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Abstract Diffuse panbronchiolitis (DPB) is a distinctive
chronic inflammatory lung disease predominantly found in
Asian populations. Although its etiology is unknown, DPB
is considered to be a multifactorial disease of whose suscep-
tibility is determined by genetic predisposition unique to
Asians. We and others have previously reported that the
B*5401 allele of the human leukocyte antigen (HLA)-B
gene or a closely linked gene in the HLA region on 6p21.3
is one of the major genetic factors in susceptibility to this
disease . However, the association with B*5401 is not abso-
lute and the contribution of other genetic or environmental
factors should also be considered. Here, four candidate
genes that are postulated to play a role in the pathophysiol-
ogy of DPB, namely, RON-kinase, CYP3A4, motilin, and
interleukin (IL)-8, were chosen, and association studies be-
tween microsatellite markers at these loci and DPB were
conducted. We demonstrated the presence of a specific al-
lele at the IL-8 locus was associated with the disease (c2 =
9.13; P = 0.0025; corrected P [Pc] < 0.05). Although further
studies are needed to examine whether neutrophil accumu-
lation in the airways of patients with DPB is controlled by a
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possible genetic variation of IL-8 or other chemokine genes
located in the region 4q12-q13, our data suggest that genes
other than those of the HLA system may also contribute to
a genetic predisposition to DPB.
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Introduction

Diffuse panbronchiolitis (DPB) is a distinctive chronic in-
flammatory airway disease of unknown etiology (Homma
et al. 1983; Corne 1996) that affects both the upper and
lower respiratory tract. Patients present with a history of
chronic cough, sputum production, and dyspnea on exertion
and almost always give a long history of sinusitis. Since
DPB was first described in Japan, many cases have been
reported in East Asians, including Chinese and Koreans
(Kim et al. 1992). Sporadic familial cases have also been
noted (Suzuki et al. 1981). In non-Asian populations, how-
ever, only a limited number of patients are known
(Fitzgerald et al. 1996).

Pathologically, the disease is characterized by inflamma-
tory lesions with infiltration of lymphoid cells and foamy
macrophages around respiratory bronchioles. In the
bronchoalveolar lavage fluid of pacients with DPB, accu-
mulation of neutrophils in parallel with increased neutro-
phil chemotactic activity has been well described (Ichikawa
et al. 1990; Kadota et al. 1993). Recently, the prognosis of
the disease has been improved dramatically by low-dose
erythromycin therapy (Kudoh et al. 1998), the effect of
which is attributed to its anti-inflammatory action (Kadota
et al. 1993; Koyama and Gaddes. 1997).

Previously, we and others reported that the human leu-
kocyte (HLA)-B*5401 allele encoding the B54 class I anti-
gen unique to East Asians was strongly associated with the
disease (Sugiyama et al. 1990; Keicho et al. 1998), whereas
HLA-B44 showed negative association with the disease.
Although these results suggest that DPB is influenced by
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genetic factors mapped within the HLA region on the sixth
chromosome 6p21.3, the contribution of other genetic or
environmental factors should also be taken into account, as
the B*5401 and its related alleles were found in only a half
of the patients.

In the present study, we investigated four candidate
genes whose products are implicated in the airway inflam-
mation of DPB or the non-antimicrobial effects of erythro-
mycin. As suggested above, chronic inflammation in the
airway or the action of erythromycin on the host may be a
key to elucidate the disease mechanism of DPB. We se-
lected the following four candidate genes for these reasons.
(1) Interleukin (IL)-8, as it is a major component of neutro-
phil chemotactic activity in the airway. Elevation of IL-8
concentrations in the airways of patients with DPB has
been reported (Sakito et al. 1996). (2) CYP3A4, a member
of the cytochrome P450 family, is inducible by erythromycin
and its catalytic activity plays a central role in the oxidative
metabolism of both endogenous and exogenous compounds
in humans (Hashimoto et al. 1993). (3) RON-kinase, a
receptor for macrophage stimulating protein, is expressed
on the apical surface of ciliated airway epithelium and its
major role in the airway appears to be in activating the
mucociliary transport system (Sakamoto et al. 1997). In an
earlier report, impaired mucociliary function was demon-
strated in two patients with DPB (Amitani et al. 1988). (4)
Motilin is known as an enteric hormone, although expres-
sion of its gene has been demonstrated in bronchial as well
as in intestinal cells (Gasparini et al. 1994). Interestingly,
erythromycin has been shown to occupy the motilin recep-
tor and mimic its action (Kondo et al. 1988).

Subjects and methods

Subjects

Eighty-five Japanese patients with DPB at Toranomon
Hospital, Tenri Hospital or Nippon Medical School Hospi-
tal fulfilled the diagnostic criteria described elsewhere
(Keicho et al. 1998) and participated in this study. The
normal controls here were 88 Japanese volunteers.

Analysis of microsatellite markers at the candidate loci

Genomic DNA was extracted from whole blood samples
(Wang et al. 1994). Microsatellite markers tested were
determined as follows; for IL-8, the marker D4S2641, lo-
cated on the IL-8-harboring YAC clones 752d11/902a10,
was used to represent this locus; for CYP3A4, the marker
D7S52432, located on the CYP3A4-harboring YAC clones
783b4/808f3, was used; for RON kinase, the marker
D3S1448, located on the YAC clone harboring MST1R
encoding RON kinase was used; for motilin, the marker
D6S248, located on the motilin-harboring YAC clones
788e2/844d9, was used.

Microsatellites were amplified by PCR with **P-labeled

primers, according to the published amplification condi-
tions (http://gdbwww.gdb.org/). The alleles were separated
on a 0.2-mm-thick, 6% denaturing polyacrylamide gel and
dried by heat gel dryer, and radiolabeled bands were visu-
alized by autoradiography. The alleles (A1-A8) number
reported in Results represents the relative size of the alleles.

Statistical analysis

Disease association was assessed by the X’ test. Corrected P
values (Pc), (i. e., P values multiplied by the number of
comparisons made) were calculated. Pc values less than
0.05 were considered significant.

Results

Microsatellite markers at the four candidate genes encoding
motilin, CYP3A4, RON-kinase, and IL-8 were analyzed.
The allele frequencies of each marker were compared be-
tween the patients and control subjects.

As shown in Tables 1 to 4, microsatellites at the
CYP3A4, RON-kinase, motilin, and IL-8 loci, respectivly,
exhibited 8, 7,9, and 11 alleles, respectively in the Japanese
population examined. Although polymorphisms at the
CYP3A4, RON-kinase, and motilin loci did not show sig-
nificant associations with the occurence of DPB, a definite

Table 1 Allele frequencies of a polymorphism at the CYP3A4 locus
in DPB

D752432  Allele Chromosome Chromosome  Statistical
alleles size no. in DPB no. in controls significance
(bp) (n=164) (n=176)

Al 133 1 1 NS
A2 131 3 3 NS
A3 129 5 9 NS
A4 127 104 101 NS
AS 125 28 37 NS
A6 123 20 19 NS
A7 121 2 4 NS
A8 119 0 1 NS

DPB, Diffuse panbronchiolitis; NS, not significant

Table 2 Allele frequencies of a polymorphism at the RON-kinase
locus in DPB

D3S1448 Allele Chromosome Chromosome  Statistical
alleles size no. in DPB in controls significance
(bp) (n=85) (n=172)

Al 204 2 3 NS

A2 202 5 6 NS

A3 200 13 11 NS

A4 198 21 20 NS

AS 196 99 121 NS

A6 194 18 12 NS

A7 192 11 3 NS




Table 3 Allele frequencies of a polymorphism at the motilin locus in
DPB

D6S248  Allele Chromosome Chromosome — Statistical
alleles size no. in DPB no. in controls  significance
(bp) (n=164) (n=176)

Al 287 0 1 NS
A2 285 55 44 NS
A3 283 21 15 NS
A4 281 24 31 NS
AS 279 2 9 NS
A6 277 15 15 NS
A7 275 1 3 NS
A8 273 39 48 NS
A9 271 5 10 NS

Table 4 Allele frequencies of a polymorphism at the IL-8 locus in
DPB

DA4S2641  Allele Chromosome Chromosome  Statistical
alleles size no. in DPB no. in controls  significance
(bp) (n=144) (n=172)

Al 293 2 0 NS
A2 289 89 77 Pc < 0.05%
A3 285 16 20 NS
Ad 281 0 1 NS
AS 277 25 26 NS
A6 273 3 8 NS
A7 269 3 15 NS
A8 265 6 16 NS
A9 261 0 7 NS
A10 257 0 1 NS
All 253 0 1 NS

* The frequency of the A2 allele was significantly increased in DPB
patients
IL-8, Interleukin 8; Pc, corrected P value; see text for explanation

association between the microsatellite at the IL-8 locus and
the disease was demonstrated (Table 4). Allele 2 of this
polymorphism was present in 62% of the DPB patient
group and in 45% of the control group (X* = 9.13; P = 0.0025,
Pc < 0.05).

Discussion

To examine genes for susceptibility to DPB, we analyzed
four candidate genes. Of these examined candidates, allele
2 of the microsatellite polymorphism at the IL-8 locus
showed a positive association with the disease. As the
microsatellite and the IL8 locus are located on the same
YAC clone, allele 2 of the polymorphism may be in linkage
disequilibrium with etiological variation of the IL-8 gene,
and such a variation of the IL-8 gene could be involved in
susceptibility to the disease. On the other hand, the contri-
bution of the other genes tested cannot be excluded, be-
cause specific alleles in the adjacent markers may not be in
strong linkage disequilibrium with allelic variants, and they
thus escape detection by the disease association method.
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It is not known whether there is a possible variant of IL-
8 gene affecting its own activity or expression. So far, no
polymorphism has been reported within the promoter or
coding sequence of human IL-8 gene. However, neutrophil
accumulation in the airway lumen is one of the most charac-
teristic findings in DPB (Homma et al. 1983). Neutrophil
chemotactic activity including IL-8 is increased in the air-
way of patients with DPB and suppressed after low-dose
erythromycin therapy (Kadota et al. 1993; Sakito et al.
1996). Therefore, when we consider genetic predisposition
in patients with DPB, a gene causing excessive neutrophil
accumulation in the airway could be a candidate for a dis-
ease susceptibility gene.

In a narrow region of 4q12-13, i.e., less than 2 Mb on the
long arm of chromosome 4, a cluster of genes encoding the
chemokines including IL-8, have been mapped (Tunnacliffe
et al. 1992; Modi et al. 1998). The members of this cluster
include GRO1, GRO2 (also known as MIP-2a), GRO3, and
SCYBS, encoding ENA-78. Interestingly, their gene prod-
ucts also primarily mediate the migration of neutrophils. It
is likely that these genes are derived through tandem gene
duplication from a common ancestral gene, presumably lo-
cated on human chromosome 4 (Modi et al. 1998). There-
fore, one of these chemokines located in the narrow region
of 4q12-13 may well be in linkage disequilibrium with the
relevant allele of the polymorphism associated with DPB.
Such a gene may turn out to be responsible for the regula-
tion of neutrophil accumulation in DPB. In future studies,
we should further examine 4q12-q13 as well as HLA regions
at 6p21.3 to identify unknown DPB susceptibility genes.
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