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Abstract: Chronic itch (CI) is an unpleasant skin sensation accompanied by an intense scratching
desire that lasts 6 weeks or longer. Despite the high prevalence and negative impact on affected
individuals and a huge healthcare burden, CI mechanisms are only partially understood, and
consequently, treatment of CI remains sub-optimal. The complexity of CI treatment also stems from
the comorbid existence of persistent itch with other somatic and psychological disorders. Etiologies of
CI are multiple and diverse, although CI is often a result of dermatologically related conditions such
as atopic dermatitis and psoriasis. Unfolding the pathophysiology of CI can provide possibilities for
better therapy. Itch signaling is complex and neurons and non-neuronal cells play a role. This review
focuses on recent findings on the role of glial cells in itch. Central glia (astrocytes and microglia) and
peripheral glia (satellite glial cells and Schwann cells) are found to contribute to the development or
persistence of itch. Hence, glial modulation has been proposed as a potential option in CI treatment.
In experimental models of itch, the blockade of signal transducer and the activator of transcription
(STAT) 3-mediated reactive astrogliosis have been shown to suppress chronic itch. Administration of
a microglial inhibitor, minocycline, has also been demonstrated to suppress itch-related microglial
activation and itch. In sensory ganglia, gap-junction blockers have successfully blocked itch, and
hence, gap-junction-mediated coupling, with a potential role of satellite glial cells have been proposed.
This review presents examples of glial involvement in itch and opportunities and challenges of glial
modulation for targeting itch.
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1. Introduction

Chronic itch (CI) is a common medical condition that is highly disturbing for the
affected patients and their families and poses a burden to the healthcare system and
healthcare economy [1]. However, it has remained poorly controlled, partially due to a
complex pathogenesis that is not yet fully understood. The complex neurophysiology of
itch is gradually being unfolded. Recent investigations have resulted in the identification of
cellular and molecular aspects of itch-specific neuronal signaling pathways [2]. In parallel,
the potential role of non-neuronal cells, glial cells, in the development and maintenance of
itch has attracted great scientific attention [3]. This scientific curiosity is fueled by the fact
that current therapeutic strategies are only partially effective, and hence, the identification
of novel targets is warranted [4]. In this line, glial modulation seems to have the potential
for targeting itch [5]. Evidence shows that both peripheral and central glia contribute to
the processing of itch [3]. Interestingly, the timing and type of contribution among these
cells are found to be different [6]. Experimental results also show that glial modulation can
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potentially be a novel target for itch modulation [7]. This focused review aims to present
what is known about the contribution of astrocytes, microglia, satellite glial cells (SGCs),
and Schwann cells (S5Cs) in the development or persistence of itch and how glial modulation
could be a potential future target in the therapeutic options for CI. Since glial modulation is
not a challenge-free approach, limitations and future perspectives are also presented.

2. Chronic Itch, Risk Factors, and Underlying Mechanisms
2.1. Chronic Itch Epidemiology and Etiology

Chronic itch (CI), or chronic pruritus, is an unpleasant skin sensation accompanied by
a desire to scratch that persists for more than 6 weeks [8]. Cl is a common and irritating
symptom with an up to 20% lifetime prevalence and is known to be associated with a
diverse range of dermatological and non-dermatological medical conditions [1]. Cutaneous
conditions that accompany itch include but are not limited to psoriasis, atopic dermatitis,
and lichen planus [9]. Although itch in dermatological conditions is highly prevalent, and
hence, more studied [1], persistent itch also appears as a problematic symptom in chronic
renal disease, chronic hepatobiliary conditions, diabetes mellitus, hypothyroidism, and
some malignancies [10]. In fact, dermatologic, systemic, neurologic, psychogenic, mixed,
or unknown etiologies are all considered to underlie CI [11] (Table 1). As a consequence,
a diverse range of clinical settings and clinicians receive patients with CI. CI poses a
highly negative impact on affected individuals and their families, and dramatically reduces
various domains of life quality [12].

Table 1. Various itch etiologies and examples of potential mechanisms.

Etiology of Chronic Itch

Condition Potential Mechanisms

Skin barrier interruption, neuroinflammation, immune

Dermatologic Atopic dermatitis, psoriasis f
system involvement
Neurologic Neuropathic itch Central sensitization, neuronal innervation, and signaling
Itch-provoking substances in the enterohepatic cycle, bile
Systemic Cholestatic itch acids, and other secreted pruritogens during or as a result of
metabolism processes
Psychologic Psychogenic itch Anxiety, depression, psychological and emotional signaling,

opioids, acetylcholine, and dopamine involvement

Table 1 depicts the major etiological aspects proposed in the literature [13] that most
likely underlie chronic itch.

Its complex pathogenesis, together with numerous contributing factors, has made
CI a medical challenge to treat, and independent of the type of therapy, a care gap exists,
with insufficient itch relief [1,14]. Recent investigations in pruritus and antipruritic have
revealed a number of mechanistic aspects of CI and, consequently, new possibilities for
novel therapeutic options [15,16].

2.2. Proposed Mechanisms Underlying Chronic Itch

In the complex pathogenesis of CI, major contributing elements are neuronal, immune,
and non-neuronal cells [17-19]. The role of immune cells and their cross-talk with neurons
has been the subject of growing interest, and immune therapy of CI has been explored [5,20].
For example, in atopic dermatitis, cross-talk between the nervous system, cutaneous
immune system, and keratinocytes is proposed [21]. Itch pathways in the peripheral
nervous system (PNS) and central nervous system (CNS) have been reviewed in great
detail in excellent recent reviews summarizing our understanding of both physiological
and pathological itch [4,5,22,23], including the sensitization that occurs in the itch circuitry
at both the peripheral and central nervous systems [24]. For example, TLRs that are
expressed in neurons and glial and immune cells have been implicated in itch [25,26].
Consequently, these advancements have resulted in the opening of new therapeutic options
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for CI [15]. Figure 1 depicts an overview of proposed peripheral and central mechanisms
of sensitization of itch processing [24]. It is suggested that the release of inflammatory and
immune modulators leads to the activation of pruriceptive neurons and peripheral glia,
followed by long-lasting alterations in neuronal sensitivities and the activation of central
glial cells.
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Figure 1. Peripheral and central mechanisms of sensitization of itch processing.

Abbreviations: BDNE, brain-derived neurotrophic factor; CX3CR, C-X-C motif chemokine
receptor 3; GRP, gastrin-releasing peptide; GRPR, gastrin-releasing peptide receptor; LCN2,
lipocalin-2; NK1, neurokinin 1; N'T-4, neurotrophin-4; PAR2, protease-activated receptor
2; PGE2, prostaglandin E2; TLR3, Toll-like receptor 3; TLR4, Toll-like receptor 4; TNF-c,
tumor necrosis factor-o; TRPA1, transient receptor potential ankyrin 1; TRPV1, transient
receptor potential vanilloid 1; TRPV4, transient receptor potential vanilloid 4, VGLUT?2,
vesicular glutamate transporter 2. This figure is reused from [24] with permission granted
by Springer Nature (License Number 5438930655438).

2.3. Risk Factors for Chronic Itch

The development and persistence of itch in CI conditions have been associated with
numerous factors [25] that are categorized into three larger domains: predisposing factors,
triggering factors, and maintaining and/or aggravating factors. Interestingly, these factors
can act separately or in combination. A link has been proposed between these factors to
underly or, at least in part, explain the transition from acute to chronic states of itch [25].
Table 2 summarizes these categories with a few examples.

Since the focus of this review is on glial cells” involvement in CI, in the following
sections, the nervous system’s glial cells are presented first, and thereafter, the roles of these
cells in the development and persistence of CI are presented with examples.
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Table 2. Various factors and examples suggested to play roles in acute, chronic, and transition from
acute to chronic itch.

Category

Example

Predisposing factors

Sociodemographic factors (age, gender, socioeconomic status, and migration status)
Psychological factors (personality traits, childhood experiences and life stressors)
Biomedical factors (genetics, epigenetics, environmental factors, microbial,
immunological, and endocrinological factors)

Triggering factors

External and internal factors (stress, anxiety, depression, living environment
(temperature and humidity), sleep, and diet

Maintaining and/or aggravating factors

Psychological factors (cognitive-perceptual and emotional factors such as illness
perception and catastrophizing; behavioral responses (avoidance, deconditioning))
Biomedical factors (disease factors (neuronal and immunological factors); treatment

factors (side effects and treatment effects))

3. Glial Cells of the Nervous System

Glial cells are non-neuronal components of the nervous system and are broadly divided
into the glial residents of the PNS and the glial residents of the CNS [27]. These cells [28] are
critical to maintaining nervous system homeostasis, but they also have an important role in
signal transductions and immune response regulation in the CNS and PNS. Glia is currently
recognized as cells with a diverse, important, and dynamic range of functions [28].

Glial cells of the CNS include astrocytes, microglia, oligodendrocytes, and radial glia.
Each of these cells takes on a distinct task in the nervous system, for example, roles in
homeostasis and synaptic transmission [29]. Advancement in the understanding of glial
cell function and interactions between glial cells and neuron—glia help to better understand
the physiological and pathological conditions of the nervous system [29].

In the peripheral nervous system, specialized cells are generated during neuronal
development. These cells include satellite glial cells (SGCs) that are located in the sensory
and autonomic ganglia, olfactory ensheathing cells, Schwann cells, and enteric glia [30].
SGCs are presented with a unique morphological feature where they wrap around neuronal
cell bodies shaping a complete envelope [31]. This unit is formed in sensory and auto-
nomic ganglia and allows for close interaction between SGCs and neurons in the PNS [31].
Neuroglia types [32] are presented in Table 3.

Table 3. Neuroglia types.

Location Type of Glia

Macroglia (Astroglia, Oligodendroglia, and NG2-glia)

Central nervous system (CNS)
Microglia

Schwann cells (SCs)
Satellite Glial Cells (SGCs)

Peripheral nervous system (PNS) Olfactory ensheathing cells

Enteric glia

It is becoming clearer that the perturbation of glial function leads to a range of patho-
logical conditions, including nervous system disorders, for example, Parkinson’s and
Alzheimer’s diseases [33], but also chronic pain [34]. Although central glia (microglia and
astrocytes) have been studied extensively to understand their roles in the initiation and
maintenance of chronic pain [34], the role of peripheral glia, SGCs, and SCs in chronic pain
has also attracted scientific attention [24]. Discoveries in this field have opened up the ther-
apeutic promise of targeting the treatment of chronic pain focusing on both neuronal and
glial modulations [35]. Pain and itch are well-known to have a large overlap in terms of com-
mon mediators, receptors, and signaling pathways [24]. In line with this, the involvement
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of glial cells in the PNS and CNS in persistent itch was proposed [3,6,36], and consequently,
the possibility of glial modulation for CI has emerged and been discussed [37].

In the below sections, examples have been outlined of the involvement of glial cells
in itch, and according to the identified potential mechanisms, therapeutic potentials are
also proposed.

4. Glial Cells and Itch
4.1. Astrocytes in Itch

Astrocytes play a key role in the CNS to maintain homeostasis, and their role in
brain pathologies, such as neurological and neuropsychiatric disorders, has recently been
reviewed [36,38]. Astrocytes comprise a large cell population that accounts for up to 40% of
glial cells in the CNS [39]. Traditionally, these cells were known as principal cells to maintain
structure and environmental support for neurons, but currently, it is widely accepted that
astrocytes have critical roles in neural processes [40,41]. Astrocytes are coupled by gap
junctions [42], where they are capable of exchanging ions and small cytosolic components.
These cells express the glial fibrillary acidic protein (GFAP), which is a marker of their
activation [43]. These cells are also adjacent to the cerebral blood vessels, and because
of this feature, astrocytes are involved in the regulation of blood flow during neuronal
activation [44]. It is reported that in the human brain, an astrocyte can contact up to
2 million synapses [45].

It is proposed that astrocytes might drive pathogenesis via neuroinflammatory mech-
anisms [46]. This mechanism has been discussed for various CNS disorders [47,48]. The
role of astrocytes in chronic pain has been noted earlier, and hence, has been investigated
more [49]; however, evidence is accumulating about the involvement of astrocytes in
CI [20,50]. Consequently, targeting the pathological contribution of astrocytes, in particular
spinal astrocytes [20], has opened up new strategies for the treatment of CI [3,37,51].

4.1.1. Activation of Spinal Astrocytes in the Itch-Scratch Cycle

Long-term scratching and itching behaviors have been reported in mouse models
of dermatitis (both atopic and contact dermatitis). In parallel, in the dermatomes of
lesioned areas, long-term activation of spinal astrocytes has been found [36,37]. It has been
shown that when the scratching is prevented, spinal astrogliosis can be suppressed [50].
This finding emphasizes the role of scratching in astrogliosis in CI. In addition, when an
astroglial inhibitor, 1- x-aminoadipate, was administered intrathecally, CI was diminished
in a mouse model of dry skin injury [52]. This finding was also confirmatory for the
contribution of spinal astroglia in CI.

Another finding comes from the observations that severe CI is present in patients
with cutaneous T cell lymphoma (CTCL), and in a mouse model of CTCL184, persistent
astrogliosis could be identified to link the observation in patients with a modeled prob-
lem [53]. These findings suggest that astrocytes play an essential role in CI. It remains
to be determined if the activation of astrocytes will be sufficient to provoke scratching
behavior [4,5].

4.1.2. Targeting Astrocytes in Itch

In the development and maintenance of CI, an important receptor is TLR4, expressed
in spinal astrocytes [52]. Another target is STAT3, which has been found activated in
astroglia in CI, [54]. This has been confirmed by the disruption of STAT3 in astroglia, for
example, by pharmacological inhibition that was able to suppress CI in an experimental
mouse model [54]. It has been reported that upregulation of the innate immune factor
lipocalin-2 (LCN2), which is a STAT3-dependent process, might be the key to the underlying
mechanism [54,55]. LCN2 is secreted from astrocytes and can exacerbate itch evoked by
spinal injection of gastrin-releasing peptide (GRP). The itch circuitry of GRP-GRPR in the
spinal cord has been known [56].
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The IL-33 receptor (ST2) is also upregulated in the spinal cord astrocytes, and it is
suggested to play a role in CI [57]. The spinal IL-33-ST2 signaling pathway is proposed to be
responsible for CI through the activation of the JAK2-STAT3 cascade [58] in spinal astrocytes.

Itch is also related to mechanical senses [57,59], and the role of PIEZO1 that trans-
duces mechanical itch in mice is currently under further investigation [60]. PIEZO1 is
expressed in mice, and it is a functional ion channel protein that is sensitive to mechanical
pressure. Expression of this receptor has been reported in two types of sensory neurons
that were already implicated in chemical-evoked itch, for example, after the application of
histamine [60]. Evidence shows that over-expression of PIEZO1 in mice results in hyper-
sensitivity to itch stimuli, and pharmacological blockade of PIEZO1 can subside scratching
in mice [60]. We only partially know about the potential role of astrocytes in mechanical
itch. So far, as it is compared with the chemical itch, no particular role has been presented
for astrocytes in mechanical itch [61]. However, spinal astrocytes are demonstrated with a
role in alloknesis [52]. For example, dry skin results in alloknesis that can be blocked phar-
macologically by an astroglial inhibitor or a TLR4 antagonist. This confirms that astrocytes
are potentially involved in mechanically induced itch via the TLR signaling pathway.

Dry skin also leads to the overexpression of spinal CXCR3 and its ligand CXCL10,
and Cl in this condition can be suppressed by the administration of a CXCR3 antagonist
or by knocking out CXCR3 [62]. These observations show the importance of cytokines
and chemokines in promoting CI through the activation of astrocytes [20]. Collectively,
studies [36,37] show that manipulations of STAT3 and TLR4 in astrocytes via various
techniques, such as pharmacological tools or genetic ablation, can reduce CI [6]. In contrast,
these manipulations do not affect acute itch that is provoked by histaminergic and non-
histaminergic stimulation. Experimental evidence shows that L-x-aminoadipate could not
block scratching evoked by chloroquine or histamine [50]. In addition, L-x-aminoadipate
could subside acetone/ether/water (AEW)-evoked CI and alloknesis but did not affect
acute itch [52]. Therefore, in CI, targeting astrocytic molecules might be a promising target
for therapeutic purposes.

4.1.3. Clinical Implication of Targeting Astrocytes in Itch

We still do not have a piece of clinical evidence for reactive astrocytes in patients with
CI, for example, in those with atopic dermatitis. In addition, astroglial activation is seen
in both chronic pain and CI, and any overlapping mechanism needs further investigation.
Only a few studies are looking into a distinction when these two conditions occur separately,
i.e., in chronic pain and CI [36,50]. This is particularly valuable as sensitization occurs in
both conditions [24,26]. Perhaps combined studies where we can study both itch and pain
can help in understanding the pathogenesis of co-occurrence and the development of novel
therapeutic agents. It is worth mentioning that the interaction of chronic pain and itch
is only partially understood, and a complex mechanism at a different level of neuraxis is
proposed [63,64].

4.2. Microglia in Itch

The role of spinal microglia in neuropathic pain [65-67] has been investigated to a
larger extent than CI [68]. Below examples are provided from the studies that investigated
the role of microglia in itch and how its modulation can influence itch.

In a mouse model of CI induced by repeated applications of 2, 4-dinitrofluorobenzene
(DNEB) [69], long-term scratching lasting 7 days after the final dose became evident. Spinal
microglia activation was also recorded in this study, and both behavioral and spinal mi-
croglial activation was blocked by a microglial inhibitor. The authors [69] demonstrated
that this effect was at least in part mediated via increased signaling in the p38 MAPK path-
way that was reversed by a p38 inhibitor. Another signaling pathway that was investigated
in this study was the fractalkine/CX3CR1 signaling pathway that was activated in the
DNFB-induced pruritus model [68]. Antiserum against CX3CR1 or FKN could inhibit p38
activity and suppress scratching [69]. These findings presented that microglia contribute to
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prolonged itch via FKIN/CX3CR1/p38MAPK pathways [69]. This pathway is interestingly
involved in chronic pain with the activation of the FKN/CX3CR1 in neuron—-microglia
communication [70].

In a mouse model of psoriasis-induced CI [68], 5% imiquimod (IMQ) cream was used
daily on the shaved skin for 7 days, and a higher expression of a microglial marker (Ibal,
ionized calcium-binding adaptor molecule-1) was observed [68]. The administration of
minocycline in this model suppressed itch and microglial activation [68]. The authors
reported a sex-related response in the model with higher scratch and alloknesis scores
in females. IMQ is a Toll-like receptor 7 (TLR7) agonist, and it has been shown that
TLR7 mediates pruritus [71]. The sex-dependent response phenomenon in itch needs
further investigation to identify whether it is mediated via the differential expression of
TLRY in sensory neurons or glia [68]. Chen et al. [72] have shown that microglia regulate
inflammatory and neuropathic pain in male mice, but astrocytes regulate neuropathic pain
in both male and female mice [72].

It has been reported that the expression of P2X4R in microglial cells can be manipulated
by pharmacological agents and genetics that can influence itch behaviors [36]. The pattern
of microglial activation in chronic pain and CI might look similar [3], but interestingly,
there is no injury in terms of glial activation in itch. It is important to recognize how CI and
microglial activation occur and if a distinct mechanism is evident in this regard between
CI and pain. Massive activation of microglia is also known to occur after nerve injury and
contributes to neuropathic pain [73]. Activated microglia can strongly influence neuronal
and astroglial functions [74]. This is important information that can help us understand
chronicity in itch and pain and the potential distinct mechanisms in these two phenomena.
In addition, one may consider targeting microglia using inhibitors of TLRs, ATP receptors,
cytokines, and MAP kinases. However, potential side effects are expected, especially after
long-term treatment [75]. A number of strategies have been proposed to control abnormal
microglial activation and return to homeostasis, for example, SPMs and CB2 agonists, cell
therapies, and neuromodulation [75].

Ibal, the microglial activation marker, was not upregulated in the chronic phase of
atopic dermatitis and dry skin models in mice [76]. Interestingly, a short-term activation
was seen where microglia became activated within 30 to 60 min after the administration
of some compounds known to exert itch (pruritogens). It has been suggested that this
transient activation might be a result of the p38 mitogen-activated protein kinase. When a
microglial inhibitor was administered intrathecally, it could only inhibit itch in the acute
phase of the atopic dermatitis model (Day 3) [76]. Short-term upregulation of Ibal in the
dry skin model was observed on Days 1-3 but not 5. In addition, in the psoriasis model,
microglial activation has been observed, where it could also be reversed by intrathecal
administration of minocycline leading to itching inhibition.

These observations collectively point to short-term versus long-term activation of
central glia, and while microglia activation is mainly seen in the short-term or transient
(acute) phase of itch, astrocytes remain active longer and can be the drive of CI [76].
However, more investigation is required to reveal itch-related signaling and microglia’s
role and also to test the effect of selective inhibitors of microglia to block the early phase of
itch models [76].

4.3. Satellite Glial Cells in Itch

SGC is the most abundant glial cell in the sensory ganglia. SGCs enwrap neuronal cell
bodies entirely and provide a supportive and functional unit [77]. Their roles are diverse,
and a number of nervous system disorders are reported to have a link to SGCs [3,31,78,79].
Pain has been studied more extensively than itch in this regard [79-82]. SGCs also reg-
ulate the immune system via phagocytosis, the release of inflammatory substances (e.g.,
prostaglandins, IL-6, and TNF-«), and T-cell response regulation [83]. SGCs express differ-
ent receptors [84]. One example is the expression of transient receptor potential ankyrin
1, which is sensitized in neuropathic and inflammatory pain [84]. Mitterreiter et al. pre-
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sented that SGCs express TLR [83]. TLR signaling between neurons and SGCs has been
demonstrated in sensory ganglia following nerve injury. Neuroinflammation also plays a
critical role in neuropathic pain [85]. Interestingly, in diabetes mellitus, both pain and itch
are present, and both have been linked to inflammation via several mechanisms, including
the activation of glial cells [85]. Therefore, targeting neuroinflammation can serve as a
potential treatment for both chronic neuropathic pain and CI. Further studies are needed to
provide more information on the mechanisms and treatment options.

4.3.1. SGCs in Cholestatic Itch

A new study [86] investigated cell responses to lysophosphatidic acid (LPA) 18:1 in a
dorsal root ganglia culture and reported high activation of SGCs compared with neuronal
activation. Schwann cells also reacted to LPA 18:1. LPA has long been suggested to play
a critical role in cholestatic itch [11]. These new observations led the investigators to
propose that neuronal responsiveness is a consequence of glial activation and the existence
of functional crosstalk between the neurons and LPA-activated glial cells that can be
considered as an essential mechanism underlying cholestatic itch [87,88].

Another study [89] proposed the concept of a cholestatic itch. Increased levels of bile
acids and bilirubin have been reported in plasma samples of patients with cholestasis. These
substances can be precipitated and activate MRGPRX4 for triggering itch pathways [89]. It
has been shown that MRGPRX4 receptors are expressed in human dorsal root ganglion
neurons and are co-expressed with the itch receptor HRH1. Bile acids activate MRGPRX4
receptors. A positive correlation has been reported between cholestatic itch and plasma bile
acids levels in itchy patients. Taken together, these data suggest that MRGPRX4 is likely to
underlie cholestatic itch [89]. However, the role of SGCs needs further investigation in this
signaling pathway. In addition, high-level expression of TGR5 (an itch receptor in humans)
in SGCs has been reported. TGR5 is known to mediate bile acid-induced itch [90], but the
SGC-related mechanisms are not known. Interestingly, TGRS is not expressed in hDRG
neurons [89]. Therefore, the role of SGCs in cholestatic itch needs further investigation.
Patients with liver diseases also suffer from CI, but the involvement of neuroglia remains
largely unknown.

4.3.2. SGCs in Trigeminal Itch

A recent itch study in mice [81] has reported alterations in SGCs and neurons in
trigeminal ganglia (TG). The authors investigated if any abnormal neuronal activity takes
place in the sensory ganglia following the induction of itch. The idea was formed based
on previous pain studies and alterations in sensory ganglia in both neurons and SGCs.
A mouse model of itch was, therefore, established by repeated applications (11 days)
of 2,4,6-trinitro-1-chlorobenzene (TNCB) to the external ear, and neuronal TG and SGC
alterations were studied [81]. Behavioral results showed that the model evoked itch, and
the scratching behavior in animals treated with TNCB was significantly higher compared
with the control group. The scratching was maintained several days after the last treatment
confirming a chronic state of itch. Following the administration of TNCB, immunostaining
showed about 35% greater activation in SGCs marked with a glial fibrillary acidic protein
marker and an increase in gap-junction-mediated coupling. Gap junction blockers could
suppress scratching. A higher response of SGCs to ATP was also demonstrated by calcium
imaging. This study [81] collectively demonstrated several alterations in TG, including
SGC activation and an elevated response to ATP. Interestingly, SGC coupling, which has
been previously found to increase in response to pain, did not show any change in this itch
model. [81].

4.4. Schwann Cells in Itch

The role of Schwann cells (SCs) in itch has been less investigated [3,91]. A recent study
investigated the role of SCs in cholestatic itch [92]. SCs express receptors for LPA, and
in cultured SCs, LPA has been shown to activate these cells [91] and potentially underlie
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cholestatic pruritus, similar to what has been explained above with SGCs’ contribution
to cholestatic itch. SCs also express TRPA1 and TRPV1 [93,94], which are proposed to
contribute to the itch—scratch cycle. Scratching could damage epidermal nerve endings and
activate SCs for the repair process. However, this could alter the neuronal transmission and
trigger itch. For example, factors secreted by SCs during the repair process could influence
adjacent cells and neurons and promote itch signaling. Our knowledge is limited, but it
has been reported that SCs can secrete inflammatory substances (e.g., TNF-«, IL-1, IL-4,
IL-6). Evidence also shows distinct SC alterations in atopic dermatitis and psoriasis during
degeneration and repair [91]. Therefore, SCs have the potential to become involved in itch
signaling, but further investigation is required [91].

5. Concluding Remarks and Future Perspectives

Chronic itch (CI) affects millions of people worldwide and requires proper treatment.
Currently, available therapies are suboptimal, which might partially be a result of an
incomplete understanding of CI. Under CI conditions, there are severe and abnormal
itch responses, such as sensitization for itch and the vicious itch-scratch cycle. These
phenomena lead to further exacerbation of the CI condition.

The itch sensation is a result of the interaction between itch mediators (exogenous and
endogenous) or pruritogens, and itch receptors, where a trigger signal is generated and
transmitted through peripheral afferent nerve fibers of the PNS to CNS leading to further
processing in higher cortical centers and final itch sensation perception. A total of 13 recep-
tor groups that are identified are involved in conveying cutaneous itching [95]. The major
categories are G-protein-coupled receptors (GPCR) signaling, non-GPCR signaling, and ion
channel signaling pathway. The majority of the itch receptors are GPCR and approximately
35% of all approved drugs target GPCRs. Toll-like receptors (TLRs), interleukin receptors
(ILRs), and mechanosensitive purinoceptors have been studied for itch with a new wave
of interest. Notably, a lack of Piezo2 signaling is suggested to underlie the conversion of
touch into a sensation of itch and contribute to mechanical-induced itch.

The role of glial cells in itch has attracted much scientific attention, and recent studies
have shown that astrocytes and microglia of the CNS, SGCs, and SCs of the PNS are
involved. The pattern of activation and timing of activation of these cells are different.
For example, evidence shows that microglia may contribute to the early phase of itch or
acute itch rather than the chronic phase of itch. However, astrocytes are involved in the
chronic status or maintenance of itch [6]. Less is known about the timing of SCs” and SGCs’
activation and their link to the consequent timing and pattern of activation of central glia.
In addition, glial-glial signaling is less studied than glial-neuronal signaling. Therefore,
further studies are required to deepen our understanding of glial roles and glial-glial
and glial-neuronal communication within the CNS and PNS to elucidate the mechanisms
underlying pathologic itch. Another open research area for further investigation is the
elucidation of mechanisms underlying the transition from an acute to a chronic state of itch.
This would help in the identification of preventive strategies.

Clarification of glial cells’ role in itch has naturally raised attention to the possibilities
of targeting these cells for therapeutic purposes. Experimental data show promising results
in itch models. Some researchers have also explored the modulation of glial cells [96] for
other disorders that can inspire the itch research field. However, targeting glial cells is not
a challenge-free strategy because maintaining their ordinary roles is necessary for nervous
system structure and function. Therefore, glial modulation itself has become an active
research field. Advancement in technology allows various novel methods to emerge, which
can help in studying glial modulation. For example, optogenetics, the use of DREADDS
(designer receptors exclusively activated by designer drugs) [97], and graphene—glial
interfaces are new technologies that can revolutionize research in understanding glia—glia
and glia—neuron interactions. It is expected that these and many more new-generation glial
technologies and therapies that can potentially benefit CI will soon become available.
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