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Measurement of IgG subclass antibodies to the
group II antigen of Dermatophagoídes
pleyonyssínul (Oer p II) in sèta Ttom 

- 2) r L1L
children with bronchial asthma
Eiki oshika, MD*; Y_o$tg Kuroki, MD, phD*; yukio Sakiyama, MD, phDt; and
Shuzo Matsumoto, MD, PhDt

Seven lgG-binding components in.crude mite allergen e-\tracrcd from Dermatophagoides pteronyssinus lD er p) were
identiJied by immunoblouing analysis. ofthese components, thé t s-kDa protein ias *roigly ieíojninà ny igc frompaîients with bronchial asthma, whereas it was less recognized by IgG fróm heabhy indiviàiats. fim, the'l Sl-kóa
protein was puriJied by reverse-phase high perfornrunce liquid ciromaíography and the protein was demonstrated to
induce immediate positive skin reactiony in patients withbronchial astr;mi. ihe ll-teràinat amino acid siqieile òf
lhe Is-kDa protein was also determined and.was in agreement with that ofDer p IL In an attempt to understand the
tole of lgG^utbclass antibody of patients.with bronchiAl asthma, we quanúmtedihe ontiiiiilt òiigc tubclass to
Der p II. The.levels of antibodies oftotal IgG and of all IgG subclasies Ìn patienx with bronchialàshma who had
yu!| rece.iyel i.rymunotheraplt were higher than thòse of nonatopic heatthy individuats. The levels of>ei p ti siiiiJic
rúl and.lec4 in asthmalic patients were 1.97 times and 2.20 iimes higher, respectively, than thoie in the controlgroup The presenl study demonstrutes that palients with bronchial asttt-ma are àble to pioduce antibodies ola tsc
strbclasses specific toDer p II in response tò natlral exposure to mùe antipen.

INTRODUCTION
The house dust mite is recognized
as a major causative allergen for
atopic bronchial asthma and allergic
rhinitis. Two species of mites, Der-
tnatophagoides pteronyssinus and
D ermatop hagoi des farinae, are well
known as the major allergens. Many
IgE-binding components in Der-
ntotophagoides species have been
identified by crossed radioimmu-
noelectrophoresis and immunoblot-
t ing. '-3 Group I and group II
antigens with apparent molecular
masses of 24 kDa and 15 kDa. re-
spectively, have been purif,red.a'5
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More than 80% of mite-allergic pa-
tients have measurable IgE antibod-
ies to these allergens.ó

The immune response to mite an-
tigens has been studied. Chapman
et al7-e reported that there is agood
quantitative correlation between the
levels of IgG and IgE anribody,
which suggests that these two iso-
types are under common genetic
and immunoregulatory control. In
a controlled study of immunother-
apy carried out using aqueous Der-
matophagoides pteronyssinus (Der
p) extract, a significant increase of
anti-Der p I lgG antibody, accom-
panied by a changeless or slightly
decreased concentration of IgE an-
tibody, has been reported.r'to 16.
significance, however, of the ap-
pearance of tgG antibody is not
clear. IgG antibody may act as a
blocking antibody after immuno-
therapy.

In the present study, we focused
on the lgG-binding components in
mite allergens and purified group II

antigen from Dermatophagoides
pterory)ssinus (Der p II), which was
signihcantly recognized by IgG an-
tibodies from patients with bron-
chial asthma. We examined the cor-
relation between the appearance of
IgG antibody and IgE RAST score,
and the levels of IgG subclass anti-
bodies to puri{ied Der p ll in sera
from patients with atopic bronchial
asthma.

MATERIALS AND METHODS

Subjects
Sera from 40 patients with atopic
bronchial asthma (aged l-15 years
old, mean 7.1 years old), who had
never received immunotherapy,
and sera from 20 nonatopic individ-
uals (ten children, aged 2-15 years
old, mean 8.6 years old, and ten
adults) as controls were studied.
Thirty-three patients exhibited pos-
itive radioallergosorbent tests
(RAST score =3+) (Pharmacia
LKB Biotechnology AB Uppsala,
Sweden).
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Preparation of Crude Mite Extract
Dermatophagoides pîeronyssinus
(Der p), which was a generous gift
of Dr. Takahashi (Institute of Public
Health of Hokkaido), was cultivated
in a flat type flask containing dried
f,rsh powder and dried yeast (Wako
Pure Chemical Industries, Ltd.
Osaka) at 25'C in 7 5% humidity
for 2 months according to the
method of Miyamoto et al. " After
cultivation, culture media and mite
bodies were collected by repipetting
flotation on saturated NaCl solution
as described by Sasa et al.r2 Col-
lected mite bodies were then ho-
mogenized with a polytron homog-
enizer. After homogenization, the
extract was centrifuged at 100,000 g
for 20 minutes. The supernatant
was then dialyzed against l0 mM
Tris-HCl buffer (pH 7.9 for two
days. The protein content was de-
termined by the method of Lowry
et alr3 and stored at -80 "C.
I dent ification of IgG- B inding_
Components in Crude Mite Extract
from Dermatophagoides
pteronyssinus óy WesÍern Blotting
Crude mite extract (3-pg protein/
lane) was applied to sodium dodecyl
sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) by the
method of Laemmlita and separated
proteins were electrotransferred to a
nitrocellulose sheet by the method
of Towbin et alr5 at 40 V overnight.
The nitrocellulose sheet was incu-
bated with 5% (wtlvol) skim milk
containin g0.2% (vol/vol) Triton X-
100 in l0 mM phosphate buffered
saline, pH 7.4 (PBS) at room tem-
perature for two hours to block non-
specific binding. The sheet was then
incubated with sera [1:50 in l0 mM
PBS containing 0.2% (vol/vol) Tri-
ton X- 100 and 5% (wtlvol) skim
milk] overnight at 4'C, and washed
with0.2% (vol/vol) Triton X- 100 in
PBS for 60 minutes with three
changes. Next, the sheet was incu-
bated with horseradish peroxidase-
conjugated goat anti-human IgG
(TAGO, Inc, Burlingame, CA)
[:500 in PBS containine0.2% (vol/
vol) Triton X-100 and 5% (wt/vol)

skim milkl at 37 "C for 90 minutes.
After washing with 0.2% (vol/vol)
Triton X-100 in PBS for 60 minutes
followed by another washing with
PBS for 20 minutes, the sheet was
substrated with diaminobenzidine
tetrahydrochloride (DAB) (Katay-
ama Chemical Co. Ltd., Tokyo).

PuriJication of the I5-kDa Protein
and Analysis of N-Terminal Amino
Acid Sequence
The crude mite extract was applied
to a Sephadex G 75 column and
eluted with 10 mM Tris buffer (pH
7.4). The fractions were then ana-
lyzed by SDS-PAGE. The fractions
containing the protein with a mo-
lecular mass of 15 kDa were col-
lected and applied to reverse-phase
high performance liquid chroma-
tography (HPLC) using a C8 col-
umn (Cosmosil, Nakarai Industrial
Co. Ltd., Tokyo) equilibrated with
0.1% (vol/vol) trifluoroacetic acid
(TFA). Bound materials were eluted
with a linear gradient of 20% to 80%
(vol/vol) acetonitrile in 0.1% TFA
at a flow rate of 0.5 ml/min. The
eflluent was monitored at 21,,4 nm,
and the fractions obtained were ana-
lyzed by SDS-PAGE. N-terminal
amino acid sequencing of the 15-
kDa protein (approximately l0
nmol) was performed with an
amino acid sequencer (470A: Ap-
plied Biosystems, Inc., Foster City,
CA) and an on-line l20A HPLC.

Skin Testing
The purified Der p II was dialyzed
against 10 mM Tris-bufler (pH 7.4)
and passed through a 0.45-pm frlter
unit (Millipore, Bedford, USA). The
antigen was diluted to a final protein
concentration of 4 x l\-a pg/mLin
buffered saline and 0.02 mL was
injected intradermally into the up-
per ann of the test subjects. Test
sites were examined 15 minutes
after injection. The skin tests were
performed on ten patients with
bronchial asthma (aged 3-1,4 years
old) who had positive IgE RAST
scores and nonatopic individuals
(five healthy children and five
healthy adults) as controls.

Quantitation of IgG Subclasses to
Der p II by ELISA

Mouse monoclonal antibodies ta !
human IgG I (HP6069), IgG2,
(HP60l4), IgG3 (HP6050), and
IgG4 (HP601 I ) were kindly do- .,'
nated by the World Health Organi- r
zatton(WHo). In the present study,
anti-human IgGl was diluted l:400
and IgG2, IgG3, and IgG4 were di-
'.luted I:200 in PBS containing
0.01% (vol/vol) Triton X- 100 (TX/
PBS) before use. Purifted Der p II
diluted at l0 pe/mL in 0. I M :
NaHCOr, pH 8.4 (50 pllwell) was
added to the microtiter wells (Dy-
natech Laboratories Inc.) and incu-
bated at 4'C overnight. The plates
were washed three times with PBS
and supplemented with 200 pL of
0.25% gelatine in 10 mM PBS con-
taining 0.01% (vol/vol) Triton X- :

100 (GL/TX/PBS) to block rhe
nonspecific binding. After blocking
for two hours at room temperature,'
the plates were washed three times
with TX/PBS, and then sample sera
or pooled sera from ten healthy in- -.
dividuals diluted l:50 and were
added to each well. Following a 2-
hour incubation at 37'C and three
washings with TX/PBS, the mono-
clonal anti-human IgG or IgG I -4
described above was added and in-
cubated at 37 "C for two hours.
After washing, peroxidase-conju-
gated goat anti-mouse IgG (TAGO,
Inc, Burlingame, CA) was added (l/
1000 dilution) and further incu-
bated at 37'C for two hours. Fi-
nally, 100 1tL of o-phenylenedi-
amine (Kanto Chemical Inc., I mgl
mL) in 0.15 M citrate-phosphate
buffer (pH 4.6) containing HzOz
(0.00 I%) wasadded as substrate and
incubated for 20 minutes. After
stopping the reaction with 2 M
HzSO+, absorbance at 492 nm was
read in a multiplate reader. Absorb-
ances of sample sera were compared
with those of pooled sera from
healthv individuals. The relative in-
dex was determined by dividing the
absorbance of the sample serum bY
that of the pooled sera from healthy
individuals.
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RESULTS

I de n t iJicat i on of I gG - B inding
Cornponents in Crude Mite Extract
from Dermatophagoides
pteronyssinus (Der p) by
I m rnunobl ot t ing Analy s i s
IgG from patients with bronchial
asthma appeared to recognize seven
proteins with reduced denatured
molecular masses of 95, 88, 70, 65,
53.32, and 15 kDa. (Fig l ,  lanes 3
to l0). Of these components, the l5-
kDa protein band was detected by
sera from 29 (72.5%) of the patients
with bronchial asthma, whereas this
protein was detected by only four
QA%) of the control sera (Fig l, lane

CONTROL
s t .  1  2  3

I and 2). Table I summarizes the
results of immunoblotting analysis
of IgG-binding components in mite
antigens for sera from 40 patients
with bronchial asthma and from 20
controls. These data indicate that
only the l5-kDa protein made a
difference between the patients and
controls when lgG-binding in sera
was examined by immunoblotting
analysis.
Correlat ion Between the
Appearance of the IgG Antibody
to the I5-kDa Protein and
IgE RAST Score
When the IgE RAST score and the
appearance of IgG antibody to the

P A T I E N T
4 5 6 7 8 9 1 0

l5-kDa protein in patients with
bronchial asthma were compared,
the % of the positivity of IgG anti-
body to the l5-kDa protein in-
creased with the IgE RAST score
(Table 2). Twenty-seven (81%) oî
33 patients with bronchial asthma
had IgE RAST score over 3+ and
they exhibited an IgG antibody re-
sponse to the l5-kDa protein. Two
(28%) of seven patients, in whom
IgE RAST scores were negative,
showed IgG antibody responses.
These data indicate that there was a
good correlation between the degree
of IgE RAST score and the appear-
ance of IgG antibody to the l5-kDa
protein.
Purification and Analysis of
the 15-kDa Protein
The mite antigen purified partially
by gel filtration chromatography
was further purified by reverse-
phase HPLC using a C8 column
(Fig 2, panel A). The first 20 resi-
dues of the amino-terminal in the
amino acid sequence of this protein
had been determined. The se-
quences obtained by the present
study were consistent with those ob-
tained from cDNA of Der p Il re-
cently reported by Chua et al.ró

The purified antigen was ana-
lyzed by immunoblotting with hu-
man sera. Der p II was detected only
by pooled sera from bronchial
asthma patients, whereas no band
was detected in sera from healthy
controls (Fig 2, panel B).

Next, we examined whether the
purified Der p II possesses biologic

Table 2. Correlation Between lgE RAST
Score and lgG Antibody to the 1S-kDa
Protein

RAST Total Positive

Score* Number
Number o/o

25.0
33.0

100
79.3
72.5

'The lgE RAST score and the appearance
of lgG antibody to the 15-kDa protein in
asthmatic patients were compared.
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Figure l. Immunoblotting analysis of crude extract from Derntatophagoifle:s pteronvssintts
with sera from allergic and nonallergic individuals. Crude extract from Der p'*as eléctrophoresed
ott 15% poli'acrylamide gel, transferred to a nitrocellulose sheet, and immunostained with sera
ft'om controls (lanes I and 2), or sera from patients with bronchial asthma (lanes 3 to l0) as
dcscribed under "Materials and Methods."

Table 1' lgG-Binding Components in Patients with Bronchial Asthma and Normal Controts.

Subject
l9G-Binding Components (kDa)t

95 7088 65 3253 1 5
Normal controls

(total n :  20, chi ld 10,
adult 10)

Patients with asthma

Posit ive staining 10 17 ' t7

number
o/o 50.0 85.0 85.0 85.0 75.0 80.0 20.0

1 61 51 7

(total n : 40)

Positive staining 31
number

o/o 77.5

37 37 37

92.5 92.5 92.5

1
1
4

23
29

4
3
4

29
40

3 135

87.5 77.5

29

72.5

1 +
2+
3+
4+

total'Crude extract from Der p was analyzed by immunoblotting using sera from control (n : 20) or
patrents with asthma (n : 40)as described under "Materials and Methods."
f For the seven protein bands detected, the number of samples that exhibited positive stainings
for each band were counted and the % of positive stainings are expressed.
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activity. Ten normal children and
ten patients with bronchial asthma
underwent skin testing using the pu-
rified protein. All of the patients
with bronchial asthma exhibited im-
mediate skin reactions, whereas the
protein caused no positive skin re-
actions in any of the nonalleryic
children. This result demonstrates
that the Der p II we purified clearly
induced the immediate skin reac-
tions in mite-allergic patients.

Determination of IgG and IgG
Subclasses to Der p II by ELISA
Titers of IgG or IgG subclasses to
the purified Der p II in sera from
healthy individuals and individuals
with bronchial asthma. who had
never received immunotherapy,
were determined by ELISA in com-
parison to pooled normal sera. The
levels of total IgG and of all IgG

A

M o f . r n a s s l  2 3 4

B

Normal Asthma

kDa

94-
67-

43-

3È

2V

1 4 -

Figure 2. Electrophoretic and immunoblotting analysis oî Der p II. Crude mite extract from
Dermatophagoides pteronyssinrrs (panel A, lane 3), partially purified proteins by gel filtration
chromatography over Sephadex G 75 (panel A, lane 4) and Der p II purified by reverse-phase
HPLC (panel A, lane 2) were analyzed by SDS-PAGE. The molecular weight standard (panel A,
lane l) was also electrophoresed. The purified Der p II was then analyzed by immunoblotting
with pooled sera from bronchial asthma patients or healthy controls (panel B).

lgG3 total lgc

l|A; no. .ll.t!tc (Í-10) 6 i b.orchlal .dtfir (n-22)

Figure 3 Antibody of total IgG and IgC subclass€s lo Der p II in nonallergic and asthmatic children. The purified Del p Il was adsorbed onîo
microtiter wells and the total IgC and fgc subclass€s were quantitated as described under "Materials and Methods." The data express the relativ€
index determined by dividing the absorbance of the sample seÌ'a from nomllergic (NA) children or from children with bronchial asîhma (BA) by
that of pooled sera from healthy individùals.
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subclasses in patients with bronchial
asthma were higher than those in
nonatopic individuals (Fig 3). The
increases of IgG subclasses specific
to Der p II in patients with bronchial
asthma appears to be especially
prominent in IgGl and IgG4 (t.97-
fold and 2.2}-fold, respectively)
when compared with those in
healthy individuals. The data pre-
sented demonstrate that patients
with bronchial asthma are able to
produce antibodies of all IgG sub-
classes specific to Der p II in re-
sponse to natural exposure to mite
antigen.
DISCUSSION
The house dust mite is well known
as a major allergen responsible for
atopic bronchial asthma in children.
The Der I (molecular weight 24,000)
and Der II (molecular weight
15,000) allergens are generally rec-
ognized as the major allergens, since
immediate hypersensitivity to these
allergens has been demonstrated i--n
most mite-allergic patients by skin
testing, histamine release, and
measurements of serum IgE
antibody.a'5''7

In the present study, we identified
IgG-binding components in crude
mite antigen by immunoblotting
analysis. IgG from patients with
bronchial asthma appeared to rec-
ognize mainly seven proteins. Of
these components, the l5-kDa pro-
tein, Der p II, was strongly detected
by sera from 72.5% of the patients
with bronchial asthma and 8l% of
the patients with positive RAST
score, whereas this protein was
hardly detected by control sera
(20%).

There are some reports on IgG-
binding components in mite anti-
gens. Nakanishi et alr8 reported,
concerning the components of Der-
tnatophagoides farinae, that a total
of 27 lgG-binding components were
identified and distributed over mo-
lecular range of 13 to 140 kDa.
When responses of IgG4 antibody
to mite antigens were analyzed by
tmmunoblotting, the binding of spe-
cific IgG4 antibodies ro mite anti-

gens was found in seven out of 30
sera tested. IgG4-binding compo-
nents were proteins with apparent
molecular masses of 13, 25, 43, and
50 kDa, which exhibited relatively
low frequencies of binding of IgE
antibodies.

Lin et alre also examined IgE,
binding and IgG-binding in crude
extracts of Der p by immunoblot-
ting technique. IgE bound mainly
to proteins with apparent molecular
masses  o f  14 ,  16 ,27 ,33 ,43 ,55 ,  60 ,
and I l0 kDa. IgG-binding compo-
nents were similar to those that
bound IgE, except that the 27-kDa
band detected by IgG appeared to
be fainter than that by IgE. The
IgG4-reacting pattern was also sim-
ilar to the lgE-reacting pattern in
high lgE-sera, except for fhe 27-kDa
protein.

In the present study fhe 27-kDa
protein, probably Der p I, was
hardly detected as well. It is likely
that denaturation of Der p I by treat-
ment of crude mite extract with heat
and detergent for electrophoresis
may reduce IgG binding to Der p I
srnce treatment of Der p I with heat
or detergent dramatically reduced
the binding of monoclonal antibod-
ies or IgE to Der p I in contrast to
the heat stable property of Der p ll.2o

Kemeny et al2r studied the sub-
classes of IgG to house dust mite by
ELISA. IgG I antibody to crude mite
antigens was detected in most atop-
ics (94%) and nonatopics (97%),
and IgG4 antibody was detected to
a higher degree in atopics (66Vo)
than nonatopics (53%). While the
concentrations of IgG I antibodies
were not significantly different be-
tween those two groups, those of
lgG4 antibodies were lower in non-
atopics.

Soliman ef al22 also measured the
concentration of mite-specific IgG
using a double antibodv ELISA.
Sixty-three percent of asthmatic
subjects exhibited positive IgG ti-
ters, whereas only l0% of control
subjects were positive. When mite-
specific IgG4 concentration was
measured, only l0% oî IgG-positive

asthmatic subjects had high titers of
mite-specific IgG4. But all seven pa-
tients that had received mite antigen
immunotherapy exhibited high ti-
ters of mite-specific IgG4.

Tsai et al23 determined IgG4 an-
tibody to mite antigens by ELISA
using crude mite extracts. The titer
of mite-specific IgG4 in the asth-
matic patients was 2.23-times
higher than that in the control
group, and further increased I.S2-
fold after receiving imm unotherapy.

Chapman and Platts-MillsT meas-
ured IgG antibodies to Der p using
a partially purified fraction of mite
extract containing the proteins with
apparent molecular masses of l5 to
25 kDa. IgG antibody ro this prep-
aration was detected in sera from
94% of mite-allergic patients and
from 30% of nonallergic control.

We f,ocussed on Der p II since it
makes a diflerence on IgG binding
of control and patient groups. Wè
quantitated IgG subclass antibodies
to purified Der p II to understand
the role of IgG antibodies of patients
with bronchial asthma. Although
the data presented in Figure 3 ex-
press the relative levels of IgG to
Der p II in each of IgG subclass
antibody, it is possible to conclude
that all of the IgG subclass antibod-
ies to this protein clearly increased
in sera from patients with bronchial
asthma when compared with
healthy controls.

The present study suggests that all
IgG subclasses of Der p Il-specifìc
antibody appear in sera of patients
with bronchial asthma in response
to natural exposure to Derp II since
the children examined had never
received immunotherapy.

The present study and other
studiesre'20 using immunoblotting
analysis, however, have revealed
that IgG antibody from allergic pa-
tients bound many components of
mites. When IgG antibodies to mite
antigens were measured by ELISA
using crude preparations, the com-
ponent of the antigens to which the
level of IgG had elevated in patients'
sera was undiscernible. The use.
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therefore of purified antigen for
ELISA is meaningful to measure the
level of antibody specific to the
antigen.

We have reported for the fìrst
time the levels of IgG subclasses of
Der p Il-specific antibodies in sera
from children with bronchial
asthma compared with healthy in-
dividuals. IgG subclasses to the
other mite antigen should be meas-
ured using purified protein as well
as purified Der p ll.
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