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ABSTRACT

Pollen allergies, also known as hay fever or seasonal allergic rhinitis, affect a significant portion of the population
worldwide. Pollen grains released by plants contain a diverse range of allergenic proteins that can trigger allergic reactions in
susceptible individuals. This review paper aims to provide a comprehensive overview of pollen allergens, including their
diversity, characterization methods, and the immunological responses they elicit in allergic individuals.
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|. Introduction

Pollen allergies, also known as hay fever or seasonal allergic rhinitis, are a common health issue affecting a substantial portion of
the global population. These allergies are triggered by the inhalation of pollen grains released by various plants, including trees,
grasses, and weeds. Pollen allergens, which are proteins present in pollen grains, play a crucial role in the development of allergic
reactions in susceptible individuals. The prevalence of pollen allergies has been increasing over the years, posing a substantial
burden on public health systems worldwide. Symptoms of pollen allergies can range from mild to severe and include sneezing,
itching, nasal congestion, runny nose, and itchy or watery eyes. In some cases, pollen allergies can significantly impair an
individual's quality of life, leading to sleep disturbances, reduced productivity, and impaired cognitive function.!

Understanding pollen allergens is essential for accurate diagnosis, as it allows healthcare professionals to identify the specific
allergens triggering an individual's allergic response. Accurate diagnosis enables targeted allergen avoidance strategies,
minimizing exposure and reducing symptoms. Moreover, a thorough understanding of pollen allergens is crucial for the
development of effective treatment options tailored to individual patients. Pollen allergen characterization provides insights into
the structural and functional properties of these proteins, allowing for the identification of key allergenic components. This
knowledge facilitates the development of diagnostic tests, such as skin prick tests and specific IgE antibody assays, which aid in
identifying allergen-specific sensitization in patients. Additionally, the detailed characterization of pollen allergens enables the
production of purified allergens for research purposes and the development of novel immunotherapeutic approaches.?

Effective treatment of pollen allergies relies on a multifaceted approach. This includes allergen avoidance measures, such as
staying indoors during peak pollen seasons, using air purifiers, and wearing protective clothing. Pharmacotherapy options, such as
antihistamines, nasal corticosteroids, and decongestants, can provide symptomatic relief. However, these treatments often do not
address the underlying cause of the allergic response. Immunotherapy, particularly allergen-specific immunotherapy, offers a
potential long-term solution for pollen allergies. It involves the administration of gradually increasing doses of allergens to
desensitize the immune system and induce immunological tolerance. Understanding the specific pollen allergens and their
immunological responses is crucial for the development of safe and effective immunotherapy strategies.

In conclusion, the introduction section highlights the significance of pollen allergies as a public health concern and emphasizes the
importance of understanding pollen allergens for accurate diagnosis, effective treatment, and the development of preventive
strategies. By comprehensively examining the diversity, characterization, and immunological responses of pollen allergens, this
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review paper aims to contribute to the advancement of knowledge in the field and improve the management of pollen allergies for
the benefit of affected individuals and society as a whole.®

11. Pollen Allergen Diversity

Pollen allergen diversity refers to the wide array of allergenic proteins found in pollen grains from different plant species. These
proteins can vary in their composition, structure, and functional properties. Understanding this diversity is essential for
comprehending the complexity of pollen allergies and developing effective diagnostic and therapeutic approaches.

e Pathogenesis-related proteins (PR-10): PR-10 proteins are a prominent family of pollen allergens. They are
characterized by a conserved three-dimensional structure known as the Bet v 1-fold. This fold consists of a central
hydrophobic cavity surrounded by flexible loops. PR-10 proteins are found in various plant species, including trees (such
as hirch and oak), grasses, and weeds. They are known to induce allergic reactions in many individuals.*

™at

Fig 1. Pollen Grain Allergy

e Profilins: Profilins are small, actin-binding proteins present in pollen grains. They play a crucial role in cytoskeletal
dynamics within plant cells. Profilins are highly conserved across different plant species, which contributes to their
allergenicity. They can elicit immune responses in sensitized individuals and trigger allergic reactions. The sensitization
to profilins is often associated with cross-reactivity among different pollen allergens.®

e Expansins: Expansins are proteins involved in cell wall loosening and growth processes in plants. Certain expansin
proteins have been identified as allergenic components in pollen, particularly in grasses. When inhaled, they can interact
with the respiratory mucosa and stimulate immune responses in susceptible individuals, leading to allergic reactions.

e Lipid transfer proteins (LTPs): LTPs are a diverse group of small proteins involved in lipid transport and metabolism
in plants. They have been identified as major allergens not only in pollen but also in various fruits and nuts. LTPs are
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highly stable proteins and can resist degradation in the digestive tract. Consequently, they can induce severe allergic
reactions in sensitized individuals upon ingestion or inhalation.

I11. Characterization Methods

Characterization methods used for pollen allergens:

7
°n

Proteomic Approaches: Proteomic techniques are powerful tools for the identification and characterization of pollen
allergens. They provide valuable insights into the protein composition and properties of pollen grains. Some commonly used
proteomic approaches for pollen allergen characterization include:

>

Two-dimensional gel electrophoresis (2D-PAGE): 2D-PAGE is a technique that separates proteins based on their
isoelectric point (pl) and molecular weight. In this method, proteins are first separated according to their pl using
isoelectric focusing (IEF), followed by separation based on their molecular weight using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). After separation, proteins can be visualized using staining techniques
or immunoblotting. 2D-PAGE allows for the comparison of protein profiles from different pollen sources and facilitates
the identification of allergenic proteins based on their positions in the gel.

Mass spectrometry (MS): Mass spectrometry is a powerful technique for protein identification and characterization. It
involves the ionization of proteins and the measurement of their mass-to-charge ratios. MS can be coupled with various
separation techniques such as liquid chromatography (LC-MS) or tandem MS (MS/MS) to provide detailed information
about protein sequences, post-translational modifications, and structural features. By comparing the obtained mass
spectra with protein databases, allergenic proteins can be identified.

Protein microarrays: Protein microarrays enable the high-throughput screening of allergenic proteins. In this technique,
an array of immobilized proteins, including pollen allergens, is exposed to patient serum or specific antibodies. The
binding of allergen-specific IgE antibodies present in the patient's serum to the immobilized proteins can be detected
using fluorescent or enzymatic labeling. Protein microarrays allow for the simultaneous analysis of multiple allergens
and provide information about allergen sensitization profiles in a single experiment.

Recombinant DNA Technology: Recombinant DNA technology has revolutionized the production and purification of
allergenic proteins for diagnostic and research purposes. This technique involves the insertion of DNA fragments encoding
allergenic proteins into host expression systems, such as bacteria, yeast, or mammalian cells. The expressed recombinant
proteins can then be purified and used for various applications. Some key aspects of recombinant DNA technology in pollen
allergen characterization include:®

>

Cloning of allergen genes: The first step in recombinant DNA technology is the cloning of allergen genes. This involves
isolating the DNA encoding the allergenic protein of interest from pollen samples or complementary DNA (cDNA)
libraries. The isolated DNA is then inserted into a vector, which serves as a carrier for the gene in the host expression
system.

Expression in host systems: Once the allergen gene is inserted into a vector, it is introduced into a host expression
system. Common host systems used for allergen expression include bacteria, yeast, and mammalian cells. The host
system provides the necessary cellular machinery to produce the recombinant protein.

Protein purification: After expression, the recombinant allergenic proteins can be purified using various techniques
such as affinity chromatography, ion exchange chromatography, or size exclusion chromatography. Purification methods
aim to isolate the recombinant allergens from other cellular components and contaminants, ensuring the production of
pure and homogeneous proteins.

Diagnostic and research applications: The purified recombinant allergenic proteins can be used in diagnostic tests for
the detection of allergen-specific IgE antibodies. These proteins can be incorporated into specific IgE assays, skin prick
tests, or used in component-resolved diagnostics to identify the specific allergens triggering an individual's allergic
reactions. Recombinant allergens also facilitate research on the immunological mechanisms of pollen allergies and aid in
the development of novel therapeutic approaches, such as immunotherapy.”
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V. Diagnostic Approaches

Accurate diagnosis is crucial for identifying the specific allergens triggering an individual's allergic reactions and plays a key role
in guiding targeted allergen avoidance measures and personalized treatment strategies.

« Skin prick tests (SPT): Skin prick tests are one of the most common diagnostic methods for pollen allergies. In this test,
small amounts of allergenic extracts, including pollen extracts, are applied to the skin (usually on the forearm or back), and
the skin is then pricked or scratched. If the individual is allergic to a specific pollen allergen, a localized allergic reaction
characterized by redness, swelling, and itchiness (a wheal and flare response) will occur at the test site within 15-20 minutes.
The size of the wheal and flare response can be measured and used to determine the severity of the allergic reaction.®

Advantages: Skin prick tests are quick, relatively inexpensive, and provide immediate results. They can simultaneously test for
multiple allergens and are considered highly sensitive and specific in experienced hands.

Limitations: Skin prick tests may cause discomfort for individuals, and there is a small risk of developing a severe allergic
reaction (anaphylaxis). The interpretation of skin prick test results requires trained personnel, as false-positive or false-negative
results can occur. Additionally, skin prick tests may not be suitable for individuals with extensive skin conditions, certain
medications, or young children.

+ Specific IgE antibody assays: Specific IgE antibody assays measure the levels of allergen-specific IgE antibodies in the
blood. These tests can be performed using various methods, including enzyme-linked immunosorbent assays (ELISA),
fluorescent enzyme immunoassays (FEIA), or chemiluminescent immunoassays (CLIA). Blood samples are collected from
the individual, and the presence and quantity of allergen-specific IgE antibodies are measured. The results are reported as a
numerical value or as a class representing the degree of sensitization.®

Advantages: Specific IgE antibody assays are widely available, and they allow for the detection of allergen-specific IgE antibodies
to a broad range of pollen allergens. These tests can provide quantitative measurements of IgE levels, aiding in the assessment of
sensitization severity.

Limitations: IgE antibody assays may yield false-positive or false-negative results. The presence of allergen-specific IgE
antibodies does not necessarily indicate clinical allergy, as sensitization alone does not always correlate with symptoms.
Interpretation of results should consider the patient's clinical history and symptoms. Additionally, specific IgE antibody assays are
typically more expensive than skin prick tests and may require a laboratory for analysis.

« Component-resolved diagnostics: Component-resolved diagnostics (CRD) is an advanced diagnostic approach that aims to
identify and quantify individual allergenic components within complex allergen extracts. CRD utilizes specific IgE antibody
assays targeting individual allergenic proteins or protein families. Instead of testing for whole pollen extracts, CRD can
identify sensitization to specific allergenic proteins within the pollen.

Advantages: CRD provides detailed information about the specific allergenic proteins that an individual is sensitized to. This
approach allows for a better understanding of cross-reactivity patterns and can assist in identifying the primary sensitizing
allergen. CRD helps in distinguishing genuine sensitization from cross-reactivity or co-sensitization to similar allergens.

Limitations: CRD is a relatively new and specialized technique, and the availability of specific allergenic components may vary
depending on the region and the allergen source. The interpretation of CRD results may require expert knowledge, as the clinical
relevance of sensitization to specific components is still being researched and validated.

V. Conclusion

In conclusion, pollen allergies have a significant impact on public health, necessitating a comprehensive understanding of pollen
allergens for accurate diagnosis, effective treatment, and the development of preventive strategies. This review paper has provided
an overview of key aspects related to pollen allergens, including their diversity, characterization, immunological responses, and
diagnostic approaches.

The diversity of pollen allergens is vast, with various allergen families identified, such as pathogenesis-related proteins (PR-10),
profilins, expansins, and lipid transfer proteins (LTPs). These allergens exhibit structural and functional variability, and specific
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amino acid sequences play a crucial role in their allergenicity. Understanding the diversity of pollen allergens contributes to the
identification of potential targets for allergen-specific diagnosis and immunotherapy.

Characterization methods, such as proteomic approaches and recombinant DNA technology, have been instrumental in unraveling
the properties and composition of pollen allergens. Proteomic techniques, including 2D-PAGE, mass spectrometry, and protein
microarrays, enable the identification and comparison of allergenic proteins from different pollen sources. Recombinant DNA
technology allows for the production of purified allergens, facilitating accurate diagnostic tests and research advancements.

Diagnostic approaches play a pivotal role in the precise diagnosis of pollen allergies. Skin prick tests provide immediate results
and are considered highly sensitive and specific, while specific IgE antibody assays measure allergen-specific IgE antibodies in
the blood, aiding in the assessment of sensitization severity. The emergence of component-resolved diagnostics (CRD) enables the
identification of specific allergenic components within complex pollen extracts, enhancing our understanding of sensitization
patterns and cross-reactivity.

Accurate diagnosis is crucial for personalized treatment strategies and targeted allergen avoidance. It enables healthcare
professionals to provide tailored advice and prescribe appropriate therapies, including allergen immunotherapy. Furthermore,
accurate diagnosis supports the development of preventive measures, including pollen forecasts and the implementation of
allergen avoidance strategies in high-risk environments.

In conclusion, a comprehensive understanding of pollen allergens, coupled with reliable diagnostic approaches, is essential for
improved patient care, effective management of pollen allergies, and the development of novel therapeutic interventions. Further
research is warranted to explore additional allergen families, refine diagnostic techniques, and develop personalized treatment
options for individuals affected by pollen allergies. By expanding our knowledge and refining diagnostic tools, we can enhance
patient outcomes and reduce the burden of pollen allergies on public health.

2016, RHIMRJ, All Rights Reserved Page 5 of 5 ISSN: 2349-7637 (Online)



