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Rheumatoid arthritis (RA) is a highly disabling chronic autoimmune disease.

Multiple factors contribute to the complex pathological process of RA, in which

an abnormal autoimmune response, high survival of inflammatory cells, and

excessive release of inflammatory factors lead to a severe chronic inflammatory

response. Clinical management of RA remains limited; therefore, exploring and

discovering newmechanisms of action could enhance clinical benefits for patients

with RA. Important bidirectional communication occurs between the brain and

immune system in inflammatory diseases such as RA, and circulating immune

complexes can cause neuroinflammatory responses in the brain. The gamma-

aminobutyric acid (GABA)ergic system is a part of the nervous system that primarily

comprises GABA, GABA-related receptors, and GABA transporter (GAT) systems.

GABA is an inhibitory neurotransmitter that binds to GABA receptors in the

presence of GATs to exert a variety of pathophysiological regulatory effects, with

its predominant role being neural signaling. Nonetheless, the GABAergic system

may also have immunomodulatory effects. GABA/GABA-A receptors may inhibit

the progression of inflammation in RA and GATs may promote inflammation.

GABA-B receptors may also act as susceptibility genes for RA, regulating the

inflammatory response of RA via immune cells. Furthermore, the GABAergic

system may modulate the abnormal pain response in RA patients. We also

summarized the latest clinical applications of the GABAergic system and

provided an outlook on its clinical application in RA. However, direct studies on

the GABAergic system and RA are still lacking; therefore, we hope to provide

potential therapeutic options and a theoretical basis for RA treatment by

summarizing any potential associations.

KEYWORDS

rheumatoid arthritis, gamma-aminobutyric acid(GABA)ergic, GABA relatedreceptors,
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Introduction

Rheumatoid arthritis (RA) is an autoimmune-mediated chronic

inflammatory joint disease characterized by pain and swelling in the

joints of the hands and feet (primarily in the toe), proximal

interphalangeal joints, and wrists. Unlike the “hard” swelling of

osteoarthritis, this swelling is usually “soft”, and is attributed to

synovitis and fluid accumulation (1, 2). The global incidence of RA

is approximately 0.24% (3), with a positive correlation with age.

Furthermore, RA is a chronic, long-term joint disorder that may

persist for decades and even for life (4, 5); however, the pathogenesis

of RA remains unclear. Nonetheless, it is understood that in RA,

immune tolerance to autologous proteins (such as collagen, wave

proteins, and fibrinogen) is disrupted for various reasons, resulting in

the formation of autoantibodies against autoantigens, such as anti-

citrullinated peptide antibodies, anti-immunoglobulin G antibodies,

and autoantigens that cross-react with bacterial or viral antigens (6,

7). It occurs when the immune system mistakenly attacks the tissues

in the joints, leading to inflammation, swelling, and destruction of the

joint structure (8).

Neovascularization is another hallmark of RA synovitis, in which

multiple synovial infiltrates of the joint occur and endothelial cells are

activated; furthermore, an expansion of synovial fibroblasts and

macrophage-like cells leads to the proliferation of the supra-

synovial layer and invasion of the periarticular bone at the cartilage

junction, ultimately leading to bone erosion and cartilage

degeneration (9). RA is incurable and patients must be treated with

disease-modifying anti-rheumatic drugs (DMARDs) to relieve clinical

symptoms, improve somatic function, and inhibit the progression of

joint damage (10). Commonly used DMARDs include methotrexate,

leflunomide, and sulfonamides. Early treatment with combined

methotrexate and glucocorticoids followed by other DMARDs with

the inhibitors of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-
6), or Janus kinase can improve prognosis (11). Treatment aims to

reduce disease activity by at least 50% within three months and

achieve remission or reduced disease activity within six months, and

can prevent RA-related disability with sequential drug therapy if

necessary (12, 13). Therefore, understanding and identifying novel

targets is important for the clinical management and treatment of RA.

There is some evidence to suggest that the GABAergic system may be

involved in the development and progression of RA (14). Some

studies have found that gamma-aminobutyric acid (GABA) levels
Abbreviations: GABA, gamma-aminobutyric acid; RA, rheumatoid arthritis; GAT,

GABA transporter; DMARDs, disease-modifying anti-rheumatic drugs; TNF-a,

tumor necrosis factor-a; IL-6, interleukin-6; GAD, glutamate decarboxylase; BGT-

1, betaine/gamma-aminobutyric acid transporter; CNS, central nervous system; NF-

kB, nuclear factor kappa-light-chain enhancer of activated B cells; MAPK, mitogen-

activated protein kinase; TAK, transforming growth factor-b activating kinase;

STAT4, signal transducer-activator of transcription 4; MMP3, matrix

metallopeptidase 3; MHC, major histocompatibility complex; GABBR-1, gamma-

aminobutyric acid type B receptor subunit 1; mTOR, mammalian target of

rapamycin; Th17, T helper 17; IFN, interferon; ZNF354C, zinc finger protein

354C; KCNN4, potassium calcium-activated channel subfamily N member 4;

CXCL5, C-X-C motif chemokine ligand 5; CCL20, C-C motif chemokine ligand

20; APC, antigen-presenting cells.
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are lower in people with RA compared to healthy individuals (15).

Additionally, GABA has anti-inflammatory and pain-relieving effects,

and some researchers have suggested that abnormal GABA signaling

may contribute to the immune system dysregulation that occurs in

RA (16).

The GABAergic system is a network of neurons in the brain and

central nervous system that produce and use the neurotransmitter

GABA (17). GABA is an inhibitory neurotransmitter that helps to

regulate the activity of neurons and maintain balance in the nervous

system (18). It acts by binding to specific receptors on neurons,

causing them to reduce their activity. Some studies have explored the

potential role of GABA signaling in RA-related inflammation and

pain. For example, some research has suggested that GABA signaling

may be involved in the downregulation of T-cell autoimmunity and

antigen-presenting cells (APC) activity, which play a role in the

development of RA-related inflammation (19). Other studies have

found that GABA agonists, which are medications that enhance

GABA signaling, may be effective in reducing inflammation and

pain in animal models (20). It is important to note that the

relationship between the GABAergic system and RA is complex

and not fully understood. More research is needed to fully

understand the function of the GABAergic system in RA and its

potential as a target for treatment. However, the findings of some

studies suggest that medications that enhance GABA signaling may

be a promising approach for managing RA-related inflammation

and pain.
GABAergic system

The GABAergic system comprises the following components:

GABA, glutamate decarboxylase (GAD), GABA-A receptors,

GABA-B receptors, and GABA transporters (GATs). GAD is

predominantly composed of two isoforms, GAD65 and GAD67.

The genes of these isoforms are distributed differently and have

multiple functions, and GABA acts by binding to their receptors

(17, 21). The balance of the GABAergic system is essential for many

physiological aspects, including blood pressure, baroreceptor

function, human growth hormone release, weight regulation and

feeding, respiratory function, brain function, kidney function,

vision, and pancreatic function (22). The most prominent feature of

RA is synovial inflammation, which is closely associated with

abnormal expression of immune cells and inflammatory factors.

Pro-inflammatory cytokines, including tumor necrosis factor (TNF)

and IL-6, induce RANKL, prostaglandins , and matr ix

metalloproteinases, which mediate the pain and swelling of the

disease; furthermore, RANKL, TNF, and IL-6 stimulate bone and

cartilage (23). Recent studies have shown that immune system cells

can produce GABA and express GABA-A ion channels, GATs, and

GABA-B receptors (24). The synovium also contains a GABAergic

system; specifically, synovial macrophage-like A cells possess a

GABA-producing system alongside GAD and GABA-B receptor

subunits. Furthermore, the GABAergic system appears to play a

functional role in the synovium (14). GABAergic components have

been reported to negatively regulate the immune response by affecting

the production of pro-inflammatory cytokines and activation of

signaling pathways (16, 25). Overall, GABAergic components may
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offer a new therapeutic approach for inflammatory and autoimmune

diseases, including RA. However, the GABAergic system in the

synovium has yet to be studied. In this article, we explore the role

of GABAergic components in the regulation of inflammation and

pain in RA by summarizing the major components of the GABAergic

system and their physiological functions, alongside the potential links

that exist with RA.

GABA receptors are widely expressed in the central nervous

system (CNS) and occupy approximately 20% of the synapses in

the cerebral cortex, hippocampus, thalamus, and cerebellum. These

are closely linked to the control of cognitive functions such as

memory, language, and attention (17); they are also located in the

retina, thalamus, hippocampus, pituitary, and gastrointestinal tract,

and are associated with visual processing, sleep-wake rhythm

regulation, pain perception, memory, learning, hormone regulation,

and neuroendocrine gastrointestinal secretion (26). GATs are present

in the presynaptic membrane. GAT-1 and GAT-3 are abundantly

expressed in the CNS, whereas GAT-2 and betaine/gamma-

aminobutyric acid transporter (BGT-1) are expressed in tissues

such as the liver, kidney, and intestine (26–28).
Physiological synthesis of GABA

GABA is the main inhibitory neurotransmitter in the CNS and

plays a key role in controlling excitability, plasticity, and network

synchronization in the CNS. GABA is present in the CNS alongside

many other organs, such as the pancreas, pituitary gland, testes,

gastrointestinal tract, ovaries, placenta, uterus, and adrenal medulla

(29, 30). GABA synthesis requires GAD, which consists of two

isomers (GAD65 and GAD67), encoded by a single gene on

chromosomes 10 and 2, respectively, and is the rate-limiting

enzyme that catalyzes the conversion of glutamate to the inhibitory

neurotransmitter GABA (31). GABA is primarily synthesized via two

pathways: direct synthesis from glutamic acid catalyzed by GAD65 or

GAD67, and synthesis from glutamic acid produced by trichloroacetic

acid catalyzed by GAD67. GABA acts through its receptors, primarily

GABA-A and GABA-B (32). The GABA-A receptor is an ion-affinity

receptor that binds to GABA and opens its complete chloride channel.

In contrast, GABA-B receptors are G protein-coupled metabotropic

receptors that have a negative effect on presynaptic voltage-activated

calcium channels and a positive effect on postsynaptic inwardly

rectifying potassium channels (33). GABA signaling in the synaptic

cleft can be reuptaken by high-affinity GATs into the presynaptic

membrane, thus avoiding GABA overexpression (34).
GABA receptors

GABA receptors are the major inhibitory neurotransmitters of the

vertebrate CNS and are expressed by many neurons in the CNS, as

well as other cell types in the periphery, with two main types: GABA-

A and GABA-B receptors (35). GABA-A receptors (ionotropic

receptors) are ligand-gated ion channels that bind to GABA and

open the Cl- channel. GABA-A receptors include many subunit types:

a (one-six), b (one-three), g (one-three), d, ϵ, q, p, and r (one-three).

The most common GABA-A receptor subunit types in the brain are
Frontiers in Immunology 03
a1, b2, and g2 (36). GABA-A receptors are recruited to increase

acetylcholine release and facilitate transmission; however, GABA-B

receptors are activated at high GABA concentrations, thereby

decreasing acetylcholine release and transmission (36, 37).

GABA-B receptors (metabotropic receptors) are G-protein

coupled receptors that have a negative effect on presynaptic voltage-

activated Ca2+ channels but a positive effect on postsynaptic inwardly

corrected K+ channels (38). GABA-B receptors consist of B1 and B2

subunits, and it is generally believed that B1a/B2 heterodimers are

localized to presynaptic neurons, while B1b/B2 heterodimers are

localized to postsynaptic neurons. GABA-B receptors bind to G

protein subsets, which consequently regulate specific ion channels,

such as calcium channels, and trigger cyclic adenosine

monophosphate cascade responses (39). GABA-B receptors

modulate their inhibitory effects by activating the inwardly

regulated K+ channels, inactivating voltage-stalled Ca2+ channels,

and inhibiting adenylyl cyclase. Postsynaptic receptors induce slow

inhibitory postsynaptic currents that hyperpolarize the membrane

and shunt excitatory currents by gating a particular type of K+

channel (39, 40).
GATs

The GAT family, which includes GAT-1, GAT-2, GAT-3, and

BGT-1, are important regulators of intracellular and extracellular

GABA concentrations; specifically, these transporters mediate the

secondary active transport of ion-coupled GABA across the plasma

membrane (41). GATs inhibit GABA signaling by translocating

GABA to cells and reducing extracellular GABA concentrations,

and are potential drug targets in various diseases associated with

dysregulated GABA delivery. GAT-1 and GAT-3 are predominantly

expressed in the CNS where they regulate GABA activity (42),

whereas GAT-2 is mainly located in peripheral organs, especially in

the liver and kidney, and is thought to be a GABA and taurine

transporter in the liver (43). GAT-1 is a highly conserved molecule

encoded by solute carrier family 6 member 1, which transports GABA

via Na+ and Cl-. As the major GAT in the brain, in addition to being

involved in a wide range of brain functions, GAT-1 has been

implicated in the pathophysiology of several neuropsychiatric

disorders, including anxiety disorders, depression, epilepsy,

Alzheimer’s disease, and schizophrenia (44).
Potential link between GABAergic
system and RA

The GABAergic system may act as a bridge between the nervous

system and the immune system. As an inhibitory neurotransmitter in

the CNS, the main role of GABA is to reduce the excitability of

neurons throughout the nervous system (18). Activation of GABA

and other ligands by the GABA receptor induces a conformational

change in the receptor that increases axonal K+ conductance, thereby

accelerating action potential repolarization and leading to transient

secondary inhibition of calcium by decreasing the degree of calcium

channel activation (45, 46). GABAergic system plays an important
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role in the function of immune cells mainly being influenced by

GABA signaling. Recent studies have highlighted the immune

function of GABA, suggesting cross-talk between the nervous and

immune systems (47, 48). T cells express many neurotransmitter

receptors, and their expression is regulated by T cell receptor

activation, cytokines, and neurotransmitters themselves (49). The

GABAergic system can negatively regulate immune responses,

especially T cell–mediated immune responses, by affecting the

production of pro-inflammatory cytokines and the activation of

signaling pathways, such as mitogen-activated protein kinase and

nuclear factor kappa-light-chain enhancer of activated B cells (NF-

kB) pathways (50). These results may indicate that the GABAergic

system offers a new therapeutic approach for inflammatory and

autoimmune diseases and requires further evaluation, especially

regarding RA treatment.
GABA/GABA-A receptor may inhibit
inflammation in RA

Central and peripheral GABA-A receptors play a major role in

inflammation; specifically, GABA inhibition reverses the pathological

pain state in mice, and GABA-A reduces the production of pro-

inflammatory mediators, thereby ameliorating the symptoms of

inflammation (51). GABA/GABA-A receptors may induce RA

inflammation by affecting T cell and macrophage populations.

Mechanistically, GABA receptors firstly interact with KCNN4 to

induce Ca2+ entry, resulting in activation of nuclear factor kB
signal, and finally promotes macrophage invasion by inducing

CXCL5 and CCL20 expression (52). This functional GABAergic

system acts as a regulator of T cell activation (16). GABA is not

only an inhibitory neurotransmitter but also an immunomodulator.

GABA binding to GABA-A receptors directly affects the function of

antigen-presenting cells and inhibits the production of inflammatory

cytokines by T cells (53). Binding of GABA to GABA-A receptors also

inhibits the proliferation of antigen-specific T cells and suppresses the

production of IL-6, IL-12, inducible nitric oxide synthase, IL-1b, and
TNF-a (52, 54). Furthermore, activation of GABA-A receptors

inhibits the release of TNF-a and IL-6 from alveolar macrophages

induced by lipopolysaccharide (55).

P38/MAPK may be a key player in the link between the GABA/

GABA-A axis and inflammation in RA. P38 is a tyrosine

phosphoprotein kinase isolated and purified from mammalian cells

stimulated by endotoxin; this enzyme is the most important member

of the mitogen-activated protein kinase (MAPK) family in terms of

inflammatory response mediation (56). Key enzymes of the P38/

MAPK pathway include mitogen-activated protein kinase kinase

(MKK)-3, MKK6, and transforming growth factor-b activating

kinase (TAK) (57). TAK activates MKK4, which in turn activates

P38/MAPK that phosphorylates and activates many protein kinases

and transcription factors (58). P38/MAPK activates signal

transducer-activator of transcription 4 (STAT4) and NF-kB and

promotes the release of inflammatory factors such as TNF-a, IL-1b,
and IL-6 (59). Inflammatory stimuli, such as TNF-a, platelet-

activating factor, and interleukins, induce P38 activation in

endogenous immune cells such as monocytes, endothelial cells, and

neutrophils (60, 61). When synovial disruption begins, somatic
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afferent pain signals received by the spinal cord could lead to

stress-induced kinase release; these pain and cytokine signals

activate P38/MAPK, which induces the upregulation and release of

pro-inflammatory cytokines such as IL-1, IL-6, and matrix

metallopeptidase 3 (MMP3) into the periphery (62, 63). A

relationship exists between the CNS and peripheral immune

response; specifically, afferent pain signals help the CNS propagate

the inflammatory response, which may influence the development of

peripheral arthrit is (64) . GABA is a major inhibitory

neurotransmitter in the CNS that downregulates P38 activity to

reduce the production of proinflammatory cytokines. For example,

GABA prevents IL-6 release by inhibiting P38/MAPK in glioma cells,

potentially affecting the inflammatory response in RA (65, 66).
The GABAergic system may be involved in
regulating the pain response in RA

The GABAergic system has been suggested to be involved in the

pain response in RA. Pain is one of the most important manifestations

of RA, and is thought to be caused by joint inflammation (67).

Inflammatory pain is predominantly due to local joint synovial

inflammation caused by pro-inflammatory cytokines. This

inflammation leads to activation of afferent nociceptive fibers and

transmission of “pain” signals to the dorsal horn of the spinal cord,

via the spinothalamic tract, to the thalamus (68, 69). However, clinical

studies have shown that even when inflammation is controlled,

patients with RA may continue to experience non-inflammatory

pain (70). The main factors causing non-inflammatory pain are yet

to be determined. Nonetheless, they are understood to be related to

structural changes in the patient’s joint environment, continued

disease progression, ectopic secretions, and peripheral nerve

damage and dysfunction due to increased excitability of damaged

afferent injury receptors, which manifest as neuropathic pain (71, 72).

GABA is an inhibitory neurotransmitter; therefore, selective loss of

GABAergic interneurons after peripheral nerve injury is thought to be

the underlying cause of inhibitory signal loss in RA. Furthermore,

reduced inhibitory neurotransmission is a key feature of chronic pain

states (73). There are two possible causes for this decrease in

inhibitory neurotransmission: a decrease in GABA and its synthase

caused by apoptosis of GABAergic neurons in the spinal cord (74, 75)

and depletion of GABA in the synaptic gap (76). GABA-A and -B

receptors and GAT proteins appear to be involved in the

pathophysiology of the chronic pain associated with RA (73).

Currently, several studies have investigated the positive modulators

of these two receptors and used them for various types of pain;

furthermore, a successful testing phase in animal models has recently

been achieved (77). GABA-A and glycine receptors are key elements

of the spine that control injury perception and pain. Impaired

function of these receptors may contribute to the development of

chronic pain; therefore, restoring their normal function through

aggressive modulators has become an effective treatment for

chronic pain syndromes (78). In the context of RA, the pain

response in patients with RA may be modulated through the

GABAergic system. Therefore, some small-molecule inhibitors or

activators currently targeting the GABAergic system may be

potentially beneficial in RA.
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GABA-B receptors may be associated with
inflammation in RA

Neutrophil is one of the key inflammatory effector cells of

RA.GABA-B receptors are expressed in neutrophils and play an

important role as chemotactic receptors in the inflammatory

response (79). GABA-B receptors are also metabotropic receptors.

Unlike ionotropic GABA-A receptors, which utilize rapid synaptic

transmission, GABA-B receptors are heterodimers consisting of

subunits encoded by GABBR1 and GABBR2 (80). The coding

region of GABA type B receptor subunit (GABBR)-1 is located on

chromosome 6, 6p21.3, and the major histocompatibility complex

(MHC) located in this region is associated with multiple sclerosis,

Alzheimer’s disease, schizophrenia, narcolepsy, epilepsy, and RA (81).

The specific MHC, class II, DR beta 1 alleles are strongly associated

with susceptibility to RA; this susceptibility is likely due to their role

in presenting arthritogenic polypeptides. However, the linkage

disequilibrium of the GABBR1 gene polymorphism with these

alleles is not as expected, as the distance between the two motifs is

three Mb (82). Thus, the observed genetic association with this region

suggests that GABBR1 plays an independent role in genetic

susceptibility to RA (83).

In yeast glycan-induced arthritis, GABA-B receptors are involved

in neutrophil migration to the knee, similar to GABA; this migration

may be associated with P38/MAPK activation in the spinal cord (84).

Spinal cord inhibitory signaling may downregulate P38/MAPK and

reduce pro-inflammatory cytokine production. Furthermore, any

changes that affect this negative regulation, such as SNP alleles or

haplotypes in GABBR1, may allow P38/MAPK to continue and

worsen RA pathology in an uncontrolled manner (82). Although

GABBR1 polymorphisms have not been experimentally characterized

in RA patients, computational analysis suggests that GABBR1

encoding multiple isoforms, mutations, and several genes that

potentially affect selectively spliced protein structures may be

associated with RA progression (85).
GATs promote inflammation

Members of the GAT family, including GAT-1, GAT-2, GAT-3,

and BGT-1, may contribute to inflammation. Multiple inflammatory

factors, such as IL-6, IL-1b, and TNF-a are present in RA (86). The

expression of GAT-1 and GAT-3 is closely associated with

inflammatory factors, such as IL-6, IL-1b, and TNF-a, and may

show a positive correlation with inflammation (87). IL-1b and TNF-a
were found to upregulate GAT-1 and GAT-3 expression through the

MAPK pathway, which subsequently increased IL-6 levels and further

upregulated GAT-1 and GAT-3 expression; alternatively, inhibition

of IL-1b and TNF-a receptors attenuated this GAT-1 and GAT-3

expression (88). GATs may be associated with subpopulations of

lymphoid T cells and have been determined to regulate cytokine

production and T cell proliferation. The gene transcripts of two

cotransporters, GAT-1 and GAT-2, have been detected in immune

cells and identified in human peripheral blood lymphocytes (89).

GABA inhibits Th1 cell–mediated DTH responses in vivo and

participates in T cell immunity via the GAT and GABA receptors.

For example, GAT-1 is expressed only on antigen-activated T cells
Frontiers in Immunology 05
and downregulates the proliferation and expression of CD4+ T cells

(90). These findings suggest that GAT-1 is a key regulator of the T

cell–mediated immune response. Additional evidence suggests that T

cells expressing GAT-2 and GAT-2 deficiency promote T helper 17

cell (Th17) responses through the activation of GABA-mammalian

target of rapamycin signaling; specifically, in a mouse model of

infection, GAT-2 deficiency was observed to enhance the

differentiation of naive T cells into Th1 cells (91).

GAT-2 is primarily pro-inflammatory in RA. Furthermore,

Interferon (IFN)-g is an important effector of RA (92) that induces

GAT-2 expression in macrophages (93). A systematic evaluation and

meta-analysis of common trace metals in RA found that serum

copper levels were elevated in RA and higher in patients with active

RA. These levels were positively correlated with erythrocyte

sedimentation rate and morning stiffness, and were negatively

correlated with hemoglobin levels and considered to be adjunctive

markers for disease assessment (94, 95). Therefore, GAT-2 may

promote inflammatory responses by being associated with

abnormally high copper levels in RA. GAT-2 deficiency attenuates

macrophage-mediated inflammatory responses in vivo, including

lipopolysaccharide-induced sepsis, infection-induced pneumonia,

and high-fat diet-induced obesity (25, 96). GAT-2 deficiency also

decreases IL-1b production in pro-inflammatory macrophages. This

mechanism may involve enhancement of the betaine/S-

adenosylmethionine/hypoxanthine metabolic pathway by increasing

DNA methylation in its promoter region to inhibit the expression of

the transcription factor zinc finger protein 354C (ZNF354C). This

zinc finger protein suppresses inflammasome formation and inhibits

M1 macrophage polarization by targeting the expression of oxidative

phosphorus-related genes (93). According to previous reports,

activation of the GABAergic system in macrophages enhances

autophagy activation, phagosome maturation, and antimicrobial

response to Mycobacterium infection (97). Macrophage autophagy

in the context of RA is an important mechanism that may co-mediate

the abnormal immune response of macrophages with the GABAergic

system (98).
Future perspectives and challenges:
Clinical trials related to GABAergic
system components

Relevant clinical trials of the major components of the GABAergic

system mainly involve GABA, GABA receptor agonists and

antagonists, and GABA agonists and antagonists (Table 1).

Although there have been no direct clinical studies in the context of

RA, ongoing clinical trials are currently providing information

regarding the development of clinical small-molecule GABA drugs

for RA. First, GABA and GABA-A receptor agonists can inhibit the

immune response of immune cells to stimuli, which may be

important for remission of inflammation (99). For example,

honokiol (a GABA-A receptor modulator) relieves inflammatory

arthritis and allergic asthma by affecting cytokine expression of

cytokines (100). Additionally, a series of immunological

abnormalities have been reported in T1DM patients, involving

production of autoantibodies, glutamic acid decarboxylase (GAD-
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1114350
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Shan et al. 10.3389/fimmu.2023.1114350
TABLE 1 Clinical trials of GABAergic system components.

Name Condition or
disease

ClinicalTrials.gov
number

Sponsor Interventions Primary outcomes Phase

GABA Pain
Healthy subjects

NCT02928328
NCT04086108

Aalborg
University
Wageningen
University

GABA/
lorazepam
GABA/Tomato

Pain Intensity Rating
Area under the plasma concentration versus time curve
(AUC) of plasma-time curves of GABA

Not
Applicable
Not
Applicable

Diabetes Mellitus,
Type 1
Diabetes Mellitus,
Type 1
Healthy subjects
Diabetes Mellitus,
Type 1
Sleep Disturbance
Type I Diabetes
Epilepsy

NCT04375020
NCT03635437
NCT04303468
NCT03721991
NCT04857021
NCT02002130
NCT04144439

Ministry of
Health and
Population,
Egypt
Uppsala
University
Hospital
Wageningen
University
Steno
Diabetes
Center
Copenhagen
Amorepacific
Corporation
University of
Alabama at
Birmingham
Tanta
University

GABA
GABA/
Alprazolam
GABA/Placebo
GABA/Placebo
GABA/Placebo
GABA/Placebo/
GAD-alum
GABA

GABA decrease anti gad antibodies
GABA improve c peptide levels
Adverse events possibly or probably related to GABA
treatment
Postprandial glycemic response during a 2-hour oral
glucose tolerance test (OGTT)
Insulin production, c peptide production during meal
stimulation
Change of total sleep time of polysomnography. Change
of sleep latency of polysomnography. Change of
NonREM stage 3 of polysomnography
Compare the effect of oral GABA or oral GABA/GAD
combination administration on pancreatic beta cell
function by quantitative C-peptide secretion
Number of seizures [Time Frame: 6 months]

Not
Provided
Phase 1
Not
Applicable
Not
Applicable
Not
Applicable
Phase 1
Phase 4

AZD7325 Healthy subjects NCT02135198 University
College,
London

AZD7325/
Placebo
AZD7325/
Placebo
AZD7325/
Placebo
AZD7325/
Placebo
Baclofen/Placebo
Baclofen
Baclofen/Placebo
Arbaclofen/
Placebo
Clobazam/
Clonazepam/
Tolterodine

Change in conventional measure of percentage short
interval intracortical inhibition (SICI) at an interstimulus
interval (ISI) of 2.5 ms and conditioning stimulus
intensity of 70 percent of resting motor threshold

Phase 1
Phase 1
Phase 2
Not
Applicable
Not
Applicable
Phase 2
Phase 1
Not
Applicable
Phase 3

Healthy subjects
Autism Spectrum
Disorder
Autism Spectrum
Disorder

NCT02530580
NCT01966679
NCT03678129

University
College,
London
University of
California,
Los Angeles
King’s
College
London
Imperial
College
London
National
Institute on
Drug Abuse
Assistance
Publi que-
Hôpitaux de
Paris
King’s
College
London
University
Hospital
Inselspital,
Berne

Change in peak grip force in an object manipulation task
[Time Frame: from baseline at 1, 2, and 3 hours after the
study medication]
Electroencephalogram [Time Frame: week 6]
Neurochemical response to GABAergic stimulation.

Baclofen
Arbaclofen
Clobazam

Healthy subjects
Cocaine-Related
Disorders
CHEYNE Stokes
Respiration
Autism Spectrum
Disorder
Pain

NCT01563224
NCT00218166
NCT01095679
NCT03594552
NCT01011036

EEG spectral power in theta band [Time Frame: Change
from baseline to 4 hours after dosing]
Progressive-ratio break point [Time Frame: Measured
during each experimental session]
Decrease in the coefficient of variation of the period of
the ventilatory cycle
Neurochemical response to GABAergic stimulation
Area of hyperalgesia on the forearm

Flumazenil
Iomazenil

Fragile X
Syndrome or
Idiopathic
Intellectual
Developmental
Disorder
Primary/Idiopathic
Hypersomnia
Cognitive
Dysfunction

NCT04308954
NCT01183312
NCT00611572

Stanford
University
Emory
University
Yale
University

Flumazenil
Flumazenil
Iomazenil

Non-displaceable binding potential of F18 FMZ
GABA (A) receptor density in fragile
X syndrome (FXS) patients relative to control group
comprising individuals with IDD
Change in Psychomotor Vigilance Task (PVT) Median
Reaction Time
P300 as an ERP measure
Mismatch Negativity

Phase 1
Phase 2
Phase 1
F
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65), tyrosine phosphatase-associated islet antigen 2, zinc transporter

protein 8, and insulin; furthermore, there is an altered ability of

regulatory T cells (Treg cells) to inhibit the action of effector T cells,

which play a key role in the immune destruction process (101). GABA

also acts on GABA-A receptors in pancreatic alpha cells, thereby

inhibiting glucagon secretion, suppressing inflammation, and

increasing the number of regulatory T cells. In RA, Treg cells are

important for the proliferation of inflammatory cells (Th17) and

suppression of inflammatory factor secretion. Therefore, GABA has

potential therapeutic implications for RA by increasing the number of

regulatory T cells. Furthermore, the application of activators or

inhibitors of the GABAergic system may have potential therapeutic

effects on the pain response in RA. For example, studies based on

animal models of inflammatory or neuropathic pain have found that

selective positive modulators of a2 and a3 subtypes of GABA-A

receptors may reverse the loss of postsynaptic GABA-A receptor-

mediated spinal cord inhibition, leading to analgesia (102). GABA-B

receptors are highly expressed in the structure of the pain pathway,

suggesting their involvement in different levels of pain signaling; thus,

they have long been considered valuable targets for the treatment of

chronic pain (103). Activation of GABA-B receptors leads to

hyperpolarization and reduced firing frequency, increased

mediation of inhibitory neurotransmission, and production of

analgesia in the brain and spinal cord (104). The GABA-B receptor
Frontiers in Immunology 07
agonist, baclofen, is widely used in clinical practice for the treatment

of chronic pain. In the presence of reduced endogenous GABAergic

tone, the GABA-B receptor agonist baclofen exerts an anti-injury

sensory effect and releases GABA from the cortical precursors of

GABAergic interneurons transplanted into the medial ganglion bulge,

ultimately reversing neuropathic abnormal pain (105). GAT proteins

are highly dynamic in different cell types and are responsible for the

recycling and reuptake of GABA, thereby terminating inhibitory

signaling (106). Studies have reported that inhibition of GAT

reuptake enhances GABAergic neurotransmission and has an

inhibitory effect on the release of aspartate and glutamate in the

dorsal spinal cord, thereby inhibiting the release of pro-nociceptive

neurotransmitters to achieve analgesia (107).
Discussion

This article focuses on the physiological role of the GABAergic

system, its components, and the possible mechanisms of its influence

in RA pathology (Figure 1). RA is an inflammatory disease that

manifests in peripheral joints and connects the nervous system to the

immune system via spinal P38/MAPK. GABA is not only a

neurotransmit ter , but a lso an immunomodulator that

downregulates P38/MAPK activity to reduce the production of pro-
FIGURE 1

Potential role of the gamma-aminobutyric acid (GABA)ergic system in rheumatoid arthritis. Glutamate interacts with glutamate decarboxylase (GAD65
and GAD67) to produce gamma-aminobutyric acid (GABA). Binding of GABA to GABA-A receptors inhibits macrophage activation and decreases the
release of inflammatory factors such as IL-6, IL-1b, and TNF-a. Antigen presentation by antigen-presenting cells, however, is impaired, inhibiting CD4+ T
cell proliferation and differentiation and reducing the expression of inflammatory factors such as IL-6, IL-1b, and TNF-a. Pain signaling activates the P38/
MAPK pathway, whereas GABA binding to GABA-A receptors inhibits P38/MAPK. The P38/MAPK signaling pathway contributes to inflammation and is
involved in the activation of myocardin-related transcription factor A (MRTFA), myocardin-related transcription factor B (MRTFB), and serum response
factor (SRF) that played key roles in fibroblast activation.
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inflammatory cytokines in RA joints, inhibit pro-inflammatory T cell

value, and increase the number of regulatory T cells. Through MAPK

phosphorylation, the GABA-A receptor inhibits the production of

inflammatory cytokines via T cells and suppresses the proliferation

of effector T cells, thereby inhibiting the inflammatory progression of

RA. In contrast, the GABA-B receptor may be relevant to the

pathogenesis of RA due to its unique coding region. GAT

expression is positively correlated with inflammatory factors, with

an increase in GATs promoting high expression of inflammatory

factors and vice versa. GAT-2 deficiency enhances the differentiation

of naive T cells into Th1 cells. The GABAergic system also plays

an important role in analgesia, as GABA is an inhibitory

neurotransmitter that negatively regulates pain signaling; similarly,

its derivative, gabapentin, is also used in the treatment of pain. Both

GABA receptors and its modulators are potential targets for pain

treatment; consequently, studies surrounding the use of GAT

inhibitors for pain treatment are ongoing. Therefore, we can see

that the GABAergic system plays an important role in the

pathogenesis and disease progression of RA, and in addition,

GABA has excellent prospects for application in the control of RA-

related pain. Nonetheless, there is still no relevant research about the

direct link between GABA and the pathogenesis of RA. Further

exploration regarding other aspects of the research, such as the

nervous and immune systems, could improve our understanding of

the overproduction of cytokines, underlying genetic information, and

related signaling pathways in RA or neurodegeneration, which will

ultimately provide a multidisciplinary understanding of RA and

neurological diseases.
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76. Allen NJ, Káradóttir R, Attwell D. Reversal or reduction of glutamate and GABA
transport in CNS pathology and therapy. Pflugers Archiv Eur J Physiol (2004) 449(2):132–
42. doi: 10.1007/s00424-004-1318-x

77. Kannampalli P, Sengupta JN.Role ofprincipal ionotropic andmetabotropic receptors in
visceral pain. J Neurogastroenterol motility. (2015) 21(2):147–58. doi: 10.5056/jnm15026

78. Munro G, Hansen RR, Mirza NR. GABA(A) receptor modulation: Potential to
deliver novel pain medicines? Eur J Pharmacol (2013) 716(1-3):17–23. doi: 10.1016/
j.ejphar.2013.01.070

79. Kniazeff J. The different aspects of the GABA(B) receptor allosteric modulation.
Adv Pharmacol (San Diego Calif). (2020) 88:83–113. doi: 10.1016/bs.apha.2020.02.003

80. Frangaj A, Fan QR. Structural biology of GABA(B) receptor. Neuropharmacology.
(2018) 136(Pt A):68–79. doi: 10.1016/j.neuropharm.2017.10.011

81. Enoch MA, Hodgkinson CA, Shen PH, Gorodetsky E, Marietta CA, Roy A, et al.
GABBR1 and SLC6A1, two genes involved in modulation of GABA synaptic
transmission, influence risk for alcoholism: Results from three ethnically diverse
populations. Alcoholism Clin Exp Res (2016) 40(1):93–101. doi: 10.1111/acer.12929

82. Burfoot RK, Jensen CJ, Field J, Stankovich J, Varney MD, Johnson LJ, et al. SNP
mapping and candidate gene sequencing in the class I region of the HLA complex:
Searching for multiple sclerosis susceptibility genes in tasmanians. Tissue Antigens (2008)
71(1):42–50. doi: 10.1111/j.1399-0039.2007.00962.x

83. Zhao X, Qin S, Shi Y, Zhang A, Zhang J, Bian L, et al. Systematic study of
association of four GABAergic genes: Glutamic acid decarboxylase 1 gene, glutamic acid
decarboxylase 2 gene, GABA(B) receptor 1 gene and GABA(A) receptor subunit beta2
gene, with schizophrenia using a universal DNA microarray. Schizophr Res (2007) 93(1-
3):374–84. doi: 10.1016/j.schres.2007.02.023

84. Wu J, Xu Y, Pu S, Jiang W, Du D. p38/MAPK inhibitor modulates the expression
of dorsal horn GABA(B) receptors in the spinal nerve ligation model of neuropathic pain.
Neuroimmunomodulation. (2011) 18(3):150–5. doi: 10.1159/000323141

85. Li WC, Bai L, Xu Y, Chen H, Ma R, Hou WB, et al. Identification of differentially
expressed genes in synovial tissue of rheumatoid arthritis and osteoarthritis in patients.
J Cell Biochem (2019) 120(3):4533–44. doi: 10.1002/jcb.27741

86. Zhao J, Guo S, Schrodi SJ, He D. Molecular and cellular heterogeneity in
rheumatoid arthritis: Mechanisms and clinical implications. Front Immunol (2021)
12:790122. doi: 10.3389/fimmu.2021.790122

87. Hernandez-Rabaza V, Cabrera-Pastor A, Taoro-Gonzalez L, Gonzalez-Usano A,
Agusti A, Balzano T, et al. Neuroinflammation increases GABAergic tone and impairs
cognitive and motor function in hyperammonemia by increasing GAT-3 membrane
expression. reversal by sulforaphane by promoting M2 polarization of microglia.
J neuroinflammation. (2016) 13(1):83. doi: 10.1186/s12974-016-0549-z

88. Gao D, Yu H, Li B, Chen L, Li X, Gu W. Cisplatin toxicology: The role of pro-
inflammatory cytokines and GABA transporters in cochlear spiral ganglion. Curr Pharm
design. (2019) 25(45):4820–6. doi: 10.2174/1381612825666191106143743
Frontiers in Immunology 10
89. Kinjo A, Sassa M, Koito T, Suzuki M, Inoue K. Functional characterization of the
GABA transporter GAT-1 from the deep-sea mussel bathymodiolus septemdierum.
Comp Biochem Physiol Part A Mol Integr Physiol (2019) 227:1–7. doi: 10.1016/
j.cbpa.2018.08.016

90. Serrats J, Sawchenko PE. CNS activational responses to staphylococcal enterotoxin
b: T-lymphocyte-dependent immune challenge effects on stress-related circuitry. J Comp
neurology. (2006) 495(2):236–54. doi: 10.1002/cne.20872

91. Ding X, Chang Y, Wang S, Yan D, Yao J, Zhu G. Transcriptomic analysis of the
effect of GAT-2 deficiency on differentiation of mice naïve T cells into Th1 cells in vitro.
Front Immunol (2021) 12:667136. doi: 10.3389/fimmu.2021.667136

92. Muskardin TLW, Niewold TB. Type I interferon in rheumatic diseases. Nat Rev
Rheumatol (2018) 14(4):214–28. doi: 10.1038/nrrheum.2018.31

93. Paul AM, Branton WG, Walsh JG, Polyak MJ, Lu JQ, Baker GB, et al. GABA
transport and neuroinflammation are coupled in multiple sclerosis: Regulation of the
GABA transporter-2 by ganaxolone. Neuroscience. (2014) 273:24–38. doi: 10.1016/
j.neuroscience.2014.04.037

94. Ma Y, Zhang X, Fan D, Xia Q, Wang M, Pan F. Common trace metals in
rheumatoid arthritis: A systematic review and meta-analysis. J Trace elements Med Biol
Organ Soc Minerals Trace Elements (GMS). (2019) 56:81–9. doi: 10.1016/
j.jtemb.2019.07.007

95. Chakraborty M, Chutia H, Changkakati R. Serum copper as a marker of disease
activity in rheumatoid arthritis. J Clin Diagn Res JCDR. (2015) 9(12):Bc09–11.
doi: 10.7860/jcdr/2015/14851.7001

96. Nakanishi T, Fukuyama Y, Fujita M, Shirasaka Y, Tamai I. Carnitine precursor g-
butyrobetaine is a novel substrate of the na(+)- and cl(-)-dependent GABA transporter
Gat2. Drug Metab pharmacokinetics. (2011) 26(6):632–6. doi: 10.2133/dmpk.dmpk-11-
nt-053

97. Wu C, Qin X, Du H, Li N, Ren W, Peng Y. The immunological function of
GABAergic system. Front bioscience (Landmark edition). (2017) 22(7):1162–72.
doi: 10.2741/4539

98. Zhao J, Jiang P, Guo S, Schrodi SJ, He D. Apoptosis, autophagy, NETosis,
necroptosis, and pyroptosis mediated programmed cell death as targets for innovative
therapy in rheumatoid arthritis. Front Immunol (2021) 12:809806. doi: 10.3389/
fimmu.2021.809806

99. Jin Z, Mendu SK, Birnir B. GABA is an effective immunomodulatory molecule.
Amino Acids (2013) 45(1):87–94. doi: 10.1007/s00726-011-1193-7

100. Wang XD, Wang YL, Gao WF. Honokiol possesses potential anti-inflammatory
effects on rheumatoid arthritis and GM-CSF can be a target for its treatment. Int J Clin
Exp pathology. (2015) 8(7):7929–36.

101. Ilonen J, Lempainen J, Veijola R. The heterogeneous pathogenesis of type 1
diabetes mellitus. Nat Rev Endocrinology. (2019) 15(11):635–50. doi: 10.1038/s41574-019-
0254-y

102. Mirza NR, Munro G. The role of GABA(A) receptor subtypes as analgesic targets.
Drug News perspectives. (2010) 23(6):351–60. doi: 10.1358/dnp.2010.23.6.1489909

103. Zhou YQ, Chen SP, Liu DQ, Manyande A, Zhang W, Yang SB, et al. The role of
spinal GABAB receptors in cancer-induced bone pain in rats. J pain. (2017) 18(8):933–46.
doi: 10.1016/j.jpain.2017.02.438

104. Malcangio M. GABA(B) receptors and pain. Neuropharmacology. (2018) 136(Pt
A):102–5. doi: 10.1016/j.neuropharm.2017.05.012

105. Bráz JM, Wang X, Guan Z, Rubenstein JL, Basbaum AI. Transplant-mediated
enhancement of spinal cord GABAergic inhibition reverses paclitaxel-induced
mechanical and heat hypersensitivity. Pain. (2015) 156(6):1084–91. doi: 10.1097/
j.pain.0000000000000152

106. Gryzło B, Zaręba P, Malawska K, Mazur G, Rapacz A, Ła Tka K, et al. Novel
functionalized amino acids as inhibitors of GABA transporters with analgesic activity.
ACS Chem Neurosci (2021) 12(16):3073–100. doi: 10.1021/acschemneuro.1c00351

107. Smith CG, Bowery NG, Whitehead KJ. GABA transporter type 1 (GAT-1) uptake
inhibition reduces stimulated aspartate and glutamate release in the dorsal spinal cord in
vivo via different GABAergic mechanisms. Neuropharmacology. (2007) 53(8):975–81.
doi: 10.1016/j.neuropharm.2007.09.008
frontiersin.org

https://doi.org/10.1080/14397595.2017.1416940
https://doi.org/10.1038/nrrheum.2014.64
https://doi.org/10.1159/000435933
https://doi.org/10.1016/j.expneurol.2016.09.002
https://doi.org/10.1186/1744-8069-10-57
https://doi.org/10.1007/s00424-004-1318-x
https://doi.org/10.5056/jnm15026
https://doi.org/10.1016/j.ejphar.2013.01.070
https://doi.org/10.1016/j.ejphar.2013.01.070
https://doi.org/10.1016/bs.apha.2020.02.003
https://doi.org/10.1016/j.neuropharm.2017.10.011
https://doi.org/10.1111/acer.12929
https://doi.org/10.1111/j.1399-0039.2007.00962.x
https://doi.org/10.1016/j.schres.2007.02.023
https://doi.org/10.1159/000323141
https://doi.org/10.1002/jcb.27741
https://doi.org/10.3389/fimmu.2021.790122
https://doi.org/10.1186/s12974-016-0549-z
https://doi.org/10.2174/1381612825666191106143743
https://doi.org/10.1016/j.cbpa.2018.08.016
https://doi.org/10.1016/j.cbpa.2018.08.016
https://doi.org/10.1002/cne.20872
https://doi.org/10.3389/fimmu.2021.667136
https://doi.org/10.1038/nrrheum.2018.31
https://doi.org/10.1016/j.neuroscience.2014.04.037
https://doi.org/10.1016/j.neuroscience.2014.04.037
https://doi.org/10.1016/j.jtemb.2019.07.007
https://doi.org/10.1016/j.jtemb.2019.07.007
https://doi.org/10.7860/jcdr/2015/14851.7001
https://doi.org/10.2133/dmpk.dmpk-11-nt-053
https://doi.org/10.2133/dmpk.dmpk-11-nt-053
https://doi.org/10.2741/4539
https://doi.org/10.3389/fimmu.2021.809806
https://doi.org/10.3389/fimmu.2021.809806
https://doi.org/10.1007/s00726-011-1193-7
https://doi.org/10.1038/s41574-019-0254-y
https://doi.org/10.1038/s41574-019-0254-y
https://doi.org/10.1358/dnp.2010.23.6.1489909
https://doi.org/10.1016/j.jpain.2017.02.438
https://doi.org/10.1016/j.neuropharm.2017.05.012
https://doi.org/10.1097/j.pain.0000000000000152
https://doi.org/10.1097/j.pain.0000000000000152
https://doi.org/10.1021/acschemneuro.1c00351
https://doi.org/10.1016/j.neuropharm.2007.09.008
https://doi.org/10.3389/fimmu.2023.1114350
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Understanding the function of the GABAergic system and its potential role in rheumatoid arthritis
	Introduction
	GABAergic system
	Physiological synthesis of GABA
	GABA receptors
	GATs

	Potential link between GABAergic system and RA
	GABA/GABA-A receptor may inhibit inflammation in RA
	The GABAergic system may be involved in regulating the pain response in RA
	GABA-B receptors may be associated with inflammation in RA
	GATs promote inflammation

	Future perspectives and challenges: Clinical trials related to GABAergic system components
	Discussion
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


