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Dopamine in Allergy and Inflammation: Cellular
Mechanisms and Therapeutic Potential

Selin Ozgiir', Oytun Erbag'

Dopamine (DA) has significant regulatory effects
on the immune system in addition to being one of
the central nervous system'’s key neurotransmitters.™

D1-like and D2-like receptors are the two primary
kinds of dopamine receptors (DRs). Numerous
signaling pathways that affect the immune system
can be started by these receptors.” It has been
demonstrated that DA acts via autocrine and paracrine
pathways via receptors in cells of the immune system,
hence affecting immunological responses like
inflammation and allergy reactions. Depending on
the cell type and circumstance, these DA actions can
vary. Both pro- and anti-inflammatory reactions can
be triggered by this neurotransmitter.®

In particular, it has been shown to regulate
inflammatory processes by influencing the
differentiation of T cells and various functions
of immune cells. Dopamine can promote the
differentiation of T helper 2 (Th2) cells, potentiating
allergic reactions. These effects play an important
role in the development of diseases such as allergic
asthma in children, especially at a young age.
Dopamine regulates T cell responses through a
specific dopamine receptor D4, and this mechanism
may vary depending on age.*
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ABSTRACT

Dopamine (DA), well-known as a crucial neurotransmitter
in the central nervous system, also exerts significant
regulatory effects on the immune system. The effects of
DA on immune cells such as T cells, dendritic cells, and
macrophages are context-dependent, and its dual role in
promoting both pro-inflammatory and anti-inflammatory
responses highlights its complex regulatory function. In
particular, DA plays an important role in diseases such
as allergic asthma by regulating T-cell differentiation,
particularly through receptor interactions such as dopamine
receptor D4. The effect of DA on the nuclear factor kappa
B and NOD-like receptor family pyrin domain-containing
protein 3 inflammation pathways highlights its potential
in the treatment of inflammation-related diseases. This
review examines the different roles of DA in modulating
the activity of immune cells and its implications for the
treatment of allergic and inflammatory diseases, with a
particular focus on the signaling pathways involved and the
receptor-specific effects of DA.
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The inflammation-related effects of DRs
are particularly concentrated on the NOD-like
receptor family pyrin domain-containing protein
3 inflammasome and the nuclear factor kappa B
pathway. These signaling pathways are important
targets in the treatment of inflammation-related
diseases, such as Parkinson’s disease, rheumatoid
arthritis, and systemic lupus erythematosus. The
interaction of immune cells, especially group 2 innate
lymphocytes (ILC2), with DA, is another example of
its regulatory effects on allergic inflammation.® In
this review, the role of DA in allergic responses and
inflammation processes will be explained, and the
mechanisms behind these effects will be discussed.

DOPAMINE

Dopamine is a neurotransmitter that acts on
both the nervous system and the immune system.
It is synthesized primarily in the substantia nigra,
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ventral tegmental area and hypothalamus in the
brain.”? While it modulates functions such as motor
control, reward mechanism, and mood regulation
in the brain, it also affects immune response and
inflammation in peripheral tissues. The synthesis of
DA starts from the amino acid tyrosine and acts on
two main receptor families (D1 and D2). It regulates
behavior and learning processes with both slow and
fast signaling.®

Dopamine and the Immune System

Dopamine has been shown to affect immune
responses in direct and indirect ways by interacting
with dopaminergic receptors on immune cells.
This demonstrates the potential of DA as an
immunomodulating agent. Immune cells express
dopaminergic proteins such as DRs (D1-D5
subtypes), dopamine transporters, and enzymes
involved in DA synthesis. Interestingly, immune
cells can produce, store, and release DA under
certain conditions, especially during inflammation.
As a pro-inflammatory effect, activation of D1-like
receptors (D1, D5) can increase the production of
pro-inflammatory cytokines such as tumor necrosis
factor-alpha (TNF-a), interleukin (IL)-1B, and IL-6. In
terms of anti-inflammatory effects, D2-like receptors
(D2, D3, D4) generally exert a suppressive effect
on cytokine production and reduce inflammatory
responses by promoting the release of IL-10.

IMMUNE CELLS
T Cells

T cells are central players in the adaptive immune
response and express DRs. T cells can react to DA
impulses thanks to these receptors. T cell function in
inflammatory and regulatory situations is impacted
by DA’s ability to control T cell differentiation and
activation.'”

Dopamine at low levels can stimulate dormant
T cells, causing them to proliferate and produce
more cytokines. Dopamine, however, can have
harmful effects and cause cellular malfunction in
larger quantities. Through the D3 receptor, DA has
been shown to enhance CD4+ T cell production of
interferon-gamma (IFN-y), which in turn promotes
Th1 differentiation. On the other hand, interleukins
like IL-4 and IL-10, which have been linked to Th2 and
regulatory T cells (Tregs) responses, were suppressed
by DA.I'"%™ This suggests that DA inhibits Th2 activity
and promotes Th1 immunological responses. Human
T cells have a comparable dopaminergic modulation,
confirming the importance of DA in influencing T cell
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responses to diverse stimuli. These results are not
exclusive to mouse models.['>™

Regulatory T Cells

Tregs are critical for preventing autoimmune
reactions by maintainingimmunetolerance. The effect
of DA on Tregs is complex and context-dependent.
Activation of D1-type receptors on Tregs can reduce
the production of immunosuppressive cytokines
such as IL-10 and transforming growth factor-beta,
which can weaken the suppressive functions of Tregs.
However, this effect is mostly observed in activated
Tregs, indicating that the activated state of Tregs
may affect their sensitivity to DA signalling. This is
further complicated by the fact that DA may exert
different effects on Tregs depending on the presence
of specific inflammatory signals.!”

Dendritic Cells

Dendritic cells (DCs) are important
antigen-presenting cells that link the innate immune
and adaptive immune systems. These cells not only
express DRs, but they can also synthesize and store
DA and release DA in their interactions with T cells.l'>19!

The effect of DA on DCs is associated with the
receptor subtype. Activation of DI-type receptors
promotes the differentiation of Th2 cells by increasing
DA synthesis; these cells are associated with allergic
responses. On the other hand, activation of D2-type
receptors suppresses Th1 responses by inhibiting the
release of pro-inflammatory cytokines, potentially
promoting a Th2-dominant immune environment.
This bidirectional regulation highlights DA's complex
role in balancing immune responses.l'”8

Monocytes and Macrophages

Macrophages are versatile immune cells that
perform many functions, such as phagocytosis and
cytokine production, and they also respond to DA.
Like T cells and DCs, macrophages express a variety
of DRs. D2-type receptors on macrophages regulate
phagocytic activity, and activation of these receptors
suppresses the production of pro-inflammatory
cytokines such as IL-2, IL-4, and [FN-y.l'%20

On the other hand, activation of D1 receptors
inhibits the production of inflammatory cytokines
and helps resolve inflammation by increasing the
release of anti-inflammatory cytokines such as IL-10.
Interestingly, the D5 receptor in macrophages can
reduce the production of IL-12 and IL-23, which are
critical for Th1 and Th17 differentiation. This suggests
that DA signaling through D5 receptors may produce a
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more anti-inflammatory macrophage phenotype.?"??
In some disease states, such as multiple sclerosis and
HIV infection, disruption of dopaminergic signaling
can lead to dysregulation of macrophage activity and
chronic inflammation and tissue damage.'?>?*

DOPAMINE AND ALLERGY

Dopamine is a neurotransmitter often associated
with mood, motivation, and pleasure, but in recent
years, its effects on the immune system and
inflammation have also been investigated.?” The role
of DA in allergic reactions and immune modulation is
becoming increasingly understood with new studies
in this field. The potential role of DA in the treatment
of conditions such as allergic rhinitis, asthma, and
other immune-related diseases makes research in this
area even more important.2¢2”!

The effects of DA on theimmune system are largely
mediated through DA receptors. These receptors
have several subtypes, D1, D2, D3, D4, and D5, and
are widely present in immune cells. This indicates
that DA can directly modulate immune responses. In
particular, the D2 receptor has been identified to play
an important role in immune regulation. Activation
of the D2 receptor can affect both innate immune
responses and adaptive immune responses. The
interactions of DA withimmune cells play a critical role
in understanding the process of allergic inflammation.
Dopamine modulates the function of immune cells
such as T lymphocytes, DCs, and macrophages. For
example, in allergic asthma, DA has been reported to
inhibit the activation of type 2 cytokines such as IL-5
and IL-13. These cytokines play an important role in
the development of allergic inflammation. The fact
that DA suppresses these cytokines suggests that it
may attenuate the inflammatory chain characteristic
of allergic responses.'?®

Another important aspect of the effects of DA in
allergic inflammation is its effects on ILC. In particular,
ILC2 cells are known to play a central role in allergic
inflammation. Studies in animal models have shown
that DA suppresses the response of ILC2 cells to IL-33
and reduces the secretion and proliferation of type
2 cytokines by these cells. This effect suggests that
DA plays a regulatory role in allergic responses, but
does so without adversely affecting cell viability.
Dopamine also plays an important role in diseases
such as allergic rhinitis and asthma. Allergic rhinitis
is a common allergic disease characterized by
inflammation of the nose, and the role of DA in this
disease is receiving increasing attention. It has been
shown that DA regulates immune responses via D2
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receptors and that this mechanism is particularly
effective in areas of the brain, such as the olfactory
nerves. By activating these receptors, DA has been
found to reduce the production of pro-inflammatory
cytokines such as TNF-a and IL-6, which are common
in allergic inflammation. This suggests that DA may
alleviate the symptoms of allergic rhinitis and reduce
neurological effects such as olfactory impairment.?”

The effects of DA on asthma are also better
understood with recent studies. Asthma is
characterized by chronic inflammation of the airways
and is often triggered by exposure to allergens in
early life.F%3" Dopamine has been found to modulate
the activation of allergen-specific T cells and thus
may prevent the development of allergic asthma.
Furthermore, the effects of DA on airway epithelium,
immune cell infiltration, and pro-inflammatory
cytokine production suggest that it may control
asthma exacerbations and prevent long-term airway
remodeling. The potential of DA in the treatment of
allergic diseases is supported by the positive effects
of DA D2 receptor agonists in neurological diseases
such as Parkinson’s disease and ischaemic stroke.
These agonists can improve disease symptoms by
reducing neuroinflammation. A similar treatment
strategy could be considered for allergic diseases.
Dopamine D2 receptor activation may control
allergic inflammation by suppressing the activation
of immune cells and pro-inflammatory cytokines.k'32

DOPAMINE AND INFLAMMATION

How immune cells are affected by DA has been
the subject of research, especially in the context
of inflammation. Dopamine regulates immune
functions such as cell proliferation, cytokine release,
chemotaxis, antigen presentation, and phagocytosis.
The degree of this effect varies depending on the type
of immune cell, the level of activation, and the type
of DRs interacting. For example, in allergic asthma,
the effect of DA on ILC2s has been investigated. The
ILC2s produce the type 2 cytokines IL-4, IL-5, and
IL-13, and these cytokines promote inflammation
in the airways. Inhibition of the activation of ILC2
cells by DA may reduce allergic inflammation in
the lungs. Dopamine may also affect the activity
of T-lymphocytes, especially Th1 and Th2 cells. The
balance between Th1 and Th2 responses determines
the outcome of allergic and autoimmune diseases.
Th1 cells are associated with pro-inflammatory
responses, while Th2 cells are associated with allergy
and asthma. The effect of DA on these cells can
alter the immune response, which can increase or



Dopamine in Allergy and Inflammation

decrease inflammation. These interactions reveal the
complex nature of the immune system’s response to
inflammation.3334

The interaction of DA with immune cells is highly
complex. The context and the specific receptors that
interact determine how DA influences immune cell
activity. This bidirectional role reveals the effects of
DA in conditions such as neurodegenerative diseases
and its potential to modulate both inflammation
and immune responses in line with the pathological
state of tissues. Some immune cells, such as microglia
and macrophages, are powered by DA signaling.
This interaction may play a central role in chronic
inflammation by modulating the production
of pro-inflammatory cytokines. In diseases
characterized by dopaminergic deficiency, such as
Parkinson’s disease, dysregulation of DA signaling
may increase neuronal damage, contributing to
chronic neuroinflammation. 2829

It is also important to note that DA is not limited
to the brain. In peripheral tissues, it has also been
found that DA can modulate immune responses.® For
example, in asthma, DA has been shown to modulate
the activity of immune cells in the lungs, limiting
airway hyperresponsiveness and reducing the
severity of allergic inflammation. Clinical studies
reveal that DA agonists reduce inflammation and
improve pulmonary function in asthma patients.
The effect of DA on immune cells is not limited to
simple activation or inhibition. Instead, it involves
complex signaling pathways, such as the regulation
of the oxidative phosphorylation pathway, which
plays a critical role in cellular energy production and
activation of immune cells.®>! Dopamine has been
shown to modulate inflammation by regulating these
metabolic processes in immune cells. These findings
suggest a role for DA in controlling inflammation
through the regulation of metabolic processes that
support immune functions.3°

DOPAMINE ON ALLERGIES AND
INFLAMMATORY PROCESSES

Understanding the effects of DA on allergies
and inflammation is an important step in regulating
immune responses and developing potential
treatment strategies. Allergic reactions occur as a
result of hypersensitivity of the immune system
to environmental allergens. These reactions are
characterized by degranulation of mast cells, usually
triggered by IgE antibodies, and are one of the major
causes of inflammation. Research on how DA affects
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this process suggests that DA can modulate immune
responses. Various receptors of DA can directly affect
the functions of immune cells. In particular, it has
been demonstrated that DA D1 and D2 receptors can
modulate the degranulation of mast cells and the
release of inflammatory cytokines.?”3® This means
that DA canincrease or decrease the severity of allergic
inflammation. The effects of DA on inflammation, on
the other hand, have a more complex structure.

In conclusion, dopamine, traditionally known as a
neurotransmitter, plays a pivotal immunomodulatory
role by influencing various immune cells through
its distinct receptor subtypes. It can exert both
pro-inflammatory and anti-inflammatory effects
depending on the receptor subtype, cell type, and
microenvironment.Dopamine’sinteractionwith Tcells,
dendritic cells, macrophages, and innate lymphoid
cells demonstrates its broad regulatory capacity
in allergic and inflammatory responses. Notably,
DA appears to attenuate allergic inflammation by
modulating Th2 and ILC2 activity, offering promising
insights into diseases like asthma and allergic rhinitis.
Furthermore, its impact on immune cell metabolism
highlights a deeper level of immune regulation.
The ability of DA to suppress cytokine release and
limit immune cell activation supports its therapeutic
potential. Targeting dopaminergic signaling may thus
provide novel treatment strategies for allergic and
chronic inflammatory diseases.
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