
Modulation of IgG-FcRn interactions to overcome antibody-
mediated inhibition of nerve regeneration

Gang Zhang, Jianxin Lin, Sameera Ghauri, and Kazim A. Sheikh
Department of Neurology, McGovern Medical School at The University of Texas Health Science 
Center at Houston, Houston, TX, USA

Keywords

IgG autoantibody mediated-neuropathy; Guillain-Barré syndrome; Anti-glycan/ganglioside 
antibodies; Neonatal Fc receptor; IgG hemostasis/catabolism

There is mounting evidence that IgG autoantibodies are involved in many autoimmune 

neurologic diseases including Guillain-Barré syndrome (GBS), chronic immune 

neuropathies, myasthenia gravis, immune myositis, and neuromyelitis optica variant of 

multiple sclerosis [2, 6]. Despite availability of current immunotherapies, a significant 

proportion of patients with neuroimmunological disorders are left with severe and 

permanent neurologic sequelae. Lowering the levels of pathogenic autoantibodies could be 

critical to treat these disorders, and has been postulated to be one of the mechanisms account 

for IVIg's beneficial effects [4]. Neonatal Fc receptor (FcRn) is pivotal in IgG hemostasis/

catabolism. The blockage of FcRn can reduce in vivo IgG levels, and had been demonstrated 

to be effective in animal model of humoral autoimmune disorder [5]. However, it remains 

untested whether a reduction of pathogenic antibody via inhibiting FcRn can ameliorate 

autoantibody-mediated peripheral neuropathies in animal models. Anti-glycan/ganglioside 

antibodies (AGAs) are strongly associated with axonal GBS [7]. We previously showed that 

AGA inhibits axon regeneration in a murine model of AGA mediated-nerve injury [3], 

which echo the clinical observations correlating AGA and poor prognosis in GBS. Besides 

FcRn mediated IgG catabolism, recent studies suggest that AGA uptake at nerve terminal 

might also contribute to AGA clearance [1]. However, in the current study, we mainly focus 

on examining whether modulation of FcRn expression or IgG-FcRn interactions can alter 

Ab-mediated pathological effects in this model.

We first examined the effects of AGA in mice lacking FcRn. Serological studies showed that 

the levels of circulating AGA were significantly decreased in FcRn-null mice compared to 

wild type (WT) animals, the area under the curve (AUC) of AGA in FcRn-null is about 20% 

of the AUC in WT mice (Fig. 1a). Behavioral, electrophysiological, and morphometric 

studies showed that FcRn-null mice were completely resistant to AGA-mediated inhibition 

of axon regeneration (Fig. 1b-e). Next, efficacy of an antibody based competitive FcRn 

inhibitor [5], MST-HN {an Abdeg (antibodies that enhance IgG degradation) } was 
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evaluated and our results show that there was highly significant decrease in circulating levels 

of AGA at all time points examined after Abdeg treatment compared to a control humanized 

mAb (Hulys10), the AUC of Abdeg-treated mice is 45-55% of that of Hulys10 treated 

animals (Fig. 2a). Behavior testing, electrophysiology, and morphometry showed that Abdeg 

significantly ameliorated the pathological effects of AGA (Fig. 2b-e).

Our previous work supports that the antibody bound to ganglioside on nerve fiber (ABG)-

activating FcγRs-macrophage axis drives Ab-mediated nerve damage in our model [8]. We 

have established that AGA bind with corresponding target antigens on nerve fibers [3, 8] and 

the bound antibodies are the primary initiators of inflammation via their interactions with 

activating FcγRs on macrophages in this model [8]. We examined the amount of 

endoneurial mouse IgGs in animals treated with Abdeg or Hulys10, and found that the IgGs 

level was significantly decreased in Abdeg treated nerves (Supplementary Fig. 1a & 1b). We 

further inspected the endoneurial innate immune effectors, i.e., macrophage/microglial 

numbers, and Fcγ common chain expression in mice treated with Abdeg by 

immunocytochemistry. Notably, we found comparable number of macrophage/microglia and 

expression of Fcγ common chain in distal segments of sciatic nerves of Abdeg- or Hulys10-

treated animals (Supplementary Fig. 1c-e). These observations would support the assertion 

that FcRn modulation reduces the endoneurial IgG content including AGA and its binding to 

ganglioside, which in turn disrupts ABG-activating FcγRs-macrophage axis leading to 

reduced nerve damage (Supplementary Fig. 2). This observation would support that 

amelioration of Ab-mediated nerve injury with Abdeg-treatment is due to reduced 

endoneurial content of AGA.

We report that elimination of FcRn receptors or modulation of IgG-FcRn interactions with 

an Abdeg, significantly shortened the half-life of passively transferred AGA and reduced 

associated nerve injury in an animal model. Abdeg/MST-HN is a clinically relevant biologic 

drug, which enhanced the clearance of pathogenic AGA by competitive blockade of FcRn, 

resulting in reduced endoneurial content of AGA and ABG formation, and amelioration of 

nerve injury in our model. These results validate the concept that IgG-FcRn interactions can 

be modulated to increase the clearance of autoAbs to prevent tissue/neural injury. Our 

observations support that this stratgey can be used as autoAb-specific immunotherapy for 

humoral autoimmune disorders. Since this approach leads to nonspecific degradation of all 

IgGs, it is preferable to initially use it as short-term or pulse therapy clinically for 

monophasic disorders, such as GBS. The strategy of reducing pathogenic autoAb levels via 

Abdeg mediated-FcRn modulation offers advantages over IVIg. Abdegs could provide 

comparable efficacy at much lower infusion dosages, potentially cutting down infusion 

related costs and side effects. Further, recombinant Abdegs are less likely to have biologic 

variability and worldwide shortages inherent to IVIG manufacturing. This therapeutic 

approach has translational potential in treating autoimmune neuropathies as reagents which 

can modulate FcRn function in humans are beginning to emerge.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
FcRn is required for the anti-glycan antibody-mediated inhibition of axon regeneration. (a) 

Level of circulating anti-glycan mAb were significantly lower in FcRn-null mice than WT 

mice. (b) Quantitative electrophysiology data indicate that anti-glycan mAb adversely 

affected the motor nerve regeneration and target (muscle) reinnervation in WT animals but 

not in FcRn -/- mice. n = 10. (c) Pinprick test showed that anti-glycan mAb significantly 

reduced sensory functional recovery after nerve injury compared to control Abs in WT mice, 

whereas the sensory functional recovery is similar in FcRn -/- mice treated with anti-glycan 

mAb and control Abs. n = 10. (d) Representative micrographs from sciatic nerve segments 

distal to the crush site showing similar regeneration of myelinated fibers (MF) in FcRn -/- 

mice treated with anti-glycan mAb and control Abs. Scale bar, 20 μm. (e) Morphometric 

analysis showing significant decrease in MF in anti-glycan mAb-treated WT animals at 

sciatic (SN) and tibial (TN) nerves compared with control Ab-treated sciatic and tibial 

nerves. Whereas, the difference in MF regeneration in FcRn -/- mice treated with anti-glycan 

mAb or control Ab is not significant. n = 10. *p < 0.05.
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Figure 2. 
Abdeg (MST-HN) suppresses anti-glycan antibody-mediated inhibition. (a) Abdeg treatment 

significantly increased the clearance of anti-glycan mAb compared to control Ab (Hulys10). 

(b) Micrographs from sciatic nerves showing regeneration of MF in mice treated with 

Hulys10 (Top) or Abdeg (Bottom). Scale bar, 20 μm. (c-e) Pin prick behavior (c), 

electrophysiology (d), and myelinated fiber regeneration (e) show that animals receiving 

Abdeg have significant protection. n = 10. *p < 0.05
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