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Abstract
Background  A role of the insulin-like growth factor-1 receptor (IGF-1R) in the pathogenesis of Graves’ orbitopathy (GO) 
has been proposed, but the existence and function of anti-IGF-1R-antibodies (IGF-1R-Abs) are debated.
Methods  We designed a cross-sectional investigation to measure serum IGF-1R-Abs by a commercial assay in consecutive 
patients with Graves’ disease (GD) compared with healthy subjects and patients with autoimmune thyroiditis (AT). A total 
of 134 subjects were screened including 27 healthy subjects, 80 GD patients (54 of whom with GO), and 27 AT patients. 
The main outcome measure was the prevalence of positive serum IGF-1R-Abs in GO, compared with GD without GO and 
with the other study groups.
Results  Having established a cut-off value at 55.2 ng/ml for positive tests, positive IGF-1R-Abs were more frequent in GD 
(25%), than in AT (3.7%, P = 0.003) and healthy subjects (0%, P = 0.006). Within GD, there was no difference between 
patients with or without GO. Serum levels of IGF-1R-Abs differed across the study population (P < 0.0001), reflecting their 
higher concentrations in GD (P < 0.0001 vs both AT and healthy subjects), but with no difference between patients with or 
without GO. In patients with GO, there was an inverse correlation between serum IGF-1R-Abs and CAS (R = − 0.376, 95% 
CI: from − 0.373 to − 0.631; P = 0.005), the significance of which remains to be investigated.
Conclusions  Serum autoantibodies against the IFG-1R are present in one-fourth of GD patients, regardless of the presence 
of GO. Further functional studies are needed to investigate the significance of their inverse correlation with GO activity.

Keywords  Thyroid · Graves’ disease · Graves’ orbitopathy · Graves’ ophthalmopathy · Thyroid eye disease · Thyroid 
autoimmunity · Autoimmune thyroiditis · Insulin-like growth factor-1 receptor

Introduction

Graves’ orbitopathy (GO) is a disfiguring and disabling 
condition observed in ~ 25–30% of patients with Graves’ 
hyperthyroidism and rarely in patients with hypothyroid 
autoimmune thyroiditis or in the absence of thyroid dysfunc-
tion [1–3]. The current view on GO pathogenesis is that the 
syndrome follows autoimmunity against orbital fibroadipose 
tissue, where the major autoantigen is the thyrotropic hor-
mone (TSH) receptor (TSHR) [4].

Recent studies have provided evidence for a role of the 
insulin-like growth factor-1 receptor (IGF-1R) in the patho-
genesis of GO [5, 6]. IGF-1R, together with its ligand IGF-1, 
is involved at various levels in the development and main-
tenance of mammalian tissues [5–7]. Normal subjects and 
individuals with autoimmune diseases seem to differ in sev-
eral aspects of the IGF-1 pathway, suggesting its role in the 
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loss of immune tolerance [8]. The hypothesis that the IGF-
1R may be involved in the pathogenesis of GO derives from 
initial observations in which serum immunoglobulins (Igs) 
from patients with Graves’ disease (GD) were found to dis-
place the binding of IGF-1 to the membrane of orbital fibro-
blasts [9]. The existence of antibodies directed against the 
IGF-1R was supported by subsequent studies in which Igs 
from patients with GD were found to induce the expression 
of T-cell chemoattractants in autologous fibroblasts derived 
from the thyroid, the orbit and the skin [10]. These Igs 
were later demonstrated to target the IGF-1R [11]. Follow-
ing those observations, several attempts of detecting func-
tional autoantibodies against the IGF-1R (IGF-1RAbs) led 
to somehow conflicting results [12–19]. Nevertheless, solid 
evidence of an interplay between the IGF-1R and the TSHR 
was provided in thyroid epithelial cells, orbital fibroblasts, 
and bone marrow-derived fibrocytes infiltrating the orbital 
tissues of GO patients [5], supporting a role of IGF-1R in 
the pathogenesis of GO. In addition, functional IGF-1R was 
found to be present in professional immune-competent cells, 
including lymphocytes (both B and T cells) and monocytes, 
suggesting that IGF-1R may play a role in the pathogenesis 
of GO not only in orbital tissues, but also at the immune 
system level [5]. Strong support to a role of IGF-1R derives 
from a recent, multicenter, randomized, double-blind, drug 
vs placebo, clinical trial, showing an impressing beneficial 
effect of Teprotumumab, a blocking monoclonal antibody 
against the IGF-1R, in patients with GO [19, 20], thereby 
opening new perspectives for GO treatment in addition to 
the current, both established and experimental, modalities 
[1, 22–25].

As mentioned above, the existence and the significance 
of IGF-1RAbs have been questioned [12–19]. Taking advan-
tage of the recent development of a commercial assay for 
IGF-1RAb detection, we conducted the present cross-sec-
tional study to investigate the presence of serum IGF-1RAbs 
in GD and in particular in GO, being the primary end-point 
the prevalence of positive serum IGF-1RAbs compared with 
healthy subjects and another autoimmune thyroid disease, 
namely autoimmune thyroiditis (AT).

Methods

Study design

The study was aimed at assessing IGF-1R-Abs in patients 
with GD, with or without GO, compared with healthy sub-
jects and patients with AT in a cross-sectional investigation. 
The research design entailed the inclusion of consecutive 
patients with the above mentioned conditions, up to the 
achievement of a minimum number of 25 patients per group 

and/or to completion of the recruitment period, which was 
planned to cover at least 3 months.

Setting

The study was carried in a tertiary referral center. Patients 
were not selected, but included by consecutive sampling. 
The inclusion criteria adopted are reported below. GRD, II, 
GL, DR, AS and BM collected the data and recorded them 
in a database. The study was not blinded. Database valida-
tion procedures included allowed character checks, batch 
totals, missing records check, cardinality check, digits check, 
consistency check, control totals, cross-system consistency 
check, data type check, hash totals, limit check, logic check, 
presence check, range check, spelling and grammar check, 
and uniqueness check.

Participants

Inclusion criteria were (1) for GD: a history of hyperthyroid-
ism, associated with previous or present detectable serum 
autoantibodies against the TSHR (TRAbs), (2) for AT: the 
presence of at least two of the following: (a) primary hypo-
thyroidism, (b) detectable serum autoantibodies against thy-
roglobulin (TgAbs) or thyroperoxidase (TPOAbs), and (c) a 
hypoechoic pattern of the thyroid by ultrasound examination 
[26], (3) for healthy subjects: (a) the absence of present or 
past evidence of hyper- or hypothyroidism, (b) undetectable 
TgAbs, TPOAbs and TRABs, and (c) a normal thyroid by 
ultrasound examination, (4) for all patients: written, signed 
informed consent. The only exclusion criterion was the lack 
of informed consent. A total of 134 subjects who satisfied 
the inclusion criteria and evaded the exclusion criterion were 
enrolled in the period reported above.

Outcomes

The primary outcome of the study was the prevalence of 
positive serum IGF-1R-Abs in patients with GO, compared 
with healthy subjects, patients with GD without a clinically 
relevant GO, and patients with AT.

The secondary outcomes of the study were

1.	 The serum concentrations of positive IGF-1R-Abs in 
patients with GO, compared with healthy subjects, 
patients with GD without GO, and patients with auto-
immune thyroiditis;

2.	 The relationship between serum IGF-1R-Abs (both 
levels and prevalence) and the clinical features of GO, 
especially GO activity, evaluated by means of the Clini-
cal Activity Score (CAS) [1], as well as the relationship 
between serum IGF-1R-Abs (both levels and prevalence) 
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and the treatment of GO with intravenous glucocorti-
coids.

3.	 The relationship between serum IGF-1R-Abs (both lev-
els and prevalence) and TgAbs, TPOAbs and TRAbs.

As reported previously [27], the presence of GO in GD 
was established in any patient who had at least one of the 
following eye features: (i) exophthalmometry ≥ 17  mm 
in women and ≥ 19 mm in men, based on measurements 
conducted for the normal population [28–32]; (ii) eyelid 
aperture ≥ 9 mm [26, 32]; (iii) CAS ≥ 1/7; (iv) presence of 
diplopia; (v) presence of corneal alterations; (vi) presence of 
GO-related alterations of the fundi; (vii) reduction in visual 
acuity that could be attributed to GO.

Sources of data and measurements

An ophthalmological evaluation was performed in all 
patients with GD including (i) exophthalmometry, (ii) 
measurement of eyelid aperture, (iii) evaluation of CAS, 
(iv) assessment of diplopia, (v) assessment of the corneal 
status, (vi) examination of the fundi, and (vii) measurement 
of visual acuity.

The following blood tests were performed in all study 
subjects: FT4 and FT3 (Vitros Immunodiagnostics, Raritan, 
NJ); TSH (Immulite 2000, Siemens Healthcare, Gwynedd, 
UK); TgAbs and TPOAbs (AIA-Pack TgAbs, Tosoh Bio-
science, San Francisco, CA); and TRAbs (Brahms, Berlin, 
Germany).

IGF-1R-Abs were measured using a commercial ELISA 
(MyBioSource, San Diego, CA). Details on the assay are 
reported below (see “Results”). Recombinant, human, solu-
ble IGF-1R used in inhibition experiments was purchased 
from MyBioSource.

Potential bias

To our knowledge, no previous data were available on the 
IGF-1R-Ab assay used here. To overcome this limitation, we 
evaluated the inter- and intra-assay variations and, to assess 
the assay specificity, we performed inhibition experiments 
using recombinant, human, soluble IGF-1R as detailed in 
“Results”.

The levels and the prevalence of TgAbs, TPOAbs and 
TRAbs are well known to fluctuate across the clinical history 
of patients, depending on the stage and the treatment of the 
diseases they are affected with [33]. If similar fluctuations 
occurred with IGF-1RAb, these may lead to underestima-
tions of their levels and prevalence, especially in patients 
with GO. To overcome this possible bias, concerning GO, 
we included both untreated patients and patients treated with 
intravenous glucocorticoids.

Sample size

To our knowledge, the prevalence of positive serum IGF-
1R-Abs has not been established with certainty. Minich et al. 
found positive tests for IGF-1R-Abs in 14% of patients with 
GO and 11% in healthy subjects [13]. Based on this inves-
tigation, we estimated that at least ten patients per group 
would have been needed to detect at least one subject with 
IGF-R-Abs. Therefore, we arbitrarily decided to recruit a 
minimum number of 25 subjects per group, which would 
have exceeded the above estimate. As a matter of fact, the 
number of subjects recruited over the screening period was 
even greater. Thus, a total of 134 subjects were studied, 
including 27 untreated GO patients, 27 GO patients treated 
with intravenous glucocorticoids (ivGC), 26 patients with 
GD without a clinically relevant GO, 27 patients with auto-
immune thyroiditis, and 27 healthy subjects. The number 
of healthy controls was established to match the patients’ 
groups.

Study registration and informed consent

The study was registered at ClinicalTrials.gov (registra-
tion number: NCT03498417) and it was approved by the 
local Ethic Committee (Comitato Etico Regionale per la 
Sperimentazione Clinica della Regione Toscana; approval 
number: 13354_MARINO’). Signed informed consent was 
obtained from all patients enrolled in the study.

Quantitative variables

Numerical data with a normal distribution, which was 
assessed using the Shapiro–Wilks test, are presented as 
mean ± SD. The remaining numerical data are presented as 
median and IQR.

Statistical analyses

When appropriate, the following tests were per-
formed: (1) Shapiro–Wilks test, (2) ANOVA, (3) Wil-
coxon–Kruskal–Wallis rank sum (equivalent to Mann–Whit-
ney test), (4) Chi-square, (5) Wilcoxon signed rank and (6) 
linear regression.

Results

Participants

We measured IGF-1R-Abs in 134 subjects, whose demo-
graphical and clinical data are reported in Table 1. The 
study population included 107 patients and 27 healthy 
subjects. The patients’ groups did not differ for sex 
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distribution, but they had a significantly different age 
(P = 0.001 by ANOVA). Notably, no relationship was 
observed between age and prevalence or levels of IGF-
1R-Abs (not shown). Among patients with GD, 54 had 
GO, 27 of whom had been treated with ivGC. Most of 
GD patients were on methimazole, but a minority of them 
(all with GO) had been previously treated with I131, thy-
roidectomy or both [34, 35], and were on levothyroxine 
(LT4) treatment for hypothyroidism. Among patients with 
autoimmune thyroiditis, 16 were on LT4 for primary hypo-
thyroidism. The majority of subjects were euthyroid, even 
though FT3, FT4 and TSH values had a significantly differ-
ent distribution across the study population, reflecting the 

different underlying thyroid conditions and the variable 
control of thyroid function in patients with GD and AT. 
These differences did not affect IGF-1-R-Abs, which did 
not correlate with thyroid hormones and TSH across the 
study population (not shown). None of the healthy subjects 
had positive circulating TgAbs, TPOAbs or TRAbs. As 
expected [33], TgAbs and TPOAbs were variably posi-
tive in patients with GD and in nearly all patients with 
AT. TRAbs were positive in the majority of patients with 
GD. Reflecting the different underlying thyroid conditions 
[33], the levels and the prevalence of TgAbs, TPOAbs and 
TRAbs had a significantly different distribution across the 
study population.

Table 1   Features of 134 consecutive subjects tested for serum IgF1R-Abs

Numerical values are reported as mean ± SD or median and IQR, depending on normal/abnormal distribution. P values refer to comparisons 
across the three study groups, and were obtained by *ANOVA, **Wilcoxon/Kruskal–Wallis (rank sum) and ***Chi square
Significant P values are shown in bold
GO Graves’ orbitopathy, MMI methimazole, Tx thyroidectomy, TTA total thyroid ablation (Tx and I131), LT4 levothyroxine, ivGC intravenous 
glucocorticoids, NV normal values, TgAbs anti-thyroglobulin autoantibodies, TPOAbs anti-thyroperoxidase autoantibodies, TRAbs anti-TSH 
receptor autoantibodies

Feature Diagnosis P

Healthy subjects Graves’ disease Autoimmune thyroiditis

Number of subjects 27 80 27 N/A
Age (year) 38.2 ± 16.2 (range 18–66) 49.4 ± 11.6 (range 19–77) 44.8 ± 15 (range 21–76) 0.001*
Sex 16 women, 11 men 65 women, 15 men 21 women, 6 men NS
Smoking Smokers 9

Ex-smokers 8
Non smokers 10

Smokers 33
Ex-smokers 25
Non smokers 22

Smokers 10
Ex-smokers 7
Non smokers 10

NS

Thyroid disease duration (mo) N/A 24 (IQR 13–53.5) N/A N/A
GO N/A Yes 54, no 26 0 N/A
GO duration (mo) N/A 30.5 (IQR 24–48) N/A N/A
Thyroid treatment None MMI 57, I131: 8

Tx 13, TTA 2
None 9
LT4: 16

N/A

GO treatment N/A None 27
ivGC 27

N/A N/A

FT4 (ng/dl)
NV 0.7–1.7

1.0 ± 0.2 (range 0.7–1.8) 1.1 ± 0.4 (range 0.3–2.3) 0.9 ± 0.2 (range 0.5–2.0) 0.02*

FT3 (pg/ml)
NV 2.7–5.7

3.8 ± 0.7 (range 2.8–4.9) 4.4 ± 1.7 (range 2.3–11.9) 3.6 ± 0.6 (range 0.5–2.0) 0.02*

TSH (μU/ml)
NV 0.4–4

1.3 (IQR 0.8–2.0) 0.7 (IQR 0.01–1.7) 1.7 (IQR 3.6–0.9) 0.0009**

Thyroid status Hypothyroid 0
Euthyroid 27
Hyperthyroid 0

Hypothyroid 7
Euthyroid 70
Hyperthyroid 3

Hypothyroid 4
Euthyroid 23
Hyperthyroid 0

NS

TgAbs (IU/ml)
NV ≤ 30

2.9 (IQR 1.4–5.3) 1.5 (IQR 0–91.5) 77 (IQR 37–182) < 0.0001**

TgAbs positive 0/27 34/80 (42.5%) 26/27 (96.2%) < 0.0001***
TPOAbs (IU/mL)
NV ≤ 10

0 (IQR 0–0) 1 (IQR 0–98) 288 (IQR 37–784) < 0.0001**

TPOAbs positive 0/27 36/80 (45%) 23/27 (85.1%) < 0.0001***
TRAbs (IU/l)
NV ≤ 1.5

0 U/l (IQR 0–0) 3.4 U/l (IQR 1.2–11.6) 0 U/l (IQR 0–0) < 0.0001**

TRAbs positive 0/27 57/80 (71.2%) 0/27 (0%) < 0.0001***
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As reported in Table 2, on average the 54 patients with 
GO had a moderately severe, active eye disease, as defined 
by the guidelines of the European Group On Graves Orbitop-
athy (EUGOGO) [1], namely having two or more of the fol-
lowing: (1) lid retraction ≥ 2 mm, (2) moderate or severe soft 
tissue involvement or exophthalmos ≥ 3 mm above normal 
for race and gender, and (3) inconstant or constant diplopia.

Preliminary data: establishment of normal values 
and serum IGF‑1R‑Ab assay validation

To measure serum IGF-1R-Abs, we used a commercial 
ELISA. The assay is based on microplates coated with 
human recombinant IGF-1R, onto which serum samples 
are incubated, followed by a horseradish peroxidase-labeled 
goat anti-human IgG. In spite of our request, the company 
that manufactured the assay would not disclose the following 
information, as it was considered proprietary: (1) amount 
of antigen used for coating and (2) source of the standard 
curve. The reference value suggested by the manufacturer 
is 0–58.3 ng/ml.

In our hands, the inter-assay variation was 4.3% and the 
intra-assay variation was 3.6%. As shown in Fig. 1a, in 
healthy subjects IGF-1R-Abs did not follow a normal dis-
tribution, as assessed by the Shapiro–Wilks test (P = 0.03 
for likelihood of a non-normal distribution). Based on these 
findings, we established our own normal reference value 
below the 97th percentile, namely at 55.2 ng/ml. The use of 
the 97th percentile rather than of a lower percentile is based 
on the assumption that if IGF-1R-Abs were specific for GO, 

they would have been present in the normal population in 
not more than 1/1000 person, the estimated prevalence of 
GO in Europe [36].

Of the 134 subjects tested, 21 had serum IGF-1R-Abs 
above the cut-off value of 55.2 ng/ml, all of whom with 
values also above the cut-off value of 58.3 ng/ml suggested 
by the assay manufacturer.

To our knowledge, no published data were available on 
the assay we used prior to this study. Therefore, to assess 
the assay’s specificity, we performed inhibition tests in eight 
positive samples. For this purpose, we used recombinant 
human IGF-1R at the arbitrary concentration of 50 μg/ml. 
Serum samples were pre-incubated for 1 h at 37 °C with 
IGF-1R diluted 1:2 in IGF-1R-Ab-free human serum, or 
with IGF-1R-Ab-free human serum without IGF-1R. As 
shown in Fig. 1b, IGF-1R-Ab values were reduced signifi-
cantly (P = 0.03 by Wilcoxon signed rank) by pre-incubation 

Table 2   Features of 54 patients with Graves’ orbitopathy at ophthal-
mological examination

Continuous variables refer to the most affected eye

Feature

Exophthalmometry (mm) 22 (IQR 20–25)
Exophthalmometry ≥ 3 mm above normal for 

race and gender
37/54 (68.5%)

Eyelid aperture (mm) 12 (IQR 10–14)
Eyelid retraction ≥ 2 mm 43/54 (79.6%)
CAS 4 (IQR 2–5)
CAS ≥ 3 points 37/54 (68.5%)
Diplopia Absent 21

Intermittent 3
Inconstant 14
Constant 6

Visual acuity (decimals) 0.1 (IQR 0.09–0.1)
GO degree according to EUGOGO guidelines 

(ref. [1])
Mild 5 (9.2%)
Moderate-to-

severe 44 
(81.4%)

Sight threatening 5 
(9.2%)
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Fig. 1   Assay of serum antibodies against the insulin-like growth 
factor-1 receptor (IGF-1R-Abs): normal distribution and determina-
tion of the assay specificity. a Distribution of serum IGF-1R-Abs in 
27 healthy subjects. P value was obtained by the Shapiro–Wilks test. 
b Effect of pre-incubation of serum samples with IGF-1R-Ab-free 
human serum, or with IGF-1R-Ab-free human serum plus recombi-
nant human IGF-1R 50 μg/ml, on IGF-1R-Ab concentrations in eight 
serum samples with IGF-1R-Ab values above 55.2 ng/ml. Values pre-
sented as percent of the values above 55.2 ng/ml (the actual 0 concen-
tration). P value was obtained by Wilcoxon signed rank
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with IgF1R, overall suggesting that the assay we used is 
specific for IGF-1R-Ab detection. Only in two samples there 
was no inhibition, presumably reflecting the relatively low 
concentration of the inhibitor.

Primary outcome data: prevalence of serum 
IGF‑1R‑Abs in the study population

Using the above mentioned cut-off value, positive tests for 
serum IGF-1R-Abs were found in 25% of patients with GD 
and in 3.7% of patients with AT (Fig. 2a). The distribution 
of IGF-1R-Ab positivity was significantly different across 
the three study groups (P = 0.0001 by Chi square), reflecting 
the greater prevalence of IGF-1R-Ab values above 55.2 ng/
ml in patients with GD compared with healthy subjects 
(P = 0.003 by Chi square) and patients with AT (P = 0.006 

by Chi square). Within patients with GD, the prevalence of 
positive serum IGF-1R-Abs was similar in those with a clini-
cally relevant GO compared with those without GO. The 
prevalence of IGF-1R-Abs in patients with GO was greater 
than that of healthy subjects (P = 0.004 by Chi square) and 
of patients with AT (P = 0.007 by Chi square). None of the 
variables unrelated to diagnosis (age and sex) had any influ-
ence on the prevalence of positive serum IGF-1R-Abs (not 
shown).

Secondary outcome data

1. Levels of serum IGF-1R-Abs in the study population.
As shown in Fig. 2b, serum concentrations of IGF-1R-

Abs were significantly different across the study groups 
(P < 0.0001 by Wilcoxon/Kruskal–Wallis), reflecting 
higher concentrations in patients with GD (P < 0.0001 vs 
both healthy subjects and patients and AT, by Wilcoxon/
Kruskal–Wallis). Within patients with GD, IGF-1R-Ab con-
centrations did not differ between those with or without a 
clinically relevant GO. IGF-1R-Ab serum levels in patients 
with GO were significantly greater than those of healthy 
subjects and patients with AT (P < 0.0001 in both cases, by 
Wilcoxon/Kruskal–Wallis)

2. Relationship between serum IGF-1R-Abs, the clinical 
features, and the treatment of GO.

Within patients with GO, there was no relationship 
between the percentage prevalence and the serum concen-
trations of IGF-1RAbs with GO duration, exophthalmom-
etry, eyelid aperture, CAS, degree of diplopia, and visual 
acuity (not shown). However, as shown in Fig. 3, there 
was an inverse correlation between serum levels of IGF-
1RAbs and CAS (R = − 0.376, 95% CI: from − 0.373 to 
− 0.631; P = 0.005 by linear regression, using Log10 for 
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both parameters). There was no relationship between GO 
treatment and IGF-1RAb percentage prevalence and serum 
concentrations (not shown).

3. Relationship between serum IGF-1R-Abs and TgAbs, 
TPOAbs and TRAbs.

There was no relationship between the percentage preva-
lence of positive tests or the serum concentrations of TgAbs 
and TPOAbs with the percentage prevalence of positive tests 
and the serum concentrations of IGF-1RAbs (not shown). 
As expected from the differences in serum IGF-1R-Abs in 
patients with GD compared with the other study groups, 
subjects with serum TRAbs above the upper limit of the 
normal range had a greater prevalence of serum IGF-1R-
Abs ≥ 55.2 ng/ml (P = 0.003 by Chi square) compared with 
subjects with undetectable TRAbs (Fig. 4a). In addition, 
as shown in Fig. 4b, serum levels of IGF-1R-Abs were 
greater in TRAb-positive than in TRAb-negative subjects 
(P < 0.0001 by Wilcoxon/Kruskal–Wallis).

Discussion

The present study stemmed from recent observations sug-
gesting a major involvement of the IGF-1R and possibly of 
autoimmunity against it in GO [1, 2]. Taking advantage of 
a newly developed ELISA for IGF-1R-Abs, we measured 
Igs recognizing the IGF-1R in patients with GD and GO. 
Our findings suggest that IGF-1R-Abs are more frequent 
and their levels higher in patients with GD, regardless of 
the presence of GO, compared with healthy subjects and 
patients with AT.

In our hands, the assay used appeared to be precise 
(very low inter- and intra-assay variations) and specific, 
as shown by the inhibitory effect exerted by recombinant 
soluble IGF-1R on binding of human Igs to IGF-1R-coated 
ELISA plates. The concentrations of IGF-1R-Abs in 
healthy subjects did not follow a, normal, Gaussian distri-
bution, because of which we arbitrary established normal 
values below the 97th percentile, namely 55.2 ng/ml. The 
prevalence of serum samples with IGF-1R-Ab concen-
trations equal or above the latter value was significantly 
greater in patients with GD than in healthy subjects or 
patients with AT. In line with this observation, the serum 
concentrations of IGF-1R-Abs were significantly higher 
in GD than in the other two study groups. About one-
fourth of GD patients had detectable serum IGF-1R-Abs, 
but there were no differences between those with GO or 
without a clinically relevant GO. In accordance with the 
observation in patients with GD, serum IGF-1R-Ab val-
ues ≥ 55.2 ng/ml were observed more frequently and their 
concentrations were higher in subjects with serum TRAbs 
above the normal limit, compared with those with nega-
tive serum TRAbs, TRAbs being highly specific marker 
of GD [33].

In patients with GO, there was no relationship between 
GO severity and IGF-1R-Abs, which, however, correlated 
inversely with CAS. The interpretation of this surprising 
observation requires further investigations. A very specu-
lative hypothesis is that this inverse correlation may reflect 
a protective role of IGF-1R-Abs in GO, thereby paralleling 
the action of the monoclonal, blocking anti-IGF-1R anti-
body Teprotumumab, which was recently shown to exert a 
remarkable beneficial effect in GO patients compared with 
placebo [20, 21]. Clearly, any considerations on a possible 
protective action of IGF-1R-Abs in GO are preliminary 
and require confirmation by functional assays.

TRAbs have been reported to correlate with the clini-
cal features of GO, including CAS [37], although not all 
of the studies on the subject have confirmed firmly this 
observation [34, 35, 38]. Here we did not find any correla-
tion between TRAbs and CAS (not shown), which is some-
how consistent with the observation of a direct correlation 

a

0

10

20

30

40

TRAbs < 1.5 IU/mL TRAbs ≥ 1.5 IU/mL

Ig
F1

R
-A

bs
 ≥

55
.2

 n
g/

m
L 

(%
)

b

6/78

15/57

P=0.003

0

20

40

60

80

TRAbs < 1.5 IU/mL TRAbs ≥ 1.5 IU/mL

Ig
F1

R
-A

bs
 (n

g/
m

L)

P<0.0001

Fig. 4   Prevalence and levels of serum antibodies against the insulin-
like growth factor-1 receptor (IGF-1R-Abs) according to the pres-
ence or absence of detectable serum anti-TSH-receptor antibodies 
(TRAbs) in the study population. a Percentage prevalence of serum 
IGF-1R-Ab values above 55.2  ng/ml according to the presence of 
serum TRAb values ≥ 1.5  IU/ml. The number of positive samples is 
indicated. P values were obtained by Chi square, b concentrations 
(median and IQR) of serum IGF-1R-Abs according to the presence 
of serum TRAb values ≥ 1.5  IU/ml. P values were obtained by Wil-
coxon/Kruskal–Wallis
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between TRAbs and IGF-1R-Abs, and of an inverse cor-
relation between CAS and IGF-1R-Abs.

Our study militates in favor of the specific presence of 
autoantibodies against the IGF-1R in patients with GD, 
regardless of the presence of GO. Following the initial 
observation that Igs from GD patients can bind to the IGF-
1-R [9, 11], several attempts have been made to confirm their 
presence in the bloodstream of GD patients, as well as to 
define their function and their relation to GO. Some studies 
have indicated that anti-IGF-1R Igs exist, are specific for 
GD and GO, and can activate the IGF-1R in thyroid cells 
and in orbital fibroblasts [10]. In this regard, our observation 
of IGF-1R-Abs in patients with GD, but not, or to a much 
lower extent, in those with AT, suggests that IGF-1R-Abs 
may be involved in thyroid cell growth, although the lack 
of functional data (see below) in the present study does not 
allow firm conclusions.

The functional role of anti-IGF-1R Igs in orbital fibro-
blasts is debated [12–19]. On the one hand, they have been 
postulated to play a pathogenetic role; on the other hand, 
the interplay between the IGF-1R and the TSHR may be 
activated by autoimmunity against the TSHR, whereas auto-
immunity against the IGF-1R would not play a major role 
[15]. It is, however, established that the blocking anti-IGF-
1R monoclonal antibody Teprotumumab exerts an inhibitory 
function on IGF-1R in cultured orbital fibroblasts and a ben-
eficial effect in patients with GO [20], which, as mentioned 
above, may be in line with our observation of an inverse 
correlation between CAS and IGF-1R-Abs in GO patients.

The existence of serum antibodies against the IGF-1R 
with inhibiting properties was suggested by Minich et al., 
who demonstrated that serum anti-IGF-1R reduced the IGF-
1-induced signaling in hepatocarcinoma HepG2 cells [13]. 
In that study, detectable IGF-1R-Abs, measured with a dif-
ferent method, were observed in 14% of GO patients, a pro-
portion slightly lower than that we observed here. In contrast 
with our findings, they found detectable serum IGF-1R-Abs 
in 11% of normal subjects [13]. In addition, unlike in our 
study, they did not observe any correlation between CAS and 
IGF-1R-Abs in patients with GO. The different methods for 
IGF-1R-Ab measurement, the lack of experimental stand-
ardization, and the different patients sampling may explain 
these discrepancies.

A limitation of our study is that we did not perform func-
tional assays to determine whether the serum IGF-1R-Abs 
we detected exert activating or a blocking effects in thyroid 
cells and/or in orbital fibroblasts, to investigate which we 
are planning further studies. Another limitation is that we 
did not assess the possible interference of serum IGF-1 in 
binding of serum anti-IGF-1R antibodies to IGF-R-coated 
plates. Thus, serum IGF-1 may in theory inhibit binding 
of antibodies to IGF-1R if both IGF-1 and antibodies rec-
ognized overlapping binding sites. In this regard, Minich 

et al. reported that IGF-1 does not exert any interference 
in their IGF-1R-Ab assay, which is quite reassuring [13]. 
Another limitation of our study is that patients were variably 
treated for their thyroid diseases, which may have affected 
IGF-1R-Abs.

In conclusion, serum autoantibodies against the IFG-1R 
are present in 25% of patients with GD, regardless of the 
presence of GO. In GO they may exert a protective action, 
but further functional studies are needed to establish whether 
this is the case.
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