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Thyroid-associated ophthalmopathy, also known as
Graves’ ophthalmopathy, is a proliferative disorder of
the orbit of the eye with an autoimmune etiology.
Disease arises from the enlargement of the extraocu-
lar muscles, adipose, and the associated connective
tissue that, if untreated, leads to a compressive optic
neuropathy and blindness. In Graves’ disease, hyper-
thyroidism develops from autoantibodies directed
against the thyroid-stimulating hormone receptor
(TSHR) expressed on the follicular endothelial cells of
the thyroid gland. Anti-TSHR autoantibodies stimu-
late the excessive production of thyroid-stimulating

hormone, which in turn leads to the clinical manifesta-
tions of hyperthyroidism: thyroid gland enlargement,
weight loss, tremor, palpitations, dermopathy, and, in
up to 30% of subjects, autoimmune inflammation of
the orbital structures (1). In PNAS, Fernando et al.
provide evidence for a proximal and central role for
the circulating fibrocyte in Graves’ ophthalmopathy
pathogenesis (2).

The autoimmune diseases comprise at least 100
nosologically distinct entities that afflict as many as
5% of the US population (3). Autoimmunity can be
organ specific, as in the case of an autoantibody
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Fig. 1. Scheme for the role of the fibrocyte in Graves’ ophthalmopathy.
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attack against the neuromuscular junction in myasthenia gravis, or
systemic in nature or manifestations, as in the immune complex
pathology of systemic lupus erythematosus. The presence of anti-
TSHR antibodies in nearly all patients with Graves’ ophthalmop-
athy together with the correlation between their circulating levels
and both the clinical features and prognosis of ophthalmopathy
(and dermopathy) implicate them in immunopathogenesis (4).
Notably, the hallmark lupus antinuclear autoantibody also occurs
in Graves’ disease, affirming a fundamental dysregulation in host
immunity (5).

The underlying inflammatory pathology of thyroid-associated
ophthalmopathy appears to target the orbital fibroblast (6).
There is evidence for functional synergy between the TSHR
and the insulin-like growth factor-1 (IGF1) receptor, which is
expressed in orbital fibroblasts, such that anti-TSHR autoanti-
bodies stimulate IGF1 signaling intermediates, leading to an
overproduction of hyaluronan, which increases in deposition in
the soft tissues of the orbit, and prompting both the prolifera-
tion and the differentiation of fibroblasts into adipocytes.
Inflammatory signaling by locally produced cytokines further
potentiates these pathologic signals. Over time, the cellular
alterations enlarge the volume of tissues within the bony retro-
orbital space to produce the clinically distinctive proptosis or
forward displacement of the eye that characterizes thyroid-
associated ophthalmopathy. The pathologic role of the IGF1
receptor also underlies the basis for the successful blockade of
the anti-IGF1 receptor by the monoclonal antibody teprotumu-
mab in the treatment of Graves’ ophthalmopathy (7).

An accumulation of recent data has implicated the fibrocyte, a
fibroblast precursor derived from the bone marrow and distin-
guished by the expression of CD34, CD45, and collagen I, in the
pathogenesis of Graves’ ophthalmopathy (8–10). Arising from
bone marrow precursors, fibrocytes circulate in elevated levels in
different inflammatory and fibrosing disorders, including myelofi-
brosis, systemic sclerosis, rheumatoid arthritis, and interstitial
lung disease (11–16). Fibrocytes are present within the orbital tis-
sues of Graves’ disease patients and their blood levels are
increased fivefold, with those having the most severe orbital dis-
ease also exhibiting the highest circulating concentrations (8, 17).
Both circulating and orbital CD34+ fibrocytes express high levels
of the IGF1 receptor and the TSHR, which are responsive to stim-
ulation by the expression of inflammatory cytokines, including
tumor necrosis factor, interleukin (IL)-1β, and IL-12 (18, 19). As in
the case of other organ pathologies where fibrocytes appear, it is
unknown if the excess fibrocytes in Graves’ disease orbital tissue
arise from local proliferation or from the recruitment of blood
fibrocytes, which may be mobilized from bone marrow by sys-
temic inflammatory signals (20).

Prior work has shown that fibrocytes exhibit pleotropic fea-
tures, including the ability to differentiate into myofibroblasts
and adipocytes, which is notable in the context of the pathologic
changes in Graves’ ophthalmopathy (21, 22). Given their myeloid
character, fibrocytes also were reported at the outset to be fully

capable of antigen presentation, expressing major histocompati-
bility complex class II (MHC II) and the necessary costimulatory
molecules to prime naïve T cells, and with a potency rivaling den-
dritic cells that prompted their testing in cancer immunotherapy
(e.g., FibroVax) (23). Indeed, fibrocytes isolated from the circula-
tion are often in close apposition with T cells, which modulate
their differentiation (22, 24). The sum of these fibrocyte proper-
ties—localization and accumulation in the orbit, autoantigen
(e.g., TSHR) expression, and antigen presentation and inflamma-
tory activation—places these cells in a central immunopathologic
position in Graves’ ophthalmopathy (Fig. 1).

In PNAS, Fernando et al. provide evidence for
a proximal and central role for the circulating
fibrocyte in Graves’ ophthalmopathy
pathogenesis.

Fernando et al. (2) investigate the state of fibrocyte activa-
tion in Graves’ ophthalmopathy patients treated with teprotu-
mumab. Besides clinical benefit, treated subjects showed
marked reduction in the expression by circulating fibrocytes of
MHC II and the costimulatory molecules CD80 and CD86.
CD4+ T cell expression of IL-17A and interferon-γ, which are
two inflammatory cytokines produced by T cells, also were
reduced in treated subjects and in cocultures of fibrocytes and
T cells, supporting the role of fibrocytes in maintaining a T cell
autoimmune inflammatory phenotype in Graves’ patients. IGF1
signaling further is known to activate the mTor/FRAP/p70S6k

pathway to favor inflammatory Th17 over regulatory T cell polar-
ization. The authors’ observed reduction in the fibrocyte expres-
sion of the programmed death receptor ligand-1 (PD-L1) also is
noteworthy, as PD-L1/PD-1 signaling can mediate peripheral
immune tolerance to antigen.

The authors had previously reported an important regulatory
interaction in the orbit between mature (CD34�) fibroblasts and
fibrocytes, specifically with respect to the ability of the former
resident cells to secrete the protein Slit2, which down-regulates
the inflammatory phenotype of fibrocytes (25). As the newly
reported data were obtained from an analysis of peripheral
blood cells, the question now posed is whether the therapeutic
benefit of teprotumumab is from IGF1 blockade at the site of
disease, e.g., the orbit, or from the blockade of systemic or cir-
culating fibrocyte–T cell interactions. In either case, the insights
made by Fernando et al. (2) about the ability of teprotumumab
to attenuate a fundamental pathway for autoimmunity in
Graves’ ophthalmopathy augurs well for testing IGF1 blockade
in other organ-directed or systemic fibrosing disorders that
have immunologic etiologies.

Acknowledgments
R.J.B. is supported by funding from the National Institute of Arthritis and
Musculoskeletal and Skin Diseases and the American College of Rheumatology
Rheumatology Research Fund.

1 T. F. Davies, H. B. Burch, Clinical features and diagnosis of Graves’ orbitopathy (ophthalmopathy). UpToDate (2021). https://www.uptodate.com/contents/
clinical-features-and-diagnosis-of-graves-orbitopathy-ophthalmopathy. Accessed 18 December 2021.

2 R. Fernando, O. Caldera, T. J. Smith, Therapeutic IGF-I receptor inhibition alters fibrocyte immune phenotype in thyroid-associated ophthalmopathy. Proc.
Natl. Acad. Sci. U.S.A. 118, e2114244118 (2021).

3 R. J. Bucala, Rheumatology forecast: Why prevention matters. Arthritis Rheumatol. 72, 868–869 (2020).
4 A. K. Eckstein et al., Thyrotropin receptor autoantibodies are independent risk factors for Graves’ ophthalmopathy and help to predict severity and outcome of

the disease. J. Clin. Endocrinol. Metab. 91, 3464–3470 (2006).
5 R. G. Lahita, Lahita’s Systemic Lupus Erythematosus (Elsevier, ed. 6, 2021).

2 of 3 j PNAS Bucala
https://doi.org/10.1073/pnas.2121739119 Targeting fibrocytes in autoimmunity

https://www.uptodate.com/contents/clinical-features-and-diagnosis-of-graves-orbitopathy-ophthalmopathy
https://www.uptodate.com/contents/clinical-features-and-diagnosis-of-graves-orbitopathy-ophthalmopathy


6 R. S. Bahn, Graves’ ophthalmopathy.N. Engl. J. Med. 362, 726–738 (2010).
7 R. S. Douglas et al., Teprotumumab for the treatment of active thyroid eye disease.N. Engl. J. Med. 382, 341–352 (2020).
8 T. J. Smith, Potential roles of CD34+ fibrocytes masquerading as orbital fibroblasts in thyroid-associated ophthalmopathy. J. Clin. Endocrinol. Metab. 104,

581–594 (2019).
9 R. Fernando et al., Human fibrocytes express multiple antigens associated with autoimmune endocrine diseases. J. Clin. Endocrinol. Metab. 99, E796–E803

(2014).
10 R. Fernando et al., Human fibrocytes coexpress thyroglobulin and thyrotropin receptor. Proc. Natl. Acad. Sci. U.S.A. 109, 7427–7432 (2012).
11 R. Bucala, L. A. Spiegel, J. Chesney, M. Hogan, A. Cerami, Circulating fibrocytes define a new leukocyte subpopulation that mediates tissue repair. Mol. Med.

1, 71–81 (1994).
12 S. Verstovsek et al., Role of neoplastic monocyte-derived fibrocytes in primary myelofibrosis. J. Exp. Med. 213, 1723–1740 (2016).
13 R. A. Reilkoff, R. Bucala, E. L. Herzog, Fibrocytes: Emerging effector cells in chronic inflammation.Nat. Rev. Immunol. 11, 427–435 (2011).
14 S. K. Mathai et al., Circulating monocytes from systemic sclerosis patients with interstitial lung disease show an enhanced profibrotic phenotype. Lab. Invest.

90, 812–823 (2010).
15 A. Moeller et al., Circulating fibrocytes are an indicator of poor prognosis in idiopathic pulmonary fibrosis. Am. J. Respir. Crit. Care Med. 179, 588–594 (2009).
16 S. A. Just et al., Fibrocytes in early and long-standing rheumatoid arthritis: A 6-month trial with repeated synovial biopsy, imaging and lung function test. RMD

Open 7, e001494 (2021).
17 R. S. Douglas et al., Increased generation of fibrocytes in thyroid-associated ophthalmopathy. J. Clin. Endocrinol. Metab. 95, 430–438 (2010).
18 Y. Lu et al., CD34- orbital fibroblasts from patients with thyroid-associated ophthalmopathy modulate TNF-α expression in CD34+ fibroblasts and fibrocytes.

Invest. Ophthalmol. Vis. Sci. 59, 2615–2622 (2018).
19 H. Chen et al., Teprotumumab, an IGF-1R blocking monoclonal antibody inhibits TSH and IGF-1 action in fibrocytes. J. Clin. Endocrinol. Metab. 99,

E1635–E1640 (2014).
20 C. L. Galligan, E. N. Fish, Circulating fibrocytes contribute to the pathogenesis of collagen antibody-induced arthritis. Arthritis Rheum. 64, 3583–3593 (2012).
21 K. M. Hong, M. D. Burdick, R. J. Phillips, D. Heber, R. M. Strieter, Characterization of human fibrocytes as circulating adipocyte progenitors and the formation

of human adipose tissue in SCID mice. FASEB J. 19, 2029–2031 (2005).
22 R. Abe, S. C. Donnelly, T. Peng, R. Bucala, C. N. Metz, Peripheral blood fibrocytes: Differentiation pathway and migration to wound sites. J. Immunol. 166,

7556–7562 (2001).
23 J. Chesney, M. Bacher, A. Bender, R. Bucala, The peripheral blood fibrocyte is a potent antigen-presenting cell capable of priming naive T cells in situ. Proc.

Natl. Acad. Sci. U.S.A. 94, 6307–6312 (1997).
24 M. Niedermeier et al., CD4+ T cells control the differentiation of Gr1+monocytes into fibrocytes. Proc. Natl. Acad. Sci. U.S.A. 106, 17892–17897 (2009).
25 R. Fernando, A. B. D. Grisolia, Y. Lu, S. Atkins, T. J. Smith, Slit2 modulates the inflammatory phenotype of orbit-infiltrating fibrocytes in Graves’ disease. J.

Immunol. 200, 3942–3949 (2018).

Bucala
Targeting fibrocytes in autoimmunity

PNAS j 3 of 3
https://doi.org/10.1073/pnas.2121739119


