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HLA class |l DPB1, DQA1, DQB1,
and DRB1 genotypic associations with

occupational allergic cough to

Bunashimeji mushroom

Abstract: We previously reported that two-third of workers in a Bunashimeji
mushroom (Hypsizigus marmoreus) farm complained of respiratory allergic
symptoms, but one-third workers did not suffer from such symptoms even
when working for a long period. CD4™ T-helper (Th) cells increased, and Th2/
Th1 ratio increased in the allergic workers. To address these immunological
backgrounds, we have investigated whether there is any relationship between
mushroom allergy and human leukocyte antigen (HLA) class II alleles of
DPB1, DQA1, DQBI1, and DRBL1 by using the polymerase chain reaction-
restriction fragment length polymorphism (RFLP) and sequencing-based
typing methods. We observed that the allele frequencies of DQA1*0103,
DQB1*#0601, and DRB1*0803 were significantly higher in the workers having
no allergic symptoms than allergic workers (DQA1*0103: 57 vs 25%,
DQB1*#0601: 49 vs 14%, and DRB1*0803: 29 vs 0%). However, this
phenomenon was not seen in workers producing another kind of mushroom,
Honshimeji (Lyophyllum aggregatum). The HLA-DRB1*0803 allele alone, the
DRB1*0803, DQA1*0103, DQB1*0601 haplotype, or both were negatively
associated with allergy to Bunashimeji, and these alleles might be involved in
the prevention of Bunashimeji mushroom-specific respiratory allergy.

Recently, respiratory and allergic diseases associated with exposure
to some mushroom spores have been reported (1-6). Bunashimeji
mushroom (Hypsizigus marmoreus) and Honshimeji (Lyophyllum
aggregatum) are common edible mushrooms in Japan. These
mushrooms are intensively cultivated in windowless rooms under
high temperature and humidity in all seasons. When it is fully grown,
the cultivating, harvesting, and packing rooms are filled with the
mushroom spores, because the mushroom is ‘open’ at the very early
stage, releasing the spores well before harvest. The diameter of the
mushroom spore is 4-6 um, and they can easily reach the alveoli of
the lung. We previously reported hypersensitivity pneumonitis
caused by Bunashimeji mushroom spore (7) and demonstrated two-
third of workers complaining of severe allergic cough (>8 weeks) in
the 2-year follow-up cross-sectional study (8). We also indicated that
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peripheral blood mononuclear cells, natural killer (NK) cells, and
natural killer T (NKT) cells were significantly increased in the work-
ers as compared with controls. Increases in CD4" T cells, T-helper 2
(Th2) cells, Th2/1 ratio, and serum IL-13 levels and a decrease of
serum IFN-y were also found in the workers (9). On the other hand,
one-third of the workers exposed to mushroom antigens had no
allergic symptoms. From these backgrounds, individual susceptibil-
ity such as genetic factors to these allergic symptoms may exist other
than environmental factors. In this respect, human leukocyte antigen
(HLA) class II molecules are likely candidates for controlling the
immune response to allergens. To address these immunological back-
grounds, we have investigated whether there is any relationship
between mushroom allergy and HLA class II genetic polymorphism

in workers who are cultivating two different mushrooms.

Materials and methods
Subjects

A total of 164 workers were enrolled in this study. All subjects were
working in cultivating or harvesting rooms in Bunashimeji or Hon-
shimeji mushroom farm, and no workers had worked in another
mushroom farm before. At first, a self-administered questionnaire
asked for information of sex, age, smoking habits, previous allergic
disorders, use of mask at work, duration of working at each mush-
room farm, presence or absence of work-related cough, sputum,
dyspnea, and time to onset of any symptoms.

Among 83 workers in a Bunashimeji mushroom farm, 12 with
history of allergic disorders were excluded. Thus, we finally studied
71 workers (36 symptomatic, 35 asymptomatic). Symptomatic work-
ers showed delayed hypersensitivity type of allergic symptoms,
which occurred after work. All the subjects were unrelated Japanese
(Wajin) living in Hokkaido located in the northernmost part of Japan.

Among 81 in a Honshimeji mushroom factory, 24 with other
allergic disease were excluded. Thus 57 workers (35 symptomatic,
22 asymptomatic) were finally analyzed. All the subjects were also
unrelated Japanese living in Nagano located in the center of Honshu
island.

The subjects are defined as atopic when they have positive result
for one or more of following 12 common antigens tested by the
common kit (CAP Phadiatope FEIA, Pharmacia, Upjohn, Uppsala,
Sweden); for mite (Dermatophagoides farinae, Dermatophagoides
pteromyssinus), cat hair, dog hair, cymodon, orchard grass, regweed,
mugwort, white birch, Japanese cedar, Candida, and Alternalia.

For detecting serum IgE antibody binding to Bunashimeji mush-
room antigens, Western blotting using anti-IgE antibody was
Results  of

performed in allergic and non-allergic workers.
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immunoblotting analysis of sera revealed IgE-binding proteins
with molecular weights of about 30kD in allergic workers in
Bunashimeji mushroom farm. But these proteins were not identified
in the sera from non-allergic subjects.

Methods

Blood samples were obtained from all the workers. Serum samples
for immunologic studies were separated by centrifugation and stored
at —80 °C until use. Genomic DNA was extracted from the peripheral
blood leukocytes. Total serum IgE was measured in the 71 workers
by the fluorescence enzymeimmunoassay method (UniCap Total IgE
Diagnostic; Pharmacia).

This study was conducted with informed consent obtained from
all the workers and approval by the ethics committee of Sapporo
Medical University School of Medicine, Tokai University School of
Medicine, and Shinshu University School of Medicine.

HLA typing

We performed DNA typing of HLA class II genes (HLA-DP, HLA-DQ
and HLA-DR) in the workers with polymerase chain reaction using
restriction fragment length polymorphism (PCR-RFLP) (10). In brief,
extracted genomic DNA (100 ng) was amplified with each of 20 pm
forward and reverse primer pairs by the PCR procedure with 2 units
of Taq DNA polymerase. After amplification, aliquots (7 ul) of the
reaction mixture were digested with 2 units of each reaction endonu-
clease for 3h after addition of appropriate incubation buffer. Digested
products were electrophoresed on 12% polyacrylamide gels and
detected by staining with ethidium bromide.

As a supplementary method for any significant HLA alleles, sequen-
cing-based typing (SBT) was also employed by using the BigDyeTM
Terminator Sequencing-Based Typing Kit, (Applied Biosystems,
Foster city, CA). Briefly, at first, extracted genomic DNA (25ng) was
amplified with the specific PCR primer mixes (i.e, 11 PCR primer
mixes; DR1, DR2, DR3/11/6, DR4, DR7, DR8/12, DR9, DR10, DRB3,
DRB4, DRB5 for DRB typing) with 0.3 units of Taq DNA polymerase
for low resolution sequence-specific primer (SSP)-PCR typing. Sec-
ondly, the positive amplification reactions from the SSP-PCR were
used as sequencing templates to obtain high-resolution allele typing
information. Finally the procedure for allele determination was per-
formed using the MATCHTOOLS software and the MTNAVIGATOR software.

Statistical analysis

Phenotypic frequencies of HLA alleles were compared between the

symptomatic workers’ group and asymptomatic workers’ group by



the x? test and the Fisher exact test with 2x 2 contingency
tables. The corrected P values (Pc) were obtained by multiplying
the P values by the number of comparisons made (i.e., x50 for
DRBI alleles at allelic level). The level of significance was set at
0.05.

Results
Population

Comparing all the workers investigated for HLA class II alleles, in
the plant producing Bunashimeji mushroom in Hokkaido to all the
workers in Honshimeji mushroom in Nagano, a significantly higher
frequency of females in the group of the workers producing Buna-
shimeji mushroom (100 vs 81%, P=0.00012) was observed. Also, a
significant difference was found for age of the workers (41.9 +13.7
for the workers in Hokkaido vs 56.2 4+ 9.8 for the workers in Nagano,
P=0.00996). Furthermore, significant differences between Hokkaido
and Nagano were noted in the frequencies of smoking and mask
wearing (smoking: 35% for the workers in Hokkaido vs 7% for the
workers in Nagano, P= 0.00010; mask wearing: 85% for the workers
in Hokkaido vs 33% for the workers in Nagano, P < 0.000001) (Table 1).

When each group of the workers was compared between allergic
and non-allergic ones, no significant differences in sex, age, smoking,
wearing mask and total serum IgE, except for atopy (48% for
the allergic workers to Bunashimeji mushroom vs 25% for the
non-allergic workers to Bunashimeji mushroom, P=0.0146), and
duration of working (66.8 + 24.2 months for the allergic workers to
Honshimeji mushroom vs 49.8 +20.7 months for the non-allergic
workers to Honshimeji mushroom, P=0.01319) were observed
(Table 2).

Typing of HLA-DPB1, DQA1, DQB1, and DRB1
Bunashimeji mushroom

HLA class II alleles in the allergic and non-allergic workers were
defined by the PCR-RFLP method.

Distribution of DPB1 alleles. No significant difference was found
in the distribution of DPBI1 alleles between the allergic workers and
the non-allergic workers (data not shown).

Distribution of DQAI alleles. As summarized in Table 3, the fre-
quency of the DQA1*0103 allele was highly increased in the non-
allergic workers when compared with the allergic workers
(Pc=0.04558).

Suzuki et al: HLA genotypic associations with mushroom allergy

Characteristics of workers, and comparison between Hokkaido and Nagano

Workers in Workers in
Hokkaido Nagano
(n=T71) (n=57) P
Mushroom species Bunashimeji Honshimeji
cultivated (Hypsizigus (Lyophyllum
marmoreus) aggregatum)
Sex (female/male) 71/0 (100) 46/11 (81) 0.00012
(female %)
Age (years) 41.94+13.7° 56.2+9.8° 0.00996
(20-61") (31-70P)
Smoking (current or 25/71 (35) 4/57 (7) 0.00010
former) (%)
Mask wearing 60/71 (85) 19/57 (33) <0.00001

during work (%)

®Mean + SD.
PRange.
Fisher test for categorical variables and Student t test for continuous variables when required.

Table 1

Distribution of DQBI alleles. The distribution of DQB1 alleles
among the workers is summarized in Table 4. The frequency of the
HLA-DQB1*0601 allele was significantly increased (Pc = 0.02423) in
the non-allergic workers (49%) when compared with the allergic
workers (14%).

Distribution of DRBI alleles. As summarized in Tableb, the fre-
quency of HLA-DRB1*0803 was significantly elevated (Pc = 0.01988)
in the non-allergic workers (29%) when compared with the allergic
workers (0%). This DRBI1 allele determination by PCR-RFLP was
confirmed by using the SBT method (BigDyeTM Terminator
Sequencing-Based Typing Kit, Applied Biosystems).

Honshimeji mushroom

In comparison with the DPB1, DQBI1, and DRBI1 allele frequencies
determined by PCR-RFLP, no significant difference was found
between the non-allergic and allergic workers. The frequency of
DQA1*03 in the non-allergic workers was decreased (P =0.04983)
however, the difference did not reach the significant level after
P-value correction (Tables 3-5).

Discussion

In this study, we found that the non-allergic workers in the Buna-
shimeji mushroom farm in Hokkaido were associated with HLA class
1T alleles, DQA1*0103, DQB1*0601 (DQ6), and DRB1*0803 (DRS).

Tissue Antigens 2005: 65: 459-466 461
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Characteristics of workers, and comparison between Hokkaido and Nagano

Workers in Hokkaido (Bunashimeji)

Workers in Nagano (Honshimeji)

Allergic (n=36) Non-allergic (n=35) P Allergic (n=35) Non-allergic (n=22) P
Sex (female/male ) 36/0 35/0 NS 27/8 19/3 NS
Age (years) 44.2 +11.8% (20-61°) 41.54+19.1°% (18-61°) NS 58.1+8.3% (39-72°) 53.04£11.2% (31-70°) NS
Duraton of working (months) 58.1 + 38.8% (13-106") 43.54+29.5% (13-106°) NS 66.8+24.2° (18-168°)  49.94+20.7% 6-72° 0.01319
Smoking (current or former) (%) 15/36 (42) 10/35 (80) NS 2/35 (6) 2/22 (8) NS
Mask wearing during work (%) 32/36 (89) 28/35 (80) NS 12/35 (34) 7/22 (32) NS
Total serum IgE (IU/ml) 157.4+£199.9 131.1+343.3 NS ND ND
Atopy (%) 14/25 (48) 6/24 (25) 0.0146 ND ND
Onset of symptoms (months) 2.8+2.12 (1-6°) - 14.4 +24.6% (1-120°) -
Cough (%) 32/36 (89) 0/35 (0) 25/35 (71) 0/22 (0)
Sputum (%) 7/36 (19) 0/35 (0) 25/35 (71) 0/22 (0)
Dyspnea (%) 6/36 (17) 0/35 (0) 2/35 (6) 0/22 (0)

NS, not significant; ND, not done.

®Mean + SD.

°Range.

°Fisher test for categorical variables and Student t test for continuous variables when required.

Table2

From these results, two possible explanations are considered; 1) HLA
phenotype may influence directly preventing of the Bunashimeji
mushroom allergy through possible different interactions between
the HLA class II molecules and the spore allergens; 2) other gene(s)
(non-HLA gene) controlling the T-cell response of mushroom allergy
could be in linkage disequilibrium with HLA class II markers and be
maintained in the population depending in the history of recombina-
tion events. We did not analyze the second hypothesis in this study.
However, it has been recently reported that the HLA class II region is
making the second hypothesis very unlikely (11). It was referred that
CD4/8 ratios have genetic regulation in humans (12). When consider-
ing the first hypothesis, it is well known that in Japanese subjects
(Wajin) a strong linkage disequilibrium exists, mainly between
DRB1*0803, DQA1*0103, and DQB1*0601 (13). But in Japanese,
DQB1*0601 is similarly known to be in a strong linkage disequili-
brium with DRB1*1502 (DR2/15) (13). In this study, the allele fre-
quencies of DQB1¥0601 and DRB1*0803 were significantly higher in
the non-allergic workers than in the allergic workers, but not true for
DRB1*1502 in the Hokkaido farm. If DQB1*0601 is a directly asso-
ciative allele, both the allele frequencies of DRB1*0803 and *1502
should be elevated in the non-allergic workers due to linkage dis-
equilibria. It is suggested that the DRB1*0803 (DR8) allele alone, the
DRB1*0803, DQA1*0103, DQB1*0601 haplotype, or both are
strongly associated with the inhibition of Bunashimeji mushroom
allergy. Negative associations between HLA-DR alleles and allergic
diseases have been reported for associations between DR15 and
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gelatin allergy (14), between DR4 and mountain cedar pollinosis (15),
and between DR4 and bee venom allergy (16). But the immunological
mechanism underlying the negative associations between DR and
allergic diseases has not been defined in detail. It is reported that the
immune response to Japanese cedar is regulated by the HLA-DQ
locus controlling suppressor activity, and that this suppression can
be eliminated i vitro, through depletion of CD8-bearing lymphocytes
(17-19). Furthermore, the recent study by Matsuoka et al. (20) demon-
strated that DR-restricted T cells which were reactive with mite
antigens exhibited a higher IFN-y/IL-4 ratio than DQ- or DP-
restricted T cells. It has been also speculated that the DR-peptide
complex delivers the strongest avidity between T cell receptor
(TCR), leading to Thl-prone immune responses (21, 22). Similarly,
in Bunashimeji mushroom allergy, HLA-DRB1*0803 may define a
suppressor T-cell population or lead to Thl-prone responses. Thus,
HLA-DRB1*0803 molecules may exert protective effect against the
allergic response. The molecular mechanism of HLA-DR involvement
in protecting subjects from Bunashimeji mushroom allergy awaits
further investigation.

Honshimeji mushroom is also known to cause respiratory allergic
diseases like hypersensitivity pneumonitis (23). The discrepancy in
HLA class II allele associations in the non-allergic workers between
Bunashimeji and Honshimeji mushroom may be relevant to the
different influence of sex, age, smoking, the ethnic origin of popula-
tions, the sensitization state of the workers, and/or mushroom species
between Hokkaido and Nagano. Because the workers in mushroom
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Distribution of HLA-DRBL1 alleles between allergic and non-allergic workers

Suzuki et al: HLA genotypic associations with mushroom allergy

Hokkaido (Bunashimeji)

Nagano (Honshimeji)

Allergic Non-allergic Allergic Non-allergic
(n=36) (n=35) Statistical tests (n=35) (n=22) Statistical tests

DRB1 allele n % n % X2 P Pc n % n % X2 P Pc
DRB1*0101 4 11 1 3 1.85 NS NS 2 6 0 0 1.30 NS NS
DRB1*0401 0 0 0 0 - - - 2 6 0 0 1.30 NS NS
DRB1*0403 3 8 2 6 0.19 NS NS 2 6 5 23 3.63 NS NS
DRB1*0405 7 19 10 29 0.81 NS NS 6 17 8 36 2.69 NS NS
DRB1*0406 4 11 0 0 4.12 NS NS 2 6 1 5 0.34 NS NS
DRB1*0407 1 3 1 3 0.00 NS NS 0 0 0 0 - - -

DRB1*0410 4 11 1 3 1.85 NS NS 2 6 1 5 0.04 NS NS
DRB1*0802 0 (0] 2 6 2.12 NS NS 2 6 0 0 1.30 NS NS
DRB1*0803 0 0 10 29 11.97 0.00040 0.01988 5 14 0 0 3.45 NS NS
DRB1*0901 15 42 11 31 0.80 NS NS 12 34 9 41 0.25 NS NS
DRB1*1101 2 6 4 11 0.79 NS NS 4 11 0 0 2.70 NS NS
DRB1*1201 5 14 3 9 0.50 NS NS ] 0 1 5 1.62 NS NS
DRB1*1202 6] 0 1 3 1.04 NS NS ] 0 0 0 - - -

DRB1*1302 3 8 2 6 0.19 NS NS 4 11 5 23 1.30 NS NS
DRB1*1401 3 8 3 9 0.00 NS NS 3 9 4 18 1.16 NS NS
DRB1*1403 2 0 0 2.00 NS NS 1 3 1 5 0.11 NS NS
DRB1*1405 4 11 1 3 1.85 NS NS 4 11 1 5 2.70 NS NS
DRB1*1406 2 6 1 3 0.32 NS NS 3 9 0 0 1.99 NS NS
DRB1*1407 6] 0 1 3 1.04 NS NS [¢] 0 0 0 - - -

DRB1*1501 7 19 9 26 0.40 NS NS 6 17 4 18 0.01 NS NS
DRB1*1502 3 8 7 20 2.00 NS NS 8 23 4 18 1.60 NS NS
DRB1*1602 2 6 0 0 2.00 NS NS 0 0 0 0 - - -

NS, not significant:

Frequencies were compared between two groups by the Xz test and the Fisher exact test with 2 x 2 contingency tables. The corrected P values (Pc) were obtained by multiplying the P values

by multiplying the number of comparisons made.

Table 5

farm producing Bunashimeji in Hokkaido were all females, the hor-
monal environment may be an additional relevant factor modulating
the T-cell response. The difference of age between two groups was
also found in this study. Recently, age-dependent genes regulating
T-cell subpopulations have been described in mice (24). Further-
more, the frequency of the smoking workers between two plants
was significantly different. It is well known that non-smoking is
significantly associated with allergic alveolitis in hypersensitivity
pneumonitis (25). However, the number of the subjects studied may
be not large enough to explain them. Interestingly, we observed
that these allergic symptoms disappeared when workers moved to
other mushroom farms, such as Eringi mushroom (Pleurotus erin-
gi) and Maitake mushroom (Grifola frondosa). The results
obtained from the present study showed that the onset of allergic

symptoms to Bunashimeji mushroom spore appeared significantly
earlier when compared with Honshimeji mushroom. Tsushima
et al. (23) reported that Honshimeji mushroom spore caused 10
cases of hypersensitivity pneumonitis, but only 2 patients were
induced to hypersensitivity pneumonitis by Bunashimeji mushroom
spore. These results may suggest that the antigenisty of Bunashimeji
mushroom spore is quite different from that of Honshimeji mushroom
spore. Therefore, mushroom allergy seemed to be strictly dependent on
the mushroom species.

In summary, the present data strongly indicate that in the
workers with no allergy to Bunashimeji mushroom, the
DRB1*0803 alone, the DRBI1*0803, DQA1*0103, DQBI1*0601
haplotype, or both are a strong genetic factor controlling no

allergic immune response to its spore.

Tissue Antigens 2005: 65: 459-466 465
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