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Prof. Hiroshi Kido, assistant Prof. Etsuhisa Takahashi at The Institute for Enzyme Research, Tokushima

University and Director Koichi Suzuki at Applied Enzyme Research Co. made a project team and aimed to



develop a new diagnostic tool which reports biomarkers of infants for prevention and treatment of allergy, and
verification of the diagnostic tool for practical use.

Most people have lifelong immunological tolerance to foods, but a minority suffers food allergy. Although many
foods can potentially induce IgE-mediated food allergy, allergies to hen’s egg white (EW) and cow’s milk (CM) are
the earliest to appear common food allergies in infants at one year of age. Immunological development and food
allergen sensitization from birth to 6 months might be the background of food allergy and oral tolerance.

We previously found that high amounts of CM ingestion from formula and mixed feedings and trace amounts of
EW from breast and mixed feedings induced rapid and slow immunoglobulin formation associated with class-
switching recombination, respectively, in early infancy and eczema predominantly modifies the latter with selective
induction of high IgE and resultant allergen-specific IgE/IgG1 ratio, as biomarkers for prevention and treatment of
allergy in infants. To understand the development of food allergy and its relationship with eczema during the lactation
period, a trajectory study on EW- and CM-allergen specific immunoglobulin production associated with class-
switching recombination from birth to 6 months of age are required. We recently developed the highly sensitive
densely carboxylated protein (DCP) microarray with high antigen immobilization capacity. Following are the results
obtained from October 2017 to March 2018.

DCP microarray offers the advantages of measurement various types of immunoglobulin subclasses under the
same assay conditions with high sensitivity and can detect low- and high-affinity allergen-specific IgE. In addition,
the DCP microarray can quantitatively measure the levels of IgE, IgG1, 1gG2, IgG3, IgG4 and IgA subclasses against
allergens using small volume of serum or plasma. Feeding of formula containing high dose CM allergens induced
high allergen-specific IgG1 and IgA in the early stage, and subsequently production of IgG2 and IgE (called type 1
immunoglobulin subclass formation). Breast feeding, which provides trace amounts of EW allergens, showed slow
and mild type 1, but eczema in these 6-month-old infants induced EW-specific high IgE without induction of IgG2
and other immunoglobulins (called type 2 immunoglobulin subclass formation), with resultant high IgE/IgG1 ratio.
In addition, allergen-specific low-affinity IgE was found in type 1, suggesting oral tolerance and high-affinity IgE in
type 2, suggesting food allergy. (Proposed biomarkers: allergen specific early and slow development of type 1
immunoglobulin subclass maturation, and eczema selectively modified the latter from type 1 to type 2; low levels in
allergen-specific IgE/IgG1 ratios and IgG2 formation associated with IgE as biomarkers of oral tolerance; high levels

jn IgE/IgG1 ratios, poor IgG2 formation and high allergen-specific IgE affinity as biomarkers in food allergy).

We developed diagnostic hardware for detection of these
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