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Postural Orthostatic Tachycardia Syndrome Is Associated With
Elevated G-Protein Coupled Receptor Autoantibodies

William T. Gunning lll, PhD, FMSA; Heather Kvale, MS; Paula M. Kramer, BA; Beverly L. Karabin, PhD; Blair P. Grubb, MD

Background—The etiology of postural orthostatic tachycardia syndrome (POTS) is yet to be established. The disorder is often
misdiagnosed as chronic anxiety or a panic disorder because the autonomic failure in these patients is not severe. A growing body
of evidence suggests that POTS may be an autoimmune disorder. Antinuclear antibodies and elevations of ganglionic, adrenergic,
and muscarinic acetylcholine receptor antibodies have all been reported.

Methods and Results—We collected detailed clinical symptoms of 55 patients diagnosed with POTS. We also evaluated serum
levels of autoantibodies against 4 subtypes of G-protein coupled adrenergic receptors and 5 subtypes of G-protein coupled
muscarinic acetylcholine receptors by ELISA. Our patients had a multitude of comorbidities, were predominantly young females,
and reported viral-like symptoms preceding episodes of syncope. We detected a significant number of patients with elevated levels
of autoantibodies against the adrenergic alpha 1 receptor (89%) and against the muscarinic acetylcholine M, receptor (53%).
Surprisingly, elevations of muscarinic receptor autoantibodies appeared to be dependent upon elevation of autoantibodies against
the A, adrenergic receptor! Four patients had elevations of G-protein coupled autoantibodies against all 9 receptor subtypes
measured in our study. Five POTS patients had no elevation of any autoantibody; similarly, controls were also negative for
autoantibody elevations. There was a weak correlation of clinical symptom severity with G-protein coupled autoantibodies.

Conclusions—Our observations provide further evidence that, in most cases, POTS patients have at least 1 elevated G-protein
coupled adrenergic autoantibody and, in some instances, both adrenergic and muscarinic autoantibodies, supporting the
hypothesis that POTS may be an autoimmune disorder. (/ Am Heart Assoc. 2019;8:e013602. DOI: 10.1161/JAHA.119.

013602.)
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ostural orthostatic tachycardia syndrome (POTS) is a

disorder affecting as many as 3 million people in the
United States,' predominantly young women of childbearing
age, having a spectrum of clinical manifestations.?® The
syndrome was first described by Schondorf and Low in 1993,
that included a heterogeneous group of conditions/disorders
previously reported in the literature, having similar clinical
physiological presentations.*® The disorder can be extremely
debilitating, and the diagnosis requires the presence of
chronic orthostatic intolerance associated with an increased
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heart rate of >30 beats per minute from the supine or sitting
basal rate or a rate that exceeds 120 beats per minute when
standing or by an upright tilt test that occurs within
10 minutes.®” An inability of the peripheral vasculature to
maintain adequate resistance related to orthostatic stress is
thought to lead to excessive pooling of blood in the more-
dependent areas of the body.®'° Yet, the variety of comor-
bidities identified in affected patients illustrates the potential
for a variety of etiologies for the development of POTS.'"'¢
There have been numerous postulates to explain the mech-
anisms related to the etiology of POTS, with strong evidence
that a predisposing viral infection, celiac disease, thyroiditis,
and joint hypermobility may be triggers.”""'

Postural orthostatic tachycardia syndrome may be classi-
fied as either a primary (or idiopathic) or secondary condition,
and to date the etiology of POTS is complex with no known
specific basis that could be utilized to diagnose the disorder
with a laboratory test. Clinical history, physical findings, and
head-upright tilt test are, at present, the best diagnostic tools.
Primary forms of POTS are idiopathic and are not associated
with other diseases, and the most common primary form is
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Clinical Perspective

What Is New?

* The results of our study provide evidence of a potential
autoimmune pathogenesis for postural orthostatic tachy-
cardia syndrome.

* Our findings also provide promise of establishing a standard
blood test that will assist in diagnosis of postural orthostatic
tachycardia syndrome, similar to assays currently used in
the diagnosis of other autoimmune diseases.

What Are the Clinical Implications?

* These findings raise the possibility that immune modulating
medications may be a potential therapeutic modality in
postural orthostatic tachycardia syndrome patients refrac-
tory to other forms of treatment.

referred to as “partial dysautonomic” or “neurogenic” POTS
that is usually reported as having a 5:1 female-to-male
ratio.'” """ Secondary POTS is associated with a known
disease or syndrome; chronic diabetes mellitus is the most
common disease related to POTS. Other associated diseases
include amyloidosis, sarcoidosis, alcoholism, Lupus, Sjogren’s
syndrome, heavy metal intoxication, and following chemother-
apy (especially from vinca alkaloids).?®?"

There is a growing body of evidence that the etiology of POTS
may have an immune-mediated pathogenesis. Some of the
earliest reports have identified autoantibodies against ganglionic
acetylcholine receptors in patients diagnosed with dysautono-
mia.?>?* Vernino et al** described their evaluation of 157
patients with a variety of dysautonomias that included 6 of 67
patients (9%) with POTS who were seropositive for antibodies
specific to nicotinic acetylcholine receptors. More recently,
investigators have reported both B-adrenergic and muscarinic
cholinergic receptor (mAChR) autoantibodies in patients with
significant orthostatic hypotension and have postulated that
these autoantibodies serve as vasodilators as a novel mechanism
inducing or exacerbating orthostatic hypotension.?>%?

The purpose of this study was to evaluate individuals
diagnosed with primary POTS for elevations of G-protein coupled
adrenergic and mAChR antibodies. In essence, this was a proof-
of-concept study to determine whether POTS patients had
elevations of these receptor autoantibodies. With the growing
body of literature, our hypothesis was that a significant number
of our patients would have elevated autoantibodies to G-protein
coupled adrenergic or muscarinic receptors.

Methods

The authors declare that all supporting data are available
within the article.

Patients

This study was performed under protocols approved by the
Institutional Review Board of The University of Toledo Medical
Center. Twenty-six patients were recruited with informed
consent for a prospective evaluation of autoantibodies against
G-protein coupled receptor antibodies, including 4 anti—
adrenergic receptor (AdrR) and 5 anti-mAChR epitopes. An
additional 29 subjects were included retrospectively utilizing
stored samples of plasma acquired from blood submitted for
evaluation of platelet-dense granule deficiency'? for a total of
55 subjects in this study. All patients had been diagnosed
with primary POTS in our Syncope and Autonomic Disorders
clinic utilizing clinical history, physical examination, and head-
upright tilt table analysis in the fasting state to be eligible for
inclusion. All had a history of orthostatic intolerance man-
ifested by orthostatic tachycardia, weakness, lightheaded-
ness, fatigue, and near syncope for at least 6 months or
longer. As part of the clinical workup, each patient had
undergone a thorough history and physical examination as
well as detailed blood chemistry analysis and thyroid profile
analysis.

We utilized a clinical checklist that could be scored as
either positive or negative (1 or 0) to be able to calculate an
arbitrary numerical severity value of clinical symptoms

Table. Patient Demographics

DOI: 10.1161/JAHA.119.013602

Study Subjects
n 55
Age, y 29.9+11.2
Females 52 (94.5%)

Clinical Symptoms No. Affected
Fatigue 52 (94.5%)
Aching muscles 46 (83.6%)
Palpitations 46 (83.6%)
Severe headache/migraine 43 (78.2%)
Shortness of breath/anxiety 42 (76.4%)
Joint hyperflexibility 40 (72.7%)
Nausea 39 (70.9%)
Easy bruising 35 (63.6%)
Cognitive issues 35 (63.6%)
Irritable bowel syndrome/gastritis 30 (54.5%)
Anemia 30 (54.5%)
Raynaud’s syndrome 27 (49.1%)
Epistaxis 26 (47.3%)
Depression 19 (34.5%)
Arthralgia 12 (21.8%)
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described by our patients. A total of 135 symptom descriptors
were utilized during the patient history and physical review of
medical systems with emphasis upon general health (fatigue),
head (severe headache), eyes (vision change), heart (palpita-
tions, chest pressure), lungs (shortness of breath, problems
sleeping), gastrointestinal (cramping, constipation, or nausea),
skeletal (muscle aches, hyperflexibility, or joint pain), psychi-
atric (anxiety, depression), and blood (easy bruising, frequent
nose bleeds). At the time of acquisition of blood samples, we
assessed hyperflexibility using the Brighton criteria.*°

Patients were excluded from this study if the following
criteria were identified: (1) patients on chronic antihyperten-
sive, diuretic, anticholinergic, or antidepressant medications;
(2) those with diabetic neuropathy or multisystem disease of
any etiology; and (3) any patients immobile for prolonged
periods.

ELISA Kits for Detection of G-Protein Coupled
Receptor Antibodies

ELISA kits were purchased from CellTrend GmbH (Luckenwalde,
Germany) to detect antibodies against 9 different G-protein
coupled receptor antibodies, including 4 anti-human AdrR
epitopes and 5 anti-human mAChR epitopes. These kits have

been validated by the manufacturer and used successfully in a
recent report identifying autoantibodies to beta adrenergic and
muscarinic cholinergic receptors in chronic fatigue syndrome,
of which many symptoms overlap with POTS.?' These kits were
as follows: AdrR autoantibodies, Alpha 1 (cat. no. 12400), Alpha
2 (cat. no. 12500), Beta 1 (cat. no. 12600), and Beta 2 (cat. no.
12700); and mAChR autoantibodies, M (cat. no.15100), M,
(cat. no. 15200), M3 (cat. no. 15300), My (cat. no. 15400), and
Ms (cat. no. 15500).

Sample Preparation

Blood samples obtained in our prospective study were
centrifuged to obtain platelet-poor plasma that was stored
in a freezer for up to a month to have sufficient number of
samples for batch processing with the ELISA kits. Samples
obtained retrospectively had been stored frozen for up to
2 years. All procedures followed the manufacturer’s instruc-
tions for each kit and included standards and controls for
incubation with test samples. Cut-off values utilized for
determination of elevated antibody titers were established by
the manufacturer for each kit. In general, each assay utilized
100 pL of sample, standard, or control for 2 hours of
incubation at 4°C and followed by a wash step, a 1-hour

(u/ml)

Adrenergic A1 Antibody Titer
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Figure 1. Clinical symptoms reported vs concentration of autoantibodies against adrenergic Alpha1.
Receptors weak correlations for both adrenergic and muscarinic receptor autoantibodies detected in POTS
patients sera was found with the number of clinical symptoms reported. This graph of adrenergic A1
autoantibody concentration vs symptom number serves as an example. AdrR indicates adrenergic receptor;

POTS, postural orthostatic tachycardia syndrome.

DOI: 10.1161/JAHA.119.013602

Journal of the American Heart Association 3

HDYVHASHY TVNIDIYO



POTS Is An Autoimmune Disorder Gunning et al

incubation at room temperature for the detection antibodies,
another wash step, a substrate incubation for 20 to 30 min-
utes at room temperature, and finally the addition of a stop
solution before spectrophotometry.

Statistical Analysis

Unless otherwise stated, data are presented as mean+1 SD.
The Pearson correlation test was used to compare our clinical
symptom severity scores with autoantibody concentrations.
All statistical analyses were performed and graphed using
SigmaPlot software (SSPS, Inc., Chicago, IL).

Results

As stated previously, all patients included in the study had
been diagnosed with POTS by head-upright tilt table analysis.
Patient demographics and common clinical symptoms are
itemized in Table. Briefly, a number of characteristics and
comorbidities appear to be common for the postural ortho-
static tachycardia patients included in our study. Fifty-two
(94.5%) of the study subjects were female, with an average
age of 29.9+11.2. A number of common complaints were

described, with the most common being fatigue (95%), aching
muscles and/or palpitations (84%), and severe headache or
migraine headache (78%).

The arbitrary symptom score average was 44.9 from a
potential 135 inquiry items. The range of “positive” symptom
checks was a low of 12 to a high of 88. There was a tendency
that lower symptoms scores correlated with having no
autoantibodies or a low titer of autoantibody detected.
However, 3 patients, with no elevation of any of the 9
receptors assayed, had scores of 41, 43, and 53 respectfully.
Using an arbitrary method of calculating a relative symptom
score for determination of symptom severity, a weak corre-
lation with all 9 receptor subtypes of autoantibody concen-
tration was found (Figure 1, AdrR A, plot, for example). The
Pearson correlation coefficients (r) and P values for AdrR
autoantibody subtypes were: A;: =0.31, P=0.02; A,: =0.33,
P=0.01; By: =0.29, P=0.03; and B,: =0.21, P=0.13. The r
and P values for mAChR autoantibodies were: My: r=0.23,
P=0.09; M,: r=0.23, P=0.09; M3: =0.23, P=0.09; M,: r=0.25,
P=0.06; and M5: =0.17, P=0.21. Symptoms such as frequent
chest colds, blood in urine, heart murmurs, and vomiting were
rarely noted whereas heart palpitations, nausea, and easy
bruising were very common.
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Figure 2. Elevated autoantibodies against adrenergic receptors in patients diagnosed with postural
orthostatic tachycardia syndrome. Autoantibodies against the adrenergic alpha 1 receptor was the most
common elevation of detected. Adr-R indicates adrenergic receptor.
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G-Protein Coupled Receptor Autoantibodies
Anti-AdrR antibodies

We detected elevated autoantibodies against all four G-
protein coupled AdrRs (Figures 2 and 3), with the most
significant being an elevation of the alpha 1 receptor
autoantibody in 89% (49 of 55) of the POTS patients in this
study. Thirty-one percent (17 of 55) of subjects were found to
have only 1 AdrR autoantibody, and in all instances, the
antibody was against the alpha 1 receptor. Ten subjects (18%)
were found to have 2 or more elevated adrenergic AdrR
antibodies, and 4 (7%; 4 of 55) had elevation of all
autoantibodies (both adrenergic and muscarinic acetylcholine
receptors; Figure 4); 2 additional subjects (4%) had 8 of 9, and
1 patient had 5 of 9 elevated autoantibodies (Figure 4). Five
POTS patients (9%) had no evidence of any elevation of
autoantibodies nor did our controls.

Anti-muscarinic receptor antibodies

Elevation of muscarinic mAChR autoantibodies was depen-
dent upon elevation of AdrR antibodies! All POTS patients with

elevated mAChR autoantibodies had at least 1 elevated AdrR
antibody. Thirty-one POTS patients (56%) were found to have
an elevation of at least 1 mAChR autoantibody (Figures 5 and
6), with the most common elevation of antibodies against the
M, receptor in 29 of the patients (53%). Seventeen subjects
(31%) were found to have 2 or more mAChR autoantibodies.

Discussion

The aim of this study was to detect both the presence and
prevalence of G-protein coupled adrenergic and cholinergic
receptor antibodies in patients with postural orthostatic
tachycardia syndrome. Although our working hypothesis was
that autoantibodies to these autonomic system receptors
would be found in some POTS patients, the results or our
investigation were surprising and unexpected. Of the 55 POTS
subjects evaluated, 49 (89%) were found to have elevated
antibodies against the Alpha 1 adrenergic receptor and 28
subjects (51%) had elevations of antibodies against the
muscarinic cholinergic receptor, M4. Even more striking was
that mAChR antibodies were elevated only if patients had an
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Figure 3. Concentration of autoantibodies against adrenergic receptors in patients diagnosed with
postural orthostatic tachycardia syndrome. Adrenergic alpha 1 receptor antibodies had the highest mean
concentration in serum for the study group with a mean of 15.5+10.3 units/mL. Some patients had
antibodies against all 4 receptor subtypes and some had elevations exceeding the assay maximum
concentration cutoff. Five patients had AdrR A, antibody values that exceed the chart, and 1 patient each
had antibodies >40 units/mL for AdrR A, and B+; no one had antibodies >40 units/mL for B,; these patient

values are graphed in Figure 4.
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elevation of an AdrR antibody. Similarly, although we detected
autoantibodies against all 4 subtypes of the G-protein coupled
adrenergic receptor, elevation of antibodies against Alpha 2,
Beta 1, or Beta 2 receptors were present only if antibodies
were also elevated against the A; adrenergic receptor. Five
patients had no elevation of autoantibodies against any of the
9 receptors evaluated.

The female/male ratio of 18:1 and mean age (29.9) in our
study is similar to one of our previous reports,'? but
significantly greater than usually described for POTS having
a female-to-male ration of between 5:1 and 3:1 and a median
age of 23.32 Clinical symptoms of our subjects were
consistent with those described in the literature, including
94.5% complaining of fatigue and 72.7% with hyperflexibility,
for example (Table). Of the many symptoms we recorded
(Table), clinical comorbidities were essentially identical to
those we have previously described, including easy bruising
(63.6%) and frequent epistaxis (47.3%) in a POTS study that
found platelet delta granule storage pool deficiency in 81% of
our patients (146 of 181).'> These symptoms may be
described as 3 broad-reaching categories of symptoms
related to (1) connective tissue, joints, and the heart and

vasculature; (2), neurophysiological manifestation of head-
aches, cognitive issues, and depression; and (3) symptoms
suggestive of platelet dysfunction, specifically delta granule
storage pool deficiency.'?> The constellation of clinical
presentations demonstrates a significant heterogeneity, con-
sistent with that described in the literature.

The symptom of hyperflexibility was not evaluated using
the current diagnostic criteria to categorize hypermobile
Elhers-Danlos syndrome.®® Our experience using the Beighton
9-point scoring system for joint hypermobility is much lower,
with 20% to 30% of our POTS patients having scores of 6 or
more. Given that we did not include the criteria to diagnose
Elhers-Danlos syndrome in this study, any correlation with
detection of autoantibodies was therefore not evaluated. With
the heterogeneity of symptoms associated with POTS, a
variety of proposed etiologies have been suggested, yet no
conclusive basis or mechanism has been estab-
lished.”?%?1343% The |ess-frequent primary form of POTS
(hyperadrenergic POTS) has been described as a form of -
adrenergic receptor hypersensitivity with many of these
patients experiencing true migraine headaches, including
onset with photophobia and nausea.®® A secondary form of
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Figure 4. Patients with extremely elevated autoantibodies. Patients were found to have extreme
elevations of multiple autoantibodies detected, some of whom with antibodies against all 9 receptor
subtypes. AdrR indicates adrenergic receptor; mAChR, muscarinic acetylcholine receptor.
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POTS resulting from peripheral autonomic deinnervation, but
with maintained cardiac innervation, is usually associated with
underlying disease states with diabetes mellitus the most
common. Hypermobile Elhers-Danlos syndrome has also been
considered as secondary form of POTS. Our results support
the hypothesis that POTS may be an autoimmune disorder
affecting the autonomic nervous system.

Some of the earliest reports of orthostatic intolerance with
elevated antibodies against autonomic nervous system anti-
bodies focused upon ganglionic acetylcholine receptors.?*3”~
39 More recently, reports of a significant relationship with
orthostatic intolerance and muscarinic receptor autoantibod-
ies?®294041 and adrenergic receptor autoantibodies have
been published.?®?%%%4% Thys, autoantibodies against both
the sympathetic and the parasympathetic autonomic nervous
system have been implicated as potential etiologies of POTS.

The ELISA kits used in our investigation, although not
reported by others in the evaluation of autoantibodies in
POTS, have been utilized in a variety of studies, including a
large study of elderly patients with cardiac insufficiency.** The
CellTrend GmbH ELISA kits have been validated and utilized in
studies of chronic heart failure patients.**** Autoantibodies
against both adrenergic and muscarinic cholinergic receptors
have been associated with a variety of cardiovascular

diseases, including ischemic heart disease, Chagas disease,
and idiopathic dilated cardiomyopathy, and have been asso-
ciated with biomarkers of inflammation and myocardial
damage.***° In addition to these cardiovascular diseases,
elevations of G-coupled protein receptor autoantibodies have
been found in a number of autoimmune diseases, including
systemic sclerosis and Sjogren’s syndrome, and in other
conditions such as Alzheimer’s disease and complex regional
pain syndrome.*>*¢ A common denominator could be a
predisposing inflammatory or ischemic stress process. Our
patients were all referrals from other institutions, and an
ability to evaluate the onset of POTS, the severity of
symptoms, and consideration of G-coupled protein receptor
autoantibody titer concentration could not be evaluated to
determine whether autoantibodies preceded or followed
POTS. Our specific aim of this project was for proof of
concept to evaluate the growing body of evidence that POTS
patients have elevated G-coupled protein receptor autoanti-
bodies, and the disorder’s etiology is potentially autoim-
mune.*®

The significance of autoantibodies against the adrenergic
alpha 1 receptor in 89% of our patients is unknown. One might
postulate that a viral infection could stimulate molecular
mimicry and that the A, receptor might have stoichiometry
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Figure 5. Elevated autoantibodies against muscarinic cholinergic receptors in patients with postural
orthostatic tachycardia syndrome. The most common muscarinic acetylcholine receptor autoantibody

was against the M4 subtype.
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similar to an unknown antigenic epitope in infection and/or
inflammation. A significant number of our patients have
described Epstein—Barr virus infections and gastrointestinal
pain that could be related to an enteric viral infection preceding
the onset of symptoms and ultimately the development of POTS
and its diagnosis. A well-documented association with vaccina-
tion preceding the development of POTS is known, and a number
of studies have reported viral infections and molecular mimicry
associated with autoimmune diseases.*”~>°

Autoantibodies reported to be associated with POTS target
G-coupled (guanine-nucleotide—binding) proteins. The cholin-
ergic autoantibodies are directed against nicotinic and
muscarinic acetylcholine receptors. Nicotinic acetylcholine
receptors are ionotropic, acting as cationic channels, and are
principally found in the central and peripheral nervous system
and the primary receptor in the motor end plate of skeletal
muscle.3?*° Muscarinic receptors function in both the central
and peripheral nervous systems and are the primary end
receptor in the parasympathetic nervous system.’’ Mus-
carinic have been subtyped into 5 different classifications and
function through a second messenger with either stimulatory

(Gi; My, My; messengers diacyl glycerol and inositol triphos-
phate) or inhibitory function (Gg; M;, M3z, and Ms, inhibits
cAMP).>? The inhibitory G-coupled acetylcholine M, receptors
are expressed in both heart and smooth muscle and many
other tissues whereas M, receptors are not, but both appear
to modulate the heart through sympathetic neurotransmitter
release in the atria.’®3 The stimulatory M, and M; receptors
are reported to play a role in both vasodilation and -
constriction of the vasculature whereas the Ms receptor is yet
to be understood.>?*

In 2012, Li et al®® reported autoantibodies to beta
adrenergic (B,) and muscarinic (M3) receptors by ELISA in
75% of patients with significant orthostatic hypotension.
Subsequently, antibodies to both adrenergic Alpha 1 and Beta
1 receptors have been reported in POTS patients,?>?%*? and
angiotension Il type 1 autoantibodies have also been found in
POTS.>* In a recent review of POTS, Bryarly et al°® state that
although the varied reports of serum autoantibodies against
both adrenergic and cholinergic receptors were detected in
POTS patients, an association is yet to be proven in terms of
pathophysiology or diagnostic relevance. Our results provide
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Figure 6. Concentration of autoantibodies against muscarinic cholinergic receptors in patients with
postural orthostatic tachycardia syndrome. The mean concentration of muscarinic acetylcholine receptor
autoantibodies was lower than the cut-off value, except for the M4 subtype with a mean of 11.049.3 units/
mL. Some patients had autoantibodies against all 5 receptor subtypes that exceeded the maximum cut-off
value. Three patients had mAChR M1 antibody values that exceed the chart, 5 patients had antibodies
>40 units/mL for mAChR M2, and 4 patients each had antibodies against mAChR M3, M4, and M5
>40 units/mL; these patient values are graphed in Figure 4.
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further evidence of a potential etiology for POTS as an
autoimmune disorder.

We report that both adrenergic and muscarinic receptor
autoantibodies may be detected by ELISA in POTS patients.
The most prevalent elevation of autoantibody in our investi-
gation was antiadrenergic A; receptor, and detection of other
adrenergic and muscarinic receptor autoantibodies were not
detected without elevation of autoantibodies against the A,
receptor. We do not understand the significance of this
observation. These results may support the postulate by
Fedorowski et al?® that autoantibodies against the A; recep-
tor may have a negative modulatory effect; in other words, the
A, adrenergic receptor functions as a vasoconstrictor, and
antibodies specific to this G-coupled protein receptor would
therefore cause an ineffective response to stimulus resulting
in hypotension.

POTS affects as many as 3 million people in the United
States' and is the least severe of the dysautonomias.' Yet
POTS tends to be more severe with numerous associated
symptoms than observed in typical cases of neurocardiogenic
syncope.'®°® With a variety of subtle clinical symptoms,
including fatigue, lightheadedness, nausea, headache, near
syncope, and exercise intolerance, the disorder is often
misdiagnosed as chronic anxiety or a panic disorder because
the autonomic failure in these patients is not severe.'®°° We
have previously reported a comorbidity in POTS that could
explain many of these clinical symptoms; platelet delta
granule storage pool deficiency with diminished serotonin
levels appears to be frequent in our experience.'? We have
not proposed delta granule storage pool deficiency as an
etiology of POTS; however, the deficiency might be acquired
by autoantibodies, perhaps against enteric cells that produce
serotonin in the gut that is stored in platelet granules.
Regardless, it may be prudent to consider including an
investigation of autoantibodies against the alpha 1 adrenergic
receptor during diagnostic workup of the orthostatic hypoten-
sion patient.

Weaknesses of our study include that it is a descriptive
study, not a case-control investigation. At the onset of our
investigation, we found no elevation of antibodies against
adrenergic or muscarinic receptors of any subtype in 3 control
subjects. Thus, solely for financial reasons, we decided to
evaluate as many POTS patients as possible with our limited
resources, and each ELISA kit included controls to establish a
standardized curve for determination of antibody concentra-
tion in POTS patients’ sample sera. All test samples were
appropriately assayed with both positive kit standards and
negative controls. Another potential weakness might be that
we did not consider evaluating serum for angiotensin Il type 1
antibodies; the report of autoantibodies to this G-protein
coupled receptor had not yet been reported at the time we
initiated our study.

In conclusion, our findings support the growing body of
evidence suggesting that POTS may be an autoimmune
disorder. It is very interesting that both sympathetic and
parasympathetic nervous system receptors are immune-
mediated targets. Of particular interest is the apparent
tendency that subtypes of both adrenergic (A,, By, and B,)
and muscarinic receptor antibodies were not detected in the
serum of POTS patients, unless autoantibodies were
expressed against the alpha 1 adrenergic receptor subtype.
This phenomenon requires further investigation.

Sources of Funding

This study could not have been conducted without research
grant funded by The Dysautonomia Advocacy Foundation
(Charleston, SC) and a gift by Life as a Zebra Foundation
(Lansing, MI).

Disclosures

None.

References

1. Mar PL, Raj SR. Neuronal and hormonal perturbations in postural tachycardia
syndrome. Front Physiol. 2014;5:220.

2. Garland EM, Raj SR, Black BK, Harris PA, Robertson D. The hemodynamic and
neurohumoral phenotype of postural tachycardia syndrome. Neurology.
2007;69:790-798.

3. Peggs KJ, Nguyen H, Enayat D, Keller NR, Al-Hendy A, Raj SR. Gynecologic
disorders and menstrual cycle lightheadedness in postural tachycardia
syndrome. Int / Gynaecol Obstet. 2012;118:242—-246.

4. Low PA, Opfer-Gehrking TL, Textor SC, Benarroch EE, Shen WK, Schondorf R,
Suarez GA, Rummans TA. Postural tachycardia syndrome (POTS). Neurology.
1995;45:5S19-S25.

5. Raj SR. The postural tachycardia syndrome (POTS): pathophysiology, diagnosis
& management. Indian Pacing Electrophysiol J. 2006;6:84-99.

6. Benarroch EE. Postural tachycardia syndrome: a heterogeneous and multifac-
torial disorder. Mayo Clin Proc. 2012;87:1214—-1225.

7. Sheldon RS, Grubb BP I, Olshansky B, Shen WK, Calkins H, Brignole M, Raj SR,
Krahn AD, Morillo CA, Stewart JM, Sutton R, Sandroni P, Friday KJ, Hachul DT,
Cohen MI, Lau DH, Mayuga KA, Moak JP, Sandhu RK, Kanjwal K. 2015 Heart
Rhythm Society expert consensus statement on the diagnosis and treatment
of postural tachycardia syndrome, inappropriate sinus tachycardia, and
vasovagal syncope. Heart Rhythm. 2015;12:e41-e63.

8. Gazit Y, Nahir AM, Grahame R, Jacob G. Dysautonomia in the joint
hypermobility syndrome. Am / Med. 2003;115:33—40.

9. Eltahawy EA, Grubb BP. Neurocardiogenic syncope: mechanisms, evaluation
and treatment. Future Cardiol. 2006;2:325-334.

10. Rowe PC, Barron DF, Calkins H, Maumenee I[H, Tong PY, Geraghty MT.
Orthostatic intolerance and chronic fatigue syndrome associated with Ehlers-
Danlos syndrome. / Pediatr. 1999;135:494—-499.

11. Boris JR, Bernadzikowski T. Demographics of a large paediatric postural
orthostatic tachycardia syndrome program. Cardio/ Young. 2018;28:668—
674.

12. Gunning WT IIl, Karabin BL, Blomquist TM, Grubb BP. Postural orthostatic
tachycardia syndrome is associated with platelet storage pool deficiency.
Medicine (Baltimore). 2016;95:4849.

13. Reynolds GK, Lewis DP, Richardson AM, Lidbury BA. Comorbidity of postural
orthostatic tachycardia syndrome and chronic fatigue syndrome in an
Australian cohort. / Intern Med. 2014;275:409-417.

14. McDonald C, Koshi S, Busner L, Kavi L, Newton JL. Postural tachycardia
syndrome is associated with significant symptoms and functional impairment

DOI: 10.1161/JAHA.119.013602

Journal of the American Heart Association 9

HDYVHASHY TVNIDIYO



POTS Is An Autoimmune Disorder

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Gunning et al

predominantly affecting young women: a UK perspective. BM/ Open. 2014;4:
e004127.

. Sharif K, Watad A, Bragazzi NL, Lichtbroun M, Martini M, Perricone C, Amital H,

Shoenfeld Y. On chronic fatigue syndrome and nosological categories. Clin
Rheumatol. 2018;37:1161-1170.

. Chelimsky G, Kovacic K, Nugent M, Mueller A, Simpson P, Chelimsky TC.

Comorbid conditions do not differ in children and young adults with functional
disorders with or without postural tachycardia syndrome. J Pediatr.
2015;167:120—124.

. Boehm KE, Kip KT, Grubb BP, Kosinski DJ. Neurocardiogenic syncope:

response to hormonal therapy. Pediatrics. 1997;99:623—625.

. Grubb BP, Kosinski DJ, Kanjwal Y. Orthostatic hypotension: causes, classifi-

cation, and treatment. Pacing Clin Electrophysiol. 2003;26:892—901.

. Karas B, Grubb BP, Boehm K, Kip K. The postural orthostatic tachycardia

syndrome: a potentially treatable cause of chronic fatigue, exercise intoler-
ance, and cognitive impairment in adolescents. Pacing Clin Electrophysiol.
2000;23:344-351.

Arnold AC, Okamoto LE, Diedrich A, Paranjape SY, Raj SR, Biaggioni |, Gamboa
A. Low-dose propranolol and exercise capacity in postural tachycardia
syndrome: a randomized study. Neurology. 2013;80:1927-1933.

Agarwal AK, Garg R, Ritch A, Sarkar P. Postural orthostatic tachycardia
syndrome. Postgrad Med J. 2007;83:478-480.

Thieben MJ, Sandroni P, Sletten DM, Benrud-Larson LM, Fealey RD, Vernino S,
Lennon VA, Shen WK, Low PA. Postural orthostatic tachycardia syndrome: the
Mayo Clinic experience. Mayo Clin Proc. 2007;82:308-313.

Sandroni P, Vernino S, Klein CM, Lennon VA, Benrud-Larson L, Sletten D, Low
PA. Idiopathic autonomic neuropathy: comparison of cases seropositive and
seronegative for ganglionic acetylcholine receptor antibody. Arch Neurol.
2004;61:44-48.

Vernino S, Low PA, Fealey RD, Stewart JD, Farrugia G, Lennon VA.
Autoantibodies to ganglionic acetylcholine receptors in autoimmune auto-
nomic neuropathies. N Engl /] Med. 2000;343:847—855.

Fedorowski A, Li H, Yu X, Koelsch KA, Harris VM, Liles C, Murphy TA, Quadri
SMS, Scofield RH, Sutton R, Melander O, Kem DC. Antiadrenergic autoimmu-
nity in postural tachycardia syndrome. Europace. 2017;19:1211-1219.

Li H, Yu X, Liles C, Khan M, Vanderlinde-Wood M, Galloway A, Zillner C,
Benbrook A, Reim S, Collier D, Hill MA, Raj SR, Okamoto LE, Cunningham MW,
Aston CE, Kem DC. Autoimmune basis for postural tachycardia syndrome. /
Am Heart Assoc. 2014;3:e000755. DOI: 10.1161/JAHA.113.000755.

Li H, Zuccolo J, Kem DC, Zillner C, Lee J, Smith K, James JA, Cunningham MW,
Yu X. Implications of a vasodilatory human monoclonal autoantibody in
postural hypotension. J Biol Chem. 2013;288:30734-30741.

Yu X, Stavrakis S, Hill MA, Huang S, Reim S, Li H, Khan M, Hamlett S,
Cunningham MW, Kem DC. Autoantibody activation of beta-adrenergic and
muscarinic receptors contributes to an “autoimmune” orthostatic hypoten-
sion. / Am Soc Hypertens. 2012;6:40—47.

Li H, Kem DC, Reim S, Khan M, Vanderlinde-Wood M, Zillner C, Collier D, Liles
C, Hill MA, Cunningham MW, Aston CE, Yu X. Agonistic autoantibodies as
vasodilators in orthostatic hypotension: a new mechanism. Hypertension.
2012;59:402—-408.

Grahame R, Bird HA, Child A. The revised (Brighton 1998) criteria for the
diagnosis of benign joint hypermobility syndrome (BJHS). / Rheumatol.
2000;27:1777-1779.

Loebel M, Grabowski P, Heidecke H, Bauer S, Hanitsch LG, Wittke K, Meisel C,
Reinke P, Volk HD, Fluge O, Mella O, Scheibenbogen C. Antibodies to beta
adrenergic and muscarinic cholinergic receptors in patients with chronic
fatigue syndrome. Brain Behav Immun. 2016;52:32-39.

Cooke J, Carew S, Costelloe A, Sheehy T, Quinn C, Lyons D. The changing face
of orthostatic and neurocardiogenic syncope with age. Q/M. 2011;104:689—
695.

Malfait F, Francomano C, Byers P, Belmont J, Berglund B, Black J, Bloom L,
Bowen JM, Brady AF, Burrows NP, Castori M, Cohen H, Colombi M, Demirdas
S, De Backer J, De Paepe A, Fournel-Gigleux S, Frank M, Ghali N, Giunta C,
Grahame R, Hakim A, Jeunemaitre X, Johnson D, Juul-Kristensen B, Kapferer-
Seebacher |, Kazkaz H, Kosho T, Lavallee ME, Levy H, Mendoza-Londono R,
Pepin M, Pope FM, Reinstein E, Robert L, Rohrbach M, Sanders L, Sobey GJ,

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Van Damme T, Vandersteen A, van Mourik C, Voermans N, Wheeldon N,
Zschocke J, Tinkle B. The 2017 international classification of the Ehlers-Danlos
syndromes. Am J/ Med Genet C Semin Med Genet. 2017;175:8-26.

Medow MS, Stewart JM. The postural tachycardia syndrome. Cardiol Rev.
2007;15:67-75.

Grubb B, Dan GA. Syncope due to autonomic insufficiency syndromes
associated with orthostatic intolerance. Rom J Intern Med. 2000;39:3—19.

Furlan R, Jacob G, Snell M, Robertson D, Porta A, Harris P, Mosqueda-Garcia R.
Chronic orthostatic intolerance: a disorder with discordant cardiac and
vascular sympathetic control. Circulation. 1998;98:2154-2159.

Klein CM, Vernino S, Lennon VA, Sandroni P, Fealey RD, Benrud-Larson L,
Sletten D, Low PA. The spectrum of autoimmune autonomic neuropathies. Ann
Neurol. 2003;53:752-758.

Vernino S, Adamski J, Kryzer TJ, Fealey RD, Lennon VA. Neuronal nicotinic ACh
receptor antibody in subacute autonomic neuropathy and cancer-related
syndromes. Neurology. 1998;50:1806—1813.

Brimijoin S, Lennon VA. Autoimmune preganglionic sympathectomy induced
by acetylcholinesterase antibodies. Proc Natl Acad Sci USA. 1990;87:9630—
9634,

Galloway A, Li H, Vanderlinde-Wood M, Khan M, Benbrook A, Liles C, Zillner C,
Rao V, Cunningham MW, Yu X, Kem DC. Activating autoantibodies to the
beta1/2-adrenergic and M2 muscarinic receptors associate with atrial
tachyarrhythmias in patients with hyperthyroidism. Endocrine. 2015;49:457—
463.

Herda LR, Felix SB, Boege F. Drug-like actions of autoantibodies against
receptors of the autonomous nervous system and their impact on human heart
function. Br J Pharmacol. 2012;166:847—857.

Trippel TD, Mueller DN, Obradovic D, Edelmann F, Tahirovic E, Wilick E,
Riemekasten G, Gragun D, Busjahn A, Heidecke H, Junker J, Peieske B, Dungen
HD, Dechend R. Anti-B 1-adrenoreceptor auto-antibodies in elderly heart failure
patients. Front Biosci. 2019;24:1037—1049.

Boivin-Jahns V, Jahns R. GPCR-autoantibodies in chronic heart failure. Front
Biosci (Landmark Ed). 2018;23:2065-2081.

Lund A, Giil LM, Slettom G, Nygaard O, Heidecke H, Nordrehaug JE. Antibodies
to receptors are associated with biomarkers of inflammation and myocardial
damage in heart failure. Int J Cardiol. 2018;250:253-259.

Meyer C, Heidecke H. Antibodies against GPCR. Front Biosci (Landmark Ed).
2018;23:2177-2194.

Vernino S, Stiles LE. Autoimmunity in postural orthostatic tachycardia
syndrome: current understanding. Auton Neurosci. 2018;215:78-82.

Blitshteyn S. Autoimmune markers and autoimmune disorders in patients with
postural tachycardia syndrome (POTS). Lupus. 2015;24:1364—1369.

Fedorowski A. Postural orthostatic tachycardia syndrome: clinical presenta-
tion, aetiology and management. / Intern Med. 2019;285:352—366.

Molina V, Shoenfeld Y. Infection, vaccines and other environmental triggers of
autoimmunity. Autoimmunity. 2005;38:235-245.

Waisbren BA Sr. Acquired autoimmunity after viral vaccination is caused by
molecular mimicry and antigen complimentarity in the presence of an
immunologic adjuvant and specific HLA patterns. Med Hypotheses.
2008;70:346—348.

Carlson AB, Kraus GP. Physiology, Cholinergic Receptors. StatPearls. StatPearls
[Internet]. Treasure Island, FL: StatPearls; 2019.

Hurst R, Rollema H, Bertrand D. Nicotinic acetylcholine receptors: from basic
science to therapeutics. Pharmacol Ther. 2013;137:22-54.

Haga T. Molecular properties of muscarinic acetylcholine receptors. Proc Jpn
Acad Ser B Phys Biol Sci. 2013;89:226-256.

Yu X, Li H, Murphy TA, Nuss Z, Liles J, Liles C, Aston CE, Raj SR, Fedorowski A,
Kem DC. Angiotensin Il type 1 receptor autoantibodies in postural tachycardia
syndrome. / Am Heart Assoc. 2018;7:e¢008351. DOl: 10.1161/JAHA.117.
008351.

Bryarly M, Phillips LT, Fu Q, Vernino S, Levine BD. Postural orthostatic
tachycardia syndrome. / Am Coll Cardiol. 2019;73:1207—-1228.

Boris JR. The role of the cardiologist in the evaluation of dysautonomia. Cardiol
Young. 2010;20(suppl 3):135—-139.

DOI: 10.1161/JAHA.119.013602

Journal of the American Heart Association 10

HDYVHASHY TVNIDIYO



