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Abstract

Aims—To test whether circulating neurotoxic autoantibodies increase in adult type 2 diabetes 

mellitus with Parkinson’s disease (PD) or dementia. To identify the G-protein coupled receptor on 

neuroblastoma cells mediating neural inhibitory effects in diabetic Parkinson’s disease plasma 

autoantibodies. To determine the mechanism of accelerated neuroblastoma cell death and acute 

neurite retraction induced by diabetic Parkinson’s disease and dementia autoantibodies.

Methods—Protein-A eluates from plasma of twelve older adult male diabetic patients having 

Parkinson’s disease (n=10) or dementia (n=2), and eight age-matched control diabetic patients 

were tested for ability to cause accelerated N2A neuroblastoma cell death and acute neurite 

retraction. Specific antagonists of G protein coupled receptors belonging to the G alpha q 

subfamily of heterotrimetric G-proteins, the phospholipase C/inositol triphosphate/Ca2+ pathway, 

or the RhoA/Rho kinase pathway were tested for ability to block diabetic Parkinson’s disease/

dementia autoantibody-induced neurite retraction or N2A accelerated cell loss. Sequential 

Liposorber LA-15 dextran sulfate cellulose/protein-A affinity chromatography was used to obtain 

highly-purified fractions of diabetic Parkinson’s disease autoantibodies.

Results—Mean accelerated neuroblastoma cell loss induced by diabetic Parkinson’s disease or 

dementia autoantibodies significantly exceeded (P = 0.001) the level of N2A cell loss induced by 

an identical concentration of the diabetic autoantibodies in control patients without these two co-

morbid neurodegenerative disorders. Co-incubation of diabetic Parkinson’s disease and dementia 

autoantibodies with two-hundred nanomolar concentrations of M100907, a highly selective 5-

HT2AR antagonist, completely prevented autoantibody-induced accelerated N2A cell loss and 

neurite retraction. A higher concentration (500 nM-10μM) of alpha-1 adrenergic, angiotensin II 

type 1, or endothelin A receptor antagonists did not substantially inhibit autoantibody-induced 

neuroblastoma cell death or prevent neurite retraction. Antagonists of the inositol triphosphate 

receptor (2-APB, 50μM), the intracellular calcium chelator (BAPTA-AM, 30 μM) and Y27632 (10 

μM), a selective RhoA/Rho kinase inhibitor, each completely blocked acute neurite retraction 

induced by sixty nanomolar concentrations of diabetic Parkinson’s disease autoantibodies. Co-

incubation with 2-APB (1–2 μM) for 8 hours’ prevented autoantibody-induced N2A cell loss. The 

highly-purified fraction obtained after Liposorber LA/protein-A affinity chromatography in 
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hypertriglyceridemic diabetic dementia and Parkinson’s disease plasmas had apparent MWs > 30 

kD, and displayed enhanced N2A toxicity requiring substantially higher concentrations of 5-

HT2AR antagonists (M100907, ketanserin, spiperone) to effectively neutralize.

Conclusion—These data suggest increased autoantibodies in older adult diabetes with 

Parkinson’s disease or dementia cause accelerated neuron loss via the 5-hydroxytryptamine 2 

receptor coupled to inositol triphosphate receptor-mediated cytosolic Ca2+ release.
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Introduction

Parkinson’s disease is a progressive movement disorder characterized by the selective loss of 

dopaminergic neurons in the substantia nigra region of the midbrain. Sporadic Parkinson’s 

disease (PD) which comprises the vast majority of cases is thought to arise through complex 

gene-environment interactions [1]. Although the motor symptoms in Parkinson’s disease 

(tremor, rigidity, bradykinesia, and postural instability) can be lessened by medications and 

surgery, the disease itself is incurable. Non-motor symptoms in PD (including altered sense 

of smell, depression, cognitive dysfunction, and constipation) may precede the onset of 

motor symptoms by years indicative of a systemic neurodegenerative disorder [2]. The 

current lack of specific biomarker(s), however, has hampered drug development targeted at 

an early stage in the neurodegenerative disease process.

In a recent population-based study, adult type 2 diabetes was associated with a substantially 

increased (1.85-fold) hazard ratio for incident Parkinson’s disease [3]. Yet the underlying 

mechanism for the association between type 2 diabetes and Parkinson’s disease is unknown. 

We previously reported increased plasma autoantibodies in adult type 2 diabetes suffering 

with co-morbid depression [4]. The autoantibodies caused accelerated N2A neuroblastoma 

cell death via activation of the phospholipase C/inositol triphosphate receptor/calcium (PLC/

IP3R/Ca2+) signaling pathway [4]. Diabetic depression autoantibody neurotoxicity could be 

prevented (in vitro) by co-incubating cells with specific antagonists of the 5-HT2A receptor 

[4]. Since the 5HT-2AR is concentrated on neurons in specific brain regions (anterior 

olfactory nucleus, transentorhinal cortex, substantia nigra, brainstem, hippocampus, medial 

prefrontal cortex) [5] affected by PD- or Alzheimers’type- neurodegeneration [6], in the 

present study we tested a hypothesis that circulating agonist, 5-HT2A receptor 

autoantibodies increase (and may contribute to pathophysiology) in older adult type 2 

diabetes suffering with co-morbid Parkinson’s disease and/or dementia.

Patients and Methods

Patients

All twenty-three patients provided informed consent for the Investigational Review Board-

approved study and were enrolled consecutively from the Diabetes and Endocrinology 

clinics at Veterans Affairs New Jersey Healthcare System (VANJHCS) between August 2017 

and March 2018. In order to be included in the study patients needed to have been 
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previously evaluated and followed up in the Neurology clinics at the VANJHCS and have a 

clinical diagnosis of Parkinson’s disease with type 2 diabetes mellitus (n=10), dementia with 

type 2 diabetes (n=2), Parkinson’s disease with pre-diabetes (n=3), or type 2 diabetes 

without Parkinson’s disease or dementia (n=8). The baseline clinical characteristics in the 

twenty study participants having diabetes with or without Parkinson’s disease or dementia 

are shown in Table 1. Three age-matched patients with Parkinson’s disease, but lacking overt 

type 2 diabetes (not shown in Table 1) were enrolled at the end of the study to test for the 

presence of factors similar to those found in diabetic patients having Parkinson’s disease.

Subgroups

Parkinson’s Disease—All patients with a diagnosis of Parkinson’s disease had been 

evaluated by a movement disorder specialist in the Department of Neurology at the Veterans 

Affairs New Jersey Health Care System, East Orange, New Jersey. The clinical diagnosis of 

Parkinson’s disease was based on the presence of two of the classic motor symptoms 

(bradykinesia, tremor, rigidity, postural instability) and a positive response to L-dopa 

therapy. Eight of ten patients were at an early stage in the PD disease process, i.e. modified 

Hoehn and Yahr stages 1–2 [7]. All PD patients were ambulatory, but two of ten patients had 

experienced frequent falls secondary to postural instability. At least four of the ten PD 

patients had complained of memory difficulty, and one additional patient (Pt 4) without 

complaint of memory impairment had undergone CT imaging (after a fall) which 

demonstrated moderate global cerebral volume loss.

Depression And Other Co-Morbidities

All patients having a diagnosis of major depressive disorder were evaluated by psychiatry 

staff at the Veterans Affairs New Jersey Health Care System as previously reported [4]. 

Painful diabetic neuropathy is defined according to previously reported criteria [8]. Diabetic 

nephropathy is defined as persistent micro-or macro-albuminuria, urinary albumin excretion 

> 300 mg/g creatinine or urinary protein excretion > 500 mg/g creatinine.

Diabetic Dementia (DMT), Parkinson’s Disease Plus Dementia (PDD) Or PD

Patient 1—A 62-year-old Hispanic male with a thirty- year history of type 2 diabetes 

complicated by mild retinopathy, painful peripheral neuropathy, recurrent major depression, 

type 2b hyperlipidemia, suspicion of glaucoma, prior transient ischemic attack, and mild 

neurocognitive disorder progressing to dementia. The patient had undergone radical 

prostatectomy to treat prostate cancer a few years prior to the onset of memory problems. 

MRI of the brain to evaluate progressive memory loss showed mild central volume loss, 

mild chronic per ventricular white matter ischemic changes with patchy scattered areas of 

prolonged T2 signal within the deep white matter posterior hemispheres.

Patient 2—A 77-year-old African-American man with a 17-year history of type 2 diabetes 

complicated by nephropathy, hyperparathyroidism, refractory hypertension, blindness 

secondary to primary open angle glaucoma, cerebrovascular accident and dementia. Labs 

were remarkable for proteinuria and type 2b hyperlipidemia. CT scan of the brain to evaluate 

memory loss showed mild, global volume loss with microvascular angiopathy and lacunar 

infarcts.
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Patient 3—Parkinson’s disease plus dementia (PDD): A 70-year-old Caucasian male with 

diabetes, hypertension, cardiovascular disease, suspicion of glaucoma, depression, mild 

diabetic retinopathy, proteinuria and a history of chronic lymphocytic leukemia (CLL).

Patient 4—A 73-year-old African-American male with diabetes, hypertension, 

atherosclerotic heart disease, hyperlipidemia, a trial fibrillation, depression, obstructive sleep 

apnea, prostate cancer, and Parkinson’s disease. CT scan of the brain after a fall revealed 

moderate, global volume loss with micro vascular angiopathy and lacunar infarcts.

Blood drawing

Blood drawing was performed in the morning in fasted participants. An exception was one 

of two blood sample(s) obtained from Patient 1, for the sequential Liposorber/Protein-A 

affinity purification of autoantibodies from dyslipidemic plasma, in which a non-fasting 

morning sample was obtained approximately two hours after a meal.

Protein-A Affinity Chromatography

Protein-A affinity chromatography was carried out as previously reported [4].

Liposorber-LA-15 dextran sulfate cellulose chromatography

Liposorber LA-15 and sequential Liposorber-LA/protein-A chromatography were performed 

as previously reported [9]. The Liposorber LA-15, LDL Adsorption Column was kindly 

provided by Maasaki Fukunishi (Kaneka Pharma America, LLC, Newark, CA)

Mouse N2 A Neuroblastoma cells

Mouse N2a cells were kindly provided by Dr. Janet Alder, Dr. Smita Thakker-Varia and 

Shavonne Teng (Department of Neuroscience, Rutgers/Robert Wood Johnson Medical 

School, Piscataway, New Jersey) and were cultured as previously described [4].

Mouse HL1 Atrial Cardiomyocytes

Mouse HL1 cells were kindly provided by Dr. Zui Pan (University of Texas, Arlington, 

College of Nursing and Health Innovation, Dallas, TX) and were cultured as previously 

reported [10].

N2A Neurite retraction assays

N2A neurite retraction assays were performed as previously described [4].

N2A cell survival assays

N2a cell survival assays were carried out as previously reported [4].

Chemicals

M100907, ketanserin, spiperone, SB204741, bosentan, losartan, prazosin, BAPTA-AM, 2-

APB, and Y27632 were obtained from Sigma Chemical Co. (St Louis, MO). All other 

chemicals and reagents were analytical grade.
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Protein determinations

Protein concentrations were determined by a bicinchoninic acid protein assay kit (Pierce 

Chemical Co., Rockford, IL).

Statistics

All data are the mean ± SD (Tables 1–4) or ± SEM (Figure 1–6) as indicated. Comparisons 

were made by Student’s t-test for a continuous variable with a significance level, p=0.05; or 

by Fischer’s exact test or χ2 test for dichotomous variables (Tables 1,4).

Results

Clinical Characteristics In Study Patients

The baseline clinical characteristics in the study patients are shown in Table 1. Patients with 

neurodegenerative disease (n=10 Parkinson’s disease, N= 2 diabetic dementia) did not 

different significantly in their mean: age, baseline HbA1c or known diabetes duration from 

control diabetic patients without PD or dementia. Parkinson’s disease and dementia patients 

had significantly lower mean body mass index (BMI) compared to control diabetic patients 

without PD or dementia (Table 1).

Effect Of Protein A Eluates On N2A Cell Survival

Mean N2A neuroblastoma cell survival in the protein-A eluate fraction of plasma (6–9 

μg/mL) was significantly reduced in patients with Parkinson’s disease and dementia (N=12) 

compared to diabetic patients without Parkinson’s disease or dementia (N=8) (Figure 1, P = 

0.001). In all six PD and dementia protein A eluates tested (n=5 PD; n=1 DMT), co-

incubation with 200 nM concentrations of the highly selective 5-HT2AR antagonist 

M100907 completely protected N2A cells against accelerated cell death caused by the 

Parkinson’s disease and dementia autoantibodies (P =0.001; Figure 1B).

Effect of Parkinson’s Disease or Dementia Autoantibodies on N2a Cell Morphology

Forty-sixty nano molar concentrations of Parkinsons’ disease autoantibodies (n=2 patients) 

or a five-fold lower concentration of diabetic dementia autoantibodies (n=1 Patient 1) caused 

acute N2A cell contraction and 75–87% mean N2A neurite length-shortening after 20 

minutes’ exposure time (Figure 2A). After 10 minutes’ incubation time, 40–60 nM 

concentrations of Parkinsons’ disease autoantibodies (n=3) caused significant (mean 58%) 

N2A neurite shortening compared to neurite length in untreated N2a cells (P < 0.01; Fig 

2B). The PD autoantibody-induced neurite retraction (n=3 patients) was nearly completely 

prevented by co-incubating N2A cells with 200 nanomolar concentrations of the selective 5-

HT2A receptor antagonist, M100907 (P < 0.01; Figure 2B). The 5-HT2AR antagonists 

ketanserin and spiperone (200 nM concentrations) each substantially protected (60–90%) 

against PD autoantibody-induced N2a neurite- shortening (Table 3). A higher concentration 

(1–10 μM) of three different GPCR antagonists belonging to the Gαq subclass of GPCR 

receptors (i.e. bosentan, losartan or prazosin, specific for the endothelin1, the angiotensin II, 

type 1, or the alpha 1 adrenergic receptor, respectively had no significant protective effect 

(0–20%) against PD autoantibody-induced N2a neurite length- shortening (Table 2).
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High Potency Neurotoxicity In Diabetic Dementia Autoantibodies

Twenty-eight nanomolar concentrations of the diabetic dementia (Pt 1) autoantibodies 

caused rapid onset, substantial collapse in proximally-located N2A neurites, i.e. (50% 

length-shortening after 3 minutes; and 75% shortening after 4 minutes incubation time)(solid 

diamonds, Figure 2C). The diabetic dementia (Pt 1) autoantibody-induced neurite retraction 

was only partially blocked by co-incubation with 200 nanomolar concentrations of M100907 

(solid squares, Figure 2C) suggesting increased potency of diabetic DMT compared to the 

diabetic PD autoantibodies.

Mechanism Of Neurite Retraction Induced By Diabetic PD Autoantibodies

Pre-incubation (for 5–10 minutes) with the indicated concentrations of the IP3 receptor 

antagonist (2-APB) or the calcium chelator (BAPTA-AM) each completed prevented neurite 

retraction induced by 60 nanomolar concentrations of diabetic PD autoantibodies (Table 3). 

Pre-incubation with 10 μM concentrations of Y27632, a selective RhoA/Rho kinase 

inhibitor, completely prevented neurite retraction induced by 60 nanomolar concentrations 

of the diabetic PD autoantibodies (Table 3). These data suggest that PD autoantibodies cause 

neurite retraction via 5-HT2A receptor activation positively coupled to IP3R/Ca2+ release as 

well as activation of RhoA/ROCK downstream signaling as previously reported [4].

Purification Of Neurotoxic Diabetic PD,& Dementia Plasma Autoantibodies Using 
Liposorber

Liposorber apheresis is an FDA-approved method for removing Apo-lipoprotein B-100- 

bearing low-density and very- low- density lipoprotein (LDL, vLDL) particles from the 

circulation in patients with familial hypercholesterolemia [11]. Highly potent neurotoxic 

autoantibodies were previously reported in an adult type 1 diabetes patient suffering with 

recurrent small vessel stroke, severe retinopathy, and dementia [9]. A highly- purified 

fraction was previously obtained from hypertriglyceridemic diabetic dementia plasma using 

a simple two-step purification procedure consisting of Liposorber affinity chromatography 

(LIPOSORBER LA-15) followed by protein-A affinity chromatography. We next subjected 

small aliquots of diabetic dementia (Pt-1) or Parkinson’s disease plus dementia (PDD; Pt 3) 

plasma (0.15 mL) to dextran sulfate cellulose chromatography (LIPOSORBER LA-15) 

followed by protein A-affinity chromatography.

Roughly 90% of the starting protein was recovered in the Liposorber flow- through fraction 

(Figure 3A); ~ 5% was recovered in the Liposorber eluate fraction (Figure 3A). The protein- 

A eluate fraction (0.5 μg/mL IgG) caused significantly greater N2A cell loss compared to 

either the Liposorber eluate (P < 0.01;Figure 3A) or the protein-A flow-through fractions (P 

< 0.05; Figure 3A). The highly-purified diabetic DMT autoantibodies caused dose-

dependent inhibition of N2A neurite extension (Figure 3B): half-maximal suppression of 

neurite outgrowth occurred at an 8-fold lower concentrations of the autoantibodies (3.5 nM) 

than in the corresponding protein-A eluate fraction(s) obtained directly from starting plasma 

(28 nM, Figure. 2C). Diabetic dementia and PDD autoantibodies caused dose-dependent, 

three-fold greater loss of N2A cells than identical concentrations (10 nM) of the DMT 

Liposorber eluate fraction (Figure 3C).
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Neutralization Of Highly-Purified Neurotoxic PDD, DMT Autoantibodies By 5-HT2AR 
Antagonists

Accelerated N2A cell loss caused by three nanomolar concentrations of the highly-purified 

diabetic DMT (Pt 1) and PDD (Pt 3) autoantibodies was nearly completed blocked by co-

incubation with 500 nanomolar concentrations of each of three different 5-HT2A receptor 

antagonists: M100907 (Figure. 4A); spiperone (Figure 4B); and ketanserin (Figure. 4C). 

M100907, spiperone and ketanserin (500 nM) alone had no significant effect on N2A cell 

survival (not shown in Figure 4).

Apparent MW Of Highly-Purified Neurotoxic Diabetic DMT AutoAntibodies

The highly purified protein-A eluate fraction obtained after sequential Liposorber/Protein A 

chromatography in Patients 1 and 3 plasmas was dialyzed on a 30 kilodalton (kD) MW 

cutoff membrane. Ten nanomolar concentrations of the concentrated (> 30 kD MW) 

retentate fraction caused significantly accelerated N2A cell loss (~50%) after 24 hours’ 

incubation. Much less N2A cell loss (13%) occurred after 24 hours incubation with an 

identical concentration of the (< 30 kD) MW flow-through fraction (Fig 5A). These data 

suggest peak neurotoxicity eluting from protein- A had an apparent MW in the range of Ig 

heavy chains or intact IgG (50, 150 kD).

N2A cell loss induced by the (> 30 kD MW), Pt 1 diabetic dementia autoantibodies (3nM) 

could be substantially decreased (by 55%) following co-incubation with 200 nanomolar 

concentrations of the selective 5-HT2AR antagonist M100907 (data not shown in Figure 5).

Mechanism and pharmacologic specificity of PD autoantibody-induced N2A cell loss

Co-incubating ~ 60 nanomolar concentrations of diabetic dementia (Pt 2) or diabetic PD (Pt 

4) autoantibodies with 1–2 μM concentrations of the inositol triphosphate receptor blocker 

2-APB (for 8 hours at 37 degrees C) significantly protected against N2A cell loss (P< 0.01; 

Figure 5B). 2-APB alone (1–2 μM) had no significant effect on N2A survival (Figure 5B). 

Co-incubation of diabetic PD or diabetic DMT autoantibodies (n=5 different patients) 

together with losartan (2.5 μM), bosentan (2.5μM), or prazosin (0.5 μM) did not significantly 

prevent autoantibody-induced N2a cell loss (Figure 5C). Losartan (2.5 μM), bosentan (2.5 

μM) or prazosin (0.5 μM) alone each had no significant effect on N2A cell survival (not 

shown in Figure 5).

Heat Stability Of Neurotoxicity In Parkinson’s Disease Protein- A Eluates

Protein-misfolding disorders are characterized by aggregation in disordered protein 

fragments which can assume a highly-stable, β-rich structural conformation [12]. Heat 

treatment causes IgG aggregation and denaturation of highly-ordered protein structure. We 

next tested the heat stability of neurotoxicity in protein-A eluates from Parkinson’s disease 

(n=10) or dementia (n=2) patients. In a subset of six patients (five PD and one dementia, i.e. 

Neurodegenerative Diseases subset 1, Table 4) heating the protein A eluate (65 degrees x 30 

mins) caused a gain in inhibitory toxicity (i.e. lower percent N2A cell survival) compared to 

the unheated protein-A eluate fraction (54 ± 17% vs 84 ± 5%; P =0.005; Figure 6A) 

consistent with aggregation in a heat-stable, toxic Ig fragment. In two diabetic control 

patients without PD, heating the protein-A eluates had no significant effect on basal N2A 
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cell proliferation (n =2; Figure 6B). In a second subset of six patients (five of whom suffered 

with co-morbid cancer, i.e. Neurodegenerative Diseases subset 2, Table 4) heat treatment of 

the protein-A eluates either eliminated basal neurotoxicity (n=3; Figure 6C) or caused a 

modest increase in mean N2A cell proliferation (n=3; Figure 6C) consistent with 

denaturation of IgG tertiary structure or promotion of a stimulatory IgG immune complex. 

Taken together, these data suggest molecular heterogeneity in diabetic PD protein-A eluates 

some of which (i.e. Neurodegenerative Diseases subset 2, Table 4) may have contained 

immune complexes as previously reported in uro-epithelial cancers [13] and in chronic 

lymphocytic leukemia (CLL) [14].

Effect Of Diabetic PD Autoantibodies In Mouse HL1 Atrial Cardiomyocytes

Hypertension, diabetic dyslipidemia and atrial fibrillation are associated with cerebral 

hypoperfusion, and accelerated cognitive decline through complex, and poorly understood 

mechanisms [15]. Since the 5-HT2A receptor is expressed on smooth muscle cells in the 

gut, heart and vasculature where it mediates 5-HT-induced-contraction [16] and -

vasoconstriction [17], we next tested whether HL1 mouse atrial cardiomyocytes, a type of 

vascular smooth muscle cell, responds to diabetic PD protein-A eluates. Sixty nanomolar 

concentrations of the Pt 4, diabetic PD autoantibodies caused sustained contraction in 

dissociated HL1 mouse atrial cardiomyocytes in vitro within 5 minutes of exposure (Fig 7). 

Pre-incubation of HL1 cells (for five minutes) with (500 nM) concentrations of M100907, a 

highly selective 5-HT2AR antagonist, prevented the Pt 4, diabetic PD autoantibody-induced 

HL1 cell contraction (not shown in Figure 7). Similar results were obtained with the protein-

A eluate fraction from another diabetic PD patients’ plasma.

Discussion

The present data are the first to suggest that subsets of older adult type 2 diabetes with co-

morbid Parkinson’s disease harbor plasma agonist 5-HT2A receptor autoantibodies which 

cause accelerated neuroblastoma cell loss via activation of intracellular IP3R/Ca2+ 

signaling. These findings are consistent with a prior report that patients suffering with 

diabetic depression harbored similar kinds of agonist 5-HT2A receptor autoantibodies [4]. 

Depression, dementia and Parkinson’s disease are neurodegenerative disorders which all 

increase significantly in older adult type 2 diabetes. Our novel data suggest that agonist 5-

HT2A receptor autoantibodies may be a shared feature in Parkinson’s disease, dementia, and 

depression affecting older adult men with diabetes.

Several lines of evidence have implicated altered intracellular calcium homeostasis in the 

unknown etiology of sporadic PD. First, alpha synuclein, a hallmark in PD neuropathology, 

can be cleaved by the calcium-dependent protease calpain I, which causes alpha synuclein to 

aggregate into high MW, β-rich conformational structures [12]. Calpain I expression was 

reported to increase in the substantia nigra (SN) in PD patients [18]. Second, SN neurons 

containing the calcium-buffering protein calbindin 1 (CALB1) were relatively more resistant 

to neurodegeneration compared to CALB1-negative neurons [19]. Third, inositol 

triphosphate kinase B (ITPKB), a critical regulator of the IP3/Ca2+ signaling pathway, was 

identified as a novel PD gene candidate(s) in a recent large genome wide association study 
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[20]. Altered ITPKB gene expression was also reported in the postmortem brains of 

Alzheimer’s disease patients [21]. Taken together, these results suggest that deregulated 

calcium homeostasis perhaps induced (in part) by 5-HT2A receptor agonist autoantibodies 

might contribute to neuron loss in the SN and other brain regions affected in Parkinson’s 

disease, depression, and dementia.

Animal models and human studies have implicated neuro-inflammation and humoral 

immune mechanisms in the pathogenesis of idiopathic Parkinson’s disease [22–24]. For 

example, the post-mortem brains of PD patients demonstrated immunoglobulin G coating 

the cell surface (of perikarya and neurites) in SN neurons; nearby activated microglia 

contained Lewy bodies and IgG perhaps indicative of ingested IgG-coated neurons [23]. The 

Fcγ receptor on microglia is a candidate for mediating destruction of neurons coated by IgG 

[23]. Heat-aggregated IgG and circulating immune complexes which bound to the Fcγ 
receptor on lymphocytes were reported to modulate apoptosis and alter cytokine and HLA 

DR expression [14]. Our finding of reduced N2A cell apoptosis following heat treatment of 

IgG in plasma from a subset of PD patients with co-morbid bladder, prostate cancer, or CLL 

is consistent with previous reports of increased circulating immune complexes in these 

cancers [13, 14]. Non-rheumatoid factor, anti-IgG autoantibodies were reported in a 

substantially higher proportion (~50%) of chronically-ill patients (aged 50–70 years old) 

having Parkinson’s disease or diabetes compared to other chronic illnesses [25] suggesting a 

specific role for such autoantibodies in PD associated with diabetes.

Aging and vascular injury may contribute to circulating autoantibodies a subset of which 

could target antigens expressed on vascular surfaces and in the brain. Long-standing 

systemic inflammation may give rise to altered expression of certain receptors, including 

possibly 5-HT2AR, whose expression was reported to be substantially increased on CD3 

positive T cells and in the vessels from involved skin in psoriasis patients [26]. Persistent (7 

days) exposure to the pro-inflammatory cytokine IL-β in murine tracheal rings in vitro was 

reported to increase 5-HT2AR-mediated airway muscle contractility [27]. The 5-HT2AR 

was also reported to have played a role in sustained, increased nitric oxide production in 

animal models of LPS-induced inflammation [28, 29]. Taken together, these results suggest 

possible involvement of the 5-HT2A receptor in mediating several of the vascular and 

neurotoxic effects of chronic inflammation.

Hypercontractility in cerebral resistance arterioles was reported in the postmortem brains 

from Alzheimer’s-type dementia patients [30]. The RhoA/Rho kinase signaling pathway in 

N2A cells activated by 5-HT2A agonist autoantibodies [4] causes Ca2+ sensitization of 

contraction in vascular smooth muscle cells [31]. Our preliminary experiments in HL1 atrial 

cardiomyocytes suggest that vascular smooth muscle cells harboring 5-HT2A receptors may 

be an important peripheral target of circulating agonist, 5-HT2A receptor autoantibodies.

The origin of circulating 5-HT2A receptor autoantibodies in subsets of diabetes suffering 

with one or more co-morbid neurodegenerative disease(s) is unknown. Persistent 

inflammation is a shared risk factor in obese type 2 diabetes and in PD. In obese adult type 2 

diabetes, the elaboration of visceral adipocytokines (IL-1, interferon gamma, IL-6) has been 

implicated in the loss of blood: brain barrier integrity, and may promote humoral and cell-
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mediated immune responses to sequestered antigens perhaps released as a result of diabetic 

vascular injury. The 5-HT2A receptor subtype expressed on platelets contributes to platelet 

activation resulting in 10-fold or higher concentrations of 5-HT and polyphosphates than 

those which normally circulate. It is possible that post-translationally modified circulating 

form(s) of 5-HT or 5-HT2A receptor may be target(s) for autoimmunity leading to the 

development of agonist 5-HT2A receptor autoantibodies.

The striking ability of Liposorber (dextran sulfate cellulose) to remove peak neurotoxic 

diabetic dementia and PDD autoantibodies in hyperlipidemic (TG-rich) plasma in vitro 

suggests 5-HT2A receptor autoantibodies may partition into triglyceride-rich lipoprotein 

particles, e.g. very low density (vLDL) or remnant lipoproteins [32], whose levels increase 

in viscerally-obese type 2 diabetes. The low- density lipoprotein receptor related protein-1 

LRP is present on vascular cells comprising the blood brain barrier where it is thought to 

play a role in promoting the efflux of neurotoxic amyloid beta peptide from the brain into 

the peripheral circulation [33]. Heparan sulfate proteoglycan (HSPG) is not only a co-

receptor for LRP, but it mediates an LRP-independent cellular lipoprotein uptake pathway. 

Since diabetic autoantibodies in patients suffering with depression displayed increased 

affinity for neuronal HSPG [10], the HSPG/LRP pathway(s) may be involved in how 

neurotoxic autoantibodies gain access to the CNS.

Neuroblastoma cells were exquisitely sensitive to low nanomolar concentrations of the 

Liposorber/protein-A- purified diabetic dementia autoantibodies whereas substantially 

higher (100 nM) concentrations of soluble PD autoantibodies [4] or oligomeric β-amyloid 

(1–42) were reportedly required to adversely affect dentate gyrus neuron survival [4] or 

long-term potentiation [34], respectively. These data suggest a possible role for the 

lipoprotein microenvironment in potentiation of agonist 5-HT2AR autoantibody toxicity. 

Fasting plasma triglyceride concentrations in diabetic dyslipidemia typically occur in the 

low millmolar concentration range. Thus TG-rich lipoproteins may provide an enormous 

reservoir of highly neurotoxic autoantibodies capable of mediating direct endothelial cell [4] 

and neuronal toxicity [4]. Since total IgG attains 100 μM concentrations in blood, specific 

neurotoxic diabetic IgG present at ~ 0.1% of total IgG concentrations might be able to 

compete with neurotoxic β-amyloid peptide for binding to shared components of the 

HSPG/LRP pathway mediating traffic of neurotoxic peptides and proteins into and out of the 

brain. These findings suggest a possible synergistic ‘toxic’ effect of the autoantibodies in 

mediating both direct toxicity and potentiation of β-amyloid toxicity (by slowing its efflux 

from brain) in older-onset dementia patients.

Our study was small and the results may be limited to men who had experienced long-

standing type 2 diabetes. Thus in three of three patients having a diagnosis of pre-diabetes 

and co-morbid Parkinson’s disease plasma neurotoxic autoantibodies were present in each 

case, however in only one of the three patients tested was the autoantibody-induced 

neurotoxicity neutralized by co-incubating with (200 nM) concentrations of the selective 5-

HT2AR antagonist M100907. Diabetes is associated with a two-fold increased risk for age-

related cognitive decline or dementia [35]. In a prior study of cognitive decline in seventeen 

hundred ninety-one older adult type 2 diabetes patients from the Veterans Affairs Diabetes 
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Trial, post-baseline TG-lowering was associated with significant protection against the 

prospective (5 year) decline in cognitive processing speed [36].

The present findings provide the first evidence that a subset of older men with type 2 

diabetes and Parkinson’s disease harbored agonist 5-HT2A receptor autoantibodies which 

promoted accelerated neuroblastoma cell loss via long-lasting activation of IP3/Ca2+ 

signaling. The 5-HT2A receptor is a druggable G-protein coupled receptor (GPCR) target 

for which a number of highly specific FDA-approved antagonists already exist. More study 

is needed to determine if 5-HT2AR agonist autoantibodies precede the development of PD 

symptoms and may serve as a useful biomarker in drug development aimed at early 

prevention of PD- or diabetic dementia- neurodegeneration.

Conclusion

In conclusion, autoantibodies in twelve of twelve older adult type 2 diabetes patients tested 

having co-morbid Parkinson’s disease or dementia caused accelerated neuron loss via a 

mechanism involving the 5-hydroxytryptamine 2 receptor positively coupled to inositol 

triphosphate receptor-mediated sustained cytosolic Ca2+ release.
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Figure 1. 
Diabetes Parkinson’s disease (n=10) or dementia (n=2) auto antibodies (60 nM) caused 

significant N2a neuroblastoma cell loss after 24 hrs incubation compared to identical 

concentration of autoantibodies in the protein-A eluate of plasma in diabetic patients without 

neurodegenerative disorder (control EL). B) Neuroblastoma cell loss induced by (60 nM) 

concentration of diabetic PD (n=5) or dementia (n=1) auto antibodies was completely 

prevented by co incubation with 200 nM concentration of M100907, a highly selective 5-

HT2A receptor antagonist. N2A cells were incubated for 24 hours at 37 degrees. Cell 

number was determined as described in Methods. Results are mean ± SEM.
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Figure 2. 
Diabetic Parkinson’s disease (n=2) or dementia autoantibodies (n=1) caused significant 

suppression of N2A cell neurite extension compared to control cells (A); Mean N2A neurite 

length suppression induced by three different diabetic PD autoantibodies was nearly 

completed prevented by co-incubation with 200 nM M100907, a highly selective 5-HT2A 

receptor antagonist (B). Potent, time-dependent suppression of N2A neurite outgrowth by 

diabetic dementia (Pt 1) autoantibodies was partially prevented by co-incubation with 

M100907(C).
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Figure 3. 
Neuroblastoma cell toxicity was present in the purified fraction eluting from protein A 

following Liposorber/protein-A sequential chromatography, but was lacking in the other 

fractions (A). The highly purified protein-A eluate fraction of diabetic dementia plasma 

caused significantly greater dose-dependent suppression of N2A neurite outgrowth 

compared to the Liposorber eluate fraction from the same patient (B). Dose-dependent N2A 

cell toxicity in the protein-A eluates from diabetic dementia (Pt 1) and PDD (Pt 3) 

significantly exceeded toxicity in the corresponding Liposorber DMT eluate fraction (C). ** 

P < 0.01; * P < 0.05.
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Figure 4. 
The neuroblastoma cell toxicity in the highly-purified Liposorber/protein-A eluates of 

diabetic dementia and Parkinson’s disease with dementia was significantly blocked by co-

incubation with 500 nM concentrations of A) M100907, B) spiperone, or C) ketanserin.
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Figure 5. 
Peak neurotoxicity in the highly purified diabetic dementia autoantibodies was retained 

following dialysis on a 30 kD MW cutoff membrane (A). The N2A neurotoxicity in PD and 

diabetic dementia auto antibodies was completed prevented by co-incubation with 1–2 μM 

concentrations of the IP3R blocker 2-APB(B). Mean N2A neurotoxicity in autoantibodies 

from five different diabetic PD or dementia patients was not significantly affected by co-

incubation with Losartan, bosentan or prazosin (C).
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Figure 6. 
Heating (65 deg C x 30 mins) caused gain in N2A neurotoxicity in a subset of six diabetic 

patients with co-morbid PD (n=5) or dementia (n=1) (A). There was no effect of heating on 

N2A toxicity in protein-A eluates from two diabetic control patients without 

neurodegenerative disease co morbidity (B). Heating caused a modest gain in N2A 

proliferation (n=3) or a loss in N2A toxicity in a second subset of six diabetic patients with 

co-morbid PD (n=5) or dementia (n=1) (C).
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Figure 7. 
Diabetic PD autoantibodies (60 nM) caused contraction in HL-1 atrial cardiomyocytes 

within 5 minutes of application. Photomicrographs (100 x magnification) were captured with 

a Nikon TMS microscope. A) Control HL-1 cells prior to addition of diabetic PD 

autoantibodies; B) corresponding images of the same HL-1 cells 5 minutes after the 

application of diabetic PD (Pt 4) autoantibodies. Higher magnification of cells (A) shown in 

inset by rectangle (C, D), diamond (E, F) or arrow (G, H) before (C, E, G) and five minutes 

after (D, F, H) the addition of PD autoantibodies. Similar results were obtained in 

experiments with two different diabetic PD patients autoantibodies.

Zimering Page 20

J Endocrinol Diabetes. Author manuscript; available in PMC 2018 June 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zimering Page 21

Table 1

Baseline characteristics in study patients

Parkinson’s disease, dementia (N =12) Control (N =8) P-value^,*

Age (years) 70.8 ±5.6 70.4 ± 7.5 0.96

BMI (kg/m2) 30.5 ± 3.8 40.1±6.4 0.002

HbA1c (%) 7.8 ± 1.4 8.7 ± 1.6 0.29

Diabetes duration (years) 15.8 ± 10.3 20.0 ± 9.4 0.44

Nephropathy (yes/no) (7/5) (4/4) 1

Depression (yes/no) (4/8) (2/6) 1

Painful neuropathy (yes/no) (5/7) (1/7) 0.33

Atrial fibrillation (yes/no) (3/9) (4/4) 0.36

Cancer (yes/no) (6/6) (1/7) 0.16

^
T-test for continuous variable;

*
Fischer’s exact test for dichotomous variables BMI- body mass index; HbA1c- glycosylated hemoglobin.
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Table 2

Effect of GPCR receptor antagonists on diabetic Parkinson’s disease autoantibody-induced neurite retraction.

Antagonist [Conc] GPRC %Neutralization of Diabetic PD Autoantibody Neurite Retraction

M100907 200 nM 5-HT2A 95%

Spiperone 200 nM 5-HT2A 90%

Ketanserin 200 nM 5-HT2A 60%

SB 204741 1 μM 5-HT2B 10%

Losartan 10 μM AT-1R 20%

Bosentan 10 μM ET1-R 15%

Prazosin 2 μM A1-AR 0%

Results are expressed as mean of two determinations (which varied by < 15%) and were calculated as 1-[neurite length in presence of antagonist + 
diab PD autoantibodies (~60 nM) divided by (neurite length in presence of diab PD autoantibodies alone)] x 100.
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Table 3

Effect of IP3R/Ca2+ pathway or RhoA/Rho kinase inhibitors on diabetic PD autoantibody-induced N2A 

neurite retraction

Treatment [Conc] % Diabetic PD autoantibody neurite retraction

Diab PD AB 60 nM 100% ± 0%

2-APB (IP3R inhibitor) 50 μM 0% ± 0%

BAPTA-AM (Ca2+chelator) 30 μM 0% ± 0%

Y27632 (ROCK inhibitor) 10 μM −8% ± 2%

Results are expressed as the mean± SD of two experiments.
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Table 4

Baseline characteristics in Parkinson’s disease (PD) subsets according to differential response in protein-A 

eluates to heat treatment.

PD subset 1 (N=6) PD subset 2 (N=6) P-value**

Age (years) 67.5 ± 5.9 72.7 ± 2.8 0.11

BMI (kg/m2) 31.6 ± 2.4 31.4 ± 4.2 0.94

Diab Duration (years) 21.7 ± 11.4 9.2 ± 3.8 0.4

HbA1c (%) 8.7 ± 1.2 7.8 ± 1.7 0.35

Prostate cancer (yes/no) (1/5) (5/1)* 0.02^

*
Chronic lymphocytic leukemia (n=1), bladder cancer (n=1), prostate cancer (n=3);

**
T-test;

^
χ2 test
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