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TSHR/IGF-1R Cross-Talk, Not IGF-1R Stimulating
Antibodies, Mediates Graves’ Ophthalmopathy Pathogenesis

Christine C. Krieger, Susanne Neumann, Bernice Marcus-Samuels, and Marvin C. Gershengorn

Dear Editor:

It is controversial whether antibodies in Graves’ ophthal-
mopathy (GO) patients bind to both thyrotropin (TSH) re-
ceptors (TSHRs) and insulin-like growth factor-1 (IGF-1)
receptors (IGF-1Rs), or whether GO pathogenesis involves
TSHR/IGF-1R cross-talk initiated by binding to TSHRs only.
In a recent review, Smith and Janssen (1) concluded ‘‘it re-
mains possible although unproven that two discrete anti-
bodies generated in Graves’ disease are at play in the
pathogenesis of [thyroid-associated ophthalmopathy]. This
theoretical construct involves one antibody directed at TSHR
and the other at IGF-IR.’’ They argued against our conclusion

that it is TSHR/IGF-1R cross-talk initiated by TSHR-
stimulating antibodies (TSAbs) (2). However, Smith and
Janssen misinterpreted one of our findings and failed to
consider another. First, they suggested that partial inhibition
of TSAb stimulation by an IGF-1R kinase inhibitor necessi-
tates IGF-1R phosphorylation following TSAb binding to
IGF-1R, even though we found no evidence for IGF-1R
phosphorylation by the monoclonal TSAb M22 or by im-
munoglobulins from 57 GO patients (2). They stated ‘‘that
the Western blot assay [we] used for monitoring IGF-IR
phosphorylation failed to detect what might have been low-
level but physiologically important receptor activation.’’ We
used a highly sensitive Bio-Plex MAGPIX assay, not
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FIG. 1. Competitive binding of thyrotropin (TSH) receptor (TSHR) and insulin-like growth factor-1 receptor (IGF-1R)
antibodies versus Alexa-M22-647. Binding assays on parental HEK-EM cells that do not express TSHRs but endogenous
IGF-1Rs and on HEK-TSHR cells were performed by FACS competitive binding of Alexa-647-M22 by incubating cells
with 1:25 ratio of Alexa-647-M22 to unlabeled TSHR antibodies M22 and KSAb1, TSH, and IGF-1R antibodies AF305 and
1H7 and IGF-1. Competing ligands were added at 4�C 15 min prior to the addition of Alexa-647-M22 and incubation for 1 h
at 4�C. Gray histograms represent auto-fluorescence. Solid-black histograms show Alexa-647-M22 fluorescence intensity.
(A) and (B) Alexa-647-M22 non-specifically bound to HEK-EM cells. (C)–(F) The >10-fold peak shift in Alexa-647
fluorescence in HEK-TSHR cells (C) was markedly reduced by unlabeled TSHR antibodies M22 (D) and KSAb1 (E), and
partially reduced by TSH (F). (G) and (H) Anti-IGF-1R antibodies AF305 (G), 1H7 (H), and IGF-1 (not shown) did not
reduce peak fluorescence.

Laboratory of Endocrinology and Receptor Biology, National Institute of Diabetes and Digestive and Kidney Diseases, National
Institutes of Health, Bethesda, Maryland.

THYROID
Volume 27, Number 5, 2017
ª Mary Ann Liebert, Inc.
DOI: 10.1089/thy.2017.0105

746



Western blot, and found no evidence of IGF-1R phosphory-
lation. We suggest the kinase inhibitory effect may be caused
by changing IGF-1R conformation (3) so that it can no longer
interact with TSHR. We postulated this mechanism (2) to
explain how one inhibitory anti-IGF-1R antibody 1H7 an-
tagonized TSHR/IGF-1R cross-talk while another AF305 did
not. Second, Smith and Janssen failed to acknowledge that
AF305, which blocks binding to IGF-1R, had no effect on
TSAb stimulation.

To address whether a TSAb must bind to IGF-1R to cause
cooperation between TSHR and IGF-1R, we fluorescently
tagged M22, a monoclonal TSAb that stimulates GOFs (4) in
part via an IGF-1R-dependent mechanism (2), and measured
binding of Alexa-647-M22 by fluorescence analysis. We
used HEK-TSHR cells that stably express transfected TSHRs
and endogenously express IGF-1Rs and parental HEK-EM
cells that do not express TSHRs but express IGF-1Rs. Fig-
ure 1 illustrates that HEK-EM cells exhibit no specific Alexa-
647-M22 binding, even though they express IGF-1Rs, as we
demonstrated by specific radiolabeled IGF-1 binding (not
shown). In contrast, Alexa-647-M22 binds specifically to
TSHRs on HEK-TSHR cells because binding is competed by
TSABs M22 and KSAb1 (kindly provided by Dr. Paul Ban-
ga), and partly competed by TSH, but not to IGF-1Rs because
it is not competed by IGF-1 or the IGF-1R antibodies AF305
or 1H7.

We conclude that a TSAb is capable of stimulating TSHR/
IGF-1R cross-talk by binding only to TSHRs. Although the
binding experiment we report can only be performed with a
monoclonal antibody, our findings demonstrate that a TSAb
does not need bind to IGF-1R to cause TSHR/IGF-1R sig-
naling. The concept that there are no IGF-1R stimulatory
antibodies in GO patients is supported by our findings that
GO immunoglobulins exhibited pharmacologic properties

similar to those of M22 (2). Lastly, to our knowledge, a
stimulatory IGF-1R antibody that causes disease has not been
found in any patient.
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