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A B S T R A C T   

Importance and objectives: There is unmet medical need to understand the pathogenic mechanism of the panoply 
of clinical manifestations associated with silicone breast implants (SBIs) such as severe fatigue, widespread pain, 
palpitations, dry mouth and eyes, depression, hearing loss etc. We aimed to determine whether autoantibodies 
against the autonomic nervous system receptors can explain the enigmatic and subjective clinical manifestation 
reported by women with SBIs. 
Results: Circulating level of autoantibodies against G protein-coupled receptors (GPCRs) of the autonomic ner-
vous system (adrenergic, muscarinic, endothelin and angiotensin receptors) have been evaluated in symptomatic 
women with SBIs using an ELISA method. These women with SBIs addressed our clinic due to various subjective 
and autonomic-related manifestations such as chronic severe fatigue, cognitive impairment, widespread pain, 
memory loss, sleep disorders, palpitations, depression, hearing abnormalities etc. We report for the first time, a 
significant reduction in the sera level of anti-β1 adrenergic receptor (p < 0.001), anti-angiotensin II type 1 re-
ceptor (p < 0.001) and anti-endothelin receptor type A (p = 0.001) autoantibodies in women with SBIs (n = 93) 
as compared with aged matched healthy women (n = 36). Importantly, anti-β1 adrenergic receptor autoantibody 
was found to significantly correlate with autonomic-related manifestations such as: sleep disorders and 
depression in women with SBIs. 
Conclusions: Chronic immune stimulation by silicone material may lead to an autoimmune dysautonomia in a 
subgroup of potentially genetically susceptible women with SBIs. The appearance of autoantibodies against 
GPCRs of the autonomic nervous system serve as an explanation for the subjective autonomic-related manifes-
tations reported in women with SBIs.   

1. Introduction 

Environmental factors enhancing immune adjuvant activity are well 
recognized following exposure to infectious agents, silicone and 

aluminum salts and have been widely reported as facilitators of animal 
autoimmune models and human autoimmune disorders [1–6]. Silicone 
injections and the subsequent use of silicone breast implants (SBIs) for 
breast reconstruction and breast augmentation have been first reported 
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around 1960s [6–9]. During the past decades, the safety of SBIs has 
stirred an intense, highly polarized debate, in the scientific community, 
concerning their potential to induce an autoimmune diseases and lym-
phomas [10–19]. Recently, the US food and drug administration (FDA) 
recommended box warning against SBIs and proposed that breast 
implant manufacturers should underline the warnings of the risks, 
including the emergence of breast lymphoma. The complex link between 
SBIs and autoimmunity can be illustrated by the concept of auto-
immune/inflammatory syndrome induced by adjuvants (ASIA syn-
drome), which was introduced by our group in 2011 to gather all 
autoimmune phenomena that emerged following the exposure to an 
adjuvant stimulation [13,15,20,21]. Indeed, based on the international 
registry of ASIA syndrome, we recently analyzed 500 subjects exposed to 
adjuvants and found that polygenic autoimmune diseases, rather than 
innate or auto-inflammatory, represent the vast majority of the 
well-defined immune diseases reported under the umbrella of ASIA 
syndrome [22]. Interestingly, we found that silicone can trigger undif-
ferentiated connective tissue disease (UCTD), systemic sclerosis and fi-
bromyalgia [13,23,24]. Moreover, in a large population-based study, we 
have demonstrated an association between SBIs and the presence of 
autoimmune/rheumatic disorders. Sjögren’s syndrome, systemic scle-
rosis and sarcoidosis were the disorders most strongly associated with 
SBIs. Women with SBIs had increased hazard ratio of 1.45 [95% confi-
dence interval, CI, 1.21–1.73] for being diagnosed with at least one 
autoimmune/rheumatic disorder in comparison with women without 
SBIs [25], highlighting the need for further investigation of the anti-
genic/adjuvant activity of SBIs. 

Adrenergic receptors (AR) are a subclass of G protein-coupled re-
ceptors (GPCRs). AR mediate their action through the binding of cate-
cholamines. They regulate numerous cellular functions and 
physiological processes such as vasoconstriction of blood vessels, 
contraction of smooth muscle, heart rate, renin release and glucose 
metabolism [26,27]. Muscarinic receptors, another subclass of GPCRs, 
are the receptor sites for the neurotransmitter of the parasympathetic 
autonomic nervous system, acetylcholine. Their primary location is on 
the post-synaptic cell membranes of smooth muscle, cardiac muscle and 
glandular tissue at the ends of parasympathetic nerve pathways. 
Muscarinic receptors are therefore responsible for mediating the phys-
iological effects of parasympathetic nerve activity. These responses 
include; cardiac slowing, contraction of a wide range of smooth muscles 
(gastro-intestinal tract, detrusor muscle of the bladder, bronchioles, 
urethra, gall bladder and ducts, iris circular muscle, seminal vesicles and 
vas deferens), vasodilatation and increased secretion from exocrine 
glands (salivary glands, mucosal glands of the airways, gastric acid 
secretion and lachrymal secretion) [27,28]. The binding of angiotensin 
II to its cognate receptor, angiotensin II type 1 receptor has a significant 
effect on sympathetic nervous system and mediates cardiovascular ef-
fects including: vasoconstriction, aldosterone and vasopressin secretion, 
enhancing peripheral noradrenergic activity, cardiac hypertrophy and 
contractility, decreased renal blood flow and renin inhibition and at-
tenuates normal baroflex responses. 

We previously reported an increase production of a broad range of 
classical autoimmune autoantibodies in both asymptomatic and symp-
tomatic women with SBIs, a finding which supports the association of 
SBI with autoimmunity [29]. In the current study, we wished to un-
derstand the mechanisms of the autonomic-related manifestations 
associated with SBIs. Therefore, we examined the potential appearance 
of auto-antibodies against GPCRs of the autonomic nervous system such 
as: adrenergic receptors (α1, α2, β1, β2), muscarinic receptors (M1-M5), 
endothelin receptor type A and angiotensin II type 1 receptor in the sera 
of 93 women with SBIs as compared with 36 aged matched healthy 
control women. 

2. Methods 

2.1. Patients recruitment 

The manuscript was written and edited according to the ‘Strength-
ening the Reporting of Observational Studies in Epidemiology 
(STROBE): explanation and elaboration’ [30]. The present study was 
designed as a single-center, prospective cohort study. All women were 
recruited from the Zabludowicz Center for Autoimmune Diseases, Sheba 
Medical Center, Tel-Hashomer, Israel. They arrived at our clinic since 
they were symptomatic, suffering from clinical manifestations that they 
associated with their implants. Control blood samples from healthy 
women (median age of 40.5 years, IQR 28.5–51) were provided by the 
Magen David Adom, Israel’s National Emergency Pre-Hospital Medical 
and Blood Services Organization. For all cases, recruitment was sys-
tematic: Inclusion criteria were the following: being symptomatic with a 
history of a breast augmentation procedure (either for cosmetic or 
reconstruction purposes). Exclusion criteria included having a SBI 
removed/explanted. One hundred twenty-nine women were eligible and 
were, as such, enrolled: 93 were with SBIs (72.1%) and 36 were healthy, 
age-matched controls (27.9%). Among cases, 19 underwent implant for 
reconstruction (20.4%) and 74 for cosmetic purposes (79.6%),. No 
dropouts were reported. 

Clinical data were collected following an extensive structured 
interview conducted by a specialist in rheumatology and autoimmunity 
(HA and YS). The following data were obtained: medical history, age, 
time from implantation to symptoms, whether the subject had an un-
derlying autoimmune disease, familial history of autoimmune diseases 
and occurrence of clinical manifestations. 

2.2. IRB approval/Ethical clearance 

The study was approved by the Ethical Committee of the Sheba 
Medical Center with an approval number of 6619–19-MSC, located at 
the Sheba Medical Center, Israel. The patients signed a written, informed 
consent. 

2.3. Quantification of circulating auto-antibodies levels 

Whole blood samples from each subject were allowed to clot at room 
temperature, and then centrifuged at 2,000 g for 15 min in a refrigerated 
centrifuge. Serum was purified and stored at − 35 ◦C. The anti- 
adrenergic receptors (α1, α2, β1, β2), anti-muscarinic receptors (M1- 
M5), anti-endothelin receptor type A and anti-angiotensin II type 1 re-
ceptor autoantibodies were measured in serum samples using a sand-
wich ELISA kit (CellTrend GmbH Luckenwalde, Germany). The 
microtiter 96-well polystyrene plates were coated with GPCR. To 
maintain the conformational epitopes of the receptor, 1 mM calcium 
chloride was added to every buffer. Duplicate samples of a 1:100 serum 
dilution were incubated at 4 ◦C for 2 h. After washing steps, plates were 
incubated for 60 min with a 1: 20,000 dilution of horseradish-perox-
idase–labeled goat anti-human IgG used for detection. In order to obtain 
a standard curve, plates were incubated with test serum from an anti- 
GPCR autoantibody positive index patient. The ELISAs were validated 
according to the FDA’s “Guidance for industry: Bioanalytical method 
validation”. The optimal cut-off level for each anti- GPCR autoantibody 
tests was analyzed using the receiver operating characteristic (ROC) 
analysis as described previously [31]. 

2.4. Statistical analysis 

Normality was assessed by the Shapiro Wilk’s test. Continuous var-
iables were presented as median (IQR) and compared using the Mann- 
Whitney U test. For antibody levels, p-values of the differences were 
adjusted for multiple comparisons using the Bonferroni correction. 
Categorical variables were presented as count (%) and compared using a 
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chi-square test. Correlations were calculated using the Spearman’s 
method. All tests used were two-tailed, and p < 0.05 was considered 
statistically significant. Data analysis was performed using R version 
4.0.2 (R Core Team, Vienna, Austria). 

3. Results 

3.1. Imbalance in circulating level of autoantibodies against autonomic 
receptors in women with SBIs as compared with healthy women 

We wanted to measure changes in the levels of autoantibodies 
against GPCRs of the autonomic nervous system in women with silicone 
breast implants as compared to healthy female controls. ELISA tests for a 
panel of 11 autoantibodies were used: against adrenergic receptors (α1, 
α2, β1, β2), muscarinic acetyl choline receptors (M1-M5), anti- 
endothelin receptor type A and anti-angiotensin II type 1 receptor, 
had been evaluated in the sera of 93 females with SBIs and in 36 aged 
matched healthy women without SBIs. Interestingly, we found a sig-
nificant reduction in the sera level of anti-β1 adrenergic receptor (p <
0.001), anti-angiotensin II type 1 receptor (p < 0.001) and anti- 
endothelin receptor type A (p = 0.001) autoantibodies in women with 
silicone breast implants as compared with aged matched healthy women 
(Fig. 1). Notably, we also detected a trend for reduction in circulating 
level of anti-M2 and anti-M4 in women with SBIs as compared with 
healthy women controls, but this did not reach a statistical significance 
(Supp. Table 1). 

3.2. Clinical symptoms reported by women with silicone breast implants 
(SBIs) 

SBIs were implanted for cosmetic reasons in 74 out of 93 women 
(79.6%) and for reconstruction purposes in 19 out of 93 women (20.4%) 
(Supp. Table 2). The median time from SBI implantation to symptom 
onset in the cosmetic group was 12 (8.0–14.8) years, while median time 
following a reconstruction procedure was 5 (3.2–7.5) years (Supp. 
Table 2). The most common clinical symptoms reported by women with 
SBIs were chronic fatigue (84.7%), widespread pain (62.7%), memory 
impairment (57.2%), sleep disturbances (56.1%) and dry mouth 

(51.7%). In addition, 45.1% of patients reported subjective cognitive 
impairment, 50.6% palpitations, 39.6% depression, 41.8% dry eyes, 
39.6% arthralgia, 40.7% hearing abnormalities (hearing loss or 
tinnitus), 20.9% myalgia, 27.5% vision abnormalities, 36.3% pares-
thesia, 26.4% hair loss, 16.5% diarrhea, 17.6% skin rash, 12.1% con-
stipation and 24.2% excessive sweating (Supp. Fig. 1). Notably, 45.2% 
of women with SBIs had a positive familial history of autoimmune 
disorders. 

3.3. Circulating anti-β1 adrenergic receptor autoantibody significantly 
correlated with autonomic-related manifestations in women with SBIs 

We found that all the 11 antibodies against the autonomic nervous 
system highly correlated one with each other (Supp. Fig. 2). The most 
prominent correlation was found between anti-endothelin receptor type 
A and anti-angiotensin II type 1 receptor (Spearman’s correlation =
0.88). Then, a group separation analysis showed that β1 adrenergic re-
ceptor autoantibody is the most important variable capable of sepa-
rating the SBIs group (red dots) vs. the healthy control women group 
(blue dots), while all other antibodies were found to be less useful for 
this separation (Fig. 2). As shown in Fig. 3, correlation analysis revealed 
that anti-β1 adrenergic receptor autoantibody negatively correlated 
with a higher number of clinical manifestations compared with all the 
other autoantibodies. The strongest correlation was found between anti- 
β1 adrenergic receptor autoantibody and autonomic-related clinical 
manifestation such as depression (spearman’s correlation of − 0.3) and 
sleep disorders (spearman’s correlation of − 0.3). Interestingly, depres-
sion, as compared with the rest of clinical manifestations, was found to 
negatively correlate with almost all the autoantibodies (10 out of 11). 
Collectively, these results indicated that an imbalance of circulating 
level of anti-β1 adrenergic receptor autoantibody might be the strong 
and important indicator of dysautonomia in women with silicone breast 
implants. 

4. Discussion 

In the current study, we report for the first time, the appearance of 
dysautonomia in symptomatic women with silicone breast implants 
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Fig. 1. Levels of circulating anti-GPCRs auto-antibodies that were found to be significantly different in women with silicone breast implants (SBIs) after adjusting for 
multiple comparisons. Individual measurements are shown as dots, summary data as boxplots, and the distributions as violin plots. 
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(Supp Fig. 1), accompanied by imbalance in the circulating level of 
autoantibodies against GPCRs of the autonomic nervous system re-
ceptors such as: adrenergic, endothelin and angiotensin receptors (Fig. 1 
and Supp. Table 1). Importantly, we found that anti-β1 adrenergic re-
ceptor autoantibody might be a strong and important indicator for 
dysautonomia in women with silicone breast implants (Figs. 1–3 and 
Supp. Table 1). 

Silicone implants have been in use since the mid-twentieth century, 
especially in the field of reconstructive and cosmetic breast surgery, and 
have long been considered as biologically inert and harmless [7]. 
However, a growing body of evidence from the past two decades link 
silicone with dysregulated immunity and subsequent 
autoimmune-related complications in both animal and human studies 
[11–15,25,32–34]. Our group previously found a strong association 
between SBIs and the development of autoimmune diseases [25]. We 
also discussed, in a recent review article, the evidence for autoimmunity 
in women with SBIs and other suspected immune- and 
dysautonomic-related disorders such as: postural orthostatic tachy-
cardia syndrome, chronic fatigue syndrome and complex regional pain 
syndrome (all of which are characterized by dysregulated levels of an-
tibodies against GPCRs of the autonomic nervous system) [35]. We 
believe that chronic hyperstimulation of the immune system by the 
adjuvant activity of the non-self, silicone material, in a subgroup of 
potentially genetically susceptible women with SBIs – may lead to 
development autoimmune disease. 

Human leukocyte antigen (HLA) polymorphism has been thoroughly 
examined and described to be associated with autoimmune diseases 
[36]. Some HLA alleles have been shown to be associated with auto-
immune diseases mediated primarily by autoantigens [37]. Of note, HLA 
has been suggested to be used as a marker of individuals who are at risk 
for developing symptoms after exposure to silicone implants (32). 
Interestingly, the HLA gene was found recently to be associated with the 
production of antibodies against autonomic receptors such as: α1-AR 
and β2-AR [38,39]. 

In the last two decades, evidence has been accumulating indicating a 
role for functional auto-antibodies against GPCRs such as adrenergic, 
muscarinic, endothelin and angiotensin receptors (and gene defects in 
these receptors) in the development of autoimmune disease and other 

suspected immune- and dysautonomic-related disorders, both in 
experimental animal models [40,41] and in human patients [38,42–47]. 
For example, β2-AR signaling was reported to be involved in the path-
ogenesis and progress of various autoimmune disease such as rheuma-
toid arthritis, systemic lupus erythematosus, multiple sclerosis and 
myasthenia gravis [48], while auto-antibodies against muscarinic 
acetylcholine receptor M3 has been found to be involved in the pro-
gression of Sjögren’s syndrome and corresponding mouse models [45, 
49]. Recently, it was demonstrated for the first time the in-vivo role of 
adrenergic autoantibodies in the pathophysiology of postural orthostatic 
tachycardia syndrome (POTS). In that study, co-immunization of rabbits 
with peptides of α1 and β1-adrenergic receptors, led to the production of 
functional α1AR and β1AR-autoantibodies, and to changes in cardio-
vascular responses to catecholamines, contributing to the POTS-like 
phenotypes. Moreover, the effect of these adrenergic autoantibodies 
was found to be reversed using selective decoy peptide inhibitors [50]. 
Of note, Scheibenbogen et al. [51], found that immunoadsorption can 
remove antibodies against β2 adrenergic receptor and lead to clinical 
improvement in chronic fatigue syndrome. Furthermore, it was found 
that therapeutic doses of intravenous immunoglobulin (IVIG) provided 
to patients with autoimmune diseases (Sjögren’s syndrome, celiac dis-
ease and dermatomyositis) neutralize anti-M3R activity in-vivo and 
improve bladder and bowel symptoms [46,52]. Regarding our obser-
vations, we found a significant reduction in the titer of circulating 
auto-antibodies against adrenergic receptors (β1), anti-endothelin re-
ceptor (type A) and anti-angiotensin II (type 1) receptor in women with 
SBIs as compared with healthy women without SBIs (Fig. 1). 

Autoantibodies against the β-1 adrenergic receptors were first 
described in 1980 to be associated with cardiomyopathy, heart failure 
and ischemic heart diseases. Imbalance of circulating level of anti-β1 
adrenergic receptor autoantibody have been reported in acute coronary 
syndrome patients. We have preliminary results showing that out of 93 
women with SBIs, 47 of them are complain of palpitations and more 
interestingly few autoantibodies against the autonomic nervous systems 
receptors in these women have been significantly reduced as compared 
to women with SBIs who do not suffer from this manifestation (personal 
manifestations, manuscript in preparation). Importantly, lowered titers 
of anti-β1 adrenergic receptor in the serum of ACS patients (as compared 
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to healthy donors) may be associated with a higher risk for re-infraction 
and worse prognosis [53]. In that study, the authors hypothesized that 
higher expression of β1 adrenergic receptor in the tissues during and 
after an acute coronary syndrome, may lead to a high binding of the 
anti-β1 autoantibodies to these receptors and therefore a decreased level 
of these antibodies in the circulation. Moreover, recently it was 
demonstrated that autoantibodies targeting the endothelin receptor type 
A were significantly reduced in the sera of rheumatoid arthritis patients 
as compared with healthy donors [47]. Although these studies correlate 
well with our observations regarding the reduction in circulating level of 
autoantibodies against the autonomic nervous system in women with 
silicone breast implants, further mechanistic studies to explore the 
location of these autoantibodies (and the expression of their cognate 
receptors) in the tissues are needed. It is worth mentioning that auto-
antibodies can be found in healthy donors suggesting that they are part 
of a physiological immune system. Moreover, functional autoantibodies 
(agonistic or antagonistic antibodies) against GPCRs can activate or 
inhibit intracellular signaling pathways that are normally triggered by 
endogenous ligand such as catecholamines etc. Therefore, examination 
of the potential pathogenic or protective effect of autoantibodies against 
autonomic receptors in-vivo should be deciphered. 

Our results showed a significant correlation between anti-β1 adren-
ergic receptor autoantibody and autonomic-related clinical manifesta-
tion such as sleep disturbance and depression (Fig. 3). Notably, 
β-adrenergic receptors were previously found to trigger melatonin syn-
thesis [54] while beta-blockers have been shown to influence melatonin 
release by a specific inhibition of β1 adrenergic receptor [55]. These 
findings suggest that imbalance in the activity of β-adrenoreceptors can 
affect sleep disorders, a phenomenon which might explain the reported 
interrupted and unrefreshing sleep by women with SBIs (Supp. Fig. 1). 
Adrenergic receptors and muscarinic acetylcholine receptors, especially 
α2AR and M2R respectively, were found to be crucial components in 
pathologies such as depressive disorders [56,57]. These findings are in 
line with our correlation analysis showing that depression was found to 
significantly correlate with almost all the autoantibodies against the 
autonomic nervous system, especially with α2AR and M2 muscarinic 
acetylcholine receptors, among others such as anti-β1 adrenergic re-
ceptor and anti-M4 muscarinic acetylcholine receptor (Fig. 3). 

We also found that the most debilitating manifestation reported by 
90.9% of women with SBIs was severe fatigue (Supp. Fig. 1). Severe 
fatigue is the most common complaint reported among patients with 
autoimmune diseases, such as systemic lupus erythematosus (SLE), 
multiple sclerosis (MS), type 1 diabetes, celiac disease and rheumatoid 
arthritis (RA) [58]. Physiological processes known to play a role in fa-
tigue include oxygen/nutrient supply, metabolism, mood, motivation 
and sleepiness – all of which are affected by inflammation. It is worth to 
mention that acute and subsequent chronic inflammation has been 
already suggested to be associated with silicone breast implants patients 
[32], and might play a role in the appearance of chronic fatigue in these 
patients. 

It is worth mentioning, that removal of SBIs in symptomatic women 
was found to improve the clinical pictures of subjects [59,60], while no 
improvement was found in other subjects, probably as a results silicone 
infiltration into lymph nodes and other tissues, as already been sug-
gested by our group and others [14,61]. 

One limitation of our study is the small number of sera from healthy 
controls (n = 36) used for the measurement of circulating level of au-
toantibodies against the autonomic nervous system receptors. 

5. Conclusions 

We described here, an autoimmune dysautonomia-related clinical 
picture of symptomatic women with SBIs. We found significant differ-
ences in circulating levels of adrenergic, endothelin and angiotensin 
receptors autoantibodies in women with silicone breast implants as 
compared with women without silicone breast implants. In women with 

silicone breast implants, levels of autoantibodies against autonomic 
receptors were also correlated with autonomic-related symptoms. These 
findings suggest that autoantibodies against the autonomic nervous 
system might play a role in the development of autonomic-related 
clinical manifestations in women with silicone breast implants, but 
further studies are indicated. Even though the present study adopted a 
systematic recruitment from a single-center, we do not know what is the 
percentage of women who complain of these symptoms in the general 
healthy women population. 

Acknowledgment 

This is to acknowledge the contribution of the ‘Yaron and Gila She-
mie Foundation’ support for this study. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jaut.2021.102631. 

Author statement 

Gilad Halpert: Conceptualization, Methodology, Software, Valida-
tion, Formal analysis, Investigation, Resources, Data Curation, Writing - 
Original Draft, Visualization, Writing - Review & Editing. Abdulla 
Watad: Conceptualization, Methodology, Software, Validation, Formal 
analysis, Investigation, Resources, Data Curation, Writing - Original 
Draft, Visualization, Writing - Review & Editing. Avishai M Tsur: 
Methodology, Software, Validation, Formal analysis, Investigation, Data 
Curation, Writing - Original Draft, Visualization, Writing - Review & 
Editing. Arad Dotan: Methodology, Software, Validation, Data Cura-
tion., Hector Enrique Quiros-Lim: Methodology, Software, Validation, 
Investigation, Resources, Data Curation. Harald Heidecke: Methodol-
ogy, Software, Validation, Formal analysis, Investigation, Resources, 
Data Curation, Writing - Original Draft, Visualization, Writing - Review 
& Editing. Boris Gilburd: Methodology, Validation, Writing - Review & 
Editing. Josef Haik: Resources, Investigation, Writing - Review & Edit-
ing. Yair Levy: Resources, Investigation, Writing - Review & Editing Miri 
Blank: Conceptualization, Validation, Visualization Writing - Review & 
Editing. Howard Amital: Conceptualization, Validation, Writing - Orig-
inal Draft, Visualization, Supervision, Writing - Review & Editing. 
Yehuda Shoenfeld: Conceptualization, Validation, Writing - Original 
Draft, Visualization, Supervision, Funding acquisition, Writing - Review 
& Editing. 

References 

[1] V. Molina, Y. Shoenfeld, Infection, vaccines and other environmental triggers of 
autoimmunity, Autoimmunity 38 (3) (2005 May) 235–245. PubMed PMID: 
16126512. 

[2] T.D. Terhune, R.C. Deth, Aluminum adjuvant-containing vaccines in the context of 
the hygiene hypothesis: a risk factor for eosinophilia and allergy in a genetically 
susceptible subpopulation? Int. J. Environ. Res. Publ. Health 15 (5) (2018 May 3). 
PubMed PMID: 29751492. Pubmed Central PMCID: PMC5981940. 

[3] A.L. Nancy, Y. Shoenfeld, Chronic fatigue syndrome with autoantibodies–the result 
of an augmented adjuvant effect of hepatitis-B vaccine and silicone implant, 
Autoimmun. Rev. 8 (1) (2008 Oct) 52–55. PubMed PMID: 18725327. 

[4] R. Inbar, R. Weiss, L. Tomljenovic, M.T. Arango, Y. Deri, C.A. Shaw, et al., 
Behavioral abnormalities in female mice following administration of aluminum 
adjuvants and the human papillomavirus (HPV) vaccine Gardasil, Immunol. Res. 
65 (1) (2017 Feb) 136–149. PubMed PMID: 27421722. 

[5] O. Sela, Y. Shoenfeld, [The association of infecting agents and autoimmune 
diseases], Harefuah 112 (6) (1987 Mar 15) 285–288. PubMed PMID: 3301593. 

[6] H. Zinger, Y. Sherer, G. Goddard, Y. Berkun, O. Barzilai, N. Agmon-Levin, et al., 
Common infectious agents prevalence in antiphospholipid syndrome, Lupus 18 
(13) (2009 Nov) 1149–1153. PubMed PMID: 19880561. 

[7] A.J. Bridges, F.B. Vasey, Silicone breast implants. History, safety, and potential 
complications, Arch. Intern. Med. 153 (23) (1993 Dec 13) 2638–2644. PubMed 
PMID: 8250660. 

[8] Y. Kumagai, C. Abe, Y. Shiokawa, Scleroderma after cosmetic surgery: four cases of 
human adjuvant disease, Arthritis Rheum. 22 (5) (1979 May) 532–537. PubMed 
PMID: 375942. 

G. Halpert et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/j.jaut.2021.102631
https://doi.org/10.1016/j.jaut.2021.102631
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref1
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref1
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref1
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref2
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref2
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref2
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref2
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref3
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref3
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref3
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref4
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref4
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref4
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref4
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref5
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref5
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref6
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref6
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref6
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref7
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref7
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref7
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref8
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref8
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref8


Journal of Autoimmunity 120 (2021) 102631

7

[9] Y. Kumagai, Y. Shiokawa, T.A. Medsger Jr., G.P. Rodnan, Clinical spectrum of 
connective tissue disease after cosmetic surgery. Observations on eighteen patients 
and a review of the Japanese literature, Arthritis Rheum. 27 (1) (1984 Jan) 1–12. 
PubMed PMID: 6691849. 

[10] M. Bizjak, C. Selmi, S. Praprotnik, O. Bruck, C. Perricone, M. Ehrenfeld, et al., 
Silicone implants and lymphoma: the role of inflammation, J. Autoimmun. 65 
(2015 Dec) 64–73. PubMed PMID: 26330346. 

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

[12] Y. Levy, P. Rotman-Pikielny, M. Ehrenfeld, Y. Shoenfeld, Silicone breast 
implantation-induced scleroderma: description of four patients and a critical 
review of the literature, Lupus 18 (13) (2009 Nov) 1226–1232. PubMed PMID: 
19880573. 

[13] A. Soriano, D. Butnaru, Y. Shoenfeld, Long-term inflammatory conditions following 
silicone exposure: the expanding spectrum of the autoimmune/inflammatory 
syndrome induced by adjuvants (ASIA), Clin. Exp. Rheumatol. 32 (2) (2014 Mar- 
Apr) 151–154. PubMed PMID: 24739519. 

[14] G. Nesher, A. Soriano, G. Shlomai, Y. Iadgarov, T.R. Shulimzon, E. Borella, et al., 
Severe ASIA syndrome associated with lymph node, thoracic, and pulmonary 
silicone infiltration following breast implant rupture: experience with four cases, 
Lupus 24 (4–5) (2015 Apr) 463–468. PubMed PMID: 25801889. 

[15] I. Goren, G. Segal, Y. Shoenfeld, Autoimmune/inflammatory syndrome induced by 
adjuvant (ASIA) evolution after silicone implants. Who is at risk? Clin. Rheumatol. 
34 (10) (2015 Oct) 1661–1666. PubMed PMID: 25877803. 

[16] A.R. Shons, W. Schubert, Silicone breast implants and immune disease, Ann. Plast. 
Surg. 28 (5) (1992 May) 491–499, discussion 9-501. PubMed PMID: 1622027. 

[17] S.H. Yoshida, S. Swan, S.S. Teuber, M.E. Gershwin, Silicone breast implants: 
immunotoxic and epidemiologic issues, Life Sci. 56 (16) (1995 Mar 10) 
1299–1310. PubMed PMID: 8614251. 

[18] A. Aharon-Maor, Y. Levy, Y. Schoenfeld, [Fibrosarcoma after silicone breast 
augmentation: is there a connection?], Harefuah 134 (5) (1998 Mar 1) 339–341, 
424. PubMed PMID: 10909545. 

[19] M. Versini, Y. Shoenfeld, The dark side of beauty: about breast implants and 
lymphoma, Isr. Med. Assoc. J. 19 (6) (2017 Jun) 380–381. PubMed PMID: 
28647938. 

[20] Y. Shoenfeld, N. Agmon-Levin, ASIA’ - autoimmune/inflammatory syndrome 
induced by adjuvants, J. Autoimmun. 36 (1) (2011 Feb) 4–8. PubMed PMID: 
20708902. 

[21] A. Dagan, M. Kogan, Y. Shoenfeld, G. Segal, When uncommon and common 
coalesce: adult onset Still’s disease associated with breast augmentation as part of 
autoimmune syndrome induced by adjuvants (ASIA), Clin. Rheumatol. 35 (6) 
(2016 Jun) 1643–1648. PubMed PMID: 25604318. 

[22] A. Watad, N.L. Bragazzi, D. McGonagle, M. Adawi, C. Bridgewood, G. Damiani, et 
al., Autoimmune/inflammatory syndrome induced by adjuvants (ASIA) 
demonstrates distinct autoimmune and autoinflammatory disease associations 
according to the adjuvant subtype: insights from an analysis of 500 cases, Clin. 
Immunol. 203 (2019 Jun) 1–8. PubMed PMID: 30922961. 

[23] A. Watad, M. Quaresma, N.L. Bragazzi, R. Cervera, J.W.C. Tervaert, H. Amital, et 
al., The autoimmune/inflammatory syndrome induced by adjuvants (ASIA)/ 
Shoenfeld’s syndrome: descriptive analysis of 300 patients from the international 
ASIA syndrome registry, Clin. Rheumatol. 37 (2) (2018 Feb) 483–493. PubMed 
PMID: 28741088. 

[24] F. Scanzi, L. Andreoli, M. Martinelli, M. Taraborelli, I. Cavazzana, N. Carabellese, 
et al., Are the autoimmune/inflammatory syndrome induced by adjuvants (ASIA) 
and the undifferentiated connective tissue disease (UCTD) related to each other? A 
case-control study of environmental exposures, Immunol. Res. 65 (1) (2017 Feb) 
150–156. PubMed PMID: 28332072. 

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

[26] A. Scanzano, M. Cosentino, Adrenergic regulation of innate immunity: a review, 
Front. Pharmacol. 6 (2015) 171. PubMed PMID: 26321956. Pubmed Central 
PMCID: PMC4534859. 

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

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

[29] G. Zandman-Goddard, M. Blank, M. Ehrenfeld, B. Gilburd, J. Peter, Y. Shoenfeld, 
A comparison of autoantibody production in asymptomatic and symptomatic 
women with silicone breast implants, J. Rheumatol. 26 (1) (1999 Jan) 73–77. 
PubMed PMID: 9918243. 

[30] J.P. Vandenbroucke, E. von Elm, D.G. Altman, P.C. Gotzsche, C.D. Mulrow, S. 
J. Pocock, et al., Strengthening the reporting of observational studies in 
Epidemiology (STROBE): explanation and elaboration, Ann. Intern. Med. 147 (8) 
(2007 Oct 16) W163–W194. PubMed PMID: 17938389. 

[31] J.A. Hanley, B.J. McNeil, The meaning and use of the area under a receiver 
operating characteristic (ROC) curve, Radiology 143 (1) (1982 Apr) 29–36. 
PubMed PMID: 7063747. 

[32] M.I. Caravantes-Cortes, E. Roldan-Valadez, R.D. Zwojewski-Martinez, S.Y. Salazar- 
Ruiz, A.A. Carballo-Zarate, Breast prosthesis syndrome: pathophysiology and 
management algorithm, Aesthetic Plast. Surg. 44 (5) (2020 Mar 9) 1423–1437. htt 
ps://pubmed.ncbi.nlm.nih.gov/32152711/. 

[33] C.J. Schaefer, W.D. Lawrence, P.H. Wooley, Influence of long term silicone 
implantation on type II collagen induced arthritis in mice, Annals of the rheumatic 
diseases 58 (8) (1999 Aug) 503–509. PubMed PMID: 10419870. Pubmed Central 
PMCID: 1752932. 

[34] C.J. Schaefer, P.H. Wooley, The influence of silicone implantation on murine lupus 
in MRL lpr/lpr mice, J. Rheumatol. 26 (10) (1999 Oct) 2215–2221. PubMed PMID: 
10529143. 

[35] Y. Shoenfeld, V.A. Ryabkova, C. Scheibenbogen, L. Brinth, M. Martinez-Lavin, 
S. Ikeda, et al., Complex syndromes of chronic pain, fatigue and cognitive 
impairment linked to autoimmune dysautonomia and small fiber neuropathy, Clin. 
Immunol. 214 (2020 May) 108384. PubMed PMID: 32171889. 

[36] M.T. Arango, C. Perricone, S. Kivity, E. Cipriano, F. Ceccarelli, G. Valesini, et al., 
HLA-DRB1 the notorious gene in the mosaic of autoimmunity, Immunol. Res. 65 
(1) (2017 Feb) 82–98. PubMed PMID: 27435705. 

[37] Y. Chen, S. Li, R. Huang, Z. Zhang, F. Petersen, J. Zheng, et al., Comprehensive 
meta-analysis reveals an association of the HLA-DRB1*1602 allele with 
autoimmune diseases mediated predominantly by autoantibodies, Autoimmun. 
Rev. 19 (6) (2020 Jun) 102532. PubMed PMID: 32234402. 

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

[39] Y. Sun, F. Zhu, M. Wang, S. Ma, Y. Liao, Association analysis about HLA-DRB1, 
-DQB1 polymorphism and auto-antibodies against alpha(1)-adrenergic receptors in 
Chinese patients with essential hypertension, Clin. Exp. Hypertens. 32 (8) (2010) 
532–539. PubMed PMID: 21091360. 

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

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

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

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

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

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

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

[47] O. Cabral-Marques, A. Marques, L.M. Giil, R. De Vito, J. Rademacher, J. Gunther, et 
al., GPCR-specific autoantibody signatures are associated with physiological and 
pathological immune homeostasis, Nat. Commun. 9 (1) (2018 Dec 6) 5224. 
PubMed PMID: 30523250. Pubmed Central PMCID: 6283882. 

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

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

[50] H. Li, G. Zhang, L. Zhou, Z. Nuss, M. Beel, B. Hines, et al., Adrenergic autoantibody- 
induced postural tachycardia syndrome in rabbits, Journal of the American Heart 
Association 8 (19) (2019 Oct), e013006. PubMed PMID: 31547749. Pubmed 
Central PMCID: 6806023. 

[51] C. Scheibenbogen, M. Loebel, H. Freitag, A. Krueger, S. Bauer, M. Antelmann, et 
al., Immunoadsorption to remove ss2 adrenergic receptor antibodies in Chronic 
Fatigue Syndrome CFS/ME, PloS One 13 (3) (2018), e0193672. PubMed PMID: 
29543914. Pubmed Central PMCID: PMC5854315. 

[52] J.R. Schofield, K.R. Chemali, Intravenous immunoglobulin therapy in refractory 
autoimmune dysautonomias: a retrospective analysis of 38 patients, Am. J. 
Therapeut. 26 (5) (2019 Sep/Oct) 570–582. PubMed PMID: 29781817. 

[53] D. Ernst, J. Westerbergh, G. Sogkas, A. Jablonka, G. Ahrenstorf, R.E. Schmidt, et 
al., Lowered anti-beta1 adrenergic receptor antibody concentrations may have 
prognostic significance in acute coronary syndrome, Sci. Rep. 9 (1) (2019 Oct 10) 
14552. PubMed PMID: 31601947. Pubmed Central PMCID: PMC6787077. 

[54] M.A. Pires-Lapa, C.E. Carvalho-Sousa, E. Cecon, P.A. Fernandes, R.P. Markus, Beta- 
adrenoceptors trigger melatonin synthesis in phagocytes, Int. J. Mol. Sci. 19 (8) 
(2018 Jul 26). PubMed PMID: 30049944. Pubmed Central PMCID: PMC6121262. 

G. Halpert et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S0896-8411(21)00039-1/sref9
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref9
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref9
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref9
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref10
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref10
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref10
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref11
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref11
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref11
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref11
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref12
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref12
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref12
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref12
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref13
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref13
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref13
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref13
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref14
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref14
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref14
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref14
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref15
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref15
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref15
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref16
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref16
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref17
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref17
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref17
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref18
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref18
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref18
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref19
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref19
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref19
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref20
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref20
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref20
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref21
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref21
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref21
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref21
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref22
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref22
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref22
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref22
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref22
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref23
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref23
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref23
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref23
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref23
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref24
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref24
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref24
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref24
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref24
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref25
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref25
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref25
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref25
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref26
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref26
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref26
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref27
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref27
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref27
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref27
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref28
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref28
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref28
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref28
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref29
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref29
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref29
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref29
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref30
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref30
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref30
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref30
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref31
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref31
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref31
https://pubmed.ncbi.nlm.nih.gov/32152711/
https://pubmed.ncbi.nlm.nih.gov/32152711/
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref33
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref33
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref33
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref33
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref34
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref34
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref34
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref35
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref35
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref35
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref35
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref36
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref36
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref36
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref37
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref37
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref37
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref37
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref38
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref38
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref38
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref38
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref39
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref39
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref39
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref39
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref40
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref40
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref40
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref40
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref41
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref41
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref41
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref41
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref41
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref42
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref42
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref42
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref42
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref43
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref43
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref43
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref44
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref44
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref44
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref45
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref45
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref45
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref45
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref46
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref46
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref46
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref46
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref47
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref47
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref47
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref47
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref48
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref48
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref48
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref49
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref49
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref49
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref50
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref50
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref50
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref50
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref51
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref51
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref51
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref51
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref52
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref52
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref52
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref53
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref53
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref53
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref53
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref54
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref54
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref54


Journal of Autoimmunity 120 (2021) 102631

8

[55] K. Stoschitzky, A. Sakotnik, P. Lercher, R. Zweiker, R. Maier, P. Liebmann, et al., 
Influence of beta-blockers on melatonin release, Eur. J. Clin. Pharmacol. 55 (2) 
(1999 Apr) 111–115. PubMed PMID: 10335905. 

[56] W.J. Jeon, B. Dean, E. Scarr, A. Gibbons, The role of muscarinic receptors in the 
pathophysiology of mood disorders: a potential novel treatment? Curr. 
Neuropharmacol. 13 (6) (2015) 739–749. PubMed PMID: 26630954. Pubmed 
Central PMCID: PMC4759313. 

[57] C. Cottingham, Q. Wang, alpha2 adrenergic receptor dysregulation in depressive 
disorders: implications for the neurobiology of depression and antidepressant 
therapy, Neurosci. Biobehav. Rev. 36 (10) (2012 Nov) 2214–2225. PubMed PMID: 
22910678. Pubmed Central PMCID: PMC3508310. 

[58] M.R. Zielinski, D.M. Systrom, N.R. Rose, Fatigue, sleep, and autoimmune and 
related disorders, Front. Immunol. 10 (2019) 1827. PubMed PMID: 31447842. 
Pubmed Central PMCID: PMC6691096. 

[59] M. de Boer, M. Colaris, R. van der Hulst, J.W. Cohen Tervaert, Is explantation of 
silicone breast implants useful in patients with complaints? Immunol. Res. 65 (1) 
(2017 Feb) 25–36. PubMed PMID: 27412295. Pubmed Central PMCID: 5406477. 

[60] W. Peters, D. Smith, V. Fornasier, S. Lugowski, D. Ibanez, An outcome analysis of 
100 women after explantation of silicone gel breast implants, Ann. Plast. Surg. 39 
(1) (1997 Jul) 9–19. PubMed PMID: 9229086. 

[61] L. Sagi, S. Baum, A. Lyakhovitsky, A. Barzilai, D. Shpiro, H. Trau, et al., Silicone 
breast implant rupture presenting as bilateral leg nodules, Clin. Exp. Dermatol. 34 
(5) (2009 Jul) e99–101. PubMed PMID: 19438562. 

G. Halpert et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S0896-8411(21)00039-1/sref55
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref55
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref55
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref56
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref56
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref56
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref56
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref57
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref57
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref57
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref57
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref58
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref58
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref58
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref59
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref59
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref59
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref60
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref60
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref60
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref61
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref61
http://refhub.elsevier.com/S0896-8411(21)00039-1/sref61

	Autoimmune dysautonomia in women with silicone breast implants
	1 Introduction
	2 Methods
	2.1 Patients recruitment
	2.2 IRB approval/Ethical clearance
	2.3 Quantification of circulating auto-antibodies levels
	2.4 Statistical analysis

	3 Results
	3.1 Imbalance in circulating level of autoantibodies against autonomic receptors in women with SBIs as compared with health ...
	3.2 Clinical symptoms reported by women with silicone breast implants (SBIs)
	3.3 Circulating anti-β1 adrenergic receptor autoantibody significantly correlated with autonomic-related manifestations in  ...

	4 Discussion
	5 Conclusions
	Acknowledgment
	Appendix A Supplementary data
	Author statement
	References


