NEBUCORE SCIENCE

Discover Breath-taking Potential with NebuCore - Your Solution to
Optimal Respiratory Health!

Nebulization for Effective Respiratory Relief

Nebulization, a process of converting a liquid into a fine mist using a nebulizer,
has been widely utilized in various respiratory therapies. Recently, there has been
growing interest in the use of natural compounds for nebulization due to their
potential health benefits.

Nebulization of natural compounds involves the delivery of organic substances in
the form of microscopic droplets directly into the respiratory system. This method
allows for efficient absorption and targeted action within the lungs, making it a
promising approach for therapeutic interventions. Natural compounds such as
essential oils, herbal extracts, and plant-based solutions are increasingly gaining
attention for their potential health benefits when administered via nebulization.

The findings from the literature indicate several potential health benefits associated
with nebulization of natural compounds.
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. Anti-inflammatory and immunomodulatory effects: Essential oils and
herbal extracts have shown anti-inflammatory properties when nebulized,
which may aid in relieving symptoms associated with respiratory conditions,
such as asthma and chronic obstructive pulmonary disease (COPD).
Additionally, nebulization of natural compounds has been reported to
modulate immune responses, potentially enhancing the body's defense
mechanisms against infections.

. Antimicrobial activity: Various natural compounds, including essential
oils, possess antimicrobial properties. Nebulizing these compounds may help
combat respiratory tract infections caused by bacteria, viruses, and fungi.
This approach offers an alternative or complementary treatment option to
traditional antibiotics and antiviral medications.

. Mucolytic and expectorant effects: Certain natural compounds have
demonstrated mucolytic and expectorant properties, facilitating the clearance
of mucus and alleviating respiratory congestion. Nebulization of these
compounds can provide relief to individuals suffering from conditions such
as bronchitis or chronic sinusitis.

. Anxiolytic and relaxation effects: Inhalation of specific essential oils has
been reported to induce relaxation and reduce anxiety. Nebulizing natural
compounds with anxiolytic properties may offer a non-pharmacological
approach to help manage stress and improve overall well-being.

Nebulization of natural compounds holds significant promise as a non-invasive and
targeted approach for enhancing respiratory health and well-being. The reviewed
literature suggests that nebulizing natural compounds, such as essential oils and
herbal extracts, may provide anti-inflammatory, antimicrobial, mucolytic,
expectorant, anxiolytic, and relaxation effects.

Understanding Lung Disease at the Molecular Level: Pathways,

Genes, and Effective Solutions

When you breathe, your lungs take in oxygen from the air and deliver it to the
bloodstream. The cells in your body need oxygen to work and grow. During a
normal day, you breathe nearly 25,000 times. People with lung disease have
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difficulty breathing. Millions of people in the U.S. have lung disease. If all types of
lung disease are lumped together, it is the number three killer in the United States.
The term lung disease refers to many disorders affecting the lungs, such as asthma,
COPD, infections like influenza, pneumonia and tuberculosis, lung cancer, and
many other breathing problems. Some lung diseases can lead to respiratory failure.

[R]

An important gene associated with Lung Disease is SEFTPC (Surfactant Protein
Q).

Surfactant Protein C (SP-C) is a crucial component of pulmonary surfactant, a
substance that lines the alveoli in the lungs and helps to reduce surface tension.
This protein plays a vital role in maintaining lung function by promoting proper
surfactant spreading, reducing the risk of alveolar collapse, and enhancing alveolar
stability during breathing. SP-C is primarily produced by type Il epithelial cells in
the lungs and is essential for optimal lung function and gas exchange. Deficiencies
or abnormalities in surfactant protein C can lead to respiratory distress syndrome
(RDS) or other pulmonary disorders.

Compounds for SFTPC Gene: [R]
« Phosphatidylcholine (Sunflower Lecithin)
« Palmitic acid (Red Palm Oil)
« Quinone (Cinchona Bark)
« Lysine
Pulmonary Surfactants & Lungs

Pulmonary surfactant is a surface-active complex

of phospholipids and proteins formed by type Il alveolar cells. A pulmonary
alveolus, also known as "little cavity", is an air sac or air space, and is one of
millions of hollow, distensible cup-shaped cavities in the lungs where pulmonary
gas exchange takes place. Along with the lung parenchyma they take up 90
percent of the total lung volume.
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Composition of Pulmonary Surfactant

The major class of surface-active lipids in surfactant are saturated
phosphatidylcholines.

e ~40% dipalmitoylphosphatidylcholine (DPPC);

o ~40% other phospholipids (PC);

e ~10% surfactant proteins (SP-A, SP-B, SP-C and SP-D);
e ~10% neutral lipids (Cholesterol);

e Traces of other substances.
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Phosphatidylcholine (PC) molecules forms up to ~85% of the lipid in surfactant
along with Palmitic Acid (PA). The dipalmitoylphosphatidylcholine (DPPC),
listed above, is essentially a combination of PC and PA.

Therefore, Phosphatidylcholine (PC), from Sunflower Lecithin, and Palmitic Acid
from Red Palm Oil are PARAMOUNT to pulmonary surfactants.

Phosphatidylcholine & Pulmonary Surfactant

Phosphatidylcholine is a key component of pulmonary surfactant'*l. Pulmonary
surfactant is a complex mixture of phospholipids and proteins produced by type Il
alveolar cellstt!, Phosphatidylcholine, specifically disaturated phosphatidylcholine,
plays a crucial role in lowering surface tension in the lungs, allowing for the
expansion and contraction of the alveoli during breathing!2.

Studies have shown that phosphatidylcholines, including unsaturated lipids such as
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), are the most prevalent
phospholipids found in pulmonary surfactant®l. These phospholipids contribute to

the dynamic properties and homeostasis of alveolar surfactant.,

In summary, phosphatidylcholine is an essential component of pulmonary
surfactant, playing a vital role in reducing surface tension in the lungs and
facilitating efficient breathing.

Sources:
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1. Pulmonary surfactant - Wikipedia

2. Surfactant phospholipid metabolism - PMC - National Center for
Biotechnology Information

3. Pulmonary surfactant phosphatidylcholines induce immunological ... -
PubMed

4. The Role of Pulmonary Surfactant Phospholipids in Fibrotic Lung - PubMed

Palmitic Acid & Pulmonary Surfactant

Palmitic acid, found in red palm oil, may also have benefits for the lungs,
particularly in relation to pulmonary surfactants and alveoli. Pulmonary surfactants
are a mixture of lipids, proteins, and other molecules that line the alveoli in the
lungs and help reduce surface tensionlt,

Research suggests that palmitic acid plays a role in the functioning of pulmonary
surfactantstl. It has been found to enhance the activity of surfactants and modify
the behavior of certain surfactant proteinstl. Furthermore, palmitic acid can
contribute to the stability and functioning of the surfactant monolayer®l. This can
help in maintaining proper lung function and the efficient exchange of oxygen
and carbon dioxide in the alveoliXZ!,

Sources:

1. The role of palmitic acid in pulmonary surfactant systems by Langmuir -
Royal Society of Chemistry

2. Effects of lung surfactant proteins, SP-B and SP-C, and palmitic acid ... -
PMC - National Center for Biotechnology Information

Innate Immunity, Surfactants, & Alveolar cells

The importance of the type 2 lung alveolar cells in the development of, for
example, severe respiratory symptoms of COVID-19 has been studied. The severe
condition of acute respiratory distress syndrome (ARDS) is caused by a deficiency
or dysfunction of surfactant. Because of the high expression of angiotensin-
converting enzyme 2 (ACE2) in type Il alveolar cells, the lungs are susceptible to
infections by some coronaviruses including the viruses that cause severe acute
respiratory syndrome (SARS) and coronavirus disease 2019 (COVID-19).
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Surfactant Genes

Surfactant genes in the lungs encode for proteins that are crucial for the production
and function of pulmonary surfactant, a substance that lines the alveoli in the
lungs. These genes include Surfactant Protein A (SP-A), Surfactant Protein B (SP-

B), Surfactant Protein C (SP-C), and Surfactant Protein D (SP-D).

SP-A and SP-D are involved in both immune and surfactant-related functions.
They act as pattern recognition receptors and help to defend the lungs against
pathogens by binding to microbes and facilitating their clearance. Additionally,
they play a role in regulating inflammation and modulating the immune response

in the lungs.
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SP-B is vital for the proper formation of surfactant and maintaining its stability. It
reduces surface tension within the alveoli, preventing them from collapsing during
the breathing process. Deficiencies or mutations in the SP-B gene can lead to
respiratory distress syndrome (RDS) and other respiratory disorders.

SP-C is crucial for maintaining lung function by promoting proper surfactant

spreading and enhancing alveolar stability. It reduces surface tension and prevents
alveolar collapse during the breathing cycle. Mutations or deficiencies in the SP-C
gene are associated with various interstitial lung diseases and respiratory disorders.

Understanding the role of surfactant genes in lungs is essential for comprehending
the processes involved in proper lung function, surfactant production, and
respiratory health. It also contributes to the development of diagnostic tools and
potential therapeutic strategies for managing respiratory disorders and lung
diseases related to surfactant gene abnormalities.

Surfactant immune function is primarily attributed to two proteins: SP-A and SP-
D.

The SFTPAL gene, also known as surfactant protein Al, or SP-A, is a gene that
codes for a protein involved in lung function!, Surfactant protein Al plays a
critical role in maintaining lung tissue homeostasis and the innate immune
responsel. It is a member of the C-type lectin subfamily™!. Disruption of SFTPAL1
can lead to various acute or chronic lung diseases, including lung cancer2],

Sources:

1. GeneCards - SFTPA1 Gene
2. Springer - SFTPAL is a potential prognostic biomarker correlated with

C-type Lectins, Surfactant Protein Al, & Glycoimmunology

C-type lectins are a type of protein that contains a specific carbohydrate
recognition domain known as a C-type lectin domain (CTLD). These proteins are
involved in recognizing and binding to specific sugar structures on the surface of
cells, which is known as glycan recognition.

Surfactant protein A1 (SFTPAL) is a member of the C-type lectin family, and it
contains a CTLD domain. SFTPA1 specifically recognizes and binds to unique
glycans present on the surface of microorganisms, such as bacteria, fungi, and
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viruses, as well as on damaged or apoptotic cellsttl2, This recognition triggers a
cascade of immune responses in the lungs.

In the context of glycoimmunology, C-type lectins like SFTPAL play a crucial role
in the innate immune response and host defense mechanism in the lungs. They act
as pattern recognition receptors (PRRS) that detect conserved microbial or danger-
associated molecular patterns (MAMPs/DAMPs) presented on the surface of
pathogens or damaged cellsEl. By binding to these glycans, SFTPA1 helps in the
recognition and clearance of foreign pathogens and cellular debris.

Furthermore, C-type lectins like SFTPAL can also modulate the immune response
by interacting with various immune cells, such as dendritic cells, macrophages, and
natural Kkiller cells. These interactions can impact the activation, differentiation,
and cytokine production of immune cells, thereby influencing the overall immune
response in the lungst!4l,

C-type lectins like SFTPAL are important players in glycoimmunology as they
recognize specific glycans on pathogens and damaged cells, triggering immune
responses and contributing to host defense in the lungs.

Sources:

1. Role of Surfactant Proteins A and D in Innate Immunity of the Lung

2. Human lungs preferentially uptake and expand SARS-CoV-2 infected cells
3. C-type lectin receptors in lung immunopathology: An existential review

4. C-Type Lectin Receptors in Asthma

Compounds for SFTPA1 Gene: [R]
e N-Acetylcysteine (NAC)

N-Acetylcysteine & Surfactants

N-Acetylcysteine (NAC) has been found to have potential benefits for surfactant
production. Surfactants are a crucial component of the lungs' alveoli, responsible
for reducing surface tension and maintaining the lungs' normal function!™,

Studies suggest that NAC can promote the synthesis and secretion of pulmonary
surfactant!?. It may enhance the production of surfactant proteins, such as SP-A
and SP-D, which play a vital role in the stability and function of surfactants!“],
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NAC has also been found to improve the fluidity and elasticity of surfactant films,
leading to enhanced lung function®,

Additionally, NAC's antioxidant properties may help protect lung tissue and
surfactants from oxidative damage, reducing inflammation and improving lung
health!®],

Sources:

1. Download .nbib - PMC

2. Top 9 Benefits of NAC (N-Acetyl Cysteine) - Healthline

3. Nebulization of glutathione and N-Acetylcysteine as an adjuvant therapy -
PMC

4. N-Acetylcysteine - StatPearls - NCBI Bookshelf

5. Gerry K. Schwalfenberg (2021). Quality of Evidence - PMC

6. José Fabio Santos Duarte Lana, Anna Vitéria Santos Duarte Lana, Quézia
Souza Rodriques, Gabriel Silv...(2021). Oral administration of GSH and
NAC - PMC

Surfactant Protein-D (SP-D)

Surfactant protein-D (SP-D) is a gene that codes for a protein involved in lung
function and pulmonary host defense!!l. SP-D is synthesized and secreted by
different cells in the respiratory system, including alveolar type 1l cells and
bronchiolar epithelial cells!Z.

The main function of SP-D in the lungs is to contribute to the innate immune
responsel, It acts as a part of the lung's defense mechanisms against inhaled
pathogens and foreign substances. SP-D binds to microorganisms, such as
bacteria, viruses, and fungi, as well as to environmental particles, enhancing their
clearance from the lung tissues™™!2., This binding ability is mediated by specific
domains in the SP-D protein.

Additionally, SP-D plays a role in modulating inflammation in the lungs!?. It can
interact with immune cells and molecules involved in the inflammatory response to
regulate their activity and promote appropriate immune functions(?. This
modulatory effect helps to maintain a balanced immune response and prevent
excessive inflammation.
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The SP-D gene and its encoded protein, surfactant protein-D, are important
components of the lung's defense system. They contribute to the recognition and
clearance of pathogens, as well as the regulation of inflammation in the lungs!2l,
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Sources:

1. PubMed Central - Surfactant protein-D and pulmonary host defense
2. Frontiers - SP-A and SP-D: Dual Functioning Immune Molecules With
Antimicrobial and Immunomodulatory Properties

11
Glyco Synergy LLC
All Rights Resevered ©


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8894660/
https://www.frontiersin.org/articles/10.3389/fimmu.2018.01327/full
https://www.frontiersin.org/files/Articles/622598/fimmu-11-622598-HTML/image_m/fimmu-11-622598-g002.jpg
https://www.frontiersin.org/files/Articles/622598/fimmu-11-622598-HTML/image_m/fimmu-11-622598-g002.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8894660/
https://www.frontiersin.org/articles/10.3389/fimmu.2018.01327/full
https://www.frontiersin.org/articles/10.3389/fimmu.2018.01327/full

C-Type Lectins, Mold Spores, Surfactant protein-D (SP-D), &
Glycoimmunology

C-type lectins and Surfactant protein-D (SP-D) are related in terms of their
involvement in glycoimmunology, which is the study of interactions between
glycans (sugar molecules) and the immune system. Both C-type lectins and SP-D
play important roles in recognizing and binding to specific glycans on the surface
of pathogens and damaged cells, thereby triggering immune responses in the lungs.

C-type lectins, characterized by their C-type lectin domain (CTLD), are a family of
proteins that are capable of recognizing and binding to specific sugar structures.
They act as pattern recognition receptors (PRRs) in the immune system, detecting
conserved sugar patterns on pathogens and damaged cells. When C-type lectins
interact with glycans, they activate signaling pathways that initiate immune
responses, such as phagocytosis, inflammation, and activation of immune cells!.,
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CLECTA, also known as Dectin-1, plays a crucial role in the lungs when it comes
to encountering and responding to mold spores. CLEC7A is a type of pattern
recognition receptor (PRR) that recognizes specific molecular patterns commonly
found on the surface of mold spores. By binding to these patterns, CLEC7A
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activates immune responses that are essential for combating mold-related
infections.

Regulation of C-Type Lectin Receptor-Mediated Antifungal Immunity
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When mold spores are inhaled into the lungs, CLEC7A acts as a sentinel,
detecting their presence and initiating an immune response. Activation of CLEC7A
triggers a cascade of immune reactions, leading to the recruitment of immune cells
such as macrophages and neutrophils to the site of infection. These immune cells
work to engulf and destroy the mold spores, preventing them from causing further
damage or infecting lung tissue.

Furthermore, CLEC7A helps to modulate the immune response by regulating the
release of various cytokines and other signaling molecules. This ensures a balanced
and effective immune response against mold spores, while also preventing
excessive inflammation or tissue damage in the lungs.

Understanding the role of CLEC7A in the lungs concerning mold spores is crucial
for comprehending the immune mechanisms involved in mold-related lung
diseases and may offer insights into the development of potential therapeutic
strategies for managing such conditions.
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Compounds for CLEC7A Gene: [R]

e Mannose
e Beta Glucans

On the other hand, SP-D is a collectin, a subset of C-type lectins, which are
proteins that have both a CTLD and a collagenous domain. SP-D is produced and
secreted by cells in the lungs, particularly alveolar type Il cells. It functions as an
opsonin, meaning it enhances the clearance of pathogens and foreign particles from
the respiratory system by binding to their glycans. SP-D recognizes specific
glycans on microbes and damaged cells, facilitating their uptake by immune cells,
such as macrophages!..

In the context of glycoimmunology, both C-type lectins and SP-D contribute to the
recognition and clearance of pathogens through their interactions with glycans.
Their binding to specific glycans on the surface of microorganisms triggers
Immune responses, leading to the elimination of pathogens and the initiation of
appropriate immune defenses in the lungs. This recognition of glycans by C-
type lectins and SP-D is a crucial aspect of glycoimmunology, as it helps to shape
the immune response against microbial infections and maintain tissue integrity!.,

In summary, C-type lectins, including SP-D, play a vital role in glycoimmunology
by recognizing and binding to specific glycans on pathogens and damaged cells.
This recognition triggers immune responses and contributes to the elimination of
pathogens in the lungs.

Sources:

e C-type lectin receptors in lung immunopathology: An existential review
e Surfactant protein-D: an innate immune molecule in the lung
e Frontiers in Immunology: Glycovirology and Glycoimmunology

What Are Collectins?

Collectins are a group of proteins that function as part of the innate immune
system. They are characterized by their ability to bind to carbohydrate structures,
specifically glycans (sugars), on the surface of pathogens.
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The main function of collectins is to recognize and bind to these glycans, which
are often found on the surface of bacteria, viruses, and fungi. By binding to the
glycans, collectins can facilitate a variety of immune responses.

One important function of collectins is opsonization, where they coat the
pathogen, making it more easily recognized and engulfed by immune cells such
as macrophages. Opsonization enhances phagocytosis, the process by which
pathogens are engulfed and destroyed by immune cells.

Collectins can also activate the complement system, which is a cascade of proteins
that helps to destroy pathogens. By binding to glycans on the pathogen's surface,
collectins can initiate the complement cascade, leading to the recruitment and
activation of immune cells, and the formation of membrane attack complexes to
destroy the pathogen.

Furthermore, some collectins have direct antimicrobial activity. They can bind to
and disrupt the membrane integrity of pathogens, inhibiting their growth and
replication.

In summary, collectins play a crucial role in innate immunity by recognizing and
binding to glycans on the surface of pathogens. Through opsonization, complement
activation, and direct antimicrobial activity, collectins contribute to the elimination
of pathogens and the defense against infections.

Collectins, Surfactant Protein-D (SP-D), Mannose Bindling Lectin (MBL), &
Glycoimmunology

Surfactant protein-D (SP-D) and Mannose Binding Lectin (MBL) are two
collectins that play important roles in glycoimmunology, particularly in the
recognition and response to pathogens through their interactions with specific
sugar molecules called glycans.

Both SP-D and MBL belong to the collectin family of proteins, which are
characterized by having a collagenous domain and a carbohydrate recognition
domain (CRD). These proteins are capable of recognizing and binding to glycans
on the surface of pathogens, thereby initiating immune responses.
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SP-D is primarily produced and secreted by cells in the lungs, while MBL is
synthesized by the liver and released into the bloodstream. Both proteins can bind
to a variety of glycans, including mannose and other carbohydrate structures,
commonly found on the surface of microbial pathogens.

Mannose Binding Lectin (MBL) as First Point of Contact in Innate Immunity

TNFSF8

TNFRSF9 INFECTED CELL

CYTOKINE
RECEPTOR

©

N,

‘ NEUTROPHIL

s, =
Mg o ool
Mepy [
@ k‘”b‘ 9
@ CYTOKINE SIGNALING 2. s
IN IMMUNE SYSTEM

https://reactome.org/PathwayBrowser/#/R-HSA-168256

The interaction between SP-D and MBL with glycans on pathogens serves as a
crucial step in glycoimmunology. It triggers a series of events that can enhance the
Immune response against pathogens. The binding of SP-D or MBL to microbial
glycans can lead to opsonization, which involves coating the pathogen, making it
recognizable by immune cells such as macrophages. By this process, the pathogen
becomes more easily engulfed and eliminated by phagocytosis.

Furthermore, the binding of SP-D and MBL to glycans can also activate
complement pathways, leading to the recruitment and activation of immune cells,
such as neutrophils, and the destruction of the pathogen through the formation of
membrane attack complexes.
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Moreover, SP-D and MBL have been shown to possess antimicrobial properties
directly, independent of other immune mechanisms. These proteins can directly
interact with pathogens, disrupting their membrane integrity and inhibiting their
growth and replication.

Overall, the interplay between SP-D, MBL, and microbial glycans plays a
significant role in glycoimmunology. The recognition and binding of these
collectins to glycans on pathogens initiate immune responses that enhance
pathogen clearance, activate complement pathways, and directly inhibit microbial
growth. This cooperation between SP-D, MBL, and glycans contributes to the
overall immune defense against pathogens in various tissues, including the lungs.

Note: This is a simplified scientific explanation, and the actual mechanisms and
interactions in glycoimmunology are far more complex and detailed.

Isomaltooligosaccharide (IMO) & Surfactant Protein-D

Surfactant Protein-D (SP-D) interacts with compounds such as oligosaccharides
and fatty acids and modulates leukocyte action in immune response. It may
participate in the extracellular reorganization or turnover of pulmonary surfactant.
It binds strongly maltose residues and to a lesser extent other alpha-glucosyl
moieties.

Compounds for SFTPD Gene: [R]

e Mannose

e Beta-D-Glucose (Beta glucan/simple sugar (monosaccharide))
e Polysaccharides

e Phosphatidylcholine (Sunflower Lecithin)

e Inositol

e Maltose

e Agarose (Red Marine Algae)

e Lysine

Compounds for MBL Gene: [R]

e Mannose
e Glucosamine
e Fucose (Bladderwrack)
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e Maltose

e Lecithin

e Agarose (Red Marine Algae)
e Polysaccharides

Toll Like Receptors & Surfactant Protein-D (SP-D)

Toll-like receptors (TLRs) play a crucial role in the recognition of microbial
pathogens and the activation of the immune response. These receptors are part of
the innate immune system and are expressed on various immune cells, including
macrophages and dendritic cells. TLRs recognize specific molecular patterns
associated with pathogens, known as pathogen-associated molecular patterns
(PAMPSs), which include various microbial components such as
lipopolysaccharides (LPS), lipoproteins, and nucleic acids.

The interaction between SP-D and TLRs is mediated by their recognition of
common microbial components such as sugars present on the surface of
pathogens. This interaction enhances the immune response by initiating
downstream signaling pathways through TLR activation. Binding of SP-D to TLRs
can promote the production of pro-inflammatory cytokines and chemokines,
leading to the recruitment and activation of immune cells.

Moreover, SP-D can also interact with mannose-binding lectin (MBL), another
protein involved in innate immunity. MBL recognizes and binds to specific sugar
structures, particularly mannose and N-acetylglucosamine, on the surface of
pathogens. The interaction between MBL and SP-D contributes to the opsonization
and clearance of pathogens through cooperative and synergistic effects.

The interactions between SP-D, TLRs, MBL, and glycans illustrate the importance
of glycoimmunology in mediating the immune response to pathogens.

In summary, Toll-like receptors are involved in the recognition of pathogens and
activation of immune responses. Surfactant Protein-D interacts with TLRs and
plays a role in pathogen clearance, immune modulation, and the activation of
downstream signaling pathways. Furthermore, the cooperation between SP-D,
TLRs, and MBL highlights the significance of glycoimmunology in mediating
host-pathogen interactions and immune defense mechanisms.
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Toll Like Receptor 2 & Toll Like Receptor 4

Studies have shown that SP-A and SP-D can bind to TLR2 and TLR4 and directly
influence their signaling pathways. For example, SP-A has been shown to promote
the activation of TLR2 and TLR4 in response to LTA and LPS, respectively,
leading to the production of pro-inflammatory cytokines such as TNF-a and IL-6.
Similarly, SP-D has been shown to enhance the immune response by binding to
TLR2 and TLR4, leading to the activation of downstream signaling pathways.

Furthermore, SP-A and SP-D have been shown to act as co-receptors for TLR2 and
TLR4, respectively. For example, SP-A has been shown to enhance TLR2-
mediated signaling by co-localizing with TLR2 on the surface of immune cells and
amplifying downstream responses. Similarly, SP-D has been shown to act as a co-
receptor for TLR4 by interacting with the LPS-binding protein, which increases the
sensitivity of TLR4-mediated signaling to LPS.

Collectively, these research highlight the importance of the interaction between
lung surfactant proteins and TLR2/TLR4 in regulating the immune response to
microbial pathogens in the lungs. Understanding the role of these interactions may
have implications for the development of therapeutic strategies for lung infections
and respiratory diseases.

Compounds for TLR2 Gene: [R]

e Mannose

e Polysaccharide

e Inositol

e Agarose (Red Marine Algae)

Compounds for TLR4 Gene: [R]

e Mannose

e Piceatannol

e Agarose (Red Marine Algae)

e Palmitic Acid (Red Palm Oil)

e Choline (Lecithin)

e Acetylsalicylic acid (White Willow Bark)
e Chloroquine (Cinchona Bark
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Spleen Tyrosine Kinase (SYK), Fc Receptors, and IgE (Immunoglobulin E)

Adaptive Immune System Signaling
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Spleen tyrosine kinase (SYK) is an enzyme that plays a crucial role in signal
transduction pathways in various cells, particularly immune cells™. It is primarily
involved in the activation of immune responses through the recognition of antigen-
bound antibodies and the activation of Fc receptors!2.,

Fc receptors (FcRs) are cell surface receptors found on various immune cells, such
as mast cells, macrophages, and B cellst!l. They bind to the constant region of
antibodies, facilitating immune function by mediating processes like antibody-
dependent cellular cytotoxicity (ADCC), phagocytosis, and the release of
inflammatory mediators!2.,

IgE (Immunoglobulin E) is a class of antibodies involved in the immune response
against parasites and the development of allergies'*l. When IgE antibodies bind to
specific allergens, they trigger the cross-linking of FceRI (Fc epsilon receptor I)
receptors on mast cells and basophilstl. This cross-linking signals to activate the
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SYK kinase pathway, leading to cell degranulation and the release of histamines,
cytokines, and other inflammatory moleculest!™%.,

The interaction between SYK and FcRs plays a crucial role in transmitting signals
downstream and initiating immune responses!?l, Upon binding of IgE antibodies to
allergens, SYK is activated and phosphorylates downstream targets, leading to the
release of inflammatory mediators and the initiation of allergic responses!“.,

Targeting SYK and FcRs has gained attention in the development of therapeutic
drugs for allergic and autoimmune diseases!®. Inhibitors that block SYK activity or
disrupt the interaction between SYK and FcRs have shown promise in preclinical
and clinical studies for reducing allergic responses and inflammation .,

Sources:

1. Spleen tyrosine kinase (SY K)-mediated pathways in allergic responses and
bone marrow mast cell development - NCBI

2. Spleen Tyrosine Kinase (SYK): A Key Orchestrator of Inflammation and
Immune Cell Responses - NCBI

3. IgE, Mast Cells, Basophils, and Eosinophils - NCBI

4. Spleen tyrosine kinase inhibitors: a potential targeted therapy for
inflammatory diseases and cancer - NCBI

Syk is a key mediator in signaling pathways that lead to the activation of mast cells
and basophils, two types of immune cells central to allergic responses. When these
cells are activated in response to an allergen, they release histamine and other
inflammatory mediators, leading to allergic symptoms.

In IgE-mediated allergic reactions, allergen-specific IgE antibodies bind to high-
affinity IgE receptors (FceRI) on the surface of mast cells and basophils. This
binding activates Syk, leading to the release of histamine and other inflammatory
molecules.

Modulating Syk activity may be a strategy to influence the severity of allergies.
This could involve the development of targeted therapies that block Syk activation
and reduce the release of inflammatory mediators.
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Compounds for SYK Gene: [R]

e Piceatannol (a natural analog of resveratrol)
e Inositol

DC-SIGN

DC-SIGN is a C-type lectin receptor that is found on the surface of both
macrophages and dendritic cells. It plays a crucial role in the immune system by
recognizing and binding to high-mannose type N-glycans, which are a class of
pathogen-associated molecular patterns (PAMPs) commonly found on viruses,
bacteria, and fungi.

DC-SIGN is involved in the process of pathogen recognition and immune
response. It functions as both an adhesion receptor and a pathogen recognition
receptor. For example, DC-SIGN can interact with intercellular adhesion molecule
2 (ICAM2) and ICAM3 and be targeted by pathogens such as HIV-1 and
Mycobacteria tuberculosis.

The biological role of DC-SIGN goes beyond pathogen recognition. It is involved
in processes such as antigen presentation, tolerance induction, and inflammation.
DC-SIGN is also organized in microdomains and interacts with other molecules,
such as the integrin LFA-1, to modulate immune responses.

Compounds for DC-SIGN Gene: [R]

e Mannose
e Polysaccharides

HIF-1A, Oxygen, & Hypoxia

HIF-1A (Hypoxia-inducible factor-1 alpha) is a protein that plays a crucial role in
the cellular response to low oxygen levels, known as hypoxia.

Under normal oxygen conditions, HIF-1A is degraded rapidly. However, in a
hypoxic environment, the degradation process is inhibited, leading to the
stabilization and accumulation of HIF-1A in the cell.
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The main function of HIF-1A is to regulate cellular responses to hypoxia. It
promotes the expression of genes involved in angiogenesis (the formation of new
blood vessels), glycolysis (breakdown of glucose without oxygen), and survival
pathways. HIF-1A is also involved in processes such as cell proliferation, immune
response, and metabolism.

Oxygen levels play a crucial role in the regulation of HIF-1A. When oxygen levels
are normal, HIF-1A is continually synthesized and rapidly degraded by a process
involving prolyl hydroxylase enzymes. These enzymes require oxygen as a co-
factor for their activity. In hypoxic conditions, the lower oxygen levels inhibit
prolyl hydroxylases, leading to HIF-1A stabilization and increased HIF-1A
activity.

In summary, HIF-1A is a key player in the adaptive response to low oxygen levels
(hypoxia) by activating a variety of genes involved in cellular adaptations to
hypoxic conditions, such as angiogenesis, glucose metabolism, and survival
pathways.

Sources:

o Hypoxia-Inducible Factor-1 Isoforms: Redundancy and Differential
Requlation of Transcription

« Hypoxia-inducible factor 1

e HIF-1a: A Versatile Regulator of Tumor Microenvironment and Progression

The Importance of HIF-1A in Lung Homeostasis

HIF-1A plays an essential role in maintaining lung homeostasis, particularly in
response to changes in oxygen levelst. In the lungs, HIF-1A is involved in various
cellular processes that help to adapt to hypoxia (low oxygen levels) and maintain
tissue function:

1. Vascular remodeling: HIF-1A promotes the formation of new blood vessels
(angiogenesis) in response to hypoxial*“l, This is important for increasing
oxygen delivery to deprived tissues and ensuring proper lung function.

2. Metabolic adaptation: HIF-1A induces metabolic changes in lung cells to
support energy production under hypoxic conditions!?“l, It promotes a shift
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towards glycolysis (breaking down glucose without oxygen) and the
utilization of alternative energy sources to sustain cellular functions.

3. Inflammation modulation: HIF-1A influences the inflammatory response
in the lungs by regulating the expression of various pro-inflammatory and
anti-inflammatory molecules®I®l, It helps to balance the immune response
and minimize tissue damage during hypoxia.

4. Epithelial barrier integrity: HIF-1A contributes to the maintenance of the
protective epithelial barrier in the lungs!. It controls the expression of genes
involved in cellular adhesion and tight junction formation, preserving the
barrier function and preventing the entry of harmful substances.

Overall, the role of HIF-1A in lung homeostasis is crucial for cellular adaptation to
hypoxia, proper oxygen supply, energy metabolism, inflammation regulation, and
maintaining the integrity of the lung epithelial barrier.

Sources:

1. HIF and the Lung | Role of Hypoxia-inducible Factors in Pulmonary ...

2. Hypoxia-Inducible Factor 1a and Its Role in Lung Injury: Adaptive or ...

3. The effect of HIF on metabolism and immunity - Nature

4. The Role of HIF in Immunity and Inflammation - PubMed

5. Hypoxia and HIF Signaling: One Axis with Divergent Effects
Compounds for HIF-1A Gene: [R]

Quinone (Cinchona Bark)
Quercetin (Sophora japonica)
Hesperidin (Bitter Orange)
Vitamin C (Acerola)

Cystic Fibrosis Transmembrane Conductance Regulator

The CFTR (Cystic Fibrosis Transmembrane Conductance Regulator) gene encodes
a protein called CFTR that functions as an ion channel in various tissues, including
the lungs. CFTR plays a crucial role in maintaining the normal function of
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epithelial cells and regulating the transport of ions, primarily chloride ions, across
cell membranest.

In the lungs, CFTR has several important functions:

1. lon transport regulation: CFTR controls chloride ion transport across the
apical membrane of epithelial cells lining the airways!. It allows chloride
ions to exit the cell, leading to the secretion of fluid onto the airway surface.
This fluid is essential for maintaining the hydration and clearance of
mucus in the airways.

2. Mucus clearance: CFTR-mediated chloride ion secretion is important for
the hydration and fluidity of the mucus layer in the lungs®l. Normal CFTR
function ensures that mucus remains thin and able to transport trapped
particles, such as bacteria and foreign substances, out of the airways.
However, in cystic fibrosis (CF), a genetic disease caused by mutations in
the CFTR gene, defective CFTR function leads to reduced chloride
secretion, resulting in thickened mucus that is difficult to clear, leading to
mucus plugging and susceptibility to infections.

3. Antimicrobial defense: Apart from regulating mucus clearance, CFTR
directly contributes to the innate immune defense in the lungs!™. It helps to
create an environment that is hostile to bacteria by promoting the release of
antimicrobial substances, such as defensins and lactoferrin, into the airway
surface liquid.

4. Inflammation regulation: CFTR also plays a role in modulating
inflammation in the lungs™. Abnormal CFTR function can lead to an
exaggerated inflammatory response due to impaired resolution of
inflammation and increased cytokine production.

Overall, CFTR is critical for maintaining proper lung function by regulating ion
transport, mucus clearance, antimicrobial defense, and inflammation. Defects in
CFTR function, as seen in cystic fibrosis, can cause mucus build-up, recurrent
infections, and chronic inflammation in the lungs.

Sources:

1. Cystic fibrosis transmembrane conductance requlator - Wikipedia
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2. The Cystic Fibrosis Transmembrane Conductance Requlator in ...

3. Cystic Fibrosis and Mucus Accumulation at the 'Airway Surface Liquid'

4. The role of CFTR in innate immunity

5. Cystic Fibrosis and Inflammation: Past, Present and Future

Compounds for CFTR Gene: [R]

e Chloride lon (Pink Himalayan Salt)
e Sodium Bicarbonate (Baking Soda)
e N-Acetylcysteine

e Dermatan sulfate (Sea Algae)

e Curcumin

e Date Palm

e Acetylcholine (Sunflower Lecithin)
e Acetylsalicylic acid (White Willow Bark)
e Chloroquine (Cinchona Bark)

e Glycerin

e Vitamin C (Acerola)

e Quercetin (Sophora japonica)

Neutrophil Elastase - ELANE

ELANE (Elastase, Neutrophil Expressed), also known as neutrophil elastase, is an
enzyme produced by neutrophils, a type of white blood cell that plays a crucial role
in the immune response. While ELANE primarily functions in the defense against
pathogens, dysregulation or excessive activity of ELANE can have negative effects
on lung health[2],

1. Neutrophil Function: ELANE is involved in the clearance of pathogens by
neutrophils in the lungs. Neutrophils release ELANE to target bacterial,
fungal, and viral invaderst.. It helps to break down and degrade microbial
components, promoting pathogen elimination and limiting infection.

2. Tissue Damage: While ELANE plays a role in combating infections,
excessive or uncontrolled release of ELANE can lead to tissue damage
and inflammation. In conditions such as chronic obstructive pulmonary
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4.

disease (COPD) and cystic fibrosis (CF), where neutrophil infiltration is
prominent, elevated levels of ELANE can contribute to lung tissue
destruction®®, ELANE can degrade elastin, a protein responsible for
maintaining the elasticity of lung tissues, leading to the development of
emphysema and impaired lung function.

Inflammatory Response: ELANE can stimulate an inflammatory response
in the lungs. It can activate immune cells and promote the release of pro-
inflammatory molecules, attracting additional immune cells to the site of
infection or injury’®. However, excessive or uncontrolled inflammation can
contribute to lung damage and exacerbate respiratory conditions.

Alveolar Integrity: Alveoli are tiny air sacs in the lungs, where gas
exchange occurs. ELANE activity must be properly regulated within the
alveoli to maintain their integrity. Excessive ELANE activity can damage
the delicate alveolar structure, leading to impaired gas exchange and reduced
lung function,

In summary, ELANE is an important enzyme involved in the immune response and
defense against pathogens in the lungs. However, dysregulated or excessive
activity of ELANE can contribute to tissue damage, inflammation, and impaired
lung function. Maintaining the balance of ELANE activity is crucial for preserving
lung health.

Sources:

1.

Neutrophils in chronic obstructive pulmonary disease

. The Role of Neutrophils in Chronic Inflammatory Airways Disease

. Neutrophil extracellular traps in innate immunity: From bactericidal ...

2
3
4.
5
6
7

Neutrophil Extracellular Traps Drive Inflammatory Pathogenesis in ...

. Neutrophil Elastase Promotes Lunq Injury in Haemophilus influenzae ...

. Neutrophil elastase: mediator of host defense and tissue damage ...

. Multifaceted Roles for Neutrophils in Autoimmune Lung Disease
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Side Note: If we don’t keep ELANE happy she’ll take your house, your car, and
everything you own. She’ll be screaming alimony, alimony, pay your bills! Funny,
but not funny! Regulating ELANE is VITAL!

Compounds for ELANE Gene: [R]

e Hyaluronic acid

e Dermatan sulfate (Sea Algae)

e Alginate (Bladderwrack)

e Bromelain

e Boswellic Acid

e Ursolic acid (Rosemary, Thyme, Oregano, Holy Basil, Peppermint)
e Acetylcholine (Sunflower Lecithin)

e Acetylsalicylic acid (White Willow Bark)

Other Human Neutrophil Elastase Compounds (ELANE): (R)
e [-1,3-glucan
e Thyme
e Rutin
e Naringenin
e Hesperidin
e Skullcap
e Astragalus
Elastase Inhibitors:
e White tea (R) (89%)
Black seed oil (R)

Boswellia (R)

Rosemary (R)
Bladderwrack (R)
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Elastin Agonist: [R]
e Chondroitin sulfate
e Glucosamine

e Hyaluronic acid
The Role of SERPINAL in Pulmonary Surfactant and Alveoli

SERPINAL, also known as alpha-1 antitrypsin (AAT), main function is to inhibit
the enzyme neutrophil elastase and protect the tissues from excessive damage,
emerging evidence suggests that SERPINAL also plays a significant role in
pulmonary surfactant and alveolar function.

Here are some key roles of SERPINAL in the context of pulmonary surfactant and
alveoli:

1. Modulation of surfactant metabolism: Studies have shown that
SERPINAL can interact with components of the surfactant system, including
surfactant proteins and phospholipids, thus influencing surfactant
metabolism!Z. This interaction potentially affects surfactant homeostasis,
stability, and function in the alveoli.

2. Protection against proteolytic degradation: SERPINAL acts as an
inhibitor for proteases, such as neutrophil elastase, which can degrade
surfactant proteins and disrupt surfactant function. By inhibiting protease
activity, SERPINAI helps protect the integrity and biophysical properties of
pulmonary surfactant®.

3. Immunomodulatory effects: SERPINAL has been found to possess anti-
inflammatory and immunomodulatory properties. It can modulate immune
responses by suppressing pro-inflammatory cytokine production and
reducing the recruitment of inflammatory cells to the alveoli®’. This
immunomodulatory role of SERPINAL may contribute to maintaining the
proper functioning of the alveoli in response to inflammatory insults.

4. Malfunctions and lung disease: Malfunctions of the SERPINA1 gene can
lead to alpha-1 antitrypsin deficiency (AATD), a disorder associated with an
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increased risk of lung diseases such as chronic obstructive pulmonary
disease (COPD) and emphysema. In AATD, a deficiency or dysfunction of
SERPINAL impairs its protective role, allowing uncontrolled protease
activity and subsequent damage to the lung tissue®.

In conclusion, SERPINAL plays a multifaceted role in pulmonary surfactant and
alveolar function. Its interaction with surfactant components, inhibition of
proteases, immunomodulatory effects, and the implications of genetic malfunctions
highlight its significance in maintaining surfactant homeostasis and the integrity of
the alveoli.

Sources:

1.

Alpha-1-antitrypsin for the treatment of pulmonary disease in alpha-1-
antitrypsin deficiency. €

The role of alpha-1 antitrypsin in the lung. <

Alpha-1-antitrypsin modulates lung endothelial cell inflammatory responses
to TNF-alpha. <

Inhibition of human alpha 1-proteinase inhibitor by human neutrophil
elastase. <

Alpha 1-antitrypsin and lung cell death <
Immunomodulatory effects of alpha-1 antitrypsin. <

Alpha-1-Antitrypsin Inhibits Dendritic Cell Activation and Attenuates
Neutrophilic Inflammation in a Murine Model of Graft versus Host Disease.
&

Alpha-1 antitrypsin deficiency: A disorder of endothelial cell dysfunction?
P

Compounds for SERPINA1 Gene: [R]

Glucosamine
Lysine
Vitamin C
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ABCAZ3 (ATP-binding cassette transporter A3)

ABCAS3 (ATP-binding cassette transporter A3) is a gene that provides instructions
for producing a protein involved in surfactant production in the lungs. Surfactant
is a crucial substance composed of phospholipids and proteins, which lines the
lung tissue and helps to reduce surface tension, enabling easy expansion of the
alveoli during breathing.

The ABCAS protein plays a crucial role in the biosynthesis of pulmonary
surfactant. It belongs to the ATP-binding cassette (ABC) transporter superfamily,
which includes proteins responsible for transporting various molecules across cell
membranes. ABCA3 is highly expressed in alveolar type 1l (ATII) cells, which are
responsible for the production and secretion of surfactant.

Malfunctions in the ABCA3 gene can disrupt the normal function of the ABCA3
protein, leading to a variety of respiratory disorders.

In summary, the function of ABCAS is to produce a protein that is involved in the
production of pulmonary surfactant in the lungs. This surfactant is essential for
maintaining the proper functioning of the alveoli and facilitating easy
breathing.

Protein C is listed as an agent for ABCAS3. [R]
Protein C

Protein C is encoded by the PROC gene and is synthesized as a vitamin K-
dependent glycoprotein that circulates in the blood plasma. Its activity helps
maintain the permeability of blood vessel walls and prevents the formation of
blood clots.

The Role of Vitamin K in Pulmonary Surfactant Proper Functioning of
Alveoli

Vitamin K has been suggested to play a role in the proper functioning of the alveoli
and the production of pulmonary surfactant, a vital substance that helps maintain
the elasticity of the lungs and prevents alveolar collapse.
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Pulmonary surfactant is a complex mixture of lipids and proteins lining the inner
surface of the alveoli, the tiny air sacs in the lungs. The main function of surfactant
IS to reduce the surface tension within the alveoli, allowing for efficient gas
exchange during breathing.

Several studies have investigated the role of vitamin K in the synthesis and
secretion of pulmonary surfactant. Vitamin K-dependent proteins, such as Gas6
and Protein S, have been found to be expressed in the lung and play a role in
regulating surfactant productiontI2,

Animal studies have suggested that vitamin K deficiency can affect the levels of
surfactant proteins and alter the composition of pulmonary surfactant, leading to
impaired lung function and respiratory distress®14,

Sources:

1. Vitamin K hence its analogs participate in the maintenance of pulmonary
surfactant metabolism via requlation of type Il pneumocyte functions.

2. Role of vitamin K-dependent proteins in the lung.

3. Mechanisms of vitamin K2-induced suppression of experimental
arteriosclerosis in rats.

4. Vitamin K2 enhances osteocalcin accumulation in the extracellular matrix of
human osteoblasts in vitro.

The Role of Cathepsins in Pulmonary Surfactant

Cathepsins are a group of protease enzymes that play various roles in cellular
processes, including protein degradation and remodeling.

Studies have found that cathepsins can degrade surfactant proteins under certain
conditions, such as in the context of inflammation or injury!!2l, For instance,
cathepsin L has been implicated as a key protease in the degradation of SP-B, an
important component of surfactant!l. This suggests a potential role for cathepsins
in the turnover and remodeling of pulmonary surfactant.

Sources:

1. Cathepsin L Plays a Role in the Turnover of Surfactant Protein B, a
Biochemical Marker of Bronchopulmonary Dysplasia, in Vitro
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2. Cathepsin C degrades lung surfactant protein A glycoproteins

Here is an extensive list of natural compounds that have been reported to have
cathepsin inhibitory activity:

1. Curcumin: Derived from the spice turmeric (Curcuma longa)?.

2. Quercetin: Abundant in foods such as onions, apples, and berries>.
3. Apigenin: Found in parsley, chamomile, and celery*.
4

. Ursolic acid: Naturally occurring in various plants, including apple peels and
rosemary*2,

5. Hesperidin: Abundant in citrus fruits, particularly orange peel*:,
6. Piceatannol: Found in grapes, berries, and various nuts“,
Sources:

1. Curcumin and Inflammatory Diseases: Learn About Cumin and Top Natural
Cures <

2. Quercetin, Inflammation and Immunity <

3. Phenolic Acids and Flavonoids of Peels, Pulps, and Seeds of Some Tropical
Fruits <

4. Flavonoids as Anticancer Agents: Structure-Activity Relationship Study <

5. Ursolic Acid: A Potent Inhibitor of WNT/B-catenin Signaling that Promotes
Apoptosis in Colorectal Cancer Cells <

6. Piceatannol, a catechol-type polyphenol, inhibits phorbol-ester-induced
ornithine decarboxylase and reduces hair papilla cell proliferation and
viability <

7. research is needed to understand their mechanisms and potential therapeutic
applications. <

The Role of Defensins in Pulmonary Surfactant
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Defensins are part of the innate immune system and have antimicrobial properties.
While defensins are mainly known for their role in host defense against pathogens,
emerging evidence suggests that they also play a role in pulmonary surfactant and
the proper functioning of the alveoli.

Studies have shown that defensins interact with surfactant proteins and influence
surfactant homeostasis and function. Here are some key findings:

1. Modulation of surfactant activity: Defensins can interact with surfactant
proteins, such as SP-A and SP-D, and modulate their surfactant-related
functions. For example, defensin-mediated interactions with SP-A can
enhance the surfactant spreading and adsorption at the air-liquid interface,
promoting alveolar stability*2,

2. Immune modulation: Defensins also have immunomodulatory properties
and can participate in the immune response in the lung. They can modulate
the production of inflammatory cytokines and chemokines, influence
immune cell recruitment, and contribute to the clearance of pathogens or
particles from the alveoli®*,

3. Antimicrobial effects: Defensins display broad-spectrum antimicrobial
activity against bacteria, viruses, and fungi. In the lung, they can help protect
against infectious agents and maintain lung health.

In conclusion, defensins exhibit multifunctional roles in the lung, including their
involvement in pulmonary surfactant and the proper functioning of the alveoli.
Their interactions with surfactant proteins and their antimicrobial and
iImmunomodulatory properties suggest that defensins play a significant role in
maintaining lung health and protecting the respiratory system against pathogens
and inflammatory insults.

Sources:

1. Interaction of defensins with pulmonary surfactant proteins and their
peptides « «?

2. Surfactant Protein A Enhances the Binding of the Father Domain of SP-B to
Lipid Monolayers <

3. Defensins in innate immunity <
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4.

Host defense peptides in homeostasis and disease of the lung « <2

Defensin activation is a complex process that involves interactions with various
cellular receptors and signaling pathways. However, here are some natural
compounds that have been reported to potentially enhance defensin expression or
activity:

1.

Short-chain fatty acids: Certain short-chain fatty acids, such as butyrate,
propionate, and acetate, have been suggested to enhance defensin expression
in the gut and respiratory epithelium?,

Plant extracts and phytochemicals: Some plant extracts and
phytochemicals have been found to modulate defensin expression or
activity. For example, extracts from licorice and ginger have shown
potential to induce defensin production®,

B-Glucans: B-glucans, which are polysaccharides found in various fungi and
mushrooms, have been reported to modulate defensin expression and
enhance innate immune responses’.

Sources:

1.

5.

Dietary Fiber and Bacterial SCFA Enhance Oral Tolerance and Protect
against Food Allergy through Diverse Cellular Pathways <

The armamentarium of commensal bacteria regulating innate and adaptive
mucosal immunity <

Licorice-chalcones induce apoptosis in human hepatoma cells in vitro and
cause growth delay of hepatoma xenografts in vivo <

Anti-Inflammatory and Anti-Oxidative Capacities of Ginger Versus Non-
Steroidal Anti-Inflammatory Drugs <

Regulation of beta-defensin gene expression in the chicken intestine. €

The Role of MUCINS in Lung Health

Mucins are a diverse family of high-molecular-weight glycoproteins that are
heavily glycosylated, giving them a gel-like consistency. They are mainly
produced by glandular cells, including goblet cells, and are widely distributed
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throughout the body and mucosal surfaces. In the respiratory tract, mucins play a
crucial role in maintaining lung health through several mechanisms.

1. Physical barrier: The main function of mucins in the lung is to form a
mucus blanket or gel layer that coats the airway surface and provides a
physical barrier to protect against airborne pathogens, particulate
matter, and chemical irritants. Mucins also facilitate the clearance of
foreign particles through mucociliary clearance, a process in which the
beating cilia on epithelial cells move the mucus and trapped particles
upwards and out of the respiratory tract?.

2. Immune defense: Mucins contain multiple domains, such as the von
Willebrand factor A (VWA) domain, which can interact with immune cells,
including neutrophils and macrophages, and modulate immune responses?:,
For instance, neutrophil elastase, a protease derived from neutrophils, can
cleave mucins and release inflammatory mediators, leading to mucus
hypersecretion and airway obstruction. Mucins containing VWA domain
can inhibit this process by binding and neutralizing neutrophil elastase, thus
preventing excessive inflammation and airway damage®.

3. Lubrication and hydration: Mucins also provide lubrication to reduce
friction between airway surfaces during breathing. They maintain the
hydration of the respiratory tract by trapping water molecules within the
mucus layer and preventing dehydration. This helps maintain the normal
function of the respiratory epithelium, preventing damage from
mechanical stress and pollutants in the air>.

4. Structural integrity: Mucins contribute to the structural integrity of the
airway lining, preventing airway collapse and maintaining airway patency.
Mucins crosslink with each other and with other macromolecules such as
lipids and proteins to form a mucus network, which is essential for
maintaining the elasticity and tension of the airway wall. This network also
contributes to airway remodeling in response to various stimuli such as
inflammation and injury®’.
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In summary, mucins play a vital role in lung health by forming a physical barrier,
mediating immune defense, providing lubrication and hydration, and maintaining
structural integrity. Dysregulation of mucin production, secretion, and clearance
can lead to various respiratory diseases, such as cystic fibrosis, chronic obstructive
pulmonary disease, and asthma. Therefore, further understanding of mucin's
regulation and function is essential in the development of new therapeutic targets
for respiratory diseases.

Sources:

1.
2.

6.
7.

Mucins in mucosal protection and function: lessons from the gut. <

Modulation of innate immune responses by the interaction of bacteria and
mucosal surface mucus. €

Mucins in the mucosal barrier to infection. «

Human Neutrophil Elastase Degrades SPLUNCL1 and Impairs Airway
Epithelial Defense against Bacteria.

Physiological function of airway mucus clearance. <
Mucin genes, epigenetics, and COPD. <

Mucins and the lung: understanding the biology and disease pathology. <

In the context of lung health, the main mucin genes involved are MUC5AC,
MUC5B, MUC1, MUC4, and MUC16%,

1.

MUCS5AC and MUCS5B: These two genes encode the major secreted
mucins found in the respiratory tract'2,. MUC5AC and MUC5B are
responsible for the production of gel-forming mucins, which contribute to
the formation of mucus and the maintenance of proper mucus viscosity and
clearance®.

A. MUC5AC Compounds [R]: Glucosamine, Chloride lon, N-
Acetylcysteine, Phosphatidylcholine (Lecithin), Inositol,
Polysaccharides.
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2.

MUCL1: This gene encodes a transmembrane mucin that is mainly expressed
by epithelial and hematopoietic cells in the lung®. MUCL1 has been
implicated in various pathological processes that occur in the lung, including
inflammation and airway remodeling®.

A. MUC1 Compounds [R]: Mannose, Hyaluronic acid, Agarose (Red
Marine Algae), Polysaccharides.

MUCA4: This gene encodes another transmembrane mucin that is expressed
in the respiratory tract>. MUC4 has been shown to have roles in regulating
innate immune responses and anti-inflammatory processes in the lungs®.

A. MUC4 Compounds [R]: Inositol

MUC16: This gene encodes a heavily glycosylated transmembrane mucin
that is expressed in the respiratory epithelium®. MUC16 has been implicated
in various respiratory diseases, including asthma and chronic obstructive
pulmonary disease (COPD), where its expression and function are
dysregulated®.

A. MUC16 Compounds [R]: Hyaluronic acid, Sodium Bicarbonate

These mucin genes play important roles in maintaining lung health through their
involvement in mucus secretion, clearance, and modulation of immune responses.
Dysregulation of these genes can contribute to respiratory diseases and impair lung
function. Further research is needed to fully understand the specific mechanisms
and functions of each mucin gene in lung health and disease.

Sources:

1.
2.

Mucins and their receptors in chronic lung disease. source € <2 3

Role of mucins in lung homeostasis: regulated expression and biosynthesis
in health and disease. source « «?

Mucins: the frontline defence of the lung. source € <2
The role of mucin 1 in respiratory diseases. source € «?

The role of MUC4 mucin glycoprotein in respiratory infection and
inflammation. source € <2
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6.

Mucins and the lung: understanding the biology and disease pathology.
source € 2

Here are some other natural compounds that have been studied for their potential
benefits to mucin lung health:

1.

N-acetylcysteine (NAC): NAC is a natural compound that has mucolytic
properties and can break down mucus by reducing disulfide bonds within
mucins. It has been used as a mucolytic agent in respiratory diseases such as
chronic obstructive pulmonary disease (COPD) and cystic fibrosis®.

Quercetin: Quercetin is a flavonoid found in fruits, vegetables, and herbs. It
possesses anti-inflammatory and antioxidant properties and has been shown
to reduce mucus production and inflammation in the airways?. It may
potentially modulate mucin gene expression and secretion.

Curcumin: Curcumin is the active ingredient in turmeric and has anti-
inflammatory and antioxidant properties. It has been shown to reduce
inflammation in the lungs and inhibit mucus production in animal models?®.
It may exert its effects by downregulating mucin gene expression.

Omega-3 fatty acids: Omega-3 fatty acids, found in fatty fish, flaxseeds,
and walnuts, have anti-inflammatory properties and may help reduce
inflammation in the lungs. Studies have shown that omega-3 fatty acids can
modulate mucus production and improve lung function in asthma and
COPD>.

Boswellia serrata: Boswellia serrata, also known as Indian frankincense,
contains boswellic acids known for their anti-inflammatory properties.
Studies have suggested that boswellia extract may help reduce inflammation
in the airways and improve lung function®.

Ginger: Ginger possesses anti-inflammatory and antioxidant properties. It
has been shown to inhibit mucus secretion and reduce airway inflammation
in animal studies’. However, its direct effects on mucin gene expression
have not been extensively studied.

Sources:

1.

N-acetylcysteine (NAC) in Respiratory Disorders. source <
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2. Quercetin, Inflammation and Immunity. source €

3. Curcumin and lung health: A narrative review of its immunomodulatory
effects and relationship with chronic obstructive pulmonary disease. source
P}

4. Omega-3 Fatty Acids and Airway Hyperresponsiveness in Asthma. source
P

5. Pharmacological Activities of Boswellia serrata Roxb. source <
6. Effect of ginger on airway smooth muscle: An in vitro study. source <

7. Ginseng and Its Active Compounds: Immunoregulatory Therapeutics for
Immunity, Inflammation and Cancer. source <

Cytokines Storms & Inflammation

Cytokine storms, inflammation, and signaling are interrelated processes that are
involved in the immune response and immune regulation in the body.

Cytokine storms refer to an excessive and uncontrolled release of pro-
inflammatory cytokines in response to an infection or other immune triggers.
Cytokines are small signaling proteins secreted by immune cells that play a crucial
role in cell-to-cell communication and immune regulation. Normally, cytokines are
produced in response to a pathogen or injury, and they help coordinate the immune
response to eliminate the threat. However, in cases of cytokine storms, there is an
overwhelming release of cytokines, leading to an excessive and dysregulated
Immune response.

Inflammation is a natural response of the immune system to infection, injury, or
iImmune challenges. It is characterized by redness, swelling, heat, and pain in the
affected area. Inflammation occurs as immune cells, such as neutrophils and
macrophages, are recruited to the site of infection or injury to fight off the
pathogens and initiate tissue repair. Inflammatory responses involve the release of
various pro-inflammatory cytokines, such as interleukin-1 (IL-1), interleukin-6
(IL-6), and tumor necrosis factor-alpha (TNF-a), which help activate immune
cells and promote inflammation.
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Signaling is the process by which cells communicate and transmit information in
the body. In the immune system, signaling pathways are critical for coordinating
Immune responses and regulating inflammation. Cytokine signaling is a key aspect
of immune cell communication, where cytokines bind to specific receptors on
target cells, leading to the activation of intracellular signaling cascades. These
signaling pathways enable immune cells to respond appropriately to infections or
other immune challenges.

In cases of cytokine storms, there is an aberrant activation of signaling pathways
due to the excessive release of pro-inflammatory cytokines. These dysregulated
signaling cascades can lead to widespread tissue damage, organ dysfunction, and
even sepsis. Cytokine storms are often associated with severe infections, such as
certain viral infections (e.g., influenza, SARS-CoV-2), where an excessive immune
response can result in harmful effects.

Understanding the intricate balance between cytokine signaling, inflammation, and
iImmune regulation is crucial for developing treatments and interventions to
modulate immune responses effectively. Therapeutic strategies aimed at
controlling cytokine storms and regulating inflammation are being explored to
minimize tissue damage and improve outcomes in various immune-mediated
diseases and infections.

Pneumonia is an inflammatory condition of the lung tissue, which can be caused
by both viruses and bacteria. Cytokines and fluids are released into the alveolar
cavity, interstitium, or both, in response to infection, causing the effective surface
area of gas exchange to be reduced. In severe cases where cellular respiration
cannot be maintained, supplemental oxygen may be required.

Diffuse alveolar damage can be a cause of acute respiratory distress syndrome
(ARDS) a severe inflammatory disease of the lung.

In asthma, the bronchioles become narrowed, causing the amount of air flow into
the lung tissue to be greatly reduced. It can be triggered by irritants in the air,
photochemical smog for example, as well as substances that a person is allergic to.

Chronic bronchitis occurs when an abundance of mucus is produced by the lungs.
The production of mucus occurs naturally when the lung tissue is exposed to
irritants. In chronic bronchitis, the air passages into the alveoli, the respiratory
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bronchioles, become clogged with mucus. This causes increased coughing in order
to remove the mucus, and is often a result of extended periods of exposure to
cigarette smoke.

Emphysema is another disease of the lungs, whereby the elastin in the walls of the
alveoli is broken down by an imbalance between the production of neutrophil
elastase (elevated by cigarette smoke) and alpha-1 antitrypsin (the activity varies
due to genetics or reaction of a critical methionine residue with toxins including
cigarette smoke). The resulting loss of elasticity in the lungs leads to prolonged
times for exhalation, which occurs through passive recoil of the expanded lung.
This leads to a smaller volume of gas exchanged per breath.

Based on research, several cytokines have been found to be involved in lung
diseases. These cytokines play a crucial role in the inflammation and immune
response observed in various pulmonary conditions.

Some of the prominent cytokines implicated in lung diseases include:
Interleukin-1 (IL-1B)

IL-1B is a potent pro-inflammatory cytokine and is involved in host-defense
responses to infection and injury. It plays a crucial role in mediating various
immune and inflammatory responses

Compounds for IL1B Gene: [R]

Glucosamine
Andrographis
Panax Ginseng
Echinacea

Tumor necrosis factor-alpha (TNF-a)

Tumor necrosis factor-alpha (TNF-a) is a cytokine that plays a significant role in
inflammation and immune responses. It is involved in the pathogenesis of various
inflammatory and autoimmune diseases. TNF-a acts by binding to specific
receptors on target cells, initiating signaling pathways that lead to inflammation,
cell activation, and cell death.
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Compounds for TNF-a Gene: [R]

e Dan Shen

e Glucosamine

e Glycyrrhizic acid (Licorice)
e Chloroquine (Cinchona Bark)
e Rutin (Sophora japonica)

e FEucalyptus

e Andrographis

e Date Palm

e N-Acetylcysteine

Interleukin-6 (IL-6)

Interleukin-6 (IL-6) is an interleukin that acts as both a pro-inflammatory cytokine
and an anti-inflammatory myokine. IL-6 plays a crucial role in the regulation of
Immune responses, hematopoiesis, and acute phase reactions. It is produced in
response to infections and tissue injuries and contributes to host defense through
the stimulation of inflammatory and immune reactions. I1L-6 has been implicated in
the pathogenesis of various inflammatory disorders and autoimmune diseases.

Compounds for IL-6 Gene: [R]

e Vitamin C

e Vitamin A

e N-Acetylcysteine
e Choline

e Andrographis

e Echinacea

e Curcumin

e Hyaluronic acid

Interleukin-10 (1L-10)

Interleukin-10 (IL-10) is a cytokine that functions as an anti-inflammatory
molecule. It plays a crucial role in regulating and limiting the immune response to
pathogens, thereby preventing excessive tissue damage and maintaining tissue
homeostasis. IL-10 is known for its immunosuppressive properties and its ability to
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inhibit the production of pro-inflammatory cytokines by various immune cells,
such as macrophages and T cells. IL-10 also appears to have a role beyond immune
regulation. It has been implicated in tissue repair and fibrosis, and it may function
as a conserved gatekeeper of fibrotic processes.

Compounds for IL-10 Gene: [R]

e Quercetin (Sophora japonica)
e Echinacea

e Quinoline (Cinchona bark)

e Theophylline (Theobromine)

Interleukin 13 (IL-13)

Interleukin 13 (I1L-13) is a cytokine that plays a crucial role in regulating immune
responses, particularly in allergic and inflammatory diseases. It is produced
primarily by T helper type 2 (Th2) cells and mast cells. IL-13 has been implicated
in the pathogenesis of several diseases, including asthma and allergic rhinitis. It
contributes to the recruitment of inflammatory cells, the production of pro-
inflammatory cytokines, and the development of airway hyperresponsiveness.

Compounds for IL13 Gene: [R]

e Mannose

e Polysaccharides

e Acetylcholine (Sunflower Lecithin)

e Acetylsalicylic acid (White Willow Bark)
e Hyaluronic acid

e Theophylline (Theobromine)

e Inositol

C-Reactive Protein (CRP)

C-reactive protein (CRP) is an acute-phase protein produced by the liver in
response to inflammation. It is a widely used biomarker for the detection and
monitoring of various diseases and conditions, including infections, autoimmune
disorders, and cardiovascular diseases. CRP levels increase rapidly and
significantly in response to tissue damage or inflammation in the body. It plays a
role in the immune response by binding to various molecules on damaged cells or
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pathogens, which helps in the recognition and removal of these harmful agents by
the immune system.

Compounds for CRP Gene: [R]

e Vitamin C (Acerola)

e Vitamin A

e Acetylsalicylic acid (White Willow Bark)
e Ginger

e Acetylcholine (Lecithin)

e Hydroxychloroquine (Cinchona Bark)

e Theophylline (Theobromine)

e N-Acetylcysteine (NAC)

Interferon-gamma (IFN-v)

Interferon-gamma (IFN-y) is a cytokine that plays a crucial role in regulating
Immune responses and inflammation. It is produced mainly by activated T cells
and natural killer (NK) cells in response to various stimuli, such as viral or
bacterial infections. IFN-y is known for its potent pro-inflammatory and
immunoregulatory functions. It activates immune cells, including macrophages and
NK cells, and enhances their ability to eliminate pathogens and infected cells. It
also promotes the production of other cytokines and chemokines, which help
recruit and activate immune cells at the site of infection or inflammation. Its
excessive production or dysregulation can contribute to the development of chronic
inflammatory conditions.

Compounds for IFNG Gene: [R]

e Glucosamine
e Theophylline (Theobromine)
e Vitamin K2

Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB)

NF-kB plays a crucial role in regulating cytokine production. It is involved in
various physiological processes, including immune responses, inflammation, cell
proliferation, and apoptosis. NF-kB is activated in response to various stimuli, such
as pro-inflammatory cytokines, pathogens, and cellular stress. The NF-xB pathway
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is implicated in multiple diseases, including chronic inflammatory diseases,
autoimmune disorders, and cancer. Dysregulation of NF-kB signaling can lead to
an excessive immune response, chronic inflammation, and contribute to the
development and progression of these conditions.

Compounds for NF-kB Gene: [R]

e Glycyrrhizic acid (Licorice)
e Quinone (Cinchona Bark)

e Rutin (Sophora japonica)

e Quercetin (Sophora japonica)
e Andrographis

e Inositol

e Tanshinone IlA (Dan Shen)
e Schisantherin A (Schisandra)

The NLRP3 Inflammasome

The NLRP3 inflammasome is a multi-protein complex that plays a critical role in
the innate immune system in response to various stimuli, including pathogens,
cellular damage, and environmental stressors. Activation of the NLRP3
inflammasome leads to the production and release of pro-inflammatory cytokines,
including interleukin-1 beta (IL-1p). Inflammasome activation is a tightly
regulated process, as uncontrolled activation of the NLRP3 inflammasome can lead
to a variety of inflammatory and autoimmune diseases. Studies also suggest that
the NLRP3 inflammasome may play a critical role in the severity of infectious
diseases caused by viruses or bacteria.
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The Role of Glycosylation in Glycoimmunology and its Impact on
Lung Health

Glycosylation, the enzymatic attachment of sugar molecules to proteins and lipids,
has emerged as a critical regulator of immune responses through the field of
glycoimmunology. In recent years, there has been increasing evidence suggesting
that glycosylation plays a significant role in the health and function of the lungs.
This paper aims to explore the intricate interplay between glycosylation,
glycoimmunology, and lung health. We will discuss the diverse functions of
glycans in modulating immune responses in the lungs, the implications of altered
glycosylation patterns in lung diseases, and the potential therapeutic applications of
targeting glycosylation pathways in the management of lung disorders.

Glycosylation and Glycoimmunology: An Overview
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Glycosylation is the enzymatic process of adding sugar molecules to proteins and
lipids, resulting in the formation of complex structures called glycans. These
glycans play a crucial role in various cellular processes, including protein folding,
trafficking, and signaling, as well as modulation of immune responses.
Glycoimmunology is the field that studies the role of glycans in immunology,
including the regulation of immune cell functions, antibody production, and
recognition of pathogens.

Glycans interact with various immune cells, such as macrophages, dendritic cells,
and lymphocytes, to modulate immune responses in an intricate manner.
Glycosylation patterns are thought to be associated with various immunological
processes, including inflammation, autoimmunity, and allergy.

The lungs are a vital component of the respiratory system, responsible for the
exchange of gases oxygen and carbon dioxide within the body. The respiratory
system is frequently exposed to environmental and infectious agents, making it
susceptible to various pathologies, including asthma, chronic obstructive
pulmonary disease (COPD), and lung cancer. Hence, the role of glycosylation in
the lungs has been an area of growing interest over the years.

Research has shown that glycans play significant roles in lung homeostasis,
including immune cell migration, clearance of pathogens, and modulation of
inflammatory responses. Moreover, the dysregulation of glycosylation patterns has
been implicated in several lung diseases, and an increasing number of studies have
aimed to elucidate the aberrant glycosylation patterns present.

In summary, glycosylation is a crucial mechanism for modulating immune
responses in the lungs, and increasing our understanding of glycans' functions will
aid in the development of novel therapeutic strategies to combat lung diseases.

Importance of Lung Health in the Context of Glycosylation

Lung health is of paramount importance in the context of glycosylation due to the
central role played by the lungs in respiratory function, defense against pathogens,
and immune responses. The lungs serve as a primary interface between the internal
and external environments, continuously exposed to inhaled particles, allergens,
and respiratory pathogens. Glycosylation, with its ability to modulate immune
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responses and cellular interactions, significantly impacts lung health in several
ways:

1. Host Defense Mechanisms: The airway epithelium, mucosal surfaces, and
immune cells in the lungs form the first line of defense against pathogens.
Glycosylation patterns on respiratory epithelial cells and mucins contribute
to the physical barrier function and prevent pathogen adherence.
Additionally, glycans on immune cells and secreted factors participate in
pathogen recognition, phagocytosis, and clearance of respiratory pathogens.

2. Inflammatory Responses: Glycosylation influences immune cell functions,
cytokine production, and inflammation in the lungs. Altered glycosylation
patterns can impact immune cell activation, polarization, and migration,
leading to dysregulated inflammatory responses. This dysregulation is
evident in lung diseases such as asthma and COPD, where abnormal
glycosylation profiles are associated with increased inflammation and
disease severity.

3. Pulmonary Fibrosis and Tissue Remodeling: Glycosylation is involved in
the regulation of extracellular matrix (ECM) components and tissue
remodeling processes in the lungs. Aberrant glycosylation can contribute to
the excessive deposition of ECM proteins, leading to pulmonary fibrosis, a
condition characterized by abnormal scarring and stiffening of lung tissue.
Understanding the role of glycans in these processes may provide insights
into potential therapeutic targets for fibrotic lung diseases.

4. Immune Regulation and Autoimmunity: Glycosylation plays a critical
role in immune regulation and the prevention of autoimmunity.
Dysregulated glycosylation can lead to impaired immune tolerance and the
generation of autoantibodies, contributing to autoimmune lung diseases such
as autoimmune interstitial lung diseases (ILD) and autoimmune pulmonary
alveolar proteinosis (PAP).

Efforts to understand the complex interplay between glycosylation, immune
responses, and lung health hold promise for the development of innovative
diagnostic tools, therapeutic interventions, and preventive strategies.
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Glycosylation and Immune Responses in the Lungs

Glycosylation plays a significant role in modulating immune responses in the lungs
by influencing immune cell functions, cellular interactions, and signaling
pathways. Here are some key aspects of how glycosylation impacts immune
responses in the lungs:

1. Glycan-Mediated Recognition and Signaling in Immune Cells:

« Glycosylation of immune cell receptors, such as Toll-like receptors
(TLRs), lectin receptors, and Fc receptors, affects their ligand
binding affinity, specificity, and downstream signaling events.

« Glycan structures on the surface of immune cells can act as binding
sites for lectins, facilitating immune cell adhesion, migration, and
interactions with other cells.

2. Glycosylation and Immune Cell Migration in Lung Homeostasis:

« Glycans on chemokines and adhesion molecules are involved in
immune cell trafficking, allowing immune cells to migrate to specific
lung compartments during homeostasis and inflammation.

« Altered glycosylation patterns can impact immune cell migration,
influencing immune surveillance, and the development of lung
diseases.

3. Glycans as Modulators of Immune Cell-Pathogen Interactions in Lung
Infections:

« Glycosylation of respiratory pathogens affects their interactions with
immune cells and the lung epithelium. For example, glycans on viral
and bacterial glycoproteins can serve as binding sites for lectin
receptors on immune cells, facilitating pathogen recognition and
clearance.

« Conversely, glycans on the lung epithelium can act as a defense
mechanism by preventing pathogen adherence and invasion.
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The dynamic interplay between glycans and immune cells contributes to the
regulation of immune responses in the lungs, impacting lung homeostasis,
inflammation, and host defense. Dysregulated glycosylation patterns can disrupt
these interactions, leading to impaired immune responses and increased
susceptibility to respiratory infections or autoimmune lung diseases.

Understanding the specific glycan structures and their functions in immune
responses in the lungs is essential for unraveling the complexities of
glycoimmunology and developing targeted therapies for lung diseases.

Glycan-Mediated Recognition and Signaling in Immune Cells

Glycan-mediated recognition and signaling play a crucial role in immune cells in
the context of immune responses. Glycans, which are carbohydrate structures on
cell surfaces or secreted molecules, are involved in immune cell interactions,
ligand binding, and downstream signaling events 2.

Glycans can modulate immune cell function through several mechanisms. Firstly,
glycosylation of immune cell receptors, such as Toll-like receptors (TLRs), lectin
receptors, and Fc receptors, can affect their ligand binding affinity, specificity,
and downstream signaling . This means that the presence or absence of specific
glycans on these receptors can influence the immune cell's ability to recognize and
respond to pathogens or other signaling molecules.

Secondly, glycans on the surface of immune cells can act as binding sites for
lectins, which are proteins that specifically bind to carbohydrates. This interaction
facilitates immune cell adhesion, migration, and interactions with other cells 2.
These glycan-lectin interactions can play a role in immune cell trafficking and the
formation of immune synapses, where immune cells interact with other cells or
pathogens.

Understanding the role of glycans in immune cell recognition and signaling is
essential for unraveling the complexities of immune responses and developing
targeted interventions.

Sources:

51
Glyco Synergy LLC
All Rights Resevered ©


https://app.copy.ai/projects/37223622?tool=chat&tab=results#user-content-fn-1
https://app.copy.ai/projects/37223622?tool=chat&tab=results#user-content-fn-1
https://app.copy.ai/projects/37223622?tool=chat&tab=results#user-content-fn-1

1. Nature. Glycan-mediated recognition and signaling in the immune system.
Retrieved from: https://www.nature.com/articles/s41423-023-01074-1 « «?

o3

2. PubMed. Glycans in immune recognition and response. Retrieved from:
https://pubmed.ncbi.nlm.nih.qov/24680512/ « <2

Glycosylation and Immune Cell Migration in Lung Homeostasis

Glycosylation plays a significant role in immune cell migration in the lungs,
contributing to lung homeostasis and immune surveillance. The presence of
specific glycans on chemokines and adhesion molecules influences immune cell
trafficking and localization within the lung microenvironment. Here are some key
points on glycosylation and immune cell migration in lung homeostasis:

1. Glycan Modification of Chemokines:

Chemokines are small cytokines that direct the migration of immune
cells in response to inflammation or tissue damage.

Glycosylation of chemokines can affect their stability, activity, and
binding affinity to chemokine receptors on immune cells.

Alterations in chemokine glycosylation can influence immune cell
migration patterns in the lungs and other tissues.

2. Glycan-Mediated Immune Cell Adhesion:

Glycans on adhesion molecules, such as selectins and integrins, are
involved in immune cell adhesion to the endothelium and cell-cell
interactions.

Certain glycan structures act as ligands for lectin receptors on immune
cells, facilitating their adhesion to endothelial cells in blood vessels
and subsequent migration into lung tissues.

As immune cells circulate through the blood vessels, they encounter
specific glycans expressed on the endothelial cells, which provide
directional cues for migration into specific lung compartments.
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3. Glycans and Immune Cell Homing to Lung-Associated Lymphoid
Tissues:

« Glycans on immune cells and lymph node addressins (glycoproteins
on lymph node endothelial cells) participate in immune cell homing to
lung-associated lymphoid tissues, such as bronchus-associated
lymphoid tissue (BALT) or lung-draining lymph nodes.

« These glycans are involved in the recognition and interaction between
immune cells and the specialized endothelium of lymphoid tissues,
facilitating immune cell migration and lymphocyte activation.

Understanding the role of glycans in immune cell migration during lung
homeostasis is crucial for maintaining immune surveillance, tissue repair, and
effective immune responses in the lungs. Dysregulated glycosylation patterns can
disrupt immune cell migration, leading to impaired immune surveillance,
insufficient immune cell recruitment, or abnormal immune responses.

Glycans as Modulators of Immune Cell-Pathogen Interactions in Lung
Infections

Glycans, also known as carbohydrates, play a crucial role in modulating immune
cell-pathogen interactions during lung infections. Glycans are present on the
surface of immune cells and pathogens, and they act as recognition molecules that
allow immune cells to identify and interact with pathogens.

During lung infections, pathogens such as bacteria or viruses can produce specific
glycans on their surface that can either promote or inhibit immune cell responses.
These glycans can directly interact with receptors on immune cells, triggering
Immune responses or evading the immune system. Similarly, immune cells can
display specific glycans on their surface that interact with receptors on pathogens,
facilitating their recognition and elimination.

The interactions between glycans and immune cells can influence various aspects
of the immune response, including the recruitment of immune cells to the site of
infection, the activation of immune cells, and the production of immune molecules
such as cytokines and antibodies. Glycans can also affect the ability of pathogens
to invade host cells and spread within the lungs.

53
Glyco Synergy LLC
All Rights Resevered ©



By studying the specific glycans involved in immune cell-pathogen interactions,
researchers can potentially develop strategies to enhance immune responses against
lung infections. This could involve targeting specific glycans on pathogens to
enhance immune recognition and clearance, or boosting the expression of specific
glycans on immune cells to enhance their activation and response to pathogens.

In conclusion, glycans play an important role in modulating immune cell-pathogen
interactions during lung infections. Understanding these interactions can provide
insights into the development of new therapeutic approaches to combat lung
infections.

Altered Glycosylation Patterns and Lung Diseases

Research has shown that altered glycosylation patterns can have implications for
lung diseases!*!2l, Glycosylation is a process that involves the addition of
carbohydrates (glycans) to proteins and lipidsti. Changes in glycosylation can
modulate various biological processes and have been implicated in conditions such
as cancer, inflammatory diseases, and viral infections™I2,

In the context of lung diseases, altered glycosylation patterns have been observed
in conditions like lung cancer and lung infections!2l, For example, studies have
shown that changes in glycosylation can affect cancer cell metastasis, immune
escape mechanisms, and apoptosis in lung cancer™2, Additionally, altered
glycosylation of lung pathogens can influence their virulence and interactions with
immune cellst],

Understanding the specific glycosylation changes associated with lung diseases can
provide insights into disease mechanisms and potential therapeutic targets. By
targeting these altered glycosylation patterns, it may be possible to develop novel
diagnostic markers and therapeutic interventions!.

In summary, research suggests that altered glycosylation patterns play a role in the
development and progression of lung diseases!*.

Sources:

1. Altered glycosylation in cancer: A promising target for biomarkers and
therapeutics

2. Glycosvlation in health and disease
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Glycosylation Alterations in Asthma and Allergic Lung Inflammation

Glycosylation alterations have been observed in the context of asthma and allergic
lung inflammation, suggesting their involvement in the pathogenesis of these
conditionstt2,

Asthma is a chronic inflammatory disease of the airways, characterized by
bronchial hyperresponsiveness, airway inflammation, and airflow limitation!*l,
Studies have identified changes in glycosylation patterns associated with asthma,
particularly in proteins involved in airway remodeling, mucus production, and
immune responsestt2, Altered glycosylation of these proteins can impact their
structure, function, and interactions, thereby contributing to the development and
progression of asthmal.,

In allergic lung inflammation, which includes conditions like allergic rhinitis and
allergic bronchial asthma, glycosylation alterations have also been identified!2.
These changes can influence the activity of inflammatory cells, such as eosinophils
and mast cells, and the production of pro-inflammatory mediators, such as
cytokines and chemokines™!2, Furthermore, modified glycosylation patterns can
affect the binding of allergens to antibodies, contributing to the allergic response!2.

Understanding the specific glycosylation alterations in asthma and allergic lung
inflammation can offer insights into disease mechanisms and potential therapeutic
targets. Targeting these glycosylation changes may help in the development of
personalized treatment strategies and the identification of novel biomarkers!*2],

In conclusion, glycosylation alterations are implicated in the pathogenesis of
asthma and allergic lung inflammation.

Sources:

1. Glycans and glycosylation alterations in allergic asthma

2. Glycosylation in allergic airway disease: A mediator and therapeutic target

Glycoimmunology of Chronic Obstructive Pulmonary Disease (COPD)

The glycoimmunology of Chronic Obstructive Pulmonary Disease (COPD)
involves studying the role of glycosylation in the immune response and
inflammation in the context of COPD2, COPD is characterized by chronic
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inflammation and airflow limitation, primarily caused by exposure to noxious
particles or gases, such as cigarette smokeI[2],

Glycosylation alterations have been observed in COPD, particularly in proteins
involved in immune responses and inflammation2, These changes in
glycosylation can affect the structure, function, and interactions of these proteins,
leading to dysregulated immune responses and chronic inflammation[I2,

Furthermore, glycosylation alterations may impact the recognition and clearance of
pathogens in COPD patients?. Changes in glycosylation patterns can affect the
binding of pathogens to immune cells and influence the host immune response to
infection in the lungs!Z.

Understanding the glycoimmunology of COPD can provide insights into disease
pathogenesis and potentially lead to the development of new diagnostic markers
and therapeutic strategiesl. By targeting glycosylation alterations, it might be
possible to modulate immune responses and reduce inflammation in COPD
patients!Z,

In summary, glycosylation plays a significant role in the immune response and
inflammation observed in COPD. Glycosylation alterations in key proteins
involved in immune responses and pathogen recognition contribute to the
dysregulated immune response and chronic inflammation in COPD patients™I2,

Sources:

1. Chronic Obstructive Pulmonary Disease - StatPearls - NCBI Bookshelf

2. Mechanisms, Pathophysiology and Currently Proposed Treatments of
Chronic Obstructive Pulmonary Disease: An Up-To-Date Review

Glycosylation and Lung Cancer

Alterations in glycosylation have been observed in lung cancer and are thought to
contribute to disease development and progression. Lung cancer is a genetically
heterogeneous disease with varying prognoses depending on the type and stage of
cancer. The altered glycosylation patterns in lung cancer affect the function of
various glycoproteins, including membrane receptors, signaling molecules, and
intercellular adhesion molecules. These changes in glycosylation can promote
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cancer cell proliferation, migration, and invasion, as well as impair tumor immune
surveillance 2],

Recent research has shown that specific glycosylation changes can be used as
potential biomarkers for lung cancer diagnosis, prognosis, and treatment. For
example, elevated levels of fucosylated glycan structures on circulating proteins
have been found to be associated with a higher risk of developing lung cancer!.,
Additionally, glycosylation alterations in certain proteins, such as MUC1, have
been suggested as a potential therapeutic target in lung cancer treatment“.,

In conclusion, glycosylation alterations have been observed in lung cancer and can
play a critical role in regulating cancer cell function, as well as offering potential
biomarkers and targets for therapeutic intervention.

Sources:

1. Glycosylation Alterations in Lung and Brain Cancer

2. Altered Glycosylation in Cancer: A Promising Target for Biomarkers and
Therapeutics

3. Fucosylated Glycans as Potential Biomarkers for Lung Cancer Diagnosis

4. MUC1: A Promising Target in Lung Cancer Treatment

Therapeutic Targeting of Glycosylation Pathways for Lung Disorders

Glycosylation, the process by which carbohydrates are attached to proteins, is a
complex and highly regulated process that plays a crucial role in various biological
pathways. Alterations in glycosylation have been associated with several lung
disorders, including asthma, chronic obstructive pulmonary disease (COPD), and
lung cancer. As such, therapeutic targeting of glycosylation pathways presents a
promising approach for the treatment of these conditions.

One potential therapeutic target is the enzyme N-Acetylglucosaminyltransferase V
(MGAT5 Gene), which has been shown to be involved in the glycosylation of
various proteins associated with inflammation and remodeling in asthma and
COPD. Inhibition of GnT-V has been found to reduce airway inflammation and
improve lung function in animal models of these diseases!™.
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Compounds for MGAT5 Gene: [R]

e Mannose
e Glucosamine
e Polysaccharidea

In summary, therapeutic targeting of glycosylation pathways presents a promising
strategy for the treatment of various lung disorders. Inhibition of specific
glycosylation enzymes, such as GnT-V (MGAT5S Gene), has shown potential in
reducing airway inflammation, improving lung function, and reducing tumor
growth in animal models of these diseases. Further research is needed to translate
these findings into effective clinical therapies.

Sources:

1. Inhibitor of N-acetylglucosaminyltransferase V reduces airway
inflammation and remodeling in asthma

Glycan-Based Therapies for Lung Diseases

Glycan-based therapies have emerged as a promising approach for the treatment of
various lung diseases. Glycans are complex carbohydrate structures that play
important roles in cell signaling, immune responses, and inflammation. Targeting
specific glycans or glycan-binding proteins can modulate these processes and
potentially provide therapeutic benefits in lung diseases.

In the context of lung diseases, such as asthma and chronic obstructive pulmonary
disease (COPD), glycan-based therapies can target several mechanisms, including
inflammation, airway remodeling, and mucus hypersecretion.

One example is the use of inhaled mannose, a monosaccharide that can modulate
airway epithelial cell glycans. Mannose supplementation has been shown to reduce
inflammation and airway hyperresponsiveness in animal models of asthma by
inhibiting the expression of glycan-binding proteins involved in immune cell
recruitment and activation.

Furthermore, studying the glycosylation patterns of mucins, the main components
of mucus, may provide insights into developing therapies that target mucus
hypersecretion in conditions such as cystic fibrosis and chronic bronchitis.
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Targeting specific glycosylation sites on mucins can potentially modulate their
viscoelastic properties and improve mucus clearance.

Overall, glycan-based therapies offer a promising avenue for the treatment of lung
diseases. By targeting specific glycans, glycan-binding proteins, or glycosylation
patterns, it is possible to modulate immune responses, inflammation, airway
remodeling, and mucus hypersecretion.

Modulating Glycosylation to Enhance Efficacy against Respiratory Pathogens

Modulating glycosylation presents an intriguing strategy for enhancing the
effectiveness of treatments against respiratory pathogens. Glycosylation, the
process of attaching carbohydrates to proteins and lipids, plays a critical role in
many aspects of host-pathogen interactions, including adhesion, immune evasion,
and virulence.

Respiratory pathogens, such as influenza viruses, respiratory syncytial virus
(RSV), and bacteria like Streptococcus pneumoniae, exploit host glycosylation to
facilitate their entry into host cells and evade immune responses. By modulating
glycosylation, it may be possible to disrupt these interactions and enhance the
host's ability to combat such pathogens.

One approach is to target glycosylation pathways involved in viral or bacterial
entry into host cells. For example, influenza viruses attach to sialic acid residues on
host cell surface glycoproteins or glycolipids using the viral hemagglutinin (HA)
protein. By modifying the glycan structures or expression of sialic acids, it is
possible to prevent or reduce viral attachment and entry.

Additionally, glycosylation of host immune cells, such as dendritic cells and
neutrophils, impacts their function and interaction with respiratory pathogens.
Modulating glycan structures on these immune cells can potentially enhance their
ability to recognize and mount an immune response against pathogens.

Furthermore, glycosylation-mediated immune evasion by respiratory pathogens
can be targeted to enhance the effectiveness of treatments. For instance, certain
bacteria, like Streptococcus pneumoniae, produce capsular polysaccharides that
mask them from host immune surveillance. By targeting the enzymes involved in
the biosynthesis or modification of these surface glycans, it may be possible to
enhance the recognition and elimination of these pathogens by the immune system.
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Overall, modulating glycosylation presents a promising strategy for enhancing the
efficacy of treatments against respiratory pathogens. By targeting glycosylation
pathways involved in pathogen entry, modifying glycan structures on immune
cells, or disrupting glycosylation-mediated immune evasion, it is possible to
enhance the host's ability to combat respiratory infections.

Viral Neuraminidase

Hemagglutinin (from the Greek haima, ‘blood' + Latin gluten, 'glue’) is a
glycoprotein that causes red blood cells (RBCs) to agglutinate or clumps together.

Following host-cell infection, viruses manipulate the cell machinery to replicate
themselves. When the replicated viruses bud from the host cells, they remain
attached to the host-cell surface by binding between hemagglutinin and sialic acid.

Neuraminidase cleaves the sialic acid molecule, thereby freeing the virus to infect
other cells in the host organism.

Viruses use neuraminidase to escape immune recognition. Drugs called
neuraminidase inhibitors, which include oseltamivir (Tamiflu) inhibit the release of
viruses from host cells.

| The action of neuraminidase in replication of virions in influenza infection. |
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Natural Viral Neuraminidase Inhibitors:

e Prunella vulgaris [R]

e Licorice [R]

e Skullcap [R]

e Quercetin [R]

e Curcumin [R]

e Sage[R]

e Rosemary [R]

e Echinacea [R]

e Ginger (R)

e Kudzu (R)

e Aloe vera(R)
Unraveling the Complexity of Glycan Structures and Functions in Lung
Health

Understanding the complexity of glycan structures and their functions in lung
health is a rapidly evolving field of research. Glycans, complex carbohydrates, are
found on the cell surface and extracellular matrix of the lungs and play essential
roles in various biological processes that contribute to lung health.

Glycans serve as recognition and signaling molecules that facilitate interactions
between cells and their environment. In the lungs, glycans on the surface of airway
epithelial cells, immune cells, and mucus contribute to processes such as cell
adhesion, immune responses, and clearance of pathogens.

One area of study is unraveling the specific glycan structures involved in the
recognition and binding of respiratory pathogens. For example, influenza viruses
and other respiratory pathogens interact with glycans on host cells to facilitate
attachment and entry into the respiratory system. Understanding the specific
glycans and glycan-binding proteins involved in these interactions can provide
insights into the mechanisms of infection and guide the development of
therapeutics.

Glycans also contribute to the regulation of inflammation in the lungs. Certain
glycans function as immune regulators and modulators of inflammatory responses.
Modifications in lung glycan structures have been associated with inflammatory
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lung diseases, including asthma and chronic obstructive pulmonary disease
(COPD). Investigating the changes in glycan structures and their functional
consequences can help elucidate the underlying mechanisms of these diseases and
identify potential targets for therapeutics.

Furthermore, studying the glycans present in mucus can provide insights into the
maintenance of lung health and the clearance of harmful substances. Mucus
glycans contribute to the physical properties of mucus, including its viscosity and
ability to trap pathogens and particulates. Alterations in mucin glycosylation have
been observed in lung diseases such as cystic fibrosis and chronic bronchitis.
Understanding how these changes impact mucus clearance and respiratory health is
an active area of research.

In conclusion, unraveling the complexity of glycan structures and their functions in
lung health is an important area of research. Understanding the roles of specific
glycans in pathogen recognition, immune responses, inflammation regulation, and
mucus clearance can provide valuable insights for developing targeted approaches
for diagnosing, preventing, and treating respiratory diseases.

Translational Potential of Glycosylation-Based Therapies for Lung Diseases

Glycosylation-based therapies hold significant translational potential for the
treatment of lung diseases. The unique and diverse roles of glycans in biological
processes make them attractive targets for therapeutic intervention. Here are some
aspects that highlight the translational potential of glycosylation-based therapies
for lung diseases:

1. Targeting specific glycan structures: By specifically targeting glycan
structures involved in disease processes, such as inflammation, immune
dysregulation, and mucus hypersecretion, it is possible to modulate these
processes and potentially alleviate symptoms or halt disease progression.

2. Modulation of glycan-binding proteins: Glycan-based therapies can also
target glycan-binding proteins, such as lectins or galectins, which play
crucial roles in cell signaling, adhesion, and immune responses. Modulating
the interactions between these proteins and their glycan ligands can have
therapeutic implications in lung diseases.
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3. Inhibition of pathogen attachment and invasion: Glycosylation-based
therapies can disrupt the interactions between respiratory pathogens and host
cells by modifying glycans involved in attachment and invasion processes.
By preventing pathogen attachment or inhibiting their ability to invade host
cells, it may be possible to limit infection and improve outcomes in
respiratory diseases caused by pathogens.

4. Modulation of immune responses: Glycosylation plays a vital role in
immune cell activation, recognition, and modulation of immune responses.
By targeting specific glycans on immune cells, it is possible to modulate
their function and enhance immune responses against pathogens or reduce
excessive inflammation in lung diseases.

5. Improvement of mucus properties and clearance: Altered glycosylation
patterns on mucins, the main components of mucus, can impact the
viscoelastic properties of mucus and impair its clearance. Glycan-based
therapies that target these alterations can restore the normal properties of
mucus and improve mucociliary clearance in lung diseases characterized by
mucus hypersecretion.

In conclusion, glycosylation-based therapies offer substantial translational
potential for the treatment of lung diseases. Targeting specific glycan structures,
modulating glycan-binding proteins, inhibiting pathogen attachment, and
manipulating immune responses and mucus properties are some of the strategies
that hold promise.
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