3]. Although

the mechanism of IL-13Ra2 expression was obscure, it has

recently begun to be clarified.

We showed that in bronchial epithelial cells, only a low
amount of IL-13Ra2 is expressed at the constitutive state;
however, the stimulation of IL-4 or IL-13 up-regulates ex-
pression of IL-13Ra2 [3]. Zheng ef al. demonstrated that IL-
4— or TL-13—transgenic mice show a marked increase of IL-
13R02 mRNA in lungs, predominantly in airway epithelial
cells and macrophages [4]. We furthermore showed IL-
13R02 expression is also augmented in lungs of asthma-
induced mice [3]. In addition to lungs, it was demonstrated
by Chiaramonte ef al. that the burden of the parasitic
helminth Schistoma mansoni-induces fibrosis in liver, fol-
lowed by up-regulation of IL-13Rai2 expression [5]. It is
confirmed that the promoter activity of the IL-13Ra2 gene is
enhanced by IL-4 or IL-13, dependent on STAT6 in the
HaCaT human keratinocyte cell line [6]. We and
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Chiaramonte et al. also demonstrated that 1L-13Ro2 expres-
sion by IL-4 or IL-13 is dependent on STAT6 (3, 5]. These
results suggest that induction of IL-4 or IL-13 induces ex-
pression of [L-13Ra2 in the STAT6-dependent signal path-
way in some cells or tissues and that IL-13Ra2 acts as a
negative feedback regulator for the IL-13 signal (Fig. 1).

2. BIOLOGICAL ACTIVITIES OF IL-13 ON NON-
IMMUNE CELLS

Although the biological activities of IL-13 on immune
cells were well characterized, those on non-immune cells
remained unresolved. Because it has been shown that IL-13
is involved in the pathogenesis of bronchial asthma, inde-
pendent from its actions on immune cells [7}, a lot of atten-
tion has been paid to understanding biological activities of
IL-13 on resident cells in the bronchial tissue. Particularly,
the direct actions of IL-13 on bronchial epithelial cells are
thought to be of great importance for the pathogenesis of
bronchial asthma. The recent report that reconstitution of
STAT6 only in bronchial epithelial cells into STAT6-
disrupted mice restores IL-13—induced airway hyperrespon-
siveness (AHR) and mucous production, but not inflamma-
tion or fibrosis, supports this notion [8]. The following ac-
tivities of IL-13 on the resident cells in the bronchial tissues
have been reported: (i) production of TGF-§ [9, 10] and eo-
taxin-3 [11], expression of a chloride channel, human
CLCA1 (mouse CLCA3) [12], and production of mucin [13]
in bronchial epithelial cells; (ii) production of eotaxin [14],
expression of integrin [15], and proliferation [16] in fibro-
blasts; and (iii) production of eotaxin [17, 18] and enhance-
ment of contraction [19-21] in smooth muscle cells.

3. THE EFFECTS OF SOLUBLE IL-4Ra (NUV-
ANCE™) ON BRONCHIAL ASTHMA PATIENTS

As initial trials to apply soluble recombinant [L-4Ra to
bronchial asthma patients showed modest benefit, it was
hoped that this reagent might be used widely for bronchial

© 2005 Bentham Science Publishers Ltd.
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Fig. (1). Negative feedback system of IL-13 signal by IL-13Ra2.
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The negative feedback system of IL-13 signal by induction of IL-13Ra2 is depicted. In this system, IL-4 or IL-13 induces expression of IL-

13Ra2, which down-regulates 1L-13 signal.

asthma patients [22, 23]. However, the Immunex corporation
announced in 2001 that further development was discontin-
ued, because the asthma.exacerbation rate was not signifi-
cantly different than in the placebo group (ref.: http:/
www.clevelandclinicmeded.com/diseasemanagement/pulmo
nary/asthma/astima2.htm). It may be because IL-13 has
more important role than [L-4 in the pathogenesis of bron-
chial asthma. Further studies aimed to block the signals of
not only IL-4 but also IL-13 would be of interest.

4. THE PATHOPHYSIOLOGICAL ROLE OF SCCA
MOLECULES

In order to study potential downstream consequences of
IL-13 on human bronchial epithelial cells, we first employed
microarrays (HuGeneFL Array, Affymetrix) to identify
genes induced by IL-4 or IL-13 in human bronchial epithelial
cells [24]. Among the identified genes, two members of the
serine proteinase inhibitor (serpin) family of protease in-
hibitors, SCCAl (SERPINB3) and SCCA2 (SERPINB4),
showed the highest increase. We confirmed SCCA expres-
sion by IL-4 or IL-13 at the protein level, with the result that
both intracellular expression and secretion of SCCA protein
increased in bronchial epithelial cells by IL-4 or IL-13.

Dr. Holgate’s group analyzed the expression profiles of
cDNA libraries constructed from atopic normal or asthma-
derived bronchial biopsies [24]. The number of SCCA-
related clones was significantly higher in bronchial tissues of
asthma patients than those of normal donors. Furthermore,

assessment of serum concentrations of SCCA in asthmatic’

and non-asthmatic children by ELISA showed that SCCA
levels were significantly higher in the zethmatic subjects than
in control, non-asthmatic subjects, particularly during the

attack phase. These results strongly suggest that SCCA is
correlated with the pathogenesis of bronchial asthma, down-
stream of the IL-4/IL-~13 signal pathway.

Although several intrinsic target proteinases for SCCAl
and SCCA2 have been found, the biological roles of SCCA1
and SCCA2 remained obscure. A mite allergen, Der p 1, is
one of the most immunodominant allergens, and also acts as
a cysteine proteinase probably correlated with the patho-
genesis of allergic diseases. We explored the possibility that
SCCA proteins target Der p 1, and it turned out that SCCA2,
but not SCCAL, inhibited the catalytic activities of Der p 1
[25]. These results suggest that SCCA?2 targets an extrinsic
cysteine proteinase derived from house dust mites, and that it

. may have a protective role against mite-causing biological

reactions (Fig. 2). We assume that SCCA1 and SCCA2 may
protect against extrinsic proteinases derived from not only
mite but also other microbes or parasites involved in the de-
fense mechanism of IL-4 and IL-13. In addition to patho-
physiological roles of SCCA molecules, it is also hoped that
SCCA proteins,.or a low-weight compound mimicking
SCCA proteins, could be developed as a reagent inhibiting
biological reactions of mite allergens, based on our findings.

CONCLUSION

In conclusion, we have described recent advances in sig-
nal transduction and biological activities of IL-4 and IL-13
and development of therapeutic reagents targeting these cy-
tokines in this article. We hope that the details of the in-
volvement of these cytokines in the pathogenesis of allergic
diseases will be clarified furthermore and that some reagent
targeting these cytokines will emerge soon.

— 148 —



IL-4 and IL-13: Their Pathological Roles in Allergic Diseases

Fig. (2). Protective system by SCCA against a mite allergen, Der p 1.
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A possible protective system by SCCA against a mite allergen, Der p 1, is depicted. In this system, IL-4 or IL-13 induces expression of
SCCA in bronchial epithelial cells, which would protect against a mite allergen, Der p 1.

ABBREVIATIONS

L = Interleukin

R = Receptor

IL-4Ra. = the IL-4R o chain

yC = The IL-2R v chain

IL-13Rail =  The IL-13R al chain

PI =  Phosphatidylinositol

IRS = Insulin receptor substrate

ITIM = Immunoreceptor tyrosine-based inhibitory

motif

SNP = Single nuclear polymorphism
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Abstract

Although mite major group 1 allergens, Der p 1 and Der f 1, were first isolated as cysteine proteases, some studies reported that
natural Der p 1 exhibits mixed cysteine and serine protease activity. Clarifying whether the serine protease activity originates from
Der p 1 or is due to contamination is important for distinguishing between the pathogenic proteolytic activities of group 1 allergens
and mite-derived serine proteases. Recombinant mite group | allergens would be useful tool for addressing this issue, because they
are completely free from contamination by mite serine proteases. Recombinant Der p 1 and Der f 1, and highly purified natural
forms exhibited only cysteine protease activity. However, commercially available natural forms exhibited both activities, but the
two activities were eluted into different fractions in size-exclusion column chromatography. The substrate specificity associated with
the serine protease activity was similar to that of Der f 3. These results indicate that the serine protease activity does not originate

from group 1 allergens.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Recombinant major house dust mite group 1 allergens; Der p I; Der f 1; Cysteine protease; Group 3 allergens; Serine protease

House dust mites of the Dermatophagoides species
(Dermatophagoides pteronyssinus and Dermatophagoides
Jfarinae) are associated with various allergic diseases such
as bronchial asthma, rhinitis, and atopic dermatitis, and
are the most important causative factor of in-door aller-
gens [1-3]. Group 1 (Der p 1 and Der f 1) and group 2
(Der p 2 and Der f 2) allergens are considered to be the
major allergens derived from house dust mites based on
the frequency of patients sensitized by them, amount of
specific IgE produced against them, and their content in

” Corresponding author. Fax: +81 3 3813 5512.
E-mail address: t-takai@med.juntendo.ac.jp (T. Takai).

0006-291X/$ - see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/].bbrc.2005.01.051

mite extract [4]. Group 1 allergens exist in abundance in
mite fecal pellets and account for over 50% of the IgE
antibodies produced against total mite extract. Der p 1
of D. pteronyssinus and Der f 1 of D. farinae have 82%
sequence homology in the amino acid sequences of their
mature forms, which corresponds to their natural aller-
gen state, and the sequences are homologous to those of
papain-like cysteine proteases [5,6]. Recently, the cys-
teine protease activity of Der p 1 was suggested to be in-
volved in the pathogenesis of allergy [7-15].

Although Der p 1 and Der f 1 were first isolated as
cysteine proteases, some studies reported that natural
Der p 1 exhibits mixed cysteine and serine protease
activity [11,16,17]. The specificity for substrates and
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inhibitors associated with such serine protease activity
within their preparations was different from that of the
cysteine protease activity. However, house dust mites
produce at least three groups of serine proteases, group
3, 6, and 9 allergens [18-21], and therefore, the possibil-
ity of contamination of cysteine protease Der p 1 prep-
arations with these serine proteases cannot be excluded.
Clarifying whether the serine protease activity originates
from Der p 1 or is due to contamination is important for
distinguishing between the pathogenic proteolytic activ-
ities of mite major group 1 allergens and mite-derived
serine proteases. Recombinant mite group 1 allergens
as recently reported [22-24] would be useful tool for
addressing this issue, because they are completely free
from contamination by mite serine proteases.

Using synthetic substrates and irreversible class-spe-
cific inhibitors, we compared the specificity of four types
of preparation of group 1 allergens: recombinant Der p
1 and Der f 1 expressed in yeast Pichia pastoris with
yeast-derived N-glycosylation, those without N-glyco-
sylation, commercially available natural types, and nat-
ural types purified using a different method.
Consequently, we demonstrate that the serine protease
activity does not originate from group 1 allergens and
that the substrate specificity of the contaminated serine
protease is similar to that of a mite group 3 allergen
Der f 3.

Materials and methods

Natural Der p 1 and Der f 1. Commercially available natural Der p
1 and Der f 1 were purchased from Indoor Biotechnologies (Char-
lottesville, VA, USA) and Asahi Breweries (Tokyo, Japan), respec-
tively. Purification of natural Der p 1 and Der f 1 from whole culture
extracts of house dust mites by the method of Yasueda et al. [25] was
performed. Protein concentration was determined by the Bradford
procedure using a protein assay kit (Bio-Rad, Richmond, CA, USA)
with bovine IgG (Bio-Rad) as the standard.

Recombinant Der p 1 and Der f 1. Recombinant Der p 1 and Der f 1
were prepared as previously described with some modifications [22—
24]. Briefly, proforms of four recombinant types, Der p 1-N52Q, Der p
1-WT, Der f 1-N53Q, and Der f 1-WT, were secreted into the culture
supernatant of yeast P. pastoris and converted into their prosequence-
removed mature forms. The mature forms were then purified by anion
exchange column and size-exclusion column chromatography.

Measurement of proteolytic activity. Cysteine protease activity was
measured as previously described with modifications {23,26]. Enzymes
(400 nM) were incubated with or without 1 mM dithiothreitol (DTT) for
5min at 37 °C in 25 pl. After further incubation with or without E-64
(50 uM) (Peptide Institute, Osaka, Japan) and/or 4-(2-aminoeth-
yl)benzenesulfonyl fluoride hydrochloride (AEBSF) (500 uM) (Sigma,
St. Louis, MO, USA) for 15min in 50 yl, assays were conducted in
reaction buffer with substrates (0.1 mM) at 37 °C in 100 pl scale. The
final concentrations of the enzymes were 100 nM, and those of the
inhibitors were 25 pM for E-64 and 250 uM for AEBSF. The substrates
used were: butyloxycarbonyl-Gln-Ala-Arg-MCA (Boc-QAR-MCA),
succinyl-Leu-Leu-Val-Tyr-MCA  (Suc-LLVY-MCA), succinyl-Ala-
Ala-Ala-MCA  (Suc-AAA-MCA), butyloxycarbonyl-Phe-Ser-Arg-
MCA (Boc-FSR-MCA), butyloxycarbonyl-Gln-Gly-Arg-MCA (Boc-
QGR-MCA), butyloxycarbonyl-Val-Leu-Lys-MCA (Boc-VLK-MCA),

benzoyl-Arg-MCA (Bz-R-MCA), and succinyl-Ala-Ala-Pro-Phe-MCA
(Suc-AAPF-MCA) (Peptide Institute). The fluorescence of aminom-
ethylcoumarin released from the substrate was measured.

Protein sequencing. Samples of commercial natural Der p 1 and Der
f 1 before and after SDS-PAGE and electroblotting onto membranes
were subjected to N-terminal amino acid sequencing using protein
sequencers [23,27].

Size-exclusion column chromatography. Recombinant and natural
Der p 1 and Der f 1 were subjected to size-exclusion column chro-
matography on Protein-Pak 125 (Waters, Milford, MA, USA), and the
absorbance at 280 nm was monitored. The eluted fractions were sub-
jected to sodium dodecyl sulfate-polyacrylamide electrophoresis
(SDS-PAGE) and silver stained (Silver stain II kit wako; Wako,
Osaka, Japan).

Resultg

Substrate specificity of recombinant and commercial
natural Der p 1 and Der f 1

Measurement of the proteolytic activity using eight
synthetic substrates revealed that the activity of recom-
binant mite group 1 allergens with yeast-derived hyper-
glycosylation (Der p 1-WT and Der f 1-WT) and that of
commercial natural types were different from each other
in terms of substrate specificity and DTT-dependence
(Fig. 1). The patterns of substrate specificity and
DTT-dependence were similar between Der p 1-WT
and Der f 1-WT, and also between commercial Der p
1 and Der f 1.

Der p 1-WT and Der { I-WT showed DTT-dependent
proteolytic activity against six synthetic substrates (Figs.
1A-F) and almost no activity against two (Figs. 1G and
H). This DTT-dependency suggested that the activity of
Der p 1-WT and Der f 1-WT was that corresponding to
a cysteine protease. On the other hand, the commercial
natural types showed proteolytic activity and high DTT-
dependence against three substrates (Figs. 1A-C); that
with low or no DTT-dependence against three sub-
strates (Figs. 1D-F), and little or no activity against
two substrates (Figs. 1G and H). This suggested that
commercial natural Der p 1 and Der f 1 possessed the
other class of proteases as well as that of cysteine prote-
ase activity.

Activity of recombinant and natural Der p 1 and Der f 1
treated with class-specific irreversible protease inhibitors

To identify the class of proteases exhibiting DTT-in-
dependent activity among the commercial natural aller-
gens (Figs. 1D-F, right two panels) and to reveal
whether the difference between recombinant and com-
mercial natural allergens was caused by the hypergly-
cosylation of recombinant allergens and/or by the
method used for purification, we analyzed recombinant
allergens without glycosylation (Der p 1-N52Q and Der

f 1-N53Q) and natural allergens purified by the method
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Fig. 1. Hydrolysis of synthetic substrates by recombinant and commercial natural Der p 1 and Der f 1. Eight substrates (A-H) were used. WT:
recombinant forms with N-glycosylation. Commercial: commercial natural allergens. The reaction was performed in the presence (DTT+) or absence
of DTT (DTT-).

by Yasueda et al. [25] and compared them with Der p 1- cific AEBSF (Figs. 2 and 3). We selected Boc-QAR-
WT, Der f 1-WT, and commercial natural allergens MCA and Boc-QGR-MCA for the substrates, because
using two irreversible class-specific protease inhibitors, they are typical substrates suitable for measuring
cysteine protease-specific E-64 and serine protease-spe- DTT-dependent and -independent activities of commer-
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Fig. 2. Activity of tecombinant and natural Der p 1 treated with irreversible class-specific protease inhibitors. Boc-QAR-MCA (A) and Boc-QGR-
MCA (B) were used as substrates. Der p 1-WT: recombinant Der p 1 with yeast-derived N-glycosylation. Der p 1-N52Q: recombinant Der p 1
without N-glycosylation. Der p 1 (purified): natural Der p | purified by the method of Yasueda et al. [25]. Der p 1 (commercial): commercial natural
Der p 1. The reaction was performed in the absence of inhibitors or in the presence of E-64, AEBSF or E-64 and AEBSF; and in the presence

(DTTH) or absence of DTT (DTT-).

cial natural allergens, respectively (Figs. 1A and E, right
two panels).

The activities of recombinant allergens and natural
types purified by the method of Yasueda et al. against
Boc-QAR-MCA (Figs. 2A and 3A, upper six panels)
and Boc-QGR-MCA (Figs. 2B and 3B, upper six panels)
were DTT-dependent, and E-64 completely inhibited the
activities while AEBSF did not. This indicated that re-
combinant allergens and natural allergens purified by
this method only possessed cysteine protease activity
and that hyperglycosylation of recombinant allergens
did not affect the activity.

On the other hand, the activities of commercial natural
allergens against Boc-QAR-MCA consisted of major
DTT-dependent and minor DTT-independent activities
(Figs. 2A and 3A, panels at the bottom), and those against
Boc-QGR-MCA possessed inverse major DTT-indepen-
dent and minor DTT-dependent activities (Figs. 2B and
3B, panels at the bottom). The DTT-dependent and -in-

dependent activities of commercial natural allergens were
inhibited by E-64 and AEBSF, respectively, and the addi-
tion of E-64 and AEBSF was necessary for complete inhi-
bition in the presence of DTT. This indicated that the
activity of commercial natural allergens consisted of cys-
teine protease and serine protease activity.

Substrate specificity of cysteine protease activity of
recombinant and commercial natural Der p 1 and Der [ 1

To compare the substrate specificity of the cysteine
protease associated activities of recombinant and com-
mercial natural allergens, DTT-dependent activities
were calculated from the results shown in Fig. 1. The
patterns of relative DTT-dependent activities were simi-
lar between recombinant and commercial natural aller-
gens (Fig. 4A), although absolute DTT-dependent
activity was higher for recombinant allergens than for
commercial natural allergens (Fig. 1). This indicated .
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Fig. 3. Activity of recombinant and natural Der f | treated with class-specific irreversible protease inhibitors. The reaction was performed as that in

Fig. 2, except that recombinant and natural Der f 1 were used.

that the substrate specificity of the cysteine protease
associated activities was similar between recombinant
and commercial natural allergens.

Substrate specificity of serine protease associated activity
of commercial natural Der p 1 and Der f 1

The substrate specificity of commercial natural aller-
gens with DTT-independent activity (Fig. 1) was com-
pared with the previously described specificity of mite
serine proteases, except group 9 allergens, whose sub-
strate specificity was not well characterized, and was
found to be similar to the mite group 3 allergen Der f
3 but not to group 6 allergens (Fig. 4B, Boc-FSR-
MCA, Boc-VLK-MCA, Suc-AAPF-MCA, and Suc-
LLVY-MCA).

N-terminal sequencing of commercial natural Der p 1 and
Der [ 1

To determine the content of the serine protease with-
in the commercial natural allergens, they were subjected

to protein sequencing. N-terminal sequences for Der p 1
and Der f | were detected, but those for mite serine pro-
teases that belong to three groups, group 3, 6, and 9
allergens, were not detectable. This indicated that con-
tamination of mite serine proteases was minute if the
serine protease activity was mite-derived. However, it
was possible that isoforms of Der p 1 and Der f I exhib-
ited the serine protease activity [16]. Therefore, to deter-
mine whether the cysteine and serine protease activities
of the commercial natural allergens were from identical
molecular species or not, we next analyzed the commer-
cial natural allergens using size-exclusion column
chromatography.

Size-exclusion column chromatography of recombinant
and natural Der p 1 and Der [ 1

The peak activity against Boc-QAR-MCA, which
was used to detect cysteine protease activity in the pres-
ence of DTT, and that against Boc-QGR-MCA to de-
tect serine protease activity in the absence of DTT
were eluted into different fractions (Fig. 5, panels at

— 166 —



T. Takai et al. | Biochemical and Biophysical Research Communications 328 (2005) 944-952 949

A E
>
s 100
3 B Recombinant Der p 1-WT
2 80 A
= [0 Recombinant Der f1-WT
T 80
£ Natural Der p 1 {(commercial)
g 40 Natural Der f 1 (commercial)
&
- 20
e .
& W o .
fa} O 1 L A L
Substrate:  Boc-QAR-  Suc-LLVY-  Suc-AAA- Boc-FSR- Boc-QGR- Boc-VLK- Bz-R-MCA  Suc-AAPF-
MCA MCA MCA MCA MCA MCA MCA
B
DTT-independent relative activity (%)
Derp1 (DTT-) Derf1(DTT-)

Substrate (commercial) (commercial) Derf3 Derp 6 Derf6
Boc-QGR-MCA 135 120 n.d. nd. n.d.
Boc-FSR-MCA 100 100 100 0.7 2
Boc-VLK-MCA 55 47 58 0.2 1.2
Suc-AAPF-MCA 0.9 1.8 0 100 100
Suc-LLVY-MCA 0.2 0.7 o] 52 50
Suc-AAA-MCA 0 0.6 n.d. nd. nd.
Boc-QAR-MCA 46 45 n.d. nd. nd.
Bz-R-MCA 2.2 3.5 n.d. n.d. nd.

n.d.: not determined

Fig. 4. Substrate specificity associated with the protease activity of recombinant and commercial natural Der p 1 and Der f 1. (A) Comparison of the
specificity of cysteine protease activity. The activity for each substrate is shown as the relative DTT-dependent fluorescence intensity to that for the
substrate Boc-QAR-MCA. The DTT-dependent fluorescence intensity used was calculated by subtracting the intensity in the absence of DTT from
that in the presence of DTT. (B) Comparison of the specificity of serine protease activity. The activity for each substrate is shown as the relative DTT-
independent fluorescence intensity to that for the substrate Boc-FSR-MCA in commercial natural Der p 1 and Der f 1, and natural Der f 3; and for
Boc-AAPF-MCA in natural Der p 6 and Der f 6. The DTT-independent fluorescence intensity used was the intensity in the absence of DTT. The
values for natural Der f 3, Der p 6, and Der f 6 were obtained from a previous report [20].

the bottom). The peaks for the cysteine protease activity
of Der p 1-N52Q, Der f 1-N53Q, and the natural types
purified by the method of Yasueda et al. were eluted into
a fraction at an elution time equivalent to that associ-
ated with the cysteine protease activity of the commer-
cial natural allergens (Fig. 5, middle four panels).
Those for Der p 1-WT and Der f 1-WT were eluted ear-
lier reflecting their larger molecular sizes (Fig. S, panels
at the top). The shapes of protein—elution curves and
band density on SDS-PAGE of the eluted fractions
were correlated well with the sirength of the cysteine
protease activity [22] but not with that of the serine pro-
tease activity (data not shown). These results indicated
that the cysteine and serine protease activities associated
with the commercial natural allergens originated from
different molecular species and that the serine protease
had an apparent molecular size different from those of
Der p 1 and Der f 1.

Discussion

Several studies have found that cysteine and serine
protease activities are associated with affinity-purified
natural Der p 1 [11,16,17], and we obtained similar re-
sults using commercial natural Der p 1 and Der f 1.
However, recombinant Der p 1 and Der f 1, and natural

allergens purified by the method of Yasueda et al. only
exhibited cysteine protease activity (Figs. 1-3). We
showed that the substrate specificities of commercial
natural Der p 1 and Der f 1 are similar to those of re-
combinant forms for DTT-dependent cysteine protease
activity (Fig. 4A), and similar to that of a mite group
3 allergen Der f 3 for DTT-independent serine protease
activity (Fig. 4B). The cysteine and serine protease activ-
ities eluted into different fractions during size-exclusion
column chromatography (Fig. 5), indicating that these
different types of protease activity are due to different
molecular species. These results indicate that the major
house dust mite group 1 allergens have only cysteine
protease activity and that the serine protease activity de-
tected within some preparations of natural group 1 aller-
gens is due to contamination by serine protease with
similar substrate specificity to Der f 3.

Hewitt et al. [11] reported that natural Der p 1, which
was affinity-purified using a column coupled with murine
anti-Der p 1 monoclonal antibody (mAb), exhibited cys-
teine and serine protease activities even after further ac-
tive-site affinity purification using a thiol column. They
showed that different substrate specificities associated
with the cysteine and serine proteases are present using
insulin B chain as a model peptide [16]. Recently, Brown
et al. [17] reported similar results using two synthetic sub-
strates, Boc-QAR-MCA and Tosyl-Gly-Pro-Arg-MCA,;
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Fig. 5. Proteolytic activity associated with eluted fractions of
recombinant and natural Der p 1 and Der f | separated by size-
exclusion column chromatography. (A) Der p 1. (B) Der f 1. Eluted
fractions were subjected to the measurement of proteolytic activity
against the substrate Boc-QAR-MCA in the presence of DTT [QAR
(DTT+)] and against Boc-QGR-MCA in the absence of DTT [QGR
(DTT-)} The relative fluorescence intensity to the peak intensity for
Boc-QAR-MCA is shown.

and in the present study, we too observed similar behav-
ior using several synthetic substrates of commercial nat-,
ural Der p 1 and Der f 1, although the strength of the
serine protease activity varied by lot and manufacturers
(data not shown). Schulz et al. [26] and Brown et al.
[17] reported that the serine protease found within the
preparation of affinity-purified natural Der p 1 could
be removed by passing it through a column coupled with
soybean trypsin inhibitor (SBTI). However, whether
such serine protease activity is associated with the group
1 allergens or contamination by mite-derived serine pro-
teases [18-21] has not been clarified. We showed that re-
combinant Der p 1 and De f 1 purified by a simple
.method [22,23] and natural allergens purified by another
method which used many purification steps without
mADb and SBTI [25] exhibited only cysteine protease
activity. Furthermore, we indicated that the serine prote-
ases within commercial Der p 1 and Der f 1 have molec-
ular sizes different from that of the cysteine protease and

that their substrate specificities are similar to that of Der
f 3 but not to those of Der p 6 and Der f 6 [20]. Therefore,
the identity of the serine protease activity might be the
group 3 allergens. The larger molecular sizes of the peaks
associated with serine protease activity for commercial
group 1 allergens compared to those of the peaks associ-
ated with cysteine protease activity for size-exclusion col-
umn chromatography do not conflict with the higher
molecular weights of group 3 allergens Der p 3 and
Der f 3 compared to those of the group 1 allergens esti-
mated by SDS-PAGE [19,28].

Co-purification of serine protease activity with cys-
teine protease Der p 1 by both affinity purification using
the mAb-coupled column and active-site affinity purifi-
cation was reported by Hewitt et al. [11]. Possibilities
that the residual serine protease activity is due to insuf-
ficient column washing after loading of the extract to the
columns or that the serine protease have weak affinity
for column materials or the murine mAb used are not
to be excluded, as we have observed that some prepara-
tions of whole culture extracts of mites showed a much
higher proteolytic activity for serine protease activity
than cysteine protease activity. Der p 3 might bind to
the thiol column via Cysl2, which is predicted to be
an unpaired cysteine residue based on its homology with
trypsin proteins from various species [29].

The cysteine protease activity of Der p 1 is suggested
to be involved in the pathogenesis of allergy [7-15].
Mite-derived serine protease activity also has biological
activities including the ability to disrupt tight junctions
[30], stimulate bronchial epithelial cells by cleaving the
protease activated receptor-2 (PAR-2) [31], cleave an
intrinsic protease inhibitor, elafin [17], and produce ana-
phylatoxins by cleaving complement components [32].
Although we considered that the amount of the serine
proteases that contaminated the.commercial group 1
allergens was small because no peaks associated with
the group 3, 6, and 9 allergens were detected by protein
sequencing analysis, their activities were not negligible.
Therefore, recombinant Der p 1 and Der f 1, which
can be easily prepared and exhibit only cysteine protease
activity, will be useful for the accurate analysis of the
pathogenicity of the cysteine protease activity of the ma-
jor mite group 1 allergens, which are distinct from those
of mite serine proteases. Additionally, further analysis
of the contribution of serine protease activity including
that by the group 3 allergens, which could have signifi-
cant activities and different substrate specificities from
the major group 1 allergens [17], to the pathogenesis
of allergy may also be important.
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Background. Interkeukin-1 (IL-1) gene cluster poly-
morphisms that are thought to enhance the production
of IL-1B are associated with an increased risk of gastric
cancer. To determine the role of host genetic factors in
Helicobacter pylori infection, we examined the relation-
ship between gastric mucosal IL-1f levels and IL-1B
polymorphisms in patients with H. pylori infection.
Methods. Biopsy tissues obtained from 99 patients
were homogenized and gastric mucosal IL-1B levels
were measured by enzyme-linked immunosorbent assay
(ELISA). Single-base polymorphisms at positions =511
and -31 in IL-1B were analyzed. Results. The IL-1B
level in the antrum was significantly higher in genotype
I1-1B-511C/C than in H. pylori-negative patients (P <
0.05). The IL-1B polymorphism did not influence the
degree of gastric neutrophil and mononuclear cell
infiltration, or gastric atrophy. IL-1B levels in the
corpus, but not those in the antrum, correlated to the
severity of gastric atrophy. Conclusions. These findings
indicate that JL-1B polymorphisms enhance IL-1p pro-
duction in the antrum; however, other factors might
regulate the production of IL-1f in the corpus of the
stomach, regardless of IL-1B polymorphisms, and high
TL-1PB production may be associated with the grade of
gastric atrophy in the corpus mucosa in patients with
H. pylori infection.

Key words: H. pylori infection, mnterleukin-1B gene
polymorphisms, interleukin-1

Introduction

Helicobacter pylori is a spiral bacterium that colonizes
the human stomach.! H. pylori plays a critical role in the
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Reprint requests to: A. Takagi

pathogenesis of peptic ulcers and in the chronic inflam-
matory process, which may be linked to gastric cancer
and gastric lymphoma.?? However, why some patients
with H. pylori infection have only mild asymptomatic
gastritis, and why some develop peptic ulcers and gas-
tric cancer, remains unknown.

The key pathophysiological event in H. pylori infec-
tion is the initiation of an inflammatory response.
Cytokines have been suggested to mediate the mucosal
inflammation caused by H. pylori.* interleukin (IL)-1
is a potent proinflammatory cytokine and is upregulated
in the presence of H. pylori?® IL-1B is also a potent
inhibitor of gastric acid secretion.” The genes for IL-1o
and IL-1f, and the IL-1 receptor antagonist gene (IL-
IRN) are all located on the long arm of chromosome
2.89 Three diallelic polymorphisms in /L-1B have been
reported, all representing C-to-T base transitions at
positions =511, -31, and +3954.1 A penta-allelic poly-
morphism, consisting of a variable number of an 86-
base pair identical tandem repeat (VNTR), has also
been reported. An increase in both the frequency and
carriage rate of the less common allele 2 of /L-1RN has
been associated with increased frequency of several
inflammatory diseases.!! Recently, polymorphisms of
the IL-1B and IL-1RN genes were reported (o be asso-
ciated with gastric cancer risk.!?

To determine the role of host genetic factors in
H. pylori infection, we examined the relationship be-
tween gastric mucosal IL-18 levels and 71.-1B polymor-
phisms in patients with H. pylori infection.

Patients and methods

Subjects

Ninety-nine patients (M/F, 56/43; age range, 22-80
years; mean, S0 years) were examined. The study
was approved by the Tokai University Hospital Ethics
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Committee, and informed consent was obtained from
all patients. Six biopsy specimens were obtained. H.
pylori infection was diagnosed by histology and cultiva-
tion. Biopsy tissue obtained from the antrum and body
of the stomach were homogenized separately, and mu-
cosal IL-1B levels were then measured by enzyme-
linked immunosorbent assay (ELISA).

Determination of gene polymorphism

Peripheral blood samples were obtained from the 99
patients, and genomic DNA was then extracted, using a
DNA extraction kit (Takara, Otsu, Japan).

Polymorphism

Single-base polymorphisms at positions =511 and —31 in
the promoter region of IL-1B were analyzed by poly-
merase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP). The oligonucleotide primers
for the analysis of base —511 were 5-TGGCATTGAT
CTGGTTCATC-3" and 5-GTTTAGGAATCTITTCC
CACTT, while the primer pair for base —31 was 5’-
AGCTTCCACCAATACTCTTTTCCCCTTTCC-3’
and 5-TACACACAAAGAGGCAGAGAGACAGA
G-3. The PCR conditions were as follows: 94°C for
Smin, 35 cycles of 94°C for 1min, followed by 72°C for
1min, and finally 72°C for 7min. The PCR products
were digested at 37°C overnight, with Aval (Takara) for
analysis of base —511 and with Alul for base —31. The
products were then separated by 3% agarose gel elec-
trophoresis and stained with ethidium bromide.

Gastric mucosal 11-18 levels

Both antrum and corpus biopsy tissues were homog-
enized in 1ml! of phosphate-buffered saline (pH 7.4),
using a homogenizer, and then centrifuged at 1800 rpm
for 10min. The supernatants were kept at —20°C until the
assay. The IL-1p levels in the biopsy supernatants were
delermined using a sandwich-type IL-1f ELISA kit

Table 1. Genotype frequency according to disease presentation

(R&D Systems, Minneapolis, MN, USA). Protein con-
tent was determined using a Bio-Rad protein assay kit
(Bio-Rad Laboratories, Hercules, CA, USA). Results
were expressed as picograms per milligram protein.

Histological evaluation

The biopsy specimens from the antrum and corpus were
fixed in 10% buffered formalin. The extent of H. pylori
infection, neutrophil infiltration, mononuclear cell infil-
tration, and atrophy were assessed according to the
Updated Sydney System and scored from 0 to 3.8 A
pathologist assessed histological findings, and was
blinded to the information of gene polymorphisms.

Statistical analysis

The Mann-Whitney test was used to compare the data
with H. pylori infection levels. Multiple comparisons
were performed using the Kruskal-Wallis test, followed
by the Mann-Whitney U-test with Bonferroni correc-
tion. The relation between histological findings and the
production of IL-1f was assessed by Spearman’s rank
correlation coefficient.

Results

The genotype frequencies are listed in Table 1. The
frequencies of IL-1B-511C/C, C/T, and TT were 24/99,
53/99, and 22/99, respectively. The frequencies of IL-
1B-31C/C, C/T and T/T were 22/99, 53/99, and 24/99,
respectively. I1.-1B-31C/C was inversely associated with
IL-1B-511T/T. The mean age was not different among
the TL-1B gene polymorphism groups.

Gastric mucosal levels of IL-1

H. pylori was detected in 64 patients. The gastric mu-
cosal TL-18 levels in the corpus, but not those in the
antrum were significantly higher in H. pylori-positive

IL-1B-511
/T C/T c/C

Disease Number n n
Population studied 99 22 (22.2%) 53 (53.5%) 24 (24.2%)
Chronic gastrilis 39 9 19 11
Duodenal ulcer 12 3 7 2
Gastric ulcer 17 2 9 6
Gastric cancer 6 2 2 2
Gastric polyp 3 0 3 0
Gastric adenoma 3 0 3 0
Nonulcer dyspepsia 19 6 10 3
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Fig. 1A,B. Gastric mucosal interleukin-18 (JL-Ip) levels in
patients with Helicobacter pylori infection. A IL-1P levels in
the antrum. B TL-1j levels in the corpus
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Fig. 2A,B. Gastric mucosal IL-1B levels in the antrum A and
corpus B in relation to the genotypes at /1.-1B-511

patients than in H. pylori-negative patients (Fig.1).
No difference in TL-1f levels was observed between H.
pylori-negative patients and those who had undergone
successful eradication of H. pylori. In addition, no sig-
nificant difference was observed between IL-1f3 levels in
H. pylori-negative patients, regardless of IL.-1B poly-
morphism. The gastric mucosal IL-18 levels in the an-
trum were significantly higher in genotype IL-18-511C/
C than in H. pylori-negative patients (P < 0.05; Fig. 2).
In contrast, the IL-1p levels in the corpus were higher in
H. pylori-positive patients than in H. pylori-negative
patients, regardless of the /L-1B polymorphism.

Effects of 1L-1B-511 polymorphisn on gastritis and
atrophy scores

Histopathological grading of antral and corpus biopsies
was available for 87 of the 99 subjects with H. pylori
infection. The I1.-1B polymorphism had no influence on
the degree of gastric neutrophil and mononuclear cell
infiltration (Fig. 3). Furthermore, the polymorphism
had no effect on the density of H. pylori or gastric
atrophy.
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Fig. 3A-H. Median scores for histological gastritis in relation
to IL-1B genotypes. A H. pylori density, B neutrophil
infiltration, C mononuclear cell infiltration, and D atrophy
in the antrum. E H. pylori density, F neutrophil infiltration,
G mononuclear cell infiltration, and H atrophy in the corpus

IL-1B production and histological findings
(Figs. 4 and 5).

The mucosal levels of IL-1f in both the antrum and
corpus correlated with the density of H. pylori. The
mucosal levels of IL-1p in both the antrum and corpus
were higher in patients with severe neutrophil infilira-
tion than in those with no infiltration. The mucosal lev-
els of IL-1f in both the antrum and corpus were higher
in patients with severe mononuclear cell infiltration
than in patients with mild infiltration. The mucosal lev-
els of IL-1P in the corpus, but not those in the antrum,
were correlated with atrophy.

— 163 —



J. Xuan et al.: TL-18 gene polymorphism and TL-1f3 levels in gastric mucosa of H. pylori-infected patients

H. pylori density

Neutrophil infiltration

A
P=0.009 P=0.0021
o 120 100
a ﬁ 20 ]’
g oo g s 0
£ w1 - g w1
E. LB o] %
- (5 » o
= é S
° o 1 2 3 - ’ ¢ ! 2
N=29 18 28 n} 27 20 39
c Mononuclear cell infiltration D Atrophy
P=0.0177 P=0.8153
k] - =
N E4 80
B ] 8w
3 80
£ =] E s
g g 10 1
=] ;:£—| S
oo == g o
= :l 10
° 1 2 ¢ [ 1 2

34

52

1

45

30

Fig. 4A-D. Relationship between IL-1f and histological gas-
tritis in the antrum. A I pylori density, B ncutrophil in
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Discussion

On a global scale, gastric cancer remains the world’s
second most common malignancy. The discovery of
I1. pylori in the early 1980s has proved to be a turning
point in the understanding of this malignancy. It is
widely accepted that chronic H. pylori infection induces

799

hypochlorhydria and gastric atrophy, both of which
are precursors of gastric cancer. IL-1f is a potent
proinflammatory cytokine and is upregulated in the
presence of H. pyloris® We confirmed, in a review of
previous reports, that gastric mucosal IL-1f levels were
significantly higher in H. pylori-positive patients than
in-negative patients.*¢ In the present study, the mu-
cosal levels of IL-1B protein correlated significantly
with the density of H. pylori in both the antrum and
COrpus.

Recently, El-Omar et al.!? reported that IL-1B gene
polymorphisms (/L.-1B-511TT) and IL-1RN*2/2* were
associated with an increased risk of hypochlorhydria
and gastric cancer. Machado et al.'$ also reported that
carriers of IL-1B-511T and IL-IRN*2/2* had an in-
creased risk for developing intestinal-type gastric can-
cer, with odds ratios of 2.7 and 3.1, respectively.

In the present study, we confirmed previous data
showing that the 7L-1B-31C-to-T base transition was
inverted in association with the —511T-to-C base transi-
tion.'” The gastric mucosal IL-18 level in the antrum,
but not that in the corpus, was significantly higher in the
IL-1B-511C/C genotype than in H. pylori-negative pa-
tients (P < 0.05). The IL-1B polymorphism had no ef-
fect on the degree of gastric neutrophil or mononuclear
cell infiltration. Furthermore, the polymorphism did not
influence the density of H. pylori and gastric atrophy.
Our finding that gastric mucosal IL-1f levels were
higher in the /L-1B-511C/C genotype are not accord
with the finding of Hwang et al.'® that carriers of the T/
T genotype had significantly higher TL-1B levels than
carriers of the C/T genotype and those of the C/C geno-
type. The reason for this difference is unclear, although
one possible explanation is a difference in the composi-
tion of the two study populations. Unlike the present
study, their study cohort included 19 patients with gas-
tric carcinoma and 34 patients with duodenal ulcer. Be-
cause patients with duodenal ulcer may have high acid
secretion, the grade of corpus gastritis and cytokine
production may be mild in patients with duodenal ul-
cers. The possibility of a type-II error in our study can-
not be excluded, because of the small sample number;
however, recently, Rad et al.® reported that gastric
mucosal IL-18 levels, measured by quantitative reverse
transcription (RT)-PCR were not different between I1.-
1B-511C/C and T groups.

Furthermore, conflicting data have been reported re-
garding the association between I1.-1 B polymorphisms
and gastric cancer risk in the Japanese population. Se-
vere corpus inflammation and atrophy are associated
with a reduction in the pepsinogen (PG) T level and in
the PG I/II ratio. In the present study, /1.-15 polymor-
phisms had no effect on either histological gastritis or
gastric atrophy. Furuta et al.® reported that the median
serum PGI/II ratio was significantly lower in H. pylori-
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infected subjects with the /L-IB T/T genotype com-
pared with those with the C/T or C/C genotypes. They
also showed that histologically severe inflammation in
both the corpus and antrum was more common with the
T/T or C/T genotypes than with the C/C genotype. In
contrast, Matsukura et al.?* analyzed the polymorphisms
in Japanese, Chinese, Thai, and Vietnamese patients,
and found that the /L-7 B polymorphisms did not differ
among the four populations, but that in patients with
severe mucosal atrophy, the C/C polymorphism was
dominant in the Japanese population, whereas the T/T
+ T/C polymorphisms were dominant in the Chinese
population. The compositions of the patient popula-
tions may explain this difference. Further analysis of
chronic gastritis, separate from that of duodenal ulcers
is required.

Furthermore, Kato et al.?? reported no association
between IL-1B specific genotypes and gastric cancer in
a Japanese population. This difference from the results
reported by El-Omar may be explained by the differ-
ence in the haplotype frequencies of /L-1B and IL-1RN
gene polymorphisms between the Japanese population
and Western populations. Sanltila et al.? found that the
IL-1RN#*2 allele was associated with increased in vitro
production of 1L-1B. Machado et al.!é reported that the
frequencies of the JL-1RN*2 allele in their controls and
gastric cancer subjects were 20/220 and 24/152, respec-
tively. In contrast, Hamajima et al.”” reported that the
frequency of 7L-1RN2*2* was 1/241 in Japanese sub-
jects. Thus, IL-1RN may play a more important role in
the development of gastric cancer in Western countries
than in Japan.

A recent prospective study by Uemura et al. showed
that gastric cancer developed in 36 of 1246 H. pylori-
infected patients but in none of the 280 uninfected pa-
tients. They also reported that, among patients with
H. pylori infection, those with severe gastric atrophy,
corpus-predominant gastritis, and intestinal metaplasia
were at a higher risk for gastric cancer. Suppression of
acid secretion leads to H. pylori redistribution to the
corpus, and, hence, gastric atrophy.” Because IL-1B is a
potent inhibitor of gastric acid secretion, IL-1f produc-
tion may be enhanced through the redistribution of H.
pylori. In the present study, we showed that gastric IL-
1B levels correlated with gastric atrophy in the corpus,
regardless of IL-IB polymorphisms. These data sug-
gested that other factors might regulate the production
of IL-1B in the corpus of the stomach, independent of
IL-1B polymorphisms. These findings provide further
evidence of the lack of association between an IL-1B
specific genotype and gastric cancer in the Japanese
population.

In conclusion, IL-1B polymorphisms enhanced IL-1
production in the antrum; however, IL-18 production in
the corpus was independent of JL-1B polymorphisms.

These data suggested that other factors might regulate
the production of IL-1§ in the corpus of the stomach,
regardless of /L.-1B polymorphisms and high IL-1f pro-
duction may be associated with the grade of gastric
atrophy in the corpus mucosa in people with H.pylori
infection.
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Human flora-associated (HFA) mice have been considered a tool for studying the ecology and metabolism of
intestinal bacteria in humans, although they have some limitations as a model. Shifts in dominant species of
microbiota in HFA mice after the administration of human intestinal microbiota was revealed by 16S rRNA
gene sequence and terminal restriction fragment length polymorphism (T-RFLP) analyses. Characteristic
terminal restriction fragments (T-RFs) were quantified as the proportion of total peak area of all T-RFs. Only
the proportion of the T-RF peak at bp 366, identified as the Gammmaproteobacteria group and the family
Coriobacteriaceae, was reduced in this study. Increased T-RFs over time at bp 56, 184, and 196 were affiliated
with the Clostridium group. However, most of the isolated bacteria with unique population shifts were phylo-
types. The vertical transmission of the intestinal microbiota of the mouse offspring was also investigated by
dendrogram analysis derived from the similarity of T-RFLP patterns among samples. As a result, the intestinal
microbiota of HFA mice and their offspring reflected the composition of individual human intestinal bacteria
with some modifications. Moreover, we revealed that human-derived lactobacilli (HDL), which have been
considered difficult to colonize in the HFA mouse intestine in previous studies based on culture methods, could
be detected in the HFA mouse intestine by using a lactic acid bacterium-specific primer and HDL-specific
primers. Our results indicate that the intestinal microbiota of HFA mice represents a limited sample of

bacteria from the human source and are selected by unknown interactions between the host and bacteria.

Intestinal microbiota is composed of many kinds of bacleria.
These indigenous intestinal bacteria play an important role in
the health and disease of hosts, including nutrition, host im-
munity, and carcinogenesis. Experimental animal studies are
indispensable when formulating basic concepts of the micro-
bial ecology in the intestinal tracts of humans. However, the
intestinal microbiota in experimental animals is quite different
in composition from that in humans (23, 31). A recent study
revealed the existence of many unidentified microorganisms,
including some bacteria specific to the mousc intestine, by
molecular techniques (2, 17, 35). Therefore, data obtained in
animal experiments cannot be directly applied to humans.

Human flora-associated (HFA) mice have been considered a
tool for studying the ecology and metabolism of human intes-
tinal bacteria (6, 7, 30), although they have some limitations as
a model (12). These limitations include differences in enzyme
activity, concentrations of putrefactive products, and immunolog-
ical activation by the composition of fecal bacteria (13, 15). Pre-
vious studies reported that 60% to 80% of the observable bacteria
in human intestines could not be cultivated (10, 37). These limi-
tations may therefore be caused by composition differences in
microbiota of intestinal contents between humans and HFA mice.
However, there are few reports about the use of molecular tech-
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niques with HFA mice or rats to determine the composition of
microbiota including unidentified bacteria (5, 7, 15).

The genera Lactobacillus and Bifidobacterium are well
known as bencficial bacteria for probiotics. These bacteria
derived from humans seem to hardly colonize in the mouse
intestine (12, 28, 41). In particular, it has been reported that
lactobacilli have strong host specificity (24, 19, 39). The possi-
bility has been considered that this phenomenon is caused by a
difference in physiological condition and balance of microbes
between humans and mice, but this has not been clarificd.

In this study, 16S rRNA gene sequence and terminal restric-
tion fragment length polymorphism (T-RFLP) analyses were
used to reveal the shifts in the dominant bacteria of the intes-
tinal microbiota in HFA mice after the administration of hu-
man fecal specimens. T-RFLP analysis is a useful molecular
approach for the rapid assessment and comparison of diverse
complex bacterial communities, such as those in soil, feces, and
oral microbiota (20, 32, 33, 34). The horizontal transmission of
intestinal microbiota in their offspring was also investigated.
Moreover, lactobacilli were characterized, and the human-de-
rived lactobacilli (HDL) were screened and detected in the
intestines of HFA mice by use of genus-specific and the HDL-
specific primers. This report provides new information regard-
ing the intestinal microbiota of HFA mice.

MATERIALS AND METHODS

Animals. Germfree BALB/c mice, from the Department of Infectious Dis-
eases, Tokai University School of Medicine, Kanagawa, Japan, were used in all
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