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Forcipomyia taiwana (biting midge) is a

tiny blood-

sucking midge

approximately

1–1.5 mm in

size and distrib-

uted island-

wide in urban

and suburban

Taiwan as well

as in southern

China (1). It is

the most

important cause

of insect bite allergy in Taiwan. Female

midges attack exposed body parts during

the day, causing intense itching and

swelling in sensitive individuals. About

60% of exposed subjects in Taiwan

develop hypersensitivity reactions (2). A

report has previously identified that the

24 (For t 1), 36 (For t 2), and 64 (For t 3)

kDa proteins as major F. taiwana aller-

gens (2). This study aimed to clone and

characterize the 36 kDa major allergen

of the midge, termed For t 2.

A ZAPII cDNA library was con-

structed from F. taiwana mRNA. It was

screened with pooled sera from 50

midge-allergic subjects by plaque immu-

noassay. The cDNA insert of IgE-reac-

tive clones were sequenced and

subcloned into expression vectors pQE-

30, transformants carrying the correct

insert fermented, and the recombinant

protein purified by His-tag affinity

column.

An IgE-reactive clone containing

1066 base pairs was identified. The

cDNA and the deduced amino acid

sequences were described elsewhere

(GeneBank accession number

EU678971) (3). Computer-assisted

homology search revealed that the For

t 2 sequence had 65–77% identity with

eukaryotic translation initiation factor

3 subunit (eIF3) from many insects.

The IgE reactivity of recombinant

For t 2 was determined in vivo by

skin prick test and in vitro by ELISA

(Table 1).

Furthermore, rabbit anti-rFor t 2

antibodies were used for immunohisto-

chemistry staining. The For t 2 protein

was abundantly expressed in the salivary

glands, brain, flight muscles, and midgut

of the midge (Fig. 1A).

Whether or not rFor t 2 could

activate skin fibroblasts, the Hs68 cells,

aside from its IgE-binding capacity,

was further examined. Skin fibroblasts

represented cells constituting the innate

immune barrier that first come in con-

tact with biting midges and are well-

known source of chemokines. The

direct effect of rFor t 2 on IL-6 and

IL-8 protein secretion from human

skin fibroblasts was analyzed by

ELISA. Hs68 cells secreted IL-6

(Fig. 1B) and IL-8 (Fig. 1C) after stim-

ulation with rFor t 2 in a concentra-

tion-dependent manner.

The recombinant For t 2 reacted with

58–64% of midge-allergic subjects and

was abundantly expressed in the biting

midges, which support the possibility of

this protein entering the host body

through the bite. Recombinant For t 2

had significant sequence identity with

eIF3, which was required for the
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This report presents

the cloning and

characterization of

a major allergen,

For t 2, from the

biting midge Forci-

pomyia taiwana and

demonstrates its

IgE-binding capacity

and ability to stimu-

late skin fibroblasts.

Table 1 IgE reactivity of recombinant For t 2 by skin prick test and ELISA

Nonallergic

control (n = 5)

Midge-allergic (n = 50)

rFor t 2

nonreactive rFor t 2-reactive

Age 29.40 ± 7.20 38.26 ± 13.09 34.25 ± 10.67

Number of positive SPT to rFor t 2 0 0 29 (58%)

Gender (M/F) 2/3 5/16 7/22

SPT to rFor t 2-W/E (mm2 ± mm2/mm2 ± mm2) 0 ± 0/0 ± 0 0 ± 0/0 ± 0 1.39 ± 0.13/6.34 ± 0.56

Number of positive ELISA to rFor t 2 0 0 32 (64%)

Mean OD value to rFor t 2 0.12 ± 0.02 0.24 ± 0.02 1.33 ± 0.20

M, male; F, female; SPT, skin prick test; W, wheal; E, erythema; OD, optic density.



binding of mRNA to 40S ribosomal

subunits and the interaction with many

components of the translational

machinery (4).

Increased mRNA and protein levels

of eIF3 have been detected in a wide

variety of human cancers and are

frequently identified as biomarkers for

poor clinical outcome (4). However,

members of the eIF protein family have

never been reported as allergens and

therefore represent a new class of

IgE-binding proteins. There has been

increasing evidence that allergic inflam-

mation involves not only the Th2-cell

pathway but also innate immune

responses. Many allergens are able to

initiate or propagate inflammation via

stimulating cell receptors constituting

the physical skin barrier (5, 6). This

report has shown that For t 2 not only

binds with serum IgE of sensitized

patients but also induces the production

of important inflammatory chemokines

from skin fibroblasts in a concentration-

dependent manner.

In conclusion, this study has cloned a

major biting midge allergen, For t 2,

with significant sequence homology to

eIF3, thus defining a new class of aller-

gens that can stimulate IL-6 and IL-8

secretion from human fibroblasts. The

purified recombinant allergen may be

used for diagnosing and treating midge

bite allergy in the future.
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Figure 1 (A) Target proteins were stained with 3,3¢diaminobenzidine for 3 min and counterstained with hematoxylin. The For t 2 proteins

were abundantly expressed in the salivary glands, brain, flight muscles, and midgut in the midge (dark brown spots). rFot t 2 induced (B)

IL-6 and (C) IL-8 protein secretions from human skin fibroblasts Hs68 cells. Hs68 cells were stimulated with various concentrations

(6.25–100 lg/ml) of rFor t 2 for 24 h. IL-6 and IL-8 in the culture supernatant were determined by ELISA. Data were mean ± SEM of three

independent experiments.

ALLERGY Net

ª 2010 John Wiley & Sons A/S


