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G protein-coupled receptors (GPCRs) of the autonomic nervous sys-
tem such as adrenergic and muscarinic acetylcholine receptors are
located both in the peripheral and central nervous system. These re-
ceptors are expressed in various cell types including immune cells, car-
diac and airway smooth muscle cells, salivary gland cells etc., and play a
significant role in a diverse physiological processes in the human body
such as vasoconstriction of blood vessels (of the skin, gut, kidney and
brain), contraction of smooth muscles, heart rate, salivary secretion,
cognition, regulation of movement of gastrointestinal tract etc. (Brodde
et al., 2001; Kanagy, 2005; Strosberg, 1995; Taylor, 2007; Saternos et al.,
2018). Evidence has been accumulated arguing for a role of autoanti-
bodies against adrenergic and acetylcholine muscarinic receptors (and
gene defects in these receptors) in the development of autoimmune
diseases, both in experimental animal models (Huang et al., 2018; Liu
et al., 2018) and in human patients ((Eng et al., 1992; Jazdzewski et al.,
2007; Malysheva et al., 2008; Park et al., 2011; Smith et al., 2005; Xu
et al., 2000)). For example, p2 adrenergic receptor (p2 AdR) signaling
was reported to be involved in the pathogenesis of rheumatoid arthritis,
systemic lupus erythematosus, multiple sclerosis, myasthenia gravis etc.

DOI of original article: https://doi.org/10.1016/j.bbih.2020.100047.

(Wu et al., 2018), while autoantibodies against muscarinic 3 acetylcho-
line receptor (M3 mAChR) has been found to be involved in the pro-
gression of Sjogren’s syndrome and corresponding mouse models ((Yu
et al., 2018a)). Recently, the appearance of these antibodies have been
described to be dysregulated in various enigmatic and suspected
immune/autoimmune-related disorders such as myalgic encephalomye-
litis/chronic fatigue syndrome (ME/CFS) (Loebel et al., 2016; Schei-
benbogen et al.,, 2018), post HPV vaccination syndrome, postural
orthostatic tachycardia syndrome (POTS) (Li et al., 2014; Fedorowski
etal., 2017; Yu et al., 2018b), complex regional pain syndrome ((Dubuis
et al., 2014), (Kohr et al., 2011)) etc. For example, Loebel et al. found
elevated antibodies against p2 AdR and M3/M4 mAChR in a subset of
patients with ME/CFS. Importantly, a reduction in 2 AdR antibody
levels was found in ME/CFS patients responding to ritixumab treatment
((Loebel et al., 2016)). Furthermore, in a proof of concept, pilot study,
Scheibenbogen et al. observed that immunoadsorption is effective to
remove 2 AdR autoantibodies and can induce a clinical improvement in
post-infectious ME/CFS (Scheibenbogen et al., 2018). There is increasing
evidence for the role of adrenergic and muscarinic receptors in immune
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function. For example, in monocytes, p2 AdR stimulation inhibits
LPS-induced TNFa (Agac et al., 2018; Guirao et al., 1997). IL-10 release
in monocytes is enhanced via f2 AdR stimulation ((Agac et al., 2018)).
Disruption of physiological functions of M3R on T lymphocytes (which
are known to express type 1-5 muscarinic receptors) is another possible
cause for primary Sjogren’s syndrome-induced leukopenia (Sato et al.,
1999; Namkoong et al., 2017). In the current issue of Brain, Behavioral
and Immunity journal, Hartwig et al. studied the functional effect of
serum-derived IgG antibodies from ME/CFS patient as compared to
healthy control samples, on f2 adrenergic receptor signaling and immune
function. Using 2 AdR transfected reporter cell lines, the research group
found that IgG from healthy control has an agonistic f2 AdR effect
resulting in induction of f2 AdR signaling. Furthermore, they found that
IgG from a healthy controls, similar to isoprenaline, a non-selective f
adrenoreceptor agonist, reduced TNFa production and increased IL-10
production in human monocytes, and enhanced T cell proliferation.
However, IgG from ME/CFS patients with elevated f2 AdR antibodies
had no significant effects neither on f2 AdR signaling nor on immune cell
function. These important finding clearly shows that IgG antibodies
physiologically stimulates the 32 AdR and that this function is attenuated
in ME/CFS patients which might explain many symptoms such as im-
mune dysfunction-related manifestations and dysautonomia in these
patients. Exploration of the functional activities of patients-derived
antigen-specific affinity-purified antibodies (rather than total IgG puri-
fication) against adrenergic/muscarinic receptors using functional assays
is of interest and needed in future research.

We need to keep in mind that functional autoantibodies targeting
GPCRs such as adrenergic and muscarinic receptors are able to activate
(agonist autoantibodies) or inhibit (antagonist autoantibodies) intracel-
lular signalling pathways that are normally triggered by endogenous li-
gands (epinephrine, acetylcholine etc.) to mediate a particular cellular
function ((Cabral-Marques and Riemekasten, 2017)). Moreover, the
appearance of these autoantibodies might be found also in healthy sub-
jects, thus, the confirmation of that functional activity of these
patients-derived antibodies as compared to healthy volunteers, is of an
importance, as already suggested by the study of Hartwig et al.

Li et al., recently demonstrated for the first time the in vivo role of
adrenergic autoantibodies in the pathophysiology of POTS. In that study,
co-immunization of rabbits with peptides of al and pl-adrenergic re-
ceptors, lead to the production of functional «al1AR and pl1AR-autoanti-
bodies, and to changes in cardiovascular responses to catecholamines,
contributing to the POTS-like phenotypes. Moreover, the effect of these
adrenergic autoantibodies was found to be reversed using selective decoy
peptide inhibitors ((Li et al., 2019)). In vivo passive transfer of the
patients-derived autoantibodies themselves into animals, following ex-
amination of relevant pathologies (immune dysfunction, cognitive
impairment, neurological dysfunction etc.) is extremely important for the
exploration of potential direct role of these antibodies in the pathogen-
esis of suspected immune/autoimmune-related enigmatic and unex-
plained disorders ((Ryabkova et al., 2019)). Moreover, as adrenergic and
muscarinic acetylcholine receptors are expressed on various cell types
and locations in our body, the specific binding target sites of these
patient-derived autoantibodies can be explored using immunohistoche-
mistry/immunofluorescence staining of these antibodies in the relevant
tissues of interest, following intravenous or local injection of these an-
tibodies into animals.

We recently found the appearance of various circulating autoanti-
bodies against muscarinic and adrenergic receptors in women with sili-
cone breast implants (SBIs), suffering from diverse clinical manifestation,
among them chronic severe fatigue, sleep disturbance, widespread pain,
memory loss, dry mouth, depression, hearing abnormalities etc. (per-
sonal communication). Notably, in a large population-based study, our
group have demonstrated recently, an association between SBIs and the
presence of autoimmune/rheumatic disorders ((Watad et al., 2018)).
Silicone is a non-self, foreign material to our body and has been found to
act as an adjuvant in our body (in contrast to what was thought for many
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years) and to chronically stimulate the immune system leading to the
activation of the acquired immune system ((Watad et al., 2019)). This
chronic stimulus may lead to autoimmune reaction accompanied by the
newly production of autoantibodies or augmentation of natural anti-
bodies production against autonomic nervous system such as muscarinic
and adrenergic receptors, which we believe, may explain, at least in part,
some of the subjective clinical manifestations reported by SBIs patients.
Overall, we suggest that detecting abnormal circulating autoanti-
bodies level against GPCRs such as adrenergic and muscarinic receptors,
along with examination of potential dysfunctional activities of these
antibodies (both in vitro and in vivo) to confirm their dysregulation of
physiological processes in our body, might serves as a revolutionized
objective tool and as a biomarker, for the prognosis and potential future
therapies of a group of suspected autoimmune dysautonomic-related
disorders such as ME/CFS, fibromylagia, silicone breast implants etc.

References

Agac, D., Estrada, L.D., Maples, R., Hooper, L.V., Farrar, J.D., 2018 Nov. The beta2-
adrenergic receptor controls inflammation by driving rapid IL-10 secretion. Brain
Behav. Immun. 74, 176-185. PubMed PMID: 30195028. Pubmed Central PMCID:
6289674.

Brodde, O.E., Bruck, H., Leineweber, K., Seyfarth, T., 2001 Nov. Presence, distribution
and physiological function of adrenergic and muscarinic receptor subtypes in the
human heart. Basic Res. Cardiol. 96 (6), 528-538. PubMed PMID: 11770070.

Cabral-Marques, O., Riemekasten, G., 2017 Nov. Functional autoantibodies targeting G
protein-coupled receptors in rheumatic diseases. Nat. Rev. Rheumatol. 13 (11),
648-656. PubMed PMID: 28855694.

Dubuis, E., Thompson, V., Leite, M.L, Blaes, F., Maihofner, C., Greensmith, D., et al., 2014
Nov. Longstanding complex regional pain syndrome is associated with activating
autoantibodies against alpha-1a adrenoceptors. Pain, 155 (11), 2408-2417. PubMed
PMID: 25250722.

Eng, H., Magnusson, Y., Matell, G., Lefvert, A.K., Saponja, R., Hoebeke, J., 1992 Apr. Beta
2-adrenergic receptor antibodies in myasthenia gravis. J. Autoimmun. 5 (2),
213-227. PubMed PMID: 1378277.

Fedorowski, A., Li, H., Yu, X., Koelsch, K.A., Harris, V.M., Liles, C., et al., 2017 Jul 1.
Antiadrenergic autoimmunity in postural tachycardia syndrome. Europace :
European pacing, arrhythmias, and cardiac electrophysiology : journal of the working
groups on cardiac pacing, arrhythmias, and cardiac cellular electrophysiology of the
European Society of Cardiology, 19 (7), 1211-1219. PubMed PMID: 27702852.
Pubmed Central PMCID: 5834103.

Guirao, X., Kumar, A., Katz, J., Smith, M., Lin, E., Keogh, C., et al., 1997 Dec.
Catecholamines increase monocyte TNF receptors and inhibit TNF through beta 2-
adrenoreceptor activation. Am. J. Physiol. 273 (6), E1203-E1208. PubMed PMID:
9435537.

Huang, Y., Hu, S., Li, Y., Xue, D., Wu, X., 2018 Jul 17. Dexmedetomidine, an alpha 2a
adrenergic receptor agonist, mitigates experimental autoimmune encephalomyelitis
by desensitization of CXCR7 in microglia. Biochemistry 57 (28), 4197-4205. PubMed
PMID: 29897736.

Jazdzewski, K., Bednarczuk, T., Stepnowska, M., Liyanarachchi, S., Suchecka-Rachon, K.,
Limon, J., et al., 2007 Jan. beta-2-adrenergic receptor gene polymorphism confers
susceptibility to Graves disease. Int. J. Mol. Med. 19 (1), 181-186. PubMed PMID:
17143563. Pubmed Central PMCID: 2526556.

Kanagy, N.L., 2005 Nov. Alpha(2)-adrenergic receptor signalling in hypertension. Clin.
Sci. 109 (5), 431-437. PubMed PMID: 16232127.

Kohr, D., Singh, P., Tschernatsch, M., Kaps, M., Pouokam, E., Diener, M., et al., 2011 Dec.
Autoimmunity against the beta2 adrenergic receptor and muscarinic-2 receptor in
complex regional pain syndrome. Pain 152 (12), 2690-2700. PubMed PMID:
21816540.

Li, H., Yu, X,, Liles, C., Khan, M., Vanderlinde-Wood, M., Galloway, A., et al., 2014 Feb 26.
Autoimmune basis for postural tachycardia syndrome. J. Am. Heart Assoc. 3 (1),
e000755. PubMed PMID: 24572257. Pubmed Central PMCID: 3959717.

Li, H., Zhang, G., Zhou, L., Nuss, Z., Beel, M., Hines, B., et al., 2019 Oct. Adrenergic
autoantibody-induced postural tachycardia syndrome in rabbits. J. Am. Heart Assoc.
8 (19), e013006. PubMed PMID: 31547749. Pubmed Central PMCID: 6806023.

Liu, Y., Rui, X.X., Shi, H., Qiu, Y.H., Peng, Y.P., 2018 Feb 27. Norepinephrine inhibits
Th17 cells via beta2-adrenergic receptor (beta2-AR) signaling in a mouse model of
rheumatoid arthritis. Med. Sci. Mon. Int. Med. J. Exp. Clin. Res. : Int. Med. J. Exp.
Clin. Res. 24, 1196-1204. PubMed PMID: 29485127. Pubmed Central PMCID:
5839072.

Loebel, M., Grabowski, P., Heidecke, H., Bauer, S., Hanitsch, L.G., Wittke, K., et al., 2016
Feb. Antibodies to beta adrenergic and muscarinic cholinergic receptors in patients
with Chronic Fatigue Syndrome. Brain Behav. Immun. 52, 32-39. PubMed PMID:
26399744.

Malysheva, O., Pierer, M., Wagner, U., Wahle, M., Wagner, U., Baerwald, C.G., 2008 Dec.
Association between beta2 adrenergic receptor polymorphisms and rheumatoid
arthritis in conjunction with human leukocyte antigen (HLA)-DRB1 shared epitope.
Ann. Rheum. Dis. 67 (12), 1759-1764. PubMed PMID: 18267980.

Nambkoong, E., Lee, S.W., Kim, N., Choi, Y., Park, K., 2017 Oct. Effect of anti-muscarinic
autoantibodies on leukocyte function in Sjogren’s syndrome. Mol. Immunol. 90,
136-142. PubMed PMID: 28750255.


http://refhub.elsevier.com/S2666-3546(20)30021-1/sref1
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref1
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref1
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref1
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref1
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref2
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref2
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref2
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref2
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref3
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref3
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref3
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref3
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref4
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref4
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref4
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref4
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref4
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref5
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref5
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref5
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref5
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref6
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref6
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref6
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref6
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref6
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref6
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref6
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref7
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref7
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref7
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref7
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref7
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref8
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref8
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref8
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref8
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref8
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref9
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref9
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref9
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref9
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref9
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref10
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref10
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref10
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref11
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref11
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref11
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref11
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref11
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref12
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref12
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref12
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref13
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref13
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref13
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref14
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref14
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref14
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref14
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref14
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref14
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref15
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref15
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref15
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref15
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref15
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref16
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref16
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref16
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref16
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref16
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref17
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref17
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref17
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref17

G. Halpert et al.

Park, K., Haberberger, R.V., Gordon, T.P., Jackson, M.W., 2011 May. Antibodies
interfering with the type 3 muscarinic receptor pathway inhibit gastrointestinal
motility and cholinergic neurotransmission in Sjogren’s syndrome. Arthritis Rheum.
63 (5), 1426-1434. PubMed PMID: 21312189.

Ryabkova, V.A., Churilov, L.P., Shoenfeld, Y., 2019 Oct 18. Neuroimmunology: what role
for autoimmunity, neuroinflammation, and small fiber neuropathy in fibromyalgia,
chronic fatigue syndrome, and adverse events after human Papillomavirus
vaccination? Int. J. Mol. Sci. 20 (20). PubMed PMID: 31635218. Pubmed Central
PMCID: 6834318.

Saternos, H.C., Almarghalani, D.A., Gibson, H.M., Meqdad, M.A., Antypas, R.B.,
Lingireddy, A., et al., 2018 Jan 1. Distribution and function of the muscarinic
receptor subtypes in the cardiovascular system. Physiol. Genom. 50 (1), 1-9. PubMed
PMID: 29093194.

Sato, K.Z., Fujii, T., Watanabe, Y., Yamada, S., Ando, T., Kazuko, F., et al., 1999 Apr 30.
Diversity of mRNA expression for muscarinic acetylcholine receptor subtypes and
neuronal nicotinic acetylcholine receptor subunits in human mononuclear leukocytes
and leukemic cell lines. Neurosci. Lett. 266 (1), 17-20. PubMed PMID: 10336173.

Scheibenbogen, C., Loebel, M., Freitag, H., Krueger, A., Bauer, S., Antelmann, M., et al.,
2018. Immunoadsorption to remove ss2 adrenergic receptor antibodies in Chronic
Fatigue Syndrome CFS/ME. PloS One 13 (3), e0193672. PubMed PMID: 29543914.
Pubmed Central PMCID: 5854315.

Smith, A.J., Jackson, M.W., Wang, F., Cavill, D., Rischmueller, M., Gordon, T.P., 2005
Apr. Neutralization of muscarinic receptor autoantibodies by intravenous
immunoglobulin in Sjogren syndrome. Hum. Immunol. 66 (4), 411-416. PubMed
PMID: 15866705.

Brain, Behavior, & Immunity - Health 4 (2020) 100056

Strosberg, A.D., 1995 Nov. Structure, function, and regulation of the three beta-
adrenergic receptors. Obes. Res. 3 (Suppl. 4), 501S-5S. PubMed PMID: 8697050.

Taylor, M.R., 2007 Feb. Pharmacogenetics of the human beta-adrenergic receptors.
Pharmacogenomics J. 7 (1), 29-37. PubMed PMID: 16636683.

Watad, A., Rosenberg, V., Tiosano, S., Cohen Tervaert, J.W., Yavne, Y., Shoenfeld, Y.,
et al., 2018 Dec 1. Silicone breast implants and the risk of autoimmune/rheumatic
disorders: a real-world analysis. Int. J. Epidemiol. 47 (6), 1846-1854. PubMed PMID:
30329056.

Watad, A., Bragazzi, N.L., Amital, H., Shoenfeld, Y., 2019 Aug. Hyperstimulation of
adaptive immunity as the common pathway for silicone breast implants,
autoimmunity, and lymphoma of the breast. Isr. Med. Assoc. J. : Isr. Med. Assoc. J. 21
(8), 517-519. PubMed PMID: 31474010.

Wu, L., Tai, Y., Hu, S., Zhang, M., Wang, R., Zhou, W., et al., 2018. Bidirectional role of
beta2-adrenergic receptor in autoimmune diseases. Front. Pharmacol. 9, 1313.
PubMed PMID: 30538630. Pubmed Central PMCID: PMC6277539.

Xu, B.Y., Huang, D., Pirskanen, R., Lefvert, A.K., 2000 Jan. beta2-adrenergic receptor
gene polymorphisms in myasthenia gravis (MG). Clin. Exp. Immunol. 119 (1),
156-160. PubMed PMID: 10606977. Pubmed Central PMCID: 1905523.

Yu, X., Riemekasten, G., Petersen, F., 2018 Jun 1. Autoantibodies against muscarinic
acetylcholine receptor M3 in Sjogren’s syndrome and corresponding mouse models.
Front. Biosci. 23, 2053-2064. PubMed PMID: 29772545.

Yu, X., Li, H., Murphy, T.A., Nuss, Z., Liles, J., Liles, C., et al., 2018 Apr 4. Angiotensin II
type 1 receptor autoantibodies in postural tachycardia syndrome. J. Am. Heart Assoc.
7 (8). PubMed PMID: 29618472. Pubmed Central PMCID: 6015435.


http://refhub.elsevier.com/S2666-3546(20)30021-1/sref18
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref18
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref18
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref18
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref18
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref19
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref19
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref19
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref19
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref19
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref20
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref20
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref20
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref20
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref20
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref21
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref21
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref21
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref21
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref21
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref22
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref22
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref22
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref22
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref23
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref23
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref23
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref23
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref23
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref24
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref24
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref25
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref25
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref25
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref26
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref26
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref26
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref26
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref26
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref27
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref27
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref27
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref27
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref27
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref28
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref28
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref28
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref29
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref29
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref29
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref29
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref30
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref30
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref30
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref30
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref31
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref31
http://refhub.elsevier.com/S2666-3546(20)30021-1/sref31

	Dysregulation of G protein-coupled receptors of the autonomic nervous system, adrenergic and muscarinic acetylcholine recep ...
	References


