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Occupational Asthma and IgE Sensitization to Grain Dust

To evaluate type | hypersensitivity to grain dust (GD), its prevalence and relation-
ship to respiratory dysfunction, we studied clinical and immunoclogic features,
including skin prick tests (SPT), serum specific IgE, and bronchoprovocation
tests of 43 employees working in the animal feed industry. To further charac-
terize IgE-mediated reaction, SDS-PAGE and electroblot studies were per-
formed. Our survey revealed that 15 (34.9%) subjects had work-related skin
response (>2+ of A/H ratio) to GD, thirteen (30.2%) had high specific IgE anti-
body against GD. The specific IgE antibody was detected more frequently in
symptomatic workers (40%) than in asymptomatic workers (11%). Significant
association was found between specific IgE antibody and atopy or smoking
(p<0.05). The ELISA inhibition test of GD revealed significant inhibitions by GD
extract and minimal inhibitions by the house dust mite, storage mite and corn
dust. Immunoblot analysis showed 8 IgE binding components within GD ranging
from 13.5 fo 142.5 kDa. Two bands (13.5, 33 kDa) were bound to the IgE from
more than 50% of the 14 sera tested. In conclusion, these findings suggest
that GD inhalation could induce IgE-mediated bronchoconstriction in exposed
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INTRODUCTION

Chronic inhalation of GD has been shown to cause
acute and chronic airway injury charactetized by bron-
chitis and airflow obstruction (1, 2). The level of aitborne
GD is related to the presence of bronchial hypetreac-
tivity, as well as to the development of aitflow limitation
across a wotk shift (3, 4). In aspect of pathogenic mech-
anism of GD-induced bronchoconstriction, there have
been no report suggesting an [gE-mediate mechanism in
GD-induced occupational asthma. In order to evaluate
type I hypersensitivity to GD and its relationship to res-
pitatoty dysfunction, we petformed SPT and ELISA to
detect specific IgE antibody to GD in 43 exposed work-
ets of the animal feed industty. We also petformed
methacholine bronchial challenge tests and bronchoptov-
ocation tests with GD in symptomatic wotkets to con-
firm bronchial sensitization. Futrthermote, IgE-binding
components wete detected using immunoblot analysis.
ELISA-inhibition tests wete petformed to investigate the
binding specificity of IgE antibody, and to exclude the
contamination of other common inhalant allergens.
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*This study was funded by Ajou Graduate Schoal
of Mediicine (1996).

MATERIAL AND METHODS

Subjects

All of the 43 subjects exposed to GD composed of
corn, rye, wheat, and barley, were male and wotked for
the Dongbang feed industry in Suwon, Korea. Of these
employees, 31 wete process wotkers who mixed the ma-
terials as well as carried them. They wete classified as
group II (intermediate exposure) and group III (high ex-
posute) according to exposute intensity which was mea-
suted by a dust air sampler (Gillian INS, USA). Twelve
wotkers were office wotkers and were classified as group
I (dow exposute group). Seta from 43 wotkets wete
collected and stored at -20C. Twenty seven individuals
who had never been exposed to GD and demonstrated
negative skin tests to 50 common inhalant allergens wete
employed as control subjects. The subjects gave their
written informed consent as regulated by Ajou Univetsity
Hospital, Suwon, Korea.

Questionnaires
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Initially, industrial physicians together with allergists
administered a questionnaire, which was a National
Heart and Lung Institute modification of the British
Medical Research Council questionnaire (5), with addi-
tional questions later if needed. In evaluating and com-
pating these data, the following definitions were used:
Lower respiratory symptoms teferred to cough, sputum,
chest tightness, or shottness of breath. Symptomatic
wotkers were those who had expetienced lower respira-
tory symptoms during and after the GD exposure.

Preparation of extracts

GD was obtained from the patient’s wotkplace. They
were extracted with phosphate-buffered saline [(PBS, pH
7.5), 1:5 w/v] at 4C for 1 h followed by centrifugation
at 5,000 rpm. The supernatants were passed through
sytinge filcer (MSI, USA) and used for bronchoprovoca-
tion test at a concentration of 1:10 w/v. For the skin-
prick test, the 1:5 w/v extract was mixed with an equal
amount of stetile glycetine. The supetnatant was dialyzed
(the cut-off molecular weight was 6 kDa) against 4 litets
of distilled water at 4°C for 48 h, and lyophilized at -70
C for the preparation of antigens used in ELISA, ELISA
inhibition and immunoblot assay.

Allergy skin test

SPT with seven common inhalant allergens (alder, tye
gtass, ragweed, mugwort, Aspergillus spp, Dermatopha-
goides favinae, cat fur, Bencard Allergy Unit, England),
GD, and histamine (1 mg/ml, Bencard Allergy Unit)
were petformed on the volar side of both forearms
simultaneously. The reactions were read 15 minutes later.
The wheal and erythema size of each antigen (A) and
histamine (H) was measured by maximum diameter (A1
and H1) and vertical length at the mid portion of the
maximal length (A2 and H2). Skin reactivity was ex-
pressed as the area ratio of wheal size of the antigen to
that of the histamine (<A1+A2/H1+H2>% A/H ratio).
If A/H ratio was from 0.1 to 1 and erythema had a diam-
eter of <21 mm, it was read as 1+. If A/H ratio was
from 0.1 to 1, but erythema was >21 mm, it was read
as 2+. If A/H ratio was from 1 to 2, it was read as
3+. If A/H ratio was from 2 to 3, it was read as 4+.
If A/H ratio was >3, it was read as 5+. A positive
responder was defined as one who demonstrated >2+
response to GD extract on SPT.

Protocol

All symptomatic subjects were admitted to the Allergy
Clinic at Ajou Univetsity Hospital, and before the inha-
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lation challenge was inidated, a standard protocol was
followed in all cases. A screening evaluation, which in-
cluded a complete histoty, physical examination, pul-
monaty function tests, chest X-ray, and electrocardio-
gram wete performed on admission. A petipheral blood
sample was obtained for eosinophil and leukocyte counts.
Baseline forced expiratory maneuvers were petformed
using a MultdSPIRO-SX/PC (USA) with standard proto-
cols.

Bronchoprovocation test with GD

Airway hyperresponsiveness (AH) to methacholine was
tested according to the method desctibed previously with
some modifications (6). Bronchoptovocation tests were
petformed according to standard studies of occupational
asthma (7). On a control day, normal saline was admin-
isteted from a nebulizer 646 connected to a dosimeter
(DeVilbiss Co. USA) operated at a pressure of 20 psi.
The subject was asked to inhale the aerosol five times
from functional residual capacity to total lung capacity,
then observed for 7 hours. On a different day, GD ex-
tract was inhaled from 1:1000 to 1:10 w/v (1:1000, 1:
100, 1:10) with ten min intetvals. In the pulmonaty
function test, the functional vital capacity, the forced
expiratory volume in one second (FEV)), and the FEFs5 s
was measured with a MultiSPIRO-SX/PC (USA) before,
and 10 min after each inhalation. FEV, and FEF,s_;5 were
measuted evety 10 min during the first hour, and pul-
monaty function tests wete petformed evety hour for 7
hours after the challenge. A positive teaction was defined
when FEV; decreased 20% or more from the baseline
value. When asthmatic reaction was observed within 1
hour, it was called as early response. Late response was
defined as an asthmatic response occurring from 4 to 24
hours after the challenge. In order to exclude the pos-
sibility of non-specific effect from GD, same procedutes
wete petformed on two house dust mite-sensitive asth-
matic subjects with no exposure history to GD.

ELISA for specific IgE antibodies to grain dust extracts

The presence of specific IgE antibody to GD was
determined by ELISA. Microtitre plate was first coated
with GD extract (5 g of weight per well), and left at
47C overnight. Each well was washed 3 times with
0.05% Tween-phosphate buffered saline (PBST), and
remaining binding sites were blocked with 350 ul of 3%
BSA-PBST for 1 hour. The wells were then incubated
for 2 hours at room temperature with 50 pl of either
the patients’ or 27 control sera. After another washing
step, 50 ul of the 1:1000 v/v biotin-labeled goat anti-
human IgE antibody (Vector Co. USA.) were incubated
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for 2 houts. The wells were then washed and incubated
with 1:1000 v/v streptavidin-peroxidase (Sigma Co. USA)
for 30 min, followed by incubation with ABTS (2.2’-
azinobis-3-ethyl-benzthiazoline sulfuric acid in a citrate
phosphate buffer) for 10 min. The reaction was stopped
by the addition of 2 N sodium azide and absorbance was
read at 410 nm by an automated microplate teader. All
assays wete petformed in triplicate. Positive cut-off value
(0.064) was detived from mean +2.8.D. of the absot-
bence value of control subjects.

Measurement of total IgE

The total IgE was measured with a DPC kit (USA)
accotding to the manufacturet’s directions.

SDS-PAGE and immunoblot analysis

GD samples (10 mg/ml) were each dissolved in a
buffer (0.5 M tris-HCI, pH 6.8, 2.5 ml, glycerol 2.0 ml,
10% w/v SDS 4.0 ml, 0.1% bromophenol blue 0.5 ml
and distilled water 1.0 ml) and boiled. Ten microlitres
of standard marker (Novex, CA, USA) and antigen solu-
tions wete applied to a Novex precast Tris-glycine homo-
genous gel (14% actylamide) to facilitate sepatation of
GD. Electrophotesis was petformed with a Novex Mini-
cell for 90 min at a constant voltage of 125. The gel
was fixed and stained with Coommassie brilliant blue.
For immunoblotting, the gel was soaked in a transfer

Table 1. Clinical features of the study subjects
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buffer (12 mM Ttis, 96 mM glycine in 20% methanol)
for 10 minutes. Electroblotting was carried out for 90
min at 200 mA using a Novex western transfer appa-
ratus. The blotted polyvinylidine difluotide membrane
(Novex) was then treated with a 10% BSA-Ttis buffered
saline solution for 1 hour to block non-specific protein
binding. The patient’s and control sera were diluted to
1:2 v/v with a TBS buffer (Tris 10 mM, NaCl 150 mM,
0.05% Tween-20). The membrane was incubated with
the patient’s and control sera for 2 houts at room tem-
petature in a special device (Multiscteen device; Bio-Rad,
Hercules, CA). It was then washed with TBS-0.1%
Tween-20 Triton for 10 min, and 0.5% NaCl in TBS-T
for an another 10 min. Biotin-conjugated anti-human
IgE antibody (1:200, Vectot, USA) was incubated with
second antibody for 1 hour and washed again. The mem-
brane was incubated with alkaline phosphatase-conju-
gated streptavidin (1:1000 v/v, Sigma Co.) for 1 hour.
Finally, the substrate (NBT/BCIP kit, Sigma Co., USA)
was applied to the membrane until positive bands ap-
peared. After the reaction, the membrane was washed
with distilled water and observed.

Statistical analysis

The x° tests and ANOVA using the SPSS version 7.0
(Chicago) and Statview 512+ (Macintosh) were applied
to evaluate the statistical differences between the two
data. A p value of 0.05 ot less was regarded as significant.

. PC20 methacholine  Peripheral eosinophil ~ Specific IgE Skin Total IgE level BPT
Patient Sex Alopy (mg/ml) pcount 7)) i |thibod\(}g reactivity** (IU?mI) response
Group A

PC M P 24 1,000 A 3 4450 Dual

JD M P >25 300 P 0 2,130 Early

LB M P >25 100 P 1 2,460 Early

H M P 25 1,800 A 1 2,886 Early

YJ M P >25 100 P 1 486 Early

|J M P 25 300 A 5 198 Early
Group B

KoS M P >25 300 P 2 486 Negative

KiY M A >25 300 P 0 657 Negative

LeH M P 10.3 200 A 0 170 Negative

ChB M P 22 600 A 0 518 Negative

KiC M P 2.3 1,400 P 0 ND Negative

KoY M P >25 300 A 0 581 Negative

Jun M P >25 0 A 1 35 Negative

Jin M P >25 200 P 1 260 Negative

LeJ M P 18 1,700 A 1 847 Negative

M: Male, P: Presence, A: Absence, ND: Not done, BPT: Bronchoprovocation test result with grain dust
* Atopy was defined as a positive reactor to more than one common inhalant allergen on skin prick test

** Skin reactivity: A/H ratio to grain dust
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RESULTS

Responses to survey

On the SPT with GD, eight (18.6%) of the 43 sub-
jects demonstrated >2+ of A/H ratio to GD. Fifteen
(34.9%) complained of lower tespiratory symptoms with
ot without nasal symptoms duting and after GD expo-
sure. When methacholine bronchial challenge tests were
petformed on 15 subjects who complained of tespiratoty
symptomns, seven had airway hypetresponsiveness (AH) to
methacholine. A positive tesult was defined if the subject
showed a significant bronchoconstriction at <25 mg/ml
of methacholine inhaled. Three of them showed a nega-
tive tesult on the initial methacholine bronchial challenge
test. When bronchoprovocation tests with GD wete pet-
formed on 15 symptomatic subjects, immediate asthmat-
ic responses were noted in five wotkers; the other one
wotker demonstrated a dual response. Table 1 summa-
rizes the clinical data of six asthmatic subjects with
positive challenges (group A) and nine symptomatic sub-
jects with negative challenges (gtoup B). Two house dust
mite-sensitive asthma also showed negative challenges

Specific IgE antibody to grain dust

The features of the specific serum IgE bindings to GD
in all wotkers and in 27 controls are illustrated in Fig.
1. The cut-off absotbance value of positive specific IgE
binding was determined as 0.064, which was derived
from the mean and two standard deviations of absorb-
ance value of controls. When ELISA was considered as
positive (>0.064 of absorbance value), nine (21%) were
positive, the specific IgE antbody was detected more
frequently in six of 15 symptomatic subjects (40%) than

1,000 7 P=0.02

100

absorbance value (X1,000)

0 8% [oX [ ]
89 0
o.;ﬁ%..o
[ ]

Specific IgE antibody to grain dust,

CONT I Il n

Fig. 1. Specific IgE to grain dust in control and three different
exposure groups. | Low exposure, II: Intermediate exposure, ll:
High exposure. e: Symptomatic subjects, o: Asymptomatic
subjects.
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in asymptomatic subjects (11%, p=0.02). Three employ-
ees without tespiratory symptoms demonstrated high
specific IgE bindings. No difference was found according
to exposure intensity within the wotkplace (p=0.07).
Table 2 shows the relationship between the specific IgE
binding and the SPT results. The prevalence of the
specific IgE antibody did not increase according to skin
reactivity. Among the 6 asthmatic wotkers, three (50%)
had high specific IgE antibodies. The relationship be-
tween the specific IgE antibody and cigarette smoking
is presented in Table 3. Significant associations wete
found between them (p<<0.05). When atopy was defined
as a positive reactor (A/H ratio >2+) to one or more
allergens on SPT with 7 common inhalant allergens, sig-
nificant association was found between atopy and the
specific IgE binding (p<<0.05, Table 3).

ELISA inhibition test

The dose-response pattern of the inhibitory effect of
vatious concentrations of GD on the GD-ELISA inhi-
bition test is illustrated in Fig. 2. No inhibition was
noted with additions of corn dust, storage mite or D.
prevonyssinus.

Total IgE level

A high total IgE level (>160 IU/ml), which was
detived from the mean and 2 standard deviations of the
total IgE level in non-atopic patients in Kotea, wete
found in 24 (55.8%) of those employees tested. The
cotrelation between the specific IgE level and the expo-

Table 2. Skin reactivity and specific IgE antibody to grain dust

Positive specific Mean absorbance Range
A Number bindir?g (%) value (x1,000) (x1,800)
0 23 5(18) 411 13-112
1 11 4(27) 64.9 10-160
2 5 2 (29) 42.4 22-69
3 2 1(50) 485 33-64
5 1 1(100) 63.0

Table 3. Association between specific IgE antibody to grain
dust and smoking and atopic status

Specific IgE antibody to grain dust

— - p value
Positive Negative
Current & 7/30 (23.3) 23/30 (76.6)
Ex-smoker p<005
Non-smoker 11/13 (84.6) 12/13(92.3) -
Atopy 7/29 (24.1) 22/29 (75.8) -
Non-atopy  12/14(85.7) 2/14.(14.2) ] p<00s
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Fig. 2. Percent inhibition of grain dust-ELISA with serial addi-
tion of grain dust (e), corn dust (=), storage mite () and D.
pleronyssinus (4 ).
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Fig. 3. 14% SDS-PAGE and protein staining of grain dust
extracts.

sute dutration was insignificant at r=—0.01 (data is not
shown). The correlation coefficient between the total IgE
level and the specific IgE was also insignificant at t=0.09
(data is not shown).

279

Fig. 4. Immunoblot analysis of grain dust extracts using con-
trol sera {l), symptomatic subjects with negative challenges (1)
and asthmatic subjects with positive challenges (Ill).

Gel electrophoresis and immunoblot analysis

In otder to determine the protein components of the
GD extract, it was analyzed by 14% SDS-PAGE. Fig.
3 shows that the GD extract was resolved into bands
ranging from 6 to 64.1 kDa. Fig. 4 shows IgE binding
components in 8 of group II and 6 of group I works,
as well as 4 control sera on a blotted membrane. Thete
wete 8 bands bound to IgE antibody with molecular
weights ranging from 13.5 to 142.5 kDa. 13.5 kDa was
the highest (86%) frequency of the IgE binding in the
14 sera tested. Two bands (13.5 kDa, 33 kDa) wete
bound to the IgE from 50% of the sera tested.

DISCUSSION

We demonstrated clinical and immunologic responses
of workers exposed to GD. Fifteen (34.9%) of 43 subjects
tested had pronounced respiratory symptoms. Among
them, 13 (30.2%) subjects had specific serum IgE anti-
bodies to GD, and seven had AH. Inhalation challenge
tests with GD induced immediate asthmatic responses in
five subjects, and a dual asthmatic response in 1 subject.
In patients with serum specific IgE antibody and IgE-
binding component, the IgE-mediated reaction is likely
to be responsible for their asthmatic symptoms. In this
study, three of group I workets had high specific IgE
antibodies to GD. The failure to detect serum specific
IgE antibody in three workers might indicate the involve-
ment of another non-immunologic or immunology, such
as 1gG mediated mechanism (8), but out previous study
revealed that the possibility of the specific IgGy as a
sensitizing antibody seemed to be vety low (9).
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We successfully detected the specific IgE to GD by
ELISA in exposed wortkers. ELISA inhibition test con-
firmed the specificity of the specific IgE binding. Mote-
ovet, immunoblot analysis showed eight IgE binding
components within GD. Two major allergens wete iden-
tified. Positive skin test, the presence of serum specific
IgE antibody, and IgE-binding component on immuno-
blot finding indicated that GD acts as a sensitizing allet-
gen when exposed. Some of the positive reactors on skin
test gave negative responses in the ELISA. These dis-
crepancies may have occurred because GD had a hista-
mine releasing effect as suggested by the previous study
.

Most patients with symptomatic occupational asthma
have been known to have demonstrable AH (10). In this
study, three patients had mild degree of AH to meth-
acholine. Three had a negative result on initial meth-
acholine challenge test. Furthermote, when the following
methacholine challenge test was done at 24 hours after
the GD-bronchoprovocation test, AH incteased mote
than two steps in two subjects (data was not shown).
These results suggest that GD inhalation could induce
airway inflammation, which may contribute to progres-
sion of AH.

The striking finding of this study was that total IgE
was increased (>160 IU/ml) in 24 (57.1%) of the ex-
posed wotkers. As shown in Table 1, all of the six asth-
matic patients showed increased total IgE levels as well
as blood eosinophilia, four had higher than 2,000 TU/ml.
There may be a possibility that GD could directly acti-
vate mast cells, which result in the release of IL-4 and
the induction of IgE synthesis. Further studies will be
needed. However, significant associations were found
between atopy or smoking, and specific IgE antibodies
to GD in this study. These results suggested that atopy
and smoking could be a predisposing factor in devel-
opment of GD-induced asthma.

It was suggested that other inhalant allergens such as
house dust mite, pollens, fungus and storage mite wete
included in grain dust and could act as allergens when
exposed (11). Several investigators (12, 13) suggested that
endotoxin included in the GD could induce aitway in-
flammation. However, the present study revealed nine
subjects with negative challenges contrasted with six
asthmatic subjects with positive challenges. The skin test
results to other common inhalant allergens suggest no
association with skin reactivity to GD. Moreover, ELISA
inhibition test results showed no significant inhibitions by
the house dust mite or the storage mite allergens. These
findings suggest that GD can act as an allergen itself.
The possibility of contamination by othet inhalant aller-
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gens ot cross-reactivity with them seems to be extremely
low.

In conclusion, we suggest that GD can induce an im-
munologic, IgE-mediated response in exposed wotkets,
which is responsible for their asthmatic symptoms.
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