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Summary

Background Comparative information on T-cell responses to allergens from different

Dermatophagoides species is limited even though differences in the epitypic recognition

have been described.

Objective To compare the level of T-cell proliferation and cytokine production to

allergens from the mite species, D. pteronyssinus and D. farinae.

Methods Freshly isolated peripheral blood mononuclear cells (PBMC) from house dust

mite (HDM)-allergic and HDM-nonallergic donors were stimulated with the group 1 and

group 7 allergens of D. pteronyssinus and D. farinae and the level of proliferation as well as

IL-5 and IFNg production were measured.

Results The proliferative response and the level of IL-5 produced after in vitro

challenge with group 1 and group 7 allergens were equivalent for the allergens from

both mite species even though D. farinae is not detected in the environment where the

study population live. As expected the level of IL-5 production to the individual

allergens was higher for the allergic donor group than for the nonallergic donors,

however, there was no difference in the level of T-cell proliferation between the different

donor groups.

Conclusion The proliferative and cytokine response to the group 1 and group 7 allergens

for D. pteronyssinus and D. farinae indicates that there is a large degree of T-cell cross-

reactivity between the whole puri®ed allergens from each species. This is despite previous

reports demonstrating different responses to synthetic peptides representing Der p 1 and Der

f 1 in a similar study population.

Keywords: cytokines, D. farinae, Der f 1, Der f 7, Der p 1, Der p 7, Dermatophagoides

pteronyssinus, house dust mite, T cells.
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Introduction

Mites of the Dermatophagoides genus were identi®ed as a

signi®cant source of allergen in house dust over 30 years ago

[1±2]. The allergens produced from these mites are now

known to cause sensitization in between 10 and 30% of most

populations and the sensitization is a major independent risk

factor for developing asthma [3,4±10]. Two species of

Dermatophagoides mites have consistently been found to

be important in urban temperate regions. D. pteronyssinus is

found in coastal regions of Australia, New Zealand, Europe

and most of the USA [11±14]. In the continental regions of

Europe and the USA, D. pteronyssinus frequently co-exists

with D. farinae, a mite species that prefers drier environ-

mental conditions [13±16]. Many of the allergens from each
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species have been characterized by cDNA cloning. The

amino acid sequence of the group 1 cysteine protease

allergens from the two mite species show about 81%

identity [17] and the majority of the other allergens show

a similar degree of homology [18±21]. The allergens

produced by the different mite species are usually serologi-

cally cross-reactive owing to this high level of sequence

homology so it has been dif®cult to ascertain the degree of

species-speci®c sensitization by IgE-binding assays [22±

23]. This is particularly since the IgE from individual

patients can show a 1000-fold difference in the degree of

cross-reactivity [24]. Previously we have used the ®ne

speci®city of T-cell activation and overlapping synthetic

peptides of the group 1 mite allergens to study the T-cell

cross-reactivity between Der p 1 and Der f 1 peptides, as

well as to peptides representing Eur m 1 from Euroglyphus

maynei [25]. The studies were conducted in a population

living in an area where D. pteronyssinus often co-exists with

the less abundant E. maynei species, and D. farinae is rarely

detected. The responses to the Der p 1 peptides were found

to be larger and more frequent than to the Der f 1 or Eur m 1

peptides, and although detected, the majority of the Der f 1

responses overlapped with responses to a neighbouring or

homologous peptide from Der p 1 or Eur m 1. The response

to the Eur m 1 peptides were independent of responses to the

homologous Der p 1 peptides. This ®nding indicated aller-

gic sensitization detected by the peptides was caused by the

mites in the environment and was not due to some form of

molecular mimicry. Aside from this study there are very few

studies comparing T-cell responses to allergens from dif-

ferent mite species even though it is well established that T

cells are essential in the initiation and regulation of IgE

synthesis and eosinophilia. O'Brien et al. compared T-cell

reactivity between Der p 2 and Der f 2 and showed that the

level of T-cell proliferation to the group 2 allergens was

usually well correlated for the individual donors, however,

there was some discordance in 2/11 donors who only had

strong reactivity to Der p 2 [26].

The aim of this study was to measure the T-cell cross-

reactivity of D. pteronyssinus and D. farinae allergens by

measuring the level of T-cell proliferation and the cyto-

kine pro®le (Th1/Th2) to the af®nity puri®ed group 1 and

group 7 allergens. The subjects selected for study were

from an environment where a comprehensive study found

abundant D. pteronyssinus but failed to detect D. farinae

[27]. The results showed there was little difference in the

proliferative, IL-5 and IFNg response to the group 1 and

group 7 allergens of each species. This differed from the

results found in our previous studies using peptides

which showed that 19-mer peptides induced only limited

T-cell cross-reactivity between these species. There are

several explanations for this phenomenon which will be

discussed.

Methods

Study population

Peripheral blood was obtained fresh from 26 donors (18

females, eight males; age range 21±50) recruited from

laboratory staff and the general population. Serum was

extracted for measurement of speci®c IgE to house dust

mite (HDM) and rye pollen using the Pharmacia CAPS

system (a RAST score $ 2 on a scale of 1±6 was considered

positive), and for the measurement of speci®c IgE against

Der p 7 by dot-blot analysis. The RAST analysis was kindly

done by Dr Richard Loh of the Immunology Department at

Princess Margaret Hospital for Children (Perth, Western

Australia). Fifteen of the 26 subjects had no symptoms of

allergic disease (asthma, rhinitis or dermatitis) and were

RAST-negative to dust mite and pollen. The remaining 11

subjects were RAST-positive to the HDM allergen and

displayed one or more allergic symptoms.

Culture Medium

Cells were cultured using AIM-V lymphocyte medium

(Gibco, New York, USA) which contains DMEM and F12

media, supplemented with unspeci®ed amounts of human

albumin, insulin, transferrin, lipids, L-glutamine, streptomy-

cin, gentamycin, and HEPES buffer. The addition of 2-

mercaptoethanol (4 ´ 10ÿ5 M; BDH Laboratory Supplier,

Poole, Dorset, UK) was performed before use.

Allergens

Natural Der p 1, Der f 1, Der p 7 and Der f 7 were puri®ed by

af®nity chromatography from spent mite medium using the

4C1 mAb against the group 1 allergen and the WH9 mAb

against the group 7 allergen using the method of Chua et al.

[28]. Tuberculin puri®ed protein derivative (PPD) and the

HDM extract were from the Commonwealth Serum Labora-

tory Limited (Melbourne, Australia) and were included in

each tissue-culture assay as positive controls at 30 mg/mL

protein, respectively. Coomassie-stained SDS-PAGE

showed the group 7 allergens had the expected sizes of

31, 30 and 26 kDa and the group 1 ran at 25 kDa. The

puri®ed allergens were used at 30 mg/mL. Preliminary work

found optimal T-cell proliferation and cytokine release was

induced at this concentration.

Cell extraction and proliferation assays

Blood was collected and diluted with an equal volume of

RPMI containing preservative free heparin. PBMC were

isolated on a density gradient (Lymphoprep, Nycomed,

Norway), washed three times in RPMI, and resuspended
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in AIM-V culture medium. The cells from 10 allergic and 15

nonallergic donors were seeded at 2 ´ 105 cells/well in 96-

well round-bottom trays in a volume of 200 mL. The aller-

gens and positive controls were added in triplicate to the cell

cultures at 30 mg/mL, and control wells contained no anti-

gen. Following incubation at 37 8C in 5% CO2 for 5 days,

DNA synthesis was measured by adding 3H thymidine (0.5

mCi; DuPont). Thymidine uptake was assayed by harvesting

the cultures onto glass®bre ®lter mats 16±18 h later and

counting thymidine incorporation using a Packard Matrix

9600 beta counter (Packard Instrument Co, Meriden, CT,

USA). The allergens were considered to be causing prolif-

eration if the stimulation index (SI) $ 3.0, where SI � mean

of wells containing antigen/mean of control wells.

Cytokine assays

The cells from 11-allergic and 14-nonallergic donors were

seeded at 3 ´ 106 cells/well in 24-well plates in a 2-mL

volume for the measurement of IL-5 and IFNg production.

The allergens and positive controls were added to the cells

individually at 30 mg/mL. Supernatant was harvested on day

4 and day 6 for the measurement of IL-5 and IFNg,

respectively. IL-5 was measured using the BAF-BO3 bioas-

say [25] which was sensitive to 1 pg/mL. IFNg was mea-

sured using the Pelikine ELISA kit (CLB, Amsterdam, the

Netherlands) and the sensitivity of the kit was approxi-

mately 10 pg/mL.

Statistical analysis

Differences between experimental groups were assessed by

either the paired Wilcoxon signed rank test or by the

unpaired Mann±Whitney U-test. Probabilities less than or

equal to 0.05 using the Instat statistical package (GraphPad

Software, CA, USA) were considered signi®cant.

Results

Proliferative T-cell responses to allergens of D.

pteronyssinus and D. farinae

PBMCs from 10-allergic and 15-nonallergic donors were

stimulated with 30 mg/mL of the group 1 and group 7

allergens of D. pteronyssinus (Dp) and D. farinae (Df).

The responses were presented as a stimulation index (SI).

As will be reported in more detail elsewhere, T-cell

proliferation to the group 1 allergens compared to the

group 7 allergens of both mite species were similar.

Similar reactivity was found for both the allergic and

nonallergic donor groups. There was an extremely strong

correlation between the SIs to the same allergen groups

derived from the different mite species (Fig. 1). The

correlation coef®cient of SIs of the individual PBMCs

between Der p 1 and Der f 1 was 0.951 (P< 0.001) and

the correlation coef®cient between Der p 7 and Der f 7 was

0.921 (P < 0.001). As indicated by the slope of the correla-

tions there was a tendency for the Dp responses to be larger

than the Df response which was signi®cant (P< 0.05) for

Der p 7.

Cytokine responses

To examine the level of Th1/Th2 cytokine production to

allergens from each mite species, PBMCs from 11-allergic

and 14-nonallergic donors were stimulated with the group 1

and group 7 allergens of D. pteronyssinus and D. farinae.

Supernatant was collected on day 4 and day 6 for the

measurement of IL-5 and IFNg, respectively. A summary

of the level of T-cell proliferation and cytokine production

to the individual allergens is listed in Table 1. The produc-

tion of IL-5 was signi®cantly higher (P < 0.005) for the

allergic donors than for the nonallergic donors for all the

allergens. Similarly the ratio of IFNg/IL-5 production was
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(r� 0.951; P < 0.001) and (b) Der p 7 and

Der f 7 (r� 0.921; P < 0.001).



signi®cantly higher for the nonallergic group. Although the

production of IFNg was higher for the nonallergic than for

the allergic group, this did not reach statistical signi®cance.

IL-5 production to the group 1 allergens of both mite

species was strongly correlated (r� 0.916; P < 0.001), as

was the correlation between Der p 7 and Der f 7 (r� 0.897;

P < 0.001) (Fig. 2). Similarly, a strong correlation was found

between the IFNg responses to the group 1 (r� 0.760;

P < 0.001) and group 7 (r� 0.943; P < 0.001) allergens of

each mite species. For the allergic donor group, the level of

IL-5 production to Der p 7 was of a slightly higher

magnitude than to Der f 7 (P < 0.05), however, the level

of IL-5 production to the group 1 allergens of both mite

species were equivalent. There was no difference in the ratio

of IFNg/IL-5 production to the group 1 and group 7

allergens of D. pteronyssinus and D. farinae.

As found previously for Der p 1 and Der p 7, the cells of

the allergic donors produced similar amounts of IL-5 to both

Der f 1 and Der f 7 even though the group 7 allergen is

reported to bind to IgE at a lower frequency than the group 1

allergen (Fig. 3). Moreover, there was an extremely high

correlation between the level of IL-5 production to the

group 1 and group 7 allergens of D. pteronyssinus

(r� 0.959; P< 0.001) and D. farinae (r� 0.922;

P < 0.001) (Fig. 4).

Discussion

The primary ®nding of this study was that the level of T-cell

cross-reactivity between the natural allergens of D. pter-

onyssinus and D. farinae was high. This is in contrast to

differences in responses to overlapping synthetic peptides of

Der p 1 (Dp) and Der f 1 (Df) reported previously. More-

over, the correlation between the level of IL-5 and IFNg

production to the natural allergens of both mite species was

extremely high. D. farinae is rarely detected in the environ-

ment of the study population so it is unlikely that the donors

are sensitized to D. farinae. The previous studies with

peptides showed that T cells from a similar group of subjects

to that described here responded to many more peptides

representing Der p 1 than peptides representing Der f 1 and

there was often little cross-reactivity [25]. There are several
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from PBMCs to the group 1 and group 7

allergens of D. pteronyssinus and D.

farinae was well correlated for the allergic

(W) and nonallergic (X) donors.



possible explanations for this difference. Peptide processing

and the use of an arbitrary array of peptide may decrease the

ef®ciency of epitope presentation below a threshold level

where responses to the sensitizing Dp epitope can be readily

detected, but responses to the Df homologue are undetect-

able. The presentation of the peptide after natural processing

may induce responses above the activation threshold for

both epitopes. Residues outside those which bind to the

groove are important on determining the ef®ciency of

peptide presentation (possibly in¯uenced by the peptide

structure or the structure which originally bound to the

MHC). Accordingly, the use of larger peptides has been

found to be more ef®cient at inducing stimulation than

smaller peptides [29]. It should be noted here that the

responses to Df were marginally less than Dp for both

allergens. The natural allergens in the environment may

also contain multiple isoforms that are cross-reactive

between the mite species and all of the isoforms may not

have been represented in the peptide studies. Amino acid

polymorphisms within the group 1 allergen occur frequently

and the different isoforms are known to signi®cantly in¯u-

ence T-cell recognition of an allergen [30]. The poly-

morphic substitutions for Der p 1 are frequently to

residues found in Der f 1 [31]. As yet the complete

number and range of polymorphisms in mite extracts and

the environment are unknown. Therefore, it is possible that

the individual donors are recognizing T-cell epitopes of the

D. farinae allergen that are either identical or cross-reactive

with the D. pteronyssinus allergen. It is unknown whether

allelic polymorphisms are found within the group 7 aller-

gen. It is also possible that the combination of low cross-

reactivity to several Df epitopes may provide enough

stimulation and help for the in vitro stimulation to be

triggered. The in vivo signi®cance is unknown but Hoyne

found via cytokine release that mice immunized with Der f 1

did not respond well to Der p 1 in in vitro cultures (mice

immunized with Der p 1 did respond to Der f 1 but not as

well as to Der p 1) showing that species-speci®c responses

can be induced in vivo [32]. However, the class II MHC of

humans is more diverse than the mouse and sensitized

humans have received continuous stimulation rather than

one injection. It is also worth noting that in the peptide

studies, four of the six donors did have some Der f 1 peptide

stimulation either cross-reactive with Der p 1 or Eur m 1.

The cytokine responses to the allergens from D. ptero-

nyssinus and D. farinae were also similar. It has been

speculated that low af®nity interactions of the peptide for

the MHC/TCR molecule leads to a short signal which
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Fig 3. IL-5 production of PBMC from allergic donors to allergens

from D. pteronyssinus and D. farinae were similar, however Der p

7 induced marginally higher levels of IL-5 than Der f 7 (P < 0.05).

Fig. 4. Correlation of IL-5 production of

PBMCs from HDM-allergic individuals to

(a) Der p 1 and Der p 7 (r� 0.959;

P < 0.001) and (b) Der f 1 and Der f 7

(r� 0.922; P <0.001).



induces a Th2 response, and a high af®nity interaction leads

to a long signal to induce a Th1 response [33±36]. The IL-5

and IFNg responses to the allergens of the different species

were well correlated and had the expected Th2 preference

for the allergic donors. The only signi®cant difference

showing that Der p 7 induced more IL-5 than Der f 7

would argue against low af®nity interactions inducing Th2

cytokines. It may however, be that low af®nity interactions

are most effective during the development of sensitization

and not in the in vitro stimulation of polarized cells as

examined here. Given that the allergens from each species

have a 20% sequence divergence, it is unlikely that poly-

morphic substitutions which produce 0.5±2% divergence

would affect cytokine production in this type of assay [31].

As in the previous study, responses of nonallergic subjects

were readily detected and the responses to the allergen from

the different species did not generally differ.

O'Hehir and colleagues have previously identi®ed cross-

reactivity of T-cell clones to whole Dp and Df [37]. Six

clones were generated by inducing the cells with D. farinae

and two showed cross-reactivity to D. pteronyssinus. A T-

cell line from an allergic donor induced with Dp extract was

later found to respond well to both Dp and Df extracts by the

same investigators, although the Df response was consider-

ably less [38]. It was interesting that T-cell clones generated

with Dp peptides from the same donor did not respond to Df.

The fact that strong T-cell responses could be induced by

the nonsensitizing D. farinae suggests that the allergens of

different species can be used, at least on the population

level, to measure T-cell responses and possibly modify

immunoregulatory responses in vivo. The signi®cance of

cross-reactivity is highlighted in this study because D.

farinae has been shown to be almost absent from the

environment, and the responses mapped by overlapping

peptides do show a bias towards the abundant D. pteronys-

sinus.
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