1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

VIe

%,
/f
Yeyvaaa

Author manuscript
J Cardiovasc Transl Res. Author manuscript; available in PMC 2023 April 01.

-, HHS Public Access
«

Published in final edited form as:
J Cardiovasc Transl Res. 2022 April ; 15(2): 438-440. doi:10.1007/s12265-021-10167-z.

Implications of Antimuscarinic Autoantibodies in Postural
Tachycardia Syndrome

Hongliang Lil, Gege Zhang?, Elizabeth Forsythel, Luis E. Okamoto?, Xichun Yul"

1Department of Medicine, University of Oklahoma Health Sciences Center, Oklahoma City, OK,
USA

2Autonomic Dysfunction Center, Division of Clinical Pharmacology, Vanderbilt University Medical
Center, Nashville, TN, USA

Abstract

Functional autoantibodies directed to the M2 muscarinic acetylcholine receptor (M2R) could
affect the heart rate directly by altering cardiac M2R activity and/or indirectly by changing
vagal-mediated cardiac M2R activity. We measured M2R autoantibody activity in sera from 10
subjects with postural tachycardia syndrome (POTS) and 5 healthy control subjects using a cell-
based bioassay. Half of the POTS subjects demonstrated presence of elevated M2R autoantibody
activity, while no significant M2R autoantibody activity was found in the healthy subjects. Serum-
derived immunoglobulin G (1gG) from antibody-positive POTS patients induced a dose-dependent
activation of M2R, which was blocked by the muscarinic antagonist atropine. Moreover, antibody-
positive POTS IgG decreased the responsiveness to oxotremorine, an orthosteric muscarinic
agonist, indicating an indirect inhibitory effect. These data suggest that M2R autoantibodies may
contribute to the pathophysiology of POTS by increasing the normal vagal withdrawal during
upright posture through its negative allosteric modulation of M2R activity.

Graphical Abstract

M2 muscarinic receptor-activating autoantibodies are present in a subgroup of patients with POTS
and act as a negative allosteric modulator of the orthosteric ligand response
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Postural tachycardia syndrome (POTS) is a common disorder characterized by an
unexplained and exaggerated increase in the cardiac rate (= 30 bpm) during upright

posture in the absence of orthostatic hypotension. POTS is a heterogeneous condition
associated with multiple pathophysiological mechanisms. The strong female to male ratio,
relatively young age and frequent association with a previous infection or stressful event
led some investigators to suspect an autoimmune basis [1]. Our group has proposed that
activating autoantibodies (AADb) to certain G protein-coupled receptors (GPCRS) including
the adrenergic receptors are operative [2]. The increased sympathetic activity associated
with these allosteric autoantibodies may help explain the cardiovascular pathophysiology
of POTS. There is evidence that POTS patients also have decreased parasympathetic
activity. This leads to consideration for the presence of autoantibodies to the M2 muscarinic
acetylcholine receptor (M2R) in POTS. Antimuscarinic autoantibodies have recently been
reported in POTS subjects using an ELISA-based assay [3]. The activity or function of these
autoantibodies, however, is still unknown. The present study was designed to examine how
M2R autoantibodies, if present and functional, might contribute to the postural tachycardia
in POTS subjects.

We evaluated 10 female subjects with POTS (33 + 5 years) and 5 female healthy control
subjects of a similar age range as part of a joint study between Vanderbilt University
Medical Center and University of Oklahoma Health Sciences Center [2]. POTS diagnosis
was made based on consensus diagnostic criteria [4]. No autoimmune comorbidities were
present in the POTS or control subjects. Serum M2R autoantibody activity was measured
using a functional cell-based bioassay, the PathHunter eXpress CHRM2 CHO-K1 B-arrestin
GPCR assay (DiscoveRx). These luminescence-based assays provide a highly specific
platform suitable for identification of functional antibodies in complex biological samples.

Among the 10 POTS subjects, five had elevated functional M2-AAb activity, while none of
the controls had significant functional M2R-AAb activity (Fig. 1a). Antibody-positive POTS
IgG induced a dose-dependent increase in M2R activation, and the maximal effect appeared
to occur at approximately 0.2 mg/mL of 1gG (Fig. 1b). The muscarinic blocker atropine
markedly suppressed the elevated M2R-AADb activity in POTS IgG (Fig. 1c). Moreover,
antibody-positive POTS IgG significantly attenuated the M2R response to the muscarinic
agonist oxotremorine, and shifted the dosage response curve to the right (Fig. 1d), indicating
a distinct inhibitory allosteric effect of M2R-AAb on the cholinesterase-resistant M2R
orthosteric agonist. These autoantibodies, therefore, appear to act as a partial agonist in
vitro.

The weaker direct effect of M2R-AAb on the atria would be to slow atrial rate during
recumbency. On standing, however, the demonstrated negative allosteric effect of M2R-AAb
could affect the cardiac rate either directly at the heart or indirectly via the vagus by
reducing the efficacy of acetylcholine to activate the same receptor. At the heart, this effect
would diminish the inherent negative chronotropic effect of the M2R. Centrally, vagal
withdrawal during upright posture is associated with a modestly increased heart rate. If the
degree of vagal withdrawal is accentuated by the M2R-AAb-mediated diminished reactivity
of the M2R to its natural ligand acetylcholine, then the heart rate would be accentuated over
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its normal responsiveness. This is in line with the finding of an inhibitory effect of M2R
autoantibodies on cardiovagal function observed in patients with Chagas disease [5].

While there are limitations due to the small sample size, this work represents a focused
study on M2R-AADb and how they appear to act in so-afflicted subjects with POTS.

Our discovery of functional, receptor-specific M2R autoantibodies in a subgroup of

POTS patients and how they interact with the receptor in vitro has potential pathogenic
implications since POTS is also associated with decreased parasympathetic activity. Thus,
the cardiovascular or autonomic effects of previously reported antiadrenergic autoantibodies
were not evaluated in these patients at this time. There is a significant likelihood

that the presence of M2R-AAb in a subgroup of POTS has an additive effect on

the postural tachycardia. This would fit with the hypothesis that POTS cardiovascular
pathophysiology represents a concretion of two or more autonomic-oriented autoantibodies
directed to their respective GPCR. A combination of the inhibitory allosteric effect

from a 1-adrenergic autoantibodies with the positive allosteric effects associated with
1/2-adrenergic autoantibodies would carry the probability for postural tachycardia. The
superimposition of the negative allosteric impact of M2R-AADb either directly on the heart
or indirectly via the vagus nerve would enhance this tachycardia so characteristic of subjects
with POTS.

In conclusion, we present a novel finding of functional M2R autoantibodies in a subgroup
of POTS patients. Our in vitro studies showed a negative allosteric modulation of M2R
activity by these autoantibodies, suggesting that they may contribute to the development of
parasympathetic dysfunction in a subgroup of POTS patients. Larger studies are needed to
determine whether the presence of M2R-AAb makes a clinical difference as well as to fully
understand their potential role in the pathophysiology of POTS.
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Fig. 1.

Functional activity of M2R autoantibodies in sera from POTS and control subjects assessed
by the cell-based bioassay. a Serum (1:20)-induced M2R activation. The dashed line
represents the threshold for “elevated” autoantibody activity defined as 2SD above the mean
control value. b Dose effect of serum 1gG on M2R activation. *p < 0.05, **p < 0.01 vs.
baseline and controls. ¢ Effect of the muscarinic blocker atropine on serum IgG (0.2 mg/
mL)-induced M2R activation. d Effects of serum 1gG (0.2 mg/mL) from 3 antibody-positive
POTS patients and 3 control subjects on oxotremorine dose responsiveness. *p < 0.05, **p <
0.01 vs. oxotremorine alone and control 1gG. M2R activation was quantified and expressed
as relative luminescence units (RLUS)
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