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Abstract OBJECTIVE: Anti-thyroglobulin, anti-thyroid-peroxidase and anti-TSh receptor 
antibodies have been observed with high frequency in autoimmune thyroid dis-
eases. Thyroid hormone auto-antibodies (ThAA): anti-thyroxine (T4) and anti-trii-
odothyronine (T3), conversely, have been reported rarely. In both hyperthyroidism 
and hypothyroidism, patients suffer from muscle weakness and function disorders. 
The aim of our study was the evaluation of the occurrence rate of autoantibodies 
targeting muscle proteins in a group of 24 patients with circulating anti-T3 and/or 
anti-T4 autoantibodies. The control group consisted of 41 healthy blood donors.
METHODS: In polyethylene tubes coated with muscle antigens: actin, myosin, 
myoglobin, troponin and tropomyosin solid-phase radioimmunoassay was per-
formed to detect autoantibodies. A reaction with 125I-labelled staphylococcus pro-
tein A was used for the detection of antibodies bound to the antigens on the tubes.
RESULTS: We found a high occurrence of antibodies to muscle proteins in patients 
with ThAA. Anti-myoglobin autoantibodies were most frequent (54.2% of subjects), 
the binding index values was very high and exceeded normal values two to four 
fold. Anti-myosin autoantibodies were detected in 50% of subjects; anti-troponin 
autoantibodies in 33.3%, and anti-tropomyosin autoantibody in 3 patients (12.5%). 
Differences between the patients and the controls were statistically significant. The 
antibody binding index to actin was low and statistically insignificant.
CONCLUSIONS: Our study indicates that muscle protein antibodies, especially to 
myoglobin, myosin and troponin, are very frequently present in patients with autoim-
mune thyroid disease and circulating anti-T3 and anti-T4 autoantibodies, as well as 
in most cases of chronic thyroiditis with clinical symptoms of hypothyroidisms.
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Abbreviations

THAA  - thyroid hormone autoantibody 
T3  - triiodothyronine 
T4 - thyroxine 
ATPO - anti-thyroid peroxidase antibody
ATG  - anti-thyroglobulin antibodies
TSH - thyroid stimulating hormone
MHC  - myosin heavy chains

INTRODUCTION

Antithyroid autoantibodies, particularly antibodies to 
thyroglobulin, thyroid-peroxidase and TSh receptor are 
frequently observed in patients with autoimmune thyroid 
disease. On the other hand, thyroid hormone autoanti-
bodies (ThAA) against thyroxine (T4) and triiodothy-
ronine (T3) have been reported extremely rarely. These 
antibodies have been identified in various, mainly auto-
immune thyroid diseases [32,34,13,26,45,31,29,14,15], 
rarely in viral infections and Sjogren’s syndrome [30,35]. 
Graves’ disease and hashimoto’s thyroiditis are often 
associated with other autoimmune diseases and thus the 
autoimmune process is not restricted to specific thyroid 
antigens. Anti-pituitary and anti-tubulin antibodies, as 
well as many other autoantibodies have been identified 
within this group of patients [3]. 

Thyroid hormones affect muscle activity. Triiodothy-
ronine induces the transcription of alpha-myosin heavy 
chains (MhC) and represses beta-MhC transcription 
improving the contraction of the cardiac muscle; thus, 
thyroid hormones exert an ino- and chronotropic effect 
on the heart. In addition, they increase the number of 
adrenergic receptors in the cardiac muscle and skeletal 
muscles and also intensify the motor activity of the ali-
mentary tract.

hyperthyroidism often leads to cardiomyopathy; in 
elderly patients cardiac rhythm distortions and atrial 
fibrillation are frequently diagnosed. Skeletal muscles are 
particularly affected in severe thyrotoxicosis untreated 
for long periods of time and results in muscle weakness, 
tremor, rapid fatigue, problems with walking and espe-
cially climbing stairs. The patients complain that their 
knees are wool-like, and they are unable to raise their legs 
while lying on their back, due to severe muscle weakness. 
Furthermore, patients suffer from weight loss coupled 
with muscular atrophy particularly in the shoulder girdle, 
pelvis and proximal lower limb muscles. Sometimes the 
clinical picture resembles myasthenia gravis and is even 
described as “thyroid myasthenia”

In hypothyroidism, muscle stiffness, sluggish move-
ments, slow speech and myotonic manifestations are 
often observed. Muscle relaxation time is markedly de-
layed, especially when evoking Achilles tendon reflexes; 
heart muscle relaxation is also prolonged as is shown by 
ultrasound studies. Additionally, weakness, adynamia 
and skeletal muscle pain occur. In patients with hypo-
thyroidism an elevation of creatine phosphokinase levels 
a sensitive marker of muscle damage is common.

Myosin is the basic protein of muscle cells; it consti-
tutes 40% of all proteins in a myocyte and is a component 
of thick myofilaments.

Actin is one of the most common cellular proteins. 
Apart from cooperating with myosin in the mechanism 
of muscle contraction, it is the main component of the 
cytoskeleton. Furthermore, it plays an essential role in 
intracellular processes. 

Troponin is a complex of three polypeptide chains, 
labelled as TnC, TnI and TnT, present in skeletal and car-
diac muscle, but not smooth muscle. TnC binds calcium 
ions, TnI binds actin and TnT binds tropomyosin.

Tropomyosin participates in regulating muscle con-
traction; it is a helical dimeric rod, with molecular weight 
70kDa. Along with troponin it makes up the tropomyo-
sin protein complex, which is localised very near actin 
filaments and supports the creation of the sarcomere. 
hence, troponin, tropomyosin and actin constitute the 
thin myofilaments of striated muscles.

Myoglobin is a protein present mainly in muscular 
tissue, which has the ability to bind molecular oxygen 
and serves as an intracellular storage site for oxygen. As 
the amount of oxygen in a tissue drops, oxymyoglobin 
releases its bound oxygen, which is then used in meta-
bolic processes. Myoglobin is released from damaged 
muscular tissue, making it a sensitive marker of muscle 
damage.

THE AIM OF THE STUDY

Autoimmunisation has a generalised character in 
autoimmune thyroid diseases. Muscular fatigue is a fre-
quent symptom in this group of patients and it has not 
been explained whether the autoimmunisation process 
involves muscle antigens as well. Our research strived 
to detect autoantibodies to contractile muscle proteins: 
myosin, actin, tropomyosin troponin and myoglobin. So 
far, autoantibodies to muscle antigens in patients with 
circulating anti-T3 and anti-T4 autoantibodies have not 
been examined.

MATERIALS AND METHODS

The study group
The study involved 24 patients with diagnosed pres-

ence of either anti-thyroxine, anti-triiodothyronine anti-
bodies or both. The patients were aged 18–72, 46.9±14.7 
years on average. The group consisted of 21 women aged 
18–72 (87.5%) and 3 men aged 40–63 (12.5%). In 11 
cases with ThAA hashimoto's disease was recognised 
(45.8%), and in six patients Graves' disease (25.0%). Two 
patients had nontoxic parenchymatous goitre (8.3%), and 
one patient displayed toxic nodular goitre (4.2%). Four 
of the patients with hashimoto's thyroiditis (16.6%), 
simultaneously suffered from other immunological dis-
eases; in these patients systemic lupus, Wilson's disease, 
atrophic gastritis and premature ovarian failure (POF) 
were identified.
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For the detection of anti-T4 and anti-T3 autoantibod-
ies serum samples were incubated with 125I labelled T4 
and T3. After a 90 minute incubation at 37 °C, 1ml of 
18% polyethylene glycol (PEG) was added to precipitate 
the immune complexes. After centrifugation for 30 min 
at 3 000 revolutions per minute and decanting the su-
pernatant, impulses were counted using a scintillation 
gamma-counter (LKB Wallac). The number of counts 
in the examined serum was divided by the mean of the 
overall number of counts in control subjects. The result-
ing index constituted the result of the study. The normal 
range for healthy individuals does not exceed the non-
specific binding (NSB). In our study group the presence 
of anti-thyroxine autoantibodies was found in 5 patients 
(20.8%). 14 patients displayed anti-triiodothyronine 
autoantibodies (58.4%), while the presence of both anti-
T3 and anti-T4 autoantibodies was stated in 5 patients 
(20.8%).

For the determination of thyroid autoantibodies to 
thyroglobulin and thyroid-peroxidase, a RSR Ltd. test kit 
was employed with the use of highly purified thyroid-
peroxidase and thyroglobulin antigens. TSh receptor 
antibodies were determined using a Brahms test kit. 
The presence of ATG antibodies was observed in all the 
examined patients, whereas the presence of ATPO in 22 
patients and TSh receptor antibodies were detected in 8 
patients (33.3%).

The total T4 and T3 was determined by employing 
radioimmunoassays (immunoprecipitation with the 
use of PEG, a solid-phase and following ethanol protein 
precipitation). The determination of FT4 and FT3 was 
performed by a solid-phase radioimmunoassay, while 
TSh by the IRMA assay.

Thyroid ultrasonography was performed with a 7.5-
Mhz linear probe using the Aloka SSD1100 instrument. 
Decreased echogenicity was detected in 91.7% of subjects 
and the average thyroid volume was 38.1ml. In 32.1% of 
subjects solid nodules were detected, whereas in 25% of 
subjects cystic changes and calcifications occurred.

The control group consisted of 41 healthy blood 
donors without thyroid diseases.

The study was approved by the Ethics Committee 
of the University and the patients gave their informed 
consent to participate.

Reagents
Contractile muscle proteins were purchased from 

SIGMA-Aldrich: actin isolated from bovine muscle, 
troponin from rabbit muscle, myosin, tropomyosin and 
myoglobin from bovine skeletal muscle. Staphylococ-
cus-Protein A was acquired from Pharmacia (Uppsala, 
Sweden). 125Iodine for protein iodination, manufactured 
by NEN, as well as polyethylene tubes size 5×1 cm were 
purchased from Polatom, Swierk.

Methods
The antibodies were measured by solid-phase radio-

immunoassay in polyethylene tubes coated with muscle 
antigens, according to the method described previously 

[31]. The polyethylene tubes 50×10 mm were coated with 
muscle proteins in 0.05 mol/l phosphate buffer ph 7.4 
containing 0.1% sodium azide. To each tube, 0.5 ml of the 
solution was added, antigen concentration was 2 μg/ml. 
After 18–20 hours of incubation at room temperature the 
tubes were washed three times with PBS/Tween (phos-
phate buffered saline/0.5%Tween). The remaining active 
sites on the tube walls were blocked for 2 hours with 3% 
skimmed milk (SM) in PBS/Tween, followed by triple 
washing with PBS/Tween. Afterwards, the contents of the 
tubes were aspirated and the tubes washed 3 times with 
0.5 ml of PBS/Tween. Next, 125I-Protein A 50 000 cpm 
in 0.5 ml of PBS/Tween/0.3%SM per tube was added 
to detect the retained autoantibodies. After an 18-hour 
incubation at room temperature the contents of the tubes 
were decanted, washed three times with PBS/Tween and 
counted on a gamma counter (Pharmacia, LKB).

The results were expressed as an antibody index; the 
number of impulses counted per minute (cpm) in pa-
tients’ sera were divided by the mean cpm of the healthy 
controls.

Statistics
Data were expressed as means±SD and a statistical 

comparison was performed. For statistical analysis fol-
lowing tests were applied: the t-Student test for unpaired 
data and the Mann-Whitney U test for nonparametric 
values. p<0.05 was chosen as the level of significance.

RESULTS

The study involved 24 patients. Individual results of 
autoantibodies to muscle antigens in our patients are 
given in Table 1.

Anti-myoglobin autoantibodies were most frequent; 
in 13 patients (54.2%) the value of the binding index was 
very high and exceeded the normal values by two- to 
fourfold. The mean value of autoantibodies index ± SD 
of anti-myoglobin autoantibodies was 1.7±1.07 in pa-
tients with ThAA and 0.73±0.38 in the control group 
(p<0.005) (Figure 1).

Anti-myosin autoantibodies were present in 12 
patients (50%). The mean value of the autoantibodies 
index±SD of anti-myosin autoantibodies was 2.29±0.98 
in patients with ThAA and 1.24±0.58 in the control 
group. The difference was statistically significant with 
p<0.005 (Figure 2).

Anti-troponin autoantibodies were present in 8 pa-
tients (33.3%). The mean value of the autoantibodies 
index±SD of anti-troponin autoantibodies was 1.56±0.79 
in patients with ThAA and 0.83±0.38 in the control 
group (p<0.005). (Figure 3)

Only 3 patients (12.5%) displayed abnormal values 
of anti-tropomyosin antibodies. The mean value of the 
autoantibodies index±SD of anti-tropomyosin auto-
antibodies was 1.55±0.69 in patients with ThAA and 
1.18±0.46 in the control group The differences were 
statistically significant with (p<0.005) (Figure 4). 
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In the case of the anti-actin binding index lower values 
were observed. Only in 5 patients did these values exceed 
normal levels. The mean value of the autoantibodies 
index±SD of anti-actin autoantibodies was 1.29±0.58 in 
patients with ThAA and 1.22 ±0.56 in the control group. 
The differences were not statistically significant as in the 
control group the range of the binding index was high 
(p=0.62) (Figure 5).

To check the specificity of the detected autoantibodies 
in singular cases with high level of antibodies the sera of 
the patients were preabsorbed with excess (5 μg/tube) of 
antigens (myosin, troponin, tropomyosin and myoglo-
bin). This resulted in significant decrease of antibody 
titres to the range of control subjects.

In summary, in 17 of 24 patients with ThAA we de-
tected autoantibodies to skeletal muscle antigens, to the 
one antigen in three cases, to two antigens in six patients, 

to three antigens in three cases and to four antigens in 
four cases. Only sera of seven patients did not react with 
muscle antigens (Table 1).

In the control group, 5% of healthy subjects displayed 
the presence of myoglobin, troponin, TPO and TG an-
tibodies; in 12% of subjects antibodies to myosin were 
detected and in 10% to tropomyosin and actin. Only 1 
patient (2%) had positive values of TSh receptor anti-
bodies (Table 2).

The t-Student and Mann-Whitney tests employed 
for statistical analysis indicated a statistically significant 
higher level of antibodies to myoglobin, myosin, tropo-
nin and tropomyosin (p<0.0005) in the study group as 
compared to the control group. The level of anti-actin 
antibodies in patients with ThAA was not different from 
the control group. 

Table 1. Individual results of anti-muscle antigen autoantibodies in patients with circulating anti-T3 and anti-T4 autoantibodies (THAA).

CAsE AgE
(years)

sEx
F/M

MusCLE ANTigEN

anti-myoglobin anti-myosin anti-troponin anti-tropomyosin anti-actin

J.M. 32 F + + + – –

K.W. 61 F + – + – –

D.G. 41 F + – – – –

T.0. 63 M – + – – +

I.T. 60 F – – – – –

G.D. 57 F – – – – –

M.J. 34 F + + – – +

U.G. 48 F + + + + +

M.B. 26 F – – – – –

Z.G. 38 F + – – – –

K.P. 61 M – – – – –

W.W. 53 F – – – – –

T.B. 49 F + + – – +

H.Cz. 49 F – – + – –

J. Ma. 72 F – – – – –

B.M. 44 F – – – – –

W.S. 40 M – + + – –

Z.Cz 31 F – – – – –

M.A. 37 F + + + + –

M.K. 18 F + + + – +

T.Ś. 71 F + + – – –

D.W. 30 F + + – – –

J.S. 46 F + + – – –

T.M. 65 F + + + + –

Mean 46.9 F (87.5%) 13 12 8 3 5



263Neuroendocrinology Letters Vol. 28 No. 3 2007 • Article available online: http://node.nel.edu

Autoantibodies to muscle antigens

Figure 1. Anti-myoglobin autoantibodies.

Figure 2. Anti-myosin autoantibodies.

DISCUSSION

The presented data refers to 24 patients with high 
anti-T3 and anti-T4 levels. Our study indicates that in 
the group of patients with autoimmune thyroid disease 
and the presence of anti-T3 and anti-T4 autoantibodies, 
the rate of occurrence of antibodies to muscle proteins, 
especially to myoglobin, myosin and troponin, is very 
high. With respect to the control group, also a statisti-
cally significant difference in the occurrence of anti-
tropomyosin autoantibodies has also been demonstrated. 
No significant difference in the presence of anti-actin 

antibodies has been found. Muscle antigen antibodies 
were discovered in patients irrespective of the diagnosed 
thyroid disease and the clinical state. however, these 
antibodies were more frequently present in the group 
of patients, whose predominant symptoms were fatigue 
and muscle pain. Still, no correlation between the levels 
of antibodies and high values of creatine phosphokinase 
levels was observed.

Skeletal muscle protein antibodies have been described 
rather infrequently in thyroid diseases, and such studies 
have typically concentrated on individual antigens. Jasani 
examined a group of 69 women with hashimoto’s disease 
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Figure 3. Anti-troponin autoantibodies.

Figure 4. Anti-tropomyosin autoantibodies.

and discovered antibodies to a whole range of antigens, 
including anti-actin, anti-myosin and anti-tropomyosin 
antibodies in several cases [16]. The presence of anti-
myosin and, in singular cases, anti-actin antibodies 
was detected by Kadlubowski in patients with Graves’ 
ophthalmopathy [17]. The occurrence of anti-actin and 
anti-myoglobin antibodies was detected through an im-
munosorbtion assay in a few percent of healthy subjects 
as well as patients suffering from multiple myeloma and 
Waldenström’s macroglobulinemia [1]. The occurrence 
of antibodies to smooth muscle antigens in autoimmune 

thyroid disease, both hashimoto’s thyroiditis (6/22) and 
Graves’ disease (12/28) was described by Morita [24].

So far, muscle antigen antibodies have been described 
mainly in autoimmune and muscle diseases; anti-myosin 
antibodies have been detected in idiopathic dilated car-
diomyopathy [41,42], primary sclerosing cholangitis [9], 
in Kawasaki disease [8] and in polymyositis [5], whereas, 
anti-myoglobin antibodies were displayed by patients 
after cardiac arrest [2]. Anti-actin autoantibodies were 
observed during chronic aggressive hepatitis [7], auto-
immune hepatitis [22,19], celiac disease [11,6], fertility 



265Neuroendocrinology Letters Vol. 28 No. 3 2007 • Article available online: http://node.nel.edu

Autoantibodies to muscle antigens

disorders [37] and hypertorphic cardiomyopathy [12]. 
Autoantibodies to tropomyosin occurred in inflamma-
tory bowel disease: ulcerative colitis [33,10] and Crohn’s 
disease as well as colorectal adenocarcinoma [38]. 
Anti-troponin autoantibodies were present in idiopathic 
dilated cardiomyopathy [36] and ischemic cardiomy-
opathy [28]. Additionally, an autoimmune response 
against muscle proteins was induced in certain infectious 
diseases like cytomegalovirus infection (CMV) [27] or 
Trypanosoma cruzi [20,21]. Moreover, the presence 
of anti-muscle antibodies has been described in many 
patients with myasthenia gravis [23,25,40,44].

In our earlier studies muscle antigen antibodies were 
detected in the majority of patients with Addison’s dis-
ease, but in contrast to our study group the occurrence 
of the tropomyosin antibodies was low and anti-actin 
antibody was definitely elevated.[4].

It is difficult to determine which factors influence 
antibody production; however, this process is connected 
to polyclonal activation of B lymphocytes. A very inter-
esting finding was published by Thrasyvoulides in 2007. 
A high immunoreactivity to myosin was obtained as a 
consequence of experimental immunisation with human 
thyroglobulin [39]. These results are in agreement with 
our clinical observations, which indicate that muscle 
antigen antibodies coexist with anti-thyroglobulin anti-
bodies.

The variety of antibodies in our study group indicates 
a defective immunological surveillance [43]. Long-term 
observations of our patients with ThAA revealed that 
among the described patients, 3 have died (acute myeloid 
leukaemia, colorectal carcinoma and ovarian carcinoma). 
Another patient suffering from colorectal carcinoid 

is in poor general state; at present under somatostatin 
analogue treatment.

In conclusion, our study indicates that antibodies to 
muscle proteins, especially to myoglobin, myosin and 
troponin are very common in patients with autoimmune 
thyroid diseases and anti-T3 and anti-T4 autoantibodies. 
Moreover, detailed clinical observations have shown 
that most cases of anti-T3 and anti-T4 autoantibodies are 
exhibited by patients suffering from chronic thyroiditis 
with clinical manifestations of hypothyroidism.

REFERENCES

Avrameas S, Guilbert B, Dighiero G. Natural antibodies against 
tubulin, actin myoglobin, thyroglobulin, fetuin, albumin and 
transferrin are present in normal human sera, and monoclonal 
immunoglobulins from multiple myeloma and Waldenström’s 
macroglobulinemia may express similar antibody specificities. 
Ann Immunol. 1981; 132(2): 231–236.

1 

Figure 5. Anti-actin autoantibodies.

Table 2. The occurrence rate of muscle protein autoantibodies and 
thyroid antigen antibodies. 

Antigen Control  
group

subject  
group

p-value

Actin 9.8% 20.8% p=NS

Myosin 12.2% 50% p<0.005

Tropomyosin 9.8% 12.5% p<0.005

Troponin 4.9% 33.3% p<0.005

Myoglobin 4.9% 54.2% p<0.005

Thyroid antibodies

TSH receptor 2.4% 33.3% p<0.005

Thyroglobulin 4.9% 100% p<0.005

Thyroid peroxidase 4.9% 91.3% p<0.005



266 Copyright © 2007 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Marek Ruchala, Jerzy Kosowicz, Aleksandra Baumann-Antczak, Agnieszka Skiba & Jerzy Sowinski

Baron II, Dikov MM, Opaleva-Stegantseva VA, Kurmanova LV, Er-
molin GA. Dynamics of changes in the levels of myoglobin and 
anti-myoglobin autoantibodies in the blood serum of patients 
with myocardial infarction Ter Arkh. 1987; 59(6): 97–100.
Baumann – Antczak A, Kosowicz J. A method for the detection of 
antitubulin antibodies. Results of assays in autoimmune thyroid 
diseases. Pol J Endocrinol. 1992; 43(4): 451–460.
Baumann–Antczak A, Gryczyńska M, Kosowicz J, Mądrzak C, 
Skrobisz J. A prevalence of autoantibodies to muscle proteins 
in autoimmune Addison’s disease. Pol J Endocrinol. 2004; 55(1): 
35–40.
Brouwer R, Hengstman GJD, Vree Egberts W, Ehrfeld H, Bozic B, 
et al. Autoantibody profiles in the sera of European patients with 
myositis. Ann Rheum Dis. 2001; 60: 116–23.
Carroccio A, Brusca I, Iacono G, Di Prima L, Teresi S, Pirrone G, et 
al. Anti-actin antibodies in celiac disease: correlation with intes-
tinal mucosa damage and comparison of ELISA with the immu-
nofluorescence assay Clin Chem. 2005; 51: 917–920. 
Chaponnier C, Kohler L, Gabbiani G. Fixation of human anti-actin 
autoantibodies on skeletal muscle fibres. Clin Exp Immun. 1977; 
27: 278–284.
Cunningham MW, Meissner HC, Heuser JS, Pietra BA, Kurahara 
DK, Leung DY. Anti-human cardiac myosin autoantibodies in Ka-
wasaki syndrome. J Immunol. 1999; 163: 1060–1065. 
Das K. Immunopathogenesis of primary sclerosing cholangitis: 
possible role of a shared colonic and biliary epithelial antigen. 
Journal of Gastroenterology and Hepatology. 2004; 19(Suppl. 7): 
S290–S294.
Das KM, Dasgupta A, Mandal A, Geng X. Autoimmunity to cyto-
skeletal protein tropomyosin: a clue to the pathogenic mecha-
nisms for ulcerative colitis. J. Immunol. 1993; 150: 2487–2493. 
Granito A, Muratori P, Cassani F, Pappas G, Muratori L, Agostinelli 
D, et al. Anti-actin IgA antibodies in severe celiac disease. Clin 
Exp Immunol. 2004; 137(2): 386–92.
Gregor P, Jira M, Raska I, Strejcek J, Widimsky P, Visek V, et al. Au-
toantibodies in hypertrophic cardiomyopathy and their clinical 
significance. Eur Heart J. 1987; 8(7): 773–8.
Inada M, Nishakawa M, Koichi N, Oishi M, Kivata S, Imura H. Triio-
dothyronine-binding immunoglobulin in a patient with Graves’ 
disease and its effect on metabolism and radioimmunoassay of 
triiodothyronine. Am J Med. 1980; 68: 787–792.
Iwahara K, Tanabe C, Maekawa M.: Dilution test for differentiat-
ing falsely high serum free triiodothyronine concentrations. Clin 
Chem. 2006; 52(9): 1828–9.
Iwahara K, Tanabe C, Nishiyama K, Ohashi H, Maekawa M. Falsely 
high serum free triiodothyronine and free thyroxine concentra-
tions attributable to anti-diiodothyronine and anti-triiodothyro-
nine antibodies. Clin Chem. 2005; 51(6): 1071–2.
Jasani B, Ternynck T, Lazarus J, Philips D, Avrameas S, Parkes AB. 
Natural autoantibodies status in Hashimoto’s thyroiditis. J Clin 
Lab Immunol. 1999; 51(1): 9–20.
Kadlubowski M, Irvine WJ, Rowland AC. Anti-muscle antibodies 
in Graves’ ophthalmopathy. J Clin Lab Immunol. 1987; 24: 105–
111. 
Lauer B, Padberg K, Schultheiss HP, Strauer BE. Autoantibodies 
against human ventricular myosin in sera of patients with acute 
and chronic myocarditis. J Am Coll Cardiol. 1994; 23(1): 146–153. 
Leibovitch L, George J, Levi Y, et al. Anti-actin antibodies in sera 
from patients with autoimmune liver diseases and patients with 
carcinomas by ELISA. Immunol Lett. 1995; 48: 129–32. 
Leon JS, Daniels MD, Toriello KM, Wang K, Engman DM. A Cardiac 
Myosin-Specific Autoimmune Response Is Induced by Immuniza-
tion with Trypanosoma cruzi Proteins. Infect Immun. 2004; 72: 
3410–3417. 
Leon JS,. Godsel LM, Wang K, Engman DM.. Cardiac myosin au-
toimmunity in acute Chagas’ heart disease. Infect Immun. 2001: 
69: 5643–5649.
Maggiore G, Veber F, Bernard D, Hadchouel M et al. Autoimmune 
hepatitis associated with anti-actin antibodies in children and 
adolescents. J Pediatr Gastroenterol Nutr. 1993; 17(4): 376–381.
Mohan S, Barohn RJ, Jackson CE, Krolick KA. Evaluation of myo-
sin-reactive antibodies from a panel of myasthenia gravis pa-
tients. Clin Immunol Immunopathol. 1994; 70: 266–273.

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Morita S, Arima T, Matsuda M. Prevalence of nonthyroid specific 
autoantibodies in autoimmune thyroid diseases. J Clin Endocri-
nol Metab. 1995; 80: 1203–1206.
Nagvekar N, Moody AM, Moss P, Roxanis I, Curnow J, Beeson D, 
et al. A Pathogenetic Role for the Thymoma in Myasthenia Gra-
vis Autosensitization of IL-4-producing T Cell Clones Recognizing 
Extracellular Acetylcholine Receptor Epitopes Presented by Mi-
nority Class II Isotypes J Clin Invest. 1998; 101: 2268–2277. 
Nakamura S, Hattori J, Ogawa T, Sakata S. Thyroid Hormone Au-
toantibodies in Patients with untreated Graves’ disease – with 
special reference to age. Endocr J. 1993; 40: 337–342. 
O’Donoghue HL, Lawson CM, Reed WD. Autoantibodies to car-
diac myosin in mouse cytomegalovirus myocarditis. Immunol-
ogy. 1990; 71(1): 20–28. 
Okazaki T, Tanaka Y, Nishio R, Mitsuiye T, Mizoguchi A, Wang J, 
et al. Autoantibodies against cardiac troponin I are responsible 
for dilated cardiomyopathy in PD-1-deficient mice Nature Medi-
cine. 2003; 9: 1477–1483. 
Ozgen AG, Kabalak T, Hamulu F, Bayraktar F, Yilmaz C, et al. Tri-
iodothyronine antibodies in patients with goiter. Endocr Pract. 
1999; 5(2): 72–5. 
Ozgen AG, Keser G, Erdem N, Aksu K, Gumusdis G, et al.: Hypo-
thalamus-hypophysis-thyroid axis, triiodothyronine and antithy-
roid antibodies in patients with primary and secondary Sjogren’s 
syndrome. Clin Rheumatol. 2001; 20(1): 44–8. 
Premanchandra BN, Blumenthal HT. Abnormal binding of thyroid 
hormone in sera from patients with hashimoto’s disease. J Clin 
Endocrinol. 1967; 27: 931–936.
Robbins J, Rall JE, Rawson RW. An unusual instance of thyrox-
ine-binding by human serum gamma globulin. J Clin Endocrinol 
Metab. 1956; 16: 573–579. 
Sakamaki S, Hayashi N, Takayanagi Y, Niitsu Y. Autoantibod-
ies against specific epitope of human tropomyosin detected by 
a peptide based enzyme immunoassay in sera of patients with 
UC show antibody dependent cell mediated cytotoxicity against 
HLA-DPw9 transfected L cells. Gut. 2000; 47: 236–241. 
Sakata S, Nakamura S, Miura K. Autoantibodies against thyroid 
hormones or iodothyronine. Annals of Internal Medicine. 1985; 
103: 579–589. 
Shimon I, Pariente C, Shlomo-David J, Grossman Z, Sack J. Tran-
sient elevation of triiodothyronine caused by triiodothyronine 
autoantibody associated with acute Epstein-Barr-virus infection. 
Thyroid. 2003; 13(2): 211–5. 
Shmilovich H, Danon A, Binah O, Roth A, Chen G, Wexler D, et al. 
Autoantibodies to cardiac troponin I in patients with idiopathic 
dilated and ischemic cardiomyopathy Int J Cardiol. 2006
Shoenfeld Y, Blank M. Autoantibodies associated with reproduc-
tive failure. Lupus. 2004; 13(9): 643–648. 
Syrigos KV, Charalampopoulos A, Pliarchopoulou K,. Syrigou EI, 
Avuzuklidou M, et al. Prognostic sSignificance of autoantibod-
ies against tropomyosin in patients with colorectal adenocarci-
noma. Hybridoma. 1999; 18(6): 543–546.
Thrasyvoulides A, Liakata E, Lymberi P. Spreading of antibody re-
activity to non-thyroid antigens during experimental immuniza-
tion with human thyroglobulin. Clin Exp Immunol. 2007; 147(1): 
120–7. 
Vernino S, Lennon VA. Autoantibody profiles and neurological 
correlations of thymoma. Clin Cancer Res. 2004; 10: 7270–7275. 
Warraich RS, Griffiths E, Falconar A, et all. Human cardiac myosin 
autoantibodies impair myocyte contractility: a cause-and-effect 
relationship. The FASEB Journal. 2006; 20: 651–660. 
Warraich RS, Noutsias M, Kasac I, et al. Immunoglobulin G3 car-
diac myosin autoantibodies correlate with left ventricular dys-
function in patients with dilated cardiomyopathy: immunoglobu-
lin G3 and clinical correlates. Am Heart J. 2002; 143: 1076–1084. 
Wen Z, Fiocchi C. Inflammatory bowel disease: autoimmune 
or immune-mediated pathogenesis? Clin Dev Immunol. 2004; 
11(3–4): 195–204.
Williams CL, Lennon VA. Thymic B lymphocyte clones from pa-
tients with myasthenia gravis secrete monoclonal striational au-
toantibodies reacting with myosin, alpha actinin, or actin. J Exp 
Med. 1986; 164: 1043–59.
Wu SY, Green WL Triiodothyronine (T3) binding immunoglobu-
lins in a euthyroid woman; effects on measurement of T3 RIA and 
on T3 turnover. J Clin Endocrinol Metab. 1976; 42: 642–652.

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 


