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Description

Allergies, characterized by hypersensitivity reactions of the
immune system to normally harmless substances, affect millions of
people worldwide. Common allergens include pollen, dust mites, pet
dander, foods, and insect stings. The development of allergic diseases,
such as asthma, allergic rhinitis, and atopic dermatitis, involves a
complex interplay of genetic and environmental factors.
Understanding the genetic underpinnings of allergies is important for
risk assessment, prevention, and personalized treatment strategies.
This article explores the hereditary factors contributing to allergies and
the methods used for genetic risk assessment.

Hereditary factors in allergies

Allergic diseases have a strong genetic component, as evidenced by
their tendency to run in families. If one parent has an allergic disease,
the child has a 30%-50% chance of developing an allergy; if
both parents are affected, the risk increases to 60%-80%. The genetic
basis of allergies is polygenic, meaning multiple genes are involved
in their development. These genes contribute to the regulation of the
immune system, barrier function of the skin and mucous
membranes, and inflammatory responses.

One of the key genetic regions associated with allergies is the
Human Leukocyte Antigen (HLA) complex on chromosome 6. The
HLA complex encodes proteins involved in antigen presentation to T
cells, a difficult step in the immune response. Certain HLA alleles are
associated with an increased risk of specific allergies. For example,
HLA-DR and HLA-DQ alleles have been linked to peanut allergy and
pollen-induced allergic rhinitis. These associations suggest that
variations in antigen presentation can influence the likelihood of
developing allergic sensitizations.
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The IL-4 and IL-13 genes, located on chromosome 5q31-33, are
also important in the pathogenesis of allergies. IL-4 and IL-13 are
cytokines that promote the differentiation of naive T helper cells into
Th2 cells, which are involved in the allergic response. Th2 cells
produce cytokines that stimulate the production of immunoglobulin E
(IgE) by B cells. Elevated levels of IgE are a hallmark of allergic
diseases. Polymorphisms in the IL-4 and IL-13 genes can lead to
increased production of these cytokines and a heightened Th2
response, predisposing individuals to allergies.

Genome-Wide Association Studies (GWAS) have identified
numerous other loci associated with allergies, including genes
involved in immune regulation (e.g., TSLP, IL-33, and TLR2),
epithelial barrier function (e.g., SPINKS5 and CLDNI1), and
inflammatory responses (e.g., ORMDL3 and GSDMB). These
findings underscore the polygenic nature of allergies and the
involvement of diverse biological pathways in their pathogenesis.

Risk assessment and genetic testing

Assessing the genetic risk of allergies involves analyzing the
presence of specific genetic variants associated with increased
susceptibility to allergic diseases. While genetic testing for allergies is
not yet routine in clinical practice, advances in genomic technologies
have made it increasingly feasible. Identifying individuals at high
genetic risk for allergies can facilitate early intervention, personalized
treatment, and improved management of allergic diseases.

One approach to genetic risk assessment is the use of Polygenic
Risk Scores (PRS). PRS are calculated by summing the effects of
multiple genetic variants associated with a particular disease, weighted
by their effect sizes. For allergies, PRS can provide an estimate of an
individual's genetic predisposition based on their genetic profile.
Studies have shown that individuals with higher PRS for allergies are
more likely to develop allergic diseases and have more severe
symptoms. PRS can be integrated with other -clinical and
environmental risk factors to improve the accuracy of risk prediction.

Conclusion

In conclusion, the genetics of allergies involves multiple genes that
regulate immune responses, barrier function, and inflammation.
Understanding the hereditary factors contributing to allergies and
developing methods for genetic risk assessment are important for early
intervention and personalized treatment. Advances in genomic
technologies and the integration of genetic, epigenetic, and
environmental data hold promise for improving the diagnosis,
prevention, and management of allergic diseases.
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