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Postural orthostatic tachycardia syndrome
(POTS)
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Total
Symptoms Number number* % Total

Cardiovascular symptoms )
Neurological symptoms — eyes and ears

Lightheadedness 3992 4034 99 o
2 Blurred vision 3015 4032 75
Tachycardia 3901 4032 97
= o S 5 Dry mouth 2662 4031 66
yReope Dry eyes 2383 4030 60
Shortness of breath 3562 4032 88 : =
Neurological symptoms — extremities
Palpitations 3033 4031 87 Mugle pans 3374 4029 84
Chest pain 3164 4002 < Foot coldness 3377 4030 84
Lowblood pressure 2864 4033 71 Muscle weakness 3344 4030 83
Syaeope: 1452 4033 36 Hand coldness 3311 4029 82
Gastrointestinal symptoms Hand tingling 3060 4029 76
Nausea 3618 4032 90 Foot tingling 2701 4028 67
Stomach pains 3357 4032 83 Hand numbness 2627 4029 65
Bloating 3184 4031 79 Foot numbness 2350 4029 58
Constipation 2845 4032 71 Skin symptoms
Diarrhoea 2783 4032 69 Skin flushing 2774 4029 69
Neurological symptoms — head and brain Bladder symptoms
Headache 3797 4032 94 Frequent urination 2733 4031 68
Difficulty concentrating 3794 4032 94
Memory problems 3538 4032 87
Tremulousness 3124 4039 78

Journal of Internal Medicine, 2019, 286; 438-448



Immune triggers in POTS

* A recent history of suspected infection is reported in 20-50% of
patients with acute triggers.

* Infectious agents linked to POTS include Borrelia burgdorferi, Epstein
Barr virus (EBV), Trypanosoma cruzi, Mycoplasma pneumoniae, and
recently SARS-CoV?2 (30-60% of long-COVID syndrome).

e Of acute triggers: surgery (12%), pregnancy (9%), vaccine (6%),
concussion (4%) which may have strong immune effects.

J Intern Med. 2019;286(438-448). Mayo Clin Proc. 1999;74(11):1106-1110; Ann Clin Transl Neurol. 2018;5(4):486-492; Cardiol J. 2011;18(1):63-66; Ann Noninvasive
Electrocardiol. 2015;20(1):82—86; Curr Sports Med Rep. 15(1):41-45; SAGE Open Med Case Rep. 2020;8:2050313X20915413; Klin Wochenschr. 1980;58(23):1307-
1311; Infect Dis Clin Pract. 2009;17(5); Clin Auton Res. 2020;30(5):449-451; J Innov Card Rhythm Manag. 2020;11(11):4302-4304; Heart Rhythm. December 2020



Table 2 Common comorbidities in POTS patients

Number (%) (of

Comorbidity 3933 respondents)
Migraine headaches 1557 (40%)
Irritable bowel syndrome 1192 (30%)
Ehlers-Danlos syndrome 994 (25%)
Chronic fatigue syndrome 809 (21%)
Asthma 798 (20%)
Fibromyalgia 786 (20%)
Raynaud’s phenomena 610 (16%
Iron deficiency anaemia 628 (16%)
Gastroparesis 548 (14%)
Vasovagal syncope 499 (13%)
Inappropriate sinus tachycardia 448 (11%)
Mast cell activation disorder 353 (9%)

Autoimmune disease 616 (16%) Patient reported
Hashimoto’s thyroiditis 228 (6%)
Coeliac disease 133 (3%)

Sjogren’s syndrome 112 (3%)
Rheumatoid arthritis 93 (2%)
Lupus 81 (2%)
Other 160 (4%)

Journal of Internal Medicine, 2019, 286; 438448



* Higher prevalence of
autoimmune
disorders in POTS
patients and close
relatives including:
Hashimoto's
thyroiditis, Sjogren’s
syndrome, celiac
disease and systemic

lupus erythematosus
(SLE).
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Auton Neurosci. 2018;215:78-82; J Intern Med. 2019;286(438-448); Lupus. 2015;24(13):1364-1369; Cardiol Young. 2020;30(3):388-394 ; Eur J
Gastroenterol Hepatol. 2016;28(12):1383-1387; Neurologist. 2017;22(4):127-130; Rheumatology (Oxford). 2004;43(5):609-614.




Autoimmune autonomic neuropathy

* Celiac disease and Sjogren’s syndrome are common causes of
autonomic neuropathy after diabetes.

* Dry eyes are common in POTS patients presenting to a
neurology clinic but Sjogren’s work up often not done.

* Antibody testing alone for Sjogren’s often not enough (salivary
biopsy).

* Small fiber neuropathy is present in Sjogren’s, celiac, and
other autoimmune causes that can co-exist with POTS.

Autonomic Neuroscience: Basic and Clinical 215 (2018) 78-82
Clinical Ophthalmology 2020:14



HLA association in POTS

Phenotype fréquency as no. (percentage) Statnticad analysis
POTS versus eplepsy controls POTS versus healthy controls
HLA alele or haplotype POTS Epllepsy controls  Healthy contegls  OR (95% €I At OR (95% CO A"
Total (n=17)
DQB1*06:09 INT (419%) 17210 (8%) 36/48S (7%) 79(27-235 89x10*' B87{31.243) 32x10"
C*03.02 BNT ([47%) 327210 (15%) 710485 (15%) 4918138 0075 52019139, 0043
DRB1*13:02 INT (41%) 28210 (13%) B3/48S (17%) 46(16129) 023 34(1.3.82) 065
B*5801 INT 41%) 3270 (15%) S9A8S (12%:) 4(t4124 051 S1(19-138) 0.15
A*33.03 NT (R1%F S&210(27%) 140/485 (29%) 190753 059 170646 065
Haplotype#1* MNT41%) 16210 (8%) 327485 (7%} B5(28253) 26x1"' 9935278 65x10*
Haplotypes2* 617 (35%) 13210 (6%) 290485 (6%) 8326259 64x%w' 8530248 32x10"?
Patents with antbodes 10 both 2AR and 2AR (nw13)
DQB1*06:09 NI (54%) 17210 (8%) 36485 (7%) 132(4.0-439) 12x 10" 146(86456) 40x10"
C*03.02 BN3 (62%) 327210 (15%) 714485 (15%) B9(27-289) B8OXx10' 8330293 42x10"?
DRE1*13.02 13 (S8%) 28210 (13%) 83/4B5 (17%) 76424242 0037 S7(t8172y OoONn
Be*sS8.01t TN3(54%) 31210 (15%) S9V485 (12%) 6.7(2.1.204) 0086 84Q7.259 0.021
A*33.03 TN3(54%)F S6210(27%) 140/485 (29%) 320001000 >099 29987 065
Haplotype#i* T3 54%F 167210 (8%} 32/48S (7%} 14142471 34x10* 165052520 718x10?*
Haplotype#2* 613 (46%) 12210 (6%) 25/48S (6%) 130038443 12x1*' 1253427 Ss&x10*

Annals of Clinical and Translational
Neurology 2019; 6(5): 962-967



Phospholipase C | w ) .
M, G‘ & 1P} ;| elevated Ca salivary gland & stomach secretion
M, G, | cAMPdecreased | ocreased Ca "IN | decreased heart rate and force
: Phospholipase C Mo constriction of vessels & bronchioles
M’ G« & 1P, increased S O8 detrusor contraction (micturition )
M, | G |cAMPdoomasca |drcased Gy ol | ity efcs
Phospholipase C Rt R
M, G, | 1P increased | SV Ca peesent in CNS
r | G-protein _W; & Exa —
@, G Phospholipase C | =4 Ca cutancous & G1 vasoconstriction;
Y | & IP,increased urethral sphincter contraction
@, G, | cAMPdecreased | decreased Ca - influx | inhibition of neurotransmitter release
B, G, | cAMPincreased | clevated Ca increased cardiac output (rate & force)
B. G‘ CAMP increased | elevated Ca' constniction of gut sphincters
. G, | cAMPdecreased | Gocreased Ca influy | muscle vessel dilation; detrusor relaxation
B G, | cAMPincreased clevated Ca~ adipose tissue lipolysis
1| G |cAMpaenes St Gy it | gereoion

http://vanat.cvm.umn.edu/ans/pages/Physiol.html



ORIGINAL RESEARCH
American

F Heart | Stroke

I Association | Association.

Autoimmune Basis for Postural Tachycardia Syndrome

Hongliang Li, MD, PhD; Xichun Yu, MD; Campbell Liles, BS; Muneer Khan, MD; Megan Vanderlinde-Wood, MD; Allison Galloway, MD; Caitlin
Ziliner, BS; Alexandria Benbrook, BS; Sean Reim, BS; Daniel Collier, BS; Michael A. Hill, PhD; Satish R. Raj, MD; Luis E. Okamoto, MD;
Madeleine W. Cunningham, PhD; Christopher E. Aston, PhD; David C. Kem, MD

__ 200 150
g2 S .
$E S i
- .

A ]
é % N Ty —— E a_:' 1009 =
7S 100{ _ *e . a 33
g B LYY L A g S 75
1% 2% .
so Ll v L 5°
CTRL POU PVU CTRL CTRL+ICI POTS POTS+ICI

P=0.13

I L)

P<0,001 P<0.001

g
g

g ‘c'g ae
= = g
% § 150 H . S g o
g y ¥ A §
E 2:- —-— —‘Lx‘— 'g é 1004
© v .

= 2
&3 1001 W% 3 § 754
=3 <

CTRL POU PVU CTRL CTRL+PROP POTS POTS+PROP

J Am Heart Assoc. 2014,3:e000755



=4
ORIGINAL RESEARCH Q’
/ American ~ American
 Heart | Stroke

| A
Autoimmune Basis for Postural Tachycardia Syndrome

Hongliang Li, MD, PhD; Xichun Yu, MD; Campbell Liles, BS; Muneer Khan, MD; Megan Vanderlinde-Wood, MD; Allison Galloway, MD; Caitlin
Ziliner, BS; Alexandria Benbrook, BS; Sean Reim, BS; Daniel Collier, BS; Michael A. Hill, PhD; Satish R. Raj, MD; Luis E. Okamoto, MD;
Madeleine W. Cunningham, PhD; Christopher E. Aston, PhD; David C. Kem, MD

P=0.91 -e- PE
| 1 . -&- PE + POTS
125 P<0.001 P<0.001 105
I | ] 1 -
2  100- 3 90-
S — Soggdeet At gk £
g £ 75 Vv 8 E 75
5% 0 vyv' ok
¢'G g v E ©
o 2 504 v ° '?, 60+
s ST
~ t !
E 25+ & 45
0 T 1 1 30 1) L] L L] T 1 1
CTRL+ICI POU+ICI POU+ICI+PRAZ -1 10 9 -8 -7 -6 -5 -4

Log [PE] (M)

J Am Heart Assoc. 2014,3:e000755



Not just vascular

Healthy POTS
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Table 2 Test positivity (direct-activating and/or ligand-modulating activity) among patients diagnosed with POTS

Patient no. «1AR Ab S1AR Ab B2ZAR Ab
....... ‘ S SRS IR SRR LS kdm Acthsting

1 » x

1 x *

3 x x * x

4 x x x )

3 x x *

6 x % "

7 x x x

g ¥ x x

9 * x

10 x * "

n X * x

n x » x * x

13 * -

1“4 » x

15 X x

16 » x * x

17 » x x * ~

Total 817 817 1147 17 12117

Europace (2017) 19, 1211-1219
doi:10.1093/europace/euw154



Adrenergic and Muscarinic Receptor antibodies by ELISA

INn POTS
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Novel assays for GPCR autoantibodies in POTS

ROC: Al, B2, M2, opiod receptor-like 1
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64-69 | PNAS | January8,2008 | vol.105 | no.1 J Am Heart Assoc. 2020;9:e015989.



Adrenergic Autoantibody-Induced Postural Tachycardia Syndrome
in Rabbits

Immunization RIP injection End of study
1 2 Boosters l 6 Boosters + 6 RIP injections 1
0 wk 6 wk 30 wk
Blood collection Blood collection Blood collection
Tilt test/Infusion Tilt test/Infusion Tilt tesvinfusion
(Preimmune) (Before & 90 min after RIP injection) (Terminal)
Tilt 30° Tilt 60°
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Volume 8, Issue 19, 1 October 2019
hitps//doi.org/10.1161/JAHA.119.013006



GPCR autoanti

nodies in other diseases

|m““. GPCR(-AAB directed against ()= [, g romboangiitis obliterans la1-adrenergic |agonistic
Idiopathic dilated cardiomyopathy [;c-;:r:;erglc tagonistic provtinn 1 £ PROCIES
Im i M2 lagonistic angiotensin Il AT1 |agonistic
[Peripartum cardiomyopathy [B1-adrenergic lagonistic Systemic lupus erythematosus serotoninergic SHT4 lantagonistic
|muscarinic M2 lagonistic Allergic asthma B2-Adrenergic [inhibitory
|Chagas' cardiomyopathy |B1-adrenergic lagonistic Open angle glaucoma B2-Adrenergic lagonistic
|muscarinic M2 fagonistic Vascular dementia / Alzheimer's a1-adrenergic agonistic
_ |B2-adrenergic |agonistic dementia B2-adrenergic agonistic
Myocarditis {B1-adrenergic lagonistic -
|[Electric cardiac abnormalities |B1-adrenergic lagonistic endothelin 1 ETA jagonistic
angiotensin Il AT1 in.d.
{muscarinic M2 jagonistic |Benign prostate hyperplasia iendothelin 1 ETA agonistic
[2-adrenergic —— :éoan;ée)x regional pain syndrome anzu-:t;ar:nic MZ gnfstfc
|serotoninergic SHT4 n.d. ok’ nistic
Refractory hypertension at-adrenergic lagonistic Sjogren’s syndrome |muscarinic M3 agonistic
Idiopathic pulmonary hypertension  |a1-adrenergic lagonistic Fatigue syndrome B2-adrenergic agonistic
endothelin 1 ETA lagonistic [muscarinic M2 |agonistic
Malignant hypertension [angiotensin Il AT1 lagonistic Imuscarinic M3 |n.d.
|Preeclampsia [angi::&:;§M1IIE::1 lagonfsl?c URCRITIIG M4 n.d.
e e %;; _adren':rgic t:::::: Post cancer chemotherapy a1-adrenergic |agonfstfc
[muscarinic M3 = angiotensin 1-7 Mas lagonistic
Postural orthostatic tachycardia [B1-adrenergic gonistic Periodontitis B1-adrenergic lagonistic
syndrome |B2-adrenergic lagonistic
(oS} al-adrenergic lagonistic
|muscarinic M2 lagonistic
angiotensin Il AT1 lagonistic
|Diabetes mellitus type Il at-adrenergic lagonistic
Vascular renal rejection angiotensin Il AT1 lagonistic

[Frontiers In Bioscience, Landmark, 24, 48-95, Jan 1, 2019]




Adrenergic Autoantibody-Induced Postural Tachycardia Syndrome
in Rabbits

Immunization RIP injection End of study
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Adrenergic Autoantibody-Induced Postural Tachycardia Syndrome
in Rabbits

Hongliang Li, MD, PhD; Gege Zhang, MD; Liping Zhou, MD; Zachary Nuss, BS; Marci Beel, BS; Brendon Hines, BS; Taylor Murphy, BS;
Jonathan Liles, BS; Ling Zhang, MD; David C. Kem, MD; Xichun Yu, MD
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Whitebsky's postulates in autoimmunity

Witebsky's postulates (1957) [3+-]

1. The direct demonstration of free circulating antibodies OR of cell bound antibodies that are
active at body temperature

2. The recognition of the specific antigen against which this antibody is directed

3. The production of antibodies against the same antigen in experimental animals

4, The appearance of pathological changes in the corresponding tissues of an actively
sensitized experimental animal that are basically similar to those in human disease

*« Witebsky E, Rose NR, Terplan K, Paine JR, Egan RW. Chronic
thyroiditis and autoimmunization. J Am Med Assoc 1957;164:1439—



Autoantibodies against G-Protein-Coupled Receptors Modulate
Heart Mast Cells
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Cellular & Molecular Immunology. 2007;4(2):127-133.



Intravenous Immunoglobulin Therapy in Refractory
Autoimmune Dysautonomias: A Retrospective Analysis
of 38 Patients

PATIENTS TREATED FOR AT LEAST 12 MONTHS
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BUT WHAT DOES IT ALL MEAN, RESetRe RFREa i
‘ BAS'I.? pathophysiology?

e How do GPCR autoantibodies
develop?

' * Are we close to a reliable commercial
assay to diagnose autoimmune POTS?

* What subset of POTS patients will
respond (if at all) to immunotherapy?




Inflammatory

The Yin and Yang
Of Cytokines

Trends in Immunology March 2013, Vol. 34, No. 3



Inflammatory cytokine abnormalities in POTS

Cytokine/Chemokine rPOTS ':;::;:’m s Normal (pg/mL) Major Function
IL 1§ 332 4+ 10 <10 Regulates coll proliferation
L 10 16 4 3.6 <t Inhibitory 10 T helper cells
L V1% & 310 <200 Controls NK and T cells
INFx JMI4L TS <} Regulates inflammation
INFy 226 + 62 <5 Antiviral
CD3 191 & 55 <l Regulates coll proliferation
CDan | 119 ¢+ 1) 35090 Recruits leukocytes
RANTES (CCLS) W5 4 123 SON0-6100 Chemotactic for T cells
P-Selectin 12,540 £ 1094 10,000-130,000 Recruits leukocytes
MCP-] MBS 65-1025 Recruits monacytes
AdR Al antibodies 166 U/ml <7 U/mlL Autoantibody
ACHR M4 Abs 112U/mL <7 U/mL Autoantibody

J. Clin. Med. 2021, 10, 623



Cytokine/ POTS Non-POTS
Cr Kine = 35) {n = 35) p Value Source Major Function
(pg/ml) (pg/mL)
COX) WM & 822 160 & 12 pe00002  Activated T and B Regulates cell proliferation
CDM0 MO+ 165 452 £ 171 ns B cell, Mac TLR7 PLT-neutrophil tethering
COMO L (CDI154) 31413 6.7 £ 08 nx Platelets, Mone  Recruits neutrophils and monocy bes
L1 W48 14408 pe00001  Mono/Mac, PLTS Proinflammatory
IL-6 119 4 18 5840 p< 0003 ThCells, Mac  Differentiates B cells to plasma cells
L3 {CXCLS) 145 + 49 157 & 25 ns Moo, Neutro Chemotaxis, proinflammatory
iLio 444 55410 P < 0.0001 Toell Anti-inflammatory
IL-17 i) 42407 p < 0.0001 ™7 Proinflammatory
IL-18 2V 2 67 A +9 < 0009 Mono Promflammatory, 1L-1 family
i W25s = 1875 2937 £ 517 p < 0003 Toell Controls NK and T cells
INFax A6+ 004 23467  p<0O@ Leukocyles  Anti-viral, phagocyte cell activation
INFp K219+ 2% 633 + 3267 ns Fibroblasts Anti-viral, anti-protiferative
INFY $5417 12402 p<00001 NK, Thy A Ty
MCPT(CCL2) 14 ™42 p < 0.0002 Endo, PLT Recruits monocy tes
RANTES(CCLS)  130W6 & W2 SI7 £ 297 P < 00001 Platefet, NK. T Chemotactic for T cells
TNFa 9724280 5064120 ns Mone, NK Proinflammatory

Plovanons of cvtobanis/ chemphioss am n red dont. Decreases m cytokines/ chemobines in blae font.

Cells 2022, 11, 774



Inflammatory
process

Trends in Immunology March 2013, Vol. 34, No. 3



Furin levels and POTS
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Immunol Res (2017) 65:987-994
March 2019 | Volume 13 | Article 301



Inflammatory
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Summary: Immune dysregulation in POTS

* Infectious triggers are common
* Co-existent autoimmune or immune dysregulation is more common

* Autoantibodies are more common that include
* Adrenergic receptors
* Muscarinic receptors
* Angiotensin 2 receptor

* Inflammatory cytokine abnormalities may be present in POTS

* No randomized clinical trials have been done for immunotherapy in
POTS (underway)
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Time-based eating intervention that may
improve the health and quality of life of

people with postural orthostatic tachycardia TO PARTICIPATE, CONTACT US FOR
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