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T-cell epitopes of Der p II, a major allergen of Dermatophagoides
pteronyssinus, were analyzed by using human T-cell clones. We tested 38
cloned T cells from two Japanese patients with allergic rhinitis, and
identified at least two peptides (K33-T47 and 158-C73) as helper T-cell
epitopes. The former epitope was shown to be restricted by HLA-
DRBI*1502, and the latter by HLA-DRB 1*0405, both of which are
typical Japanese HLA-DR alleles, suggesting that those T-cell epitopes
might be important for the onset of house-dust mite allergy in the
Japanese population. We prepared 15 analog peptides of the HLA-
DRBI*I502-restricted 15-mer peptide. Of those 15 residues, five (F35,
L37, A39, F41, and E42) were critical for the epitope activity, and three
residues (F35, A39, and E42) seemed to be included in anchor motifs for
HLA-DRB1*15O2. The epitope peptide was also recognized by HLA-
DRBl*1502-positive healthy donors; however, only allergic T cells showed
Th2 functions. Antigen-presenting cells of nonallergic donors were able to
activate allergic T cells to express Th2 function. This seemed to suggest
that antigen recognition of T cells, as well as additional unknown factors
which promote Th2, rather than Th 1, responses, might be important for
the onset of house-dust mite allergy.
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Allergic hypersensilivity is triggered by the
production of allergen-specific IgE antibodies.
Dermatophagoides, a main genus of house-dust mite,
is thought to be one of the most important sources
of environmental allergens (1), and several major
target glycoproteins of human IgE responses have
been isolated from this genus (2-4). Allergen-
specific IgE production is under the strict control
of allergen-specific CD4^ T cells through the
orchestration of regulatory cytokine production (5).
Induction of the CDA^ T-cell response requires
molecular interactions arnong a T-cell receptor
(TCR), a class II major histocompatibility complex
(MHC) molecule, atid an epitope peptide composed
of 13-25 amino acids with critical binding motifs
(6, 7). Accumulation of analytic data on class II-
binding peptides, as well as the crystallography of
the HLA molecules, has provided a clue for pre-

dicting probable epitope peptides from the primary
sequences of antigen molecules (8-11). Molecular
cloning of several major mite allergens has been
completed (12, 13), atid studies have beeti con-
ducted to analyze the molecular basis of MHC-
restricted T-cell responses to the mite allergens.

HLA-DR molecules are the dominant restriction
elements for CD4"'' T cells. This genetic region is
highly polymorphic, and differences in the gene
frequency are observed in respective ethnic groups.
In the Japanese population, HLA-DRBr*1502,
DRB 1*0405, and DRB1*13O2 are common, but are
virtually absent in Caucasians (14). An HLA-
DRBl*1101-i-estricted epitope o^ Der p II (15) has
been reported in Caucasians; however, this DR
allele is, in turn, very rare in Japanese. It is likely
that functional T-cell epitopes of major allergens in
a given ethnic group are determined to some extent
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by the characteristic polymorphism of the HLA
system in the population. Such a concept is not
inconsistent with our previous population study
which showed the presence of a particular T-cell
epitope(s) of Der p II commonly recognized by the
Japanese population (16).

In this study, we analyzed helper T-cell epitopes
of a major allergen tnolecule of D. pteronyssinus
restricted by HLA-DRB1*15O2 or DRB 1*0405.
Those HLA-DR alleles are common in the Japanese
population, and the epitope peptides seemed to be
commonly recognized in the Japanese population.
The allergen tested in the present study is Der p II,
which has been known to induce specific IgE and
vigorous CD4"'" T-cell responses in allergic subjects
(17). After analysis of the T-cell epitopes, we discuss
and compare the biologic roles of these epitopes in
house-dust-mite allergy in respective ethnic groups.

Material and methods
Subjects

Two Japanese patients with allergic rhinitis, as well
as a healthy individual, were studied. Those patients
showed strong skin scratch tests to crude extract of
D. pteronyssinus and Derp II, and their IgE antibod-
ies were 17 or more Pharmacia RAST units/ml
(Pharmacia AB, Uppsala, Sweden). HLA-DR types
of all tested subjects were determined by the method
of DNA typing (18), as summarized in Table 1.

(19, 20). PPD (Nihon BCG Co., Tokyo, Japan)
and soluble schistosome egg antigen (SEA) (21)
were used as positive and negative controls, respect-
ively. A malarial antigen, MSPl (22), was used to
establish CD4^ T-cell clones of unrelated specificity
from a healthy donor. Protein concentration was
measured by the method of Lowry et al. (23), and
a single lot of each antigen was used throughout
the present study. The optimal antigen concentra-
tion was determined in our prelitiiinary study:
10 (.ig/ml for Dp-c and SEA, 5 |.ig/ml for Der p II
and MSPl, and 2 |.tg/ml for PPD (data tiot shown).

Peptides

On the basis of the primary sequence of Der p II
reported by Chua et al. (13) (Fig. 1), four parts
were tentatively predicted to contain possible T'-cell
epitopes (10, 11); D4-P19, E38-E42, D64-G67, and
K109-G112. Peptides were synthesized as
15-16-mer, each of which included the predicted
motif. The purity of those peptides was confirmed
to be more than 90% by high-performance liquid
chromatography. For the second peptide, K33-T'47,
we prepared overlapping synthetic 15-mer peptides
from K33 with an interval of five residues. This
part was also analyzed by using analog peptides
with sequential substitution of a single amino acid
for alanine. When the original residue was alanine,
it was replaced with tyrosine. All synthetic peptides
were tested at the concentration of 5 [ig/m\.

Antigens

Crude D. pteronyssinus antigen (Dp-c) and Der p
II were extracted by the method described elsewhere

T-eeii clones

By the rnicromanipulation method described else-
where (24), T-cell clones from two patients and a

Table 1, HLA-DRB1 aliorestricted responses of human CD4* T-cell clones

APC (HLA-DRB1I

Y.B. (0406/1502)

T.N,(0405/0901)

N,0.(1302/1502)

K,l, (1302/1502)

H.M, (1101/1502)

I.N, (0901/1502)

K.Y. (0405/1502)

T,E. (0405/1302)

K.H. (0406/0901)

M,l. (0802/0901)

H.K, (1010/15011

T.K, (0802/0901)

K.B. (0802/1101)

Clone: BP-001

Der p II*

15800 (18.6)**

2200(1.4)

15900 (16.1)

8600 (9.5)

10000(11.2)

9800(13.1)

7800 (6.5)

800 (0,8)

200 (0.3)

600(1.3)

1100(2.2)

800 (0.7)

200 (0.6)

NP-15C4

Der p II*

900 (1,6)

6400(15.3)**

600 (0.9)

500 (0.5)

NT
1100(2,8)

5500(19.7)

4800 (6.7)

300 (0.6)

500 (0,6)

NT
800 (4.0)

300 (0.8)

NOP-1

Derpr

9800 (9.3)

1100(0.7)

13 200(9,4)**

7800(7.1)

NT
18300(8,3)

11000 (6.7)

3600(1,9)

3100(1,3)

900 (0,8)

NT
2600 (2,7)

1300 (1.4)

N0-MSP1

MSPl*

34 200(55.2)

600 (0.6)

22 900 (33,7)**

15 600(7.1)

9700 (13,2)

10 500(14,0)

20 700(21.8)

NT

1100(2.4)

800(1.5)

1200 (2.2)

700 (0.8)

1000(1.7)

* Antigens used for stimulation of respective T-cell clones are shown. Results are shown in mean cpm of triplicate culture with stimulation index in parentheses,

* • Proliferative responses in presence of autologous APC.

APC: antigen presenting ceiis: NT: not tested: cpm; count per minute.
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129
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Fig- 1. Peptide-drivcn proliferation of Der p Il-reactive human
CD4^ T-celi clones obtained from allergic or healthy donors.
BP-.001, BP-002, and NP-15C4 were from allergic patients, and
NOP.-1 from healthy donor. Responses to six antigens are
shown; open bar: PPD; solid bar: whole Der p 11; light-dotted
bar: peptide D4-V18; light oblique-lined bar: peptide K33-T47;
dark oblique-lined bar: peptide 158-A72; and dark-dotted bar;
peptide N1O3-AI18. Primary sequence of Der p II is shown in
lower box. Peptides tested in present study are underlined.

healthy subject, and an MSP 1-specific clone frotn
the healthy donor were established in vitro. Surface
markers of established cells were tested by flow
cytometry by using anti-CD3, CD4, CD8 (Beckton
Dickinson, Mountain View, CA, USA), and anti-
TCR a(3 (Tcell Diagnostics, Cambridge, MA,
USA) monoclonal antibodies (tnAb).

Functional analysis of T-cell clones

T-cell function was tested by antigen-driven prolif-
eration and cytokine production. We determined
the antigen specificity of the T cells by proliferative
response and/or cytokine production in response to
appropriate antigens. Proliferation was tested by
the method described elsewhere (25), and a tentative
cutoff of positive response was set at a stimulation
index (SI) of 5.0. SI was calculated as follows:
niean cpm of test culture/mean cpm of antigen-
free culture. HLA-restriction in T-cell response was
tested with a panel of allogeneic antigen-presenting
cells (APC) or HLA-DR-transfected mouse L cells
(26). We measured antigen-driven production of
interleukin-4 (rL-4), IL-5, and interferon-gamma
(IFN-y) in vitro. T-cell clones were incubated in
RPMl 1640 supplemented with 10% heat-

inactivated pooled human male sera (HS) at the
concentration of 1 x 10*'/ml with 5 x 10^/ml of auto-
logous or HLA-DR-sharing allogeneic APC in
24-well plates (Corning, Coming, CA, USA). After
a 48-h incubation in the presence or absence of
antigen, supematants were collected. IL-4 was
assessed by an EIA kit (R & D Corp., Minneapolis,
MN, USA), IL-5 by the enzyme-linked inimuno-
sorbent assay (27), and IFN-y by an RIA kit
(Centcor, Malvern, MA, USA), according to manu-
facturers' instructions.

Inhibition of T-cell proliferation by anti-HLA niAb

Inhibitory effects of anti-HLA class II niAb on
antigen-driven T-cell proliferation were tested. We
used HU-4 as anti-HLA-DR and HU-11 as anti-
HLA-DQ (28), both of which were in culture-
supernatant form. Each tiiAb was added to the
T-cell culture at the coticentration of 5-20% (v/v),
and inhibition of ~^H-labeled thymidine-uptake was
compared with niAb-free culture.

Competitive inhibition of T-cell proliferation by
pretreatment of AFC with HLA-DR-binding
peptides

Analog peptides of the HLA-DRBl*1502-restricted
peptide were cocultured at the concentration of
50 |iM overnight with DRBl*1502-positive APC in
10% HS RPMI 1640, and then the APC were added
to an HLA-DRBl*1502-restricted T-cell clone
specific for MSPl. MSPl-driven T-cell proliferation
was compared between the APC with and without
pretreatment with those peptides.

Statistical analysis

Statistical analysis was done by Student's r-test, and
significance was determined with P<0.05.

Results
Der p / / peptide-reactive T-cell clones

Peripheral blood mononuclear cells of both the
patients and a healthy subject showed vigorous
proliferation in vitro to PPD, Dp-c, and Der p 11,
but not to SEA. On the other hand, established
bulk lines of T cells responded only to Der p II,
suggesting fine specificities to Der p II (data not
shown). We isolated 48 cloned cells from the three
subjects, all of which were CD3-"4 + 8- and TCR
ap^. We prepared four synthetic Der p II peptides
which were predicted to be possible T-cell epitopes
(Fig. 1). Three out of 12 clones derived from patient
T.N. were shown to be reactive to the peptide
158-C73, while seven out of 26 clones from patient
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Y.B. were reactive to the peptide K33-T47. Three
of 10 clones obtained from a healthy subject also
responded to K33-T47. Specificities of other clones
were not determined in our present study.
Responding patterns of those T-cell clones to syn-
thetic peptides were not changed at an antigen
coneentration of 1 -80 i-ig/ml in our preliminary
experiments (data not shown). Representative
results indicating the respective fine specificities of
Der p Il-reactive T-cell clones are shown in Fig. 1.

DRBl*0405-sharing ones (Table 1). The
MSP 1-specific CD4^ T-cell clone was also restricted
by HLA-DRB1*15O2. HLA-DRB1*15O2 restriction
for the peptide K33-T47 was confirmed by testing
HLA-DR-transfected mouse L cells because only L
cells transfected with HLA-DRA and DRB1*15O2
showed strong prohferation of BP-OOl clone, as
compared with HLA-DQ- or control DNA-trans-
fected L cells (12483 cpm vs 2551 and 2371 cpm,
respectively).

T-cell responses to overlapping synthetic peptides

Since T-cell clones of patient Y.B. and a healthy
subject recognized the same peptide, the more
refined epitope was determined by testing overlap-
ping synthetic peptides. Both of the cloned T cells
showed the strongest proliferation to the peptide of
K33-T47; however, those cells showed undetectable
or significantly reduced responses to other ones
(Fig. 2).

Proliferative responses of T-cell clones to analog
peptides of K33-T47

Analog peptides of K33-T47 were prepared, and
were tested for induction of proliferative responses
of BP-OOl and NOP-1 clones. Of 15 analog peptides,
stimulatory activities of five peptides (35F-A,
37L-A, 39A-Y, 41F-A, and 42E-A) were signifi-
cantly diminished compared with the wild type
peptide (Fig. 3).

HLA-DR-restriction o/'Der p //- or MSP 1-driven
T-cell responses

The proliferative response of all Der p Il-reactive
T-cell clones tested was completely inhibited by
addition of HU-4 at a concentration of 5% (21 430
cpm at 0%mAb vs 2190 cpm at 5% mAb; BP-OOl
clone), but not by HU-11 mAb even at a concentra-
tion of 20%, suggesting that those T-cell clones were
HLA-DR-restricted. HU-4 did not inhibit mitogen-
induced proliferative responses at the concentration
of 20% (data not shown). Three proliferative clones,
BP-OOl, NP-15C4, and NOP-1 were tested for inter-
actions with APC of allogeneic panel cells. BP-OOl
and NOP-1 were reactive only in the presence of
HLA-DRBl*1502-sharing APC, while NP-15C4
responded only in the presence of HLA-

Clone Peptide

•erpll
I28-E42
K33-T47

20

(Stimulation index)

I28E42
K33-T47
E38-E53
A43-I5S
K48-V63
E53-I68
I58-C73

DarpW
I28-E42
••33-T47

NOP-1

Fig. 2. Der p II overlapping pcplide-drivcii proliferalion of two
CD4+ human T-cell clones, Peptide K33-T47 induced strongest
proliferative responses for both T-eell clones.

(A)

KPFQLEAVFEANQNT
WT analog peptides

(B)

KPFQLEAVFEANQNT
WT analog peptides

Fig. 3. Proliferative responses of A) NOP-1 and B) BP-OOl
clones to K33-T47 peptide (WT), as well as to its analog
peptides. Fifteen analog peptides with single amino acid substi-
tution by alanine were tested, Proliferative responses of both
T-eell clones to five peptides shown as open columns (F35, L37,
F4I. and E42) were significantly reduced compared with
responses to WT {P<0.Q5).
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Cytokine production by Der p H-reactive T-cell
elones

We tested seven T-cell clones from patients, all of
which produced elevated levels of IL-4 in response
to Der p II, whereas IFN-y production was weak
or only marginal, suggesting that these T cells had
Th2 function. Such a profile of cytokine production
was not affected when nonallergic allogeneic APC
were used instead of autologous (Table 2). On the
other hand, cloned T cells from a healthy subject
failed to produce detectable IL-4, although this
T-cell clone had the same specificity as the allergic
Th2 clone BP-OOl.

Competitive inhibition of HLA-DRB1*15O2-
restricted T-cell proliferation by pretreatment of
APC with K33-T47 and the analog peptides

Since the K33-T47 peptide was thought to be HLA-
DRBl*1502-restricted, APC with this HLA-DR
type were pretreated with this peptide, and effects
on T cells with the same HLA-DR allorestriction
were tested. Of five analog peptides which lost
stimulatory activities against the Der p Il-specific
clones, three (35F-A, 39A-Y, and 42E-A) did not
show competitive inhibition against HLA-
DRBl*1502-restricted T-cell responses (Fig. 4),

Discussion
Although only three individuals were tested, we
identified T-cell epitopes of Der p II which were
restricted by the Japanese-specific HLA-DRBl
alleles. Those Der p II peptides induced strong IL-4
and IL-5 production in allergic patients, suggesting
their important role in the onset of mite allergy. In
the present study, all bulk T cells induced by the

Table 2. Der p ll-driven cytokine production by human T-cell clones obtained from

allergic or healthy donors

50

Clone

Exp. 1

BP-001

BP-007

BP-012

BP-002

BP-009

NP-15C4

NP-46
NOP-1

Exp. 2*

BP-001

Donor

Allergic

Allergic

Allergic

Allergic

Allergic

Allergic

Allergic

Nonallergic

Allergic

Specificity

K33-T47

K33-T47

K33-T47

ND
ND
I58-C73

I58-C73

K33-T47

K33-T47

IL-4 (pg/mll

1700

650
480
980
450
350
220

<10

1340

IL-5 (pg/ml) If

1460

450
ND
ND
ND
ND
ND
<10

510

'•N-y (U/ml)

< 10

< 10

16
<10
<10
<10

22
78

<10

^ M 1/6 alone

5) + K33-T47

=- ,t, 3A pep

Si + 5A pep

^ g + 7Y pep

„% + 9A pep
§ = +10Apep

(% response)

(16 810 cpm)

Cytokine production was tested in presence of HLA-DR-sharing allogeneic APC

obtained from donor of NOP-1 clone.

MD: not determined.

Fig. 4. Inhibition eftects on MSPl-specifie T-eell responsiveness
by pretreatment of APC with peptide K33-T47 or its analog
peptides. Of five analog peptides which lost stimulatory activities
against BP-OOl clone, three (open bars) did not inhibit antigen-
driven prohferation of the MSP I-specific, HLA-
DRBl *1502-restricted T cells, probably because these three
peptides were critical binding motifs for HLA-DR 15.
*Significant inhibition compared with culture without Der p U
peptides (/'<0,05),

Stimulation of Der p II peptides showed allorestric-
tion by HLA-DRBl, but we did not observe restric-
tion by other HLA class II isotypes, as was reported
in Caucasian patients (15, 29). Our data were
derived from relatively few T-cell clones, and it is
probable that T cells with HLA-DQ- or -DP-restric-
tion also could be observed in the Japanese patients.
Although four peptides were prepared from Der p
II on the basis of a hypothesis of T-cell epitope
prediction, one of the motif K109-G112 was not
fully studied because of its solubility problems (6),
In our previous population study, the peptide
seemed to be less itnportant (16), On the other
hand, this part was reported to be important in the
Caucasian population (15, 30),

HLA-DRBl* 1502 atid DRB 1*0405 are virtually
absent in the Caucasian population, while they are
comtnon alleles in Japati; up to 40% of the .Japanese
population carry one or the other of those alleles,
Allospecificities of class II MHC are closely related
to molecular diversities of the antigen-binding sites
of MHC (8, 31). Therefore, it is possible that the
present T-cell epitopes restricted by such typical
Japanese HLA-DR alleles are clinically important
only for Japanese patients. Our previous observa-
tion suggested that the peptide K33-T47 is com-
monly recognized by T cells of Japanese patients
with allergic rhinitis (16). In the report by Verhoef
et al., the present Der p II peptides were not
preferentially recognized by Caucasian T cells (15),
Conversely, a T-cell epitope, I29-F42, restricted by
HLA-DR 1 in Caucasians (30) was less stimulatory
for T cells of Japanese allergic subjects. We must
test many more T-cell epitopes before we can
determine whether clinically important T-cell epi-
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topes are so strictly determined by the HLA
polymorphism.

The precise binding elements of each peptide were
still not fully determined in our study. Accumulated
results of studies have been uncovering HLA-DR
allele-specific anchor motifs of epitope peptides,
and this information is available for HLA-DR 1,
DR4, DR8, and others (9, 32, 33). Detailed motif
analysis was reported for DRB 1*0405 (33). When
the hypothesis is applied to I58-C73, the
DRBl*0405-restricted Der p II peptide,
I57xxL60xV62, seems to be fitted for the binding
motif of DRBl*0405-binding peptides, although
the third anchor (V62) does not show such a
high affinity.

In the case of HLA-DRB1*15O2, the critical
anchor motifs are still not fixed. Testing analog
peptides of K33-T47 showed at least five amino
acids to be responsible for stimulatory activities
against T cells. Of those five analog peptides tested,
two competitively inhibited the binding of MSPl to
HLA-DRBP1502 molecules. On the other hand,
three peptides, 35F-A, 39A-Y, and 42E-A, did not
show such inhibitory effects, and this indicated that
those three analog peptides lost the binding elements
to HLA-DRB1*15O2. We tested only alanine-
substituted analog peptides, and it is likely that the
molecular basis of each binding motif could be
uncovered when the full set of substitution of amino
acid is tested. Our observation suggested that at
least those three residues might be critical as HLA-
DRBl*1502-binding anchors, while 37L and 41F
seemed to be TCR-binding elements. In many cases,
the first anchor residues bound to HLA-DR were
aromatic or hydrophobic amino acids, and this is
consistent with the present observation. The obser-
vation that the peptide I28-E42 gave a weak but
significant response of BP-001 clone might be
explained by the possibility that all five motifs were
shared with the peptide K33-T47 (Fig. 2), although
other binding motifs could exist in the latter peptide.

If the three residues are anchor elements for the
DRB]*1502 gene products, such motifs do not fit,
so far, to any other known ones specific for particu-
lar HLA-DR allotypes (9). Moreover, the peptide
K33-T47 does not express the "super motif" show-
ing promiscuous binding to many different
HLA-DR allospecificities (34). Moreover, the epi-
tope peptide, K33-T47, is probably recognized pref-
erentially by individuals with HLA-DRB1*15O2. It
is well known that this HLA-DR allotype is quite
common and specific in the Japanese population;
therefore, we emphasize the important role of the
epitope in the pathogenesis of house-dust mite
allergy in the Japanese population.

We obtained CD4+ T-cell clones from both
healthy and allergic donors. These T cells probably
recognized the same epitope of Der p II; however.

functional profiles were different. It was suggested
that healthy subjects with HLA-DRB1*15O2 might
be able to respond to the allergen epitope, although
these responses were less functional in allergic
hypersensitivity because they seemed to be Thl-like.
HLA-DRB1*15O2 is one of the most common
alleles in the Japanese population. This indicated
that many Japanese people were able to recognize
the allergen epitope; however, induction of the
typical Th2 response to the epitope seemed to be
controlled not only by the recognition phase, but
also by other host factors. The APC of a healthy
donor induced peptide-driven IL-4 production by
the BP-001 clone, suggesting that APC do not have
a critical role in the T-cell response after the func-
tional category is established. Therefore, it is pos-
sible that TCR diversity strongly infiuences the
differential categorization into Till or Th2. The
slight difference in response of two T-cell clones,
BP-001 and NOP-1, to the 37L-A analog peptide
might suggest such a difference in TCR usage.

With the molecular information of helper T-cell
epitopes, it seems to be possible to control allergic
responses by preparing partially antagonistic pep-
tides (35-37) or peptides inducing functional pro-
files of responding T cells (38). Several analog
peptides in the present study, which showed clear
alteration in stimulatory activities for T cells, could
be candidates for prophylactic reagents for allergic
hypersensitivity in vivo. Studies are in progress to
analyze the functional alteration o^ Der p Il-reactive
Th2 T cells by various analog peptides in the hope
of developing immunotherapy.
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