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Abstract

Mutations in MPZ cause CMT1B, the second most frequent cause of CMT1. Elegant studies with
Ser63del mice suggest that Ser63del MPZ is retained in the ER where it activates the unfolded
protein response (UPR) that contributes to the neuropathy. Clinical information about patients
with this mutation is limited. We present clinical and electrophysiological data on a large
multigenerational family with CMT1B caused by Ser63del MPZ. The patients have a classical
CMT1 phenotype that is much less severe than that of patients with Arg98Cys MPZ that also
activates the UPR. These results suggest that clinical presentation along cannot predict which
MPZ mutations will be retained in the ER and activate the UPR.

Introduction

Mutations in the gene Myelin Protein Zero (MPZ) cause Charcot-Marie-Tooth type 1B
(CMT1B) (Hayasaka et al., 1993a), the second most frequent cause of autosomal dominant
CMT1 (Nelis et al., 1996; Saporta et al., 2011). How MPZmutations cause CMT1B is
unknown but recent studies with Ser63del MPZ mice suggest that this particular mutation
causes endoplasmic reticulum (ER) retention of the mutant protein with resultant activation
of a canonical unfolded protein response (UPR) (Pennuto et al., 2008). Since the mice
improve after genetically manipulating the UPR (Pennuto et al., 2008), these results suggest
that medical manipulation of the UPR may be a rational therapeutic approach for patients
bearing this and related mutations. Ser63del MPZ is known to cause CMT1B in humans
(Hayasaka et al., 1993b). However, there is little detailed information about the phenotype
of these patients with the exception of brief statements that patients appear similar to those
with CMT1A (Defesche et al., 1990; Kulkens et al., 1993; Gabreels-Festen et al., 1996). A
more detailed presentation of the Ser63del phenotype would be useful for several reasons.
First, clinical trials involving patients depend on accurate knowledge of the phenotype and
its natural history. Second, phenotypes of patients with CMT1B cannot easily be predicted
based on other MPZ mutations. Most patients with CMT1B present with one of two extreme
phenotypes: one with an infantile onset of symptoms including delayed walking and nerve
conduction velocities (NCV) <10 m/s and a second with an adult onset and NCV often >40
m/s (Shy et al., 2004). Patients with “classic” CMT1 phenotypes that resemble CMT1A in
which patients walk before a year of age, slowly develop symptoms within the first two
decades of life and have NCV between 20 and 30 m/s are unusual for CMT1B (Shy et al.,
2004). Thirdly, the severity of the phenotype has implications for future therapy. We have
recently identified another MPZ mutation, R98C, that causes CMT1B(Warner et al., 1996;
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Bai et al., 2006), ER retention of the mutant protein and UPR activation (Saporta et al., in
press). Patients with R98C CMT1B have a severe early-onset neuropathy with NCV <10 m/
s and do not walk independently until approximately 3 years of age (Shy et al., 2004; Bai et
al., 2006). If Ser63del MPZ also causes a severe early-onset neuropathy, this would suggest
that ER retention and UPR activation may uniformly cause severe neuropathies that may
prove more difficult to treat.

We have identified and present a large multigenerational family with CMT1B caused by
Ser63del. Several affected patients also had a mutation of Thr118Met in PMP22, known to
cause a partial loss of function phenotype resembling mild HNPP (Shy et al., 2006). Patients
were evaluated clinically and by electrophysiology.

The pedigree of our kindred is provided in Fig. 1. Ten patients were evaluated at our clinic
and their results are summarized in Table 1. Patients’ ages ranged from 6 to 73 years. Only
one patient reported a delay in walking, although two others did not know when they first
walked independently. Motor nerve conduction velocities (MNCV) were between 12 and 30
m/s, in the range of what we typically find in patients with CMT1A (Saporta et al., 2011).
The CMT neuropathy scores (CMTNS) were in the mild to moderate range for all patients
(Shy et al., 2005). Interestingly, sensory abnormalities were more prominent than motor
abnormalities (Table 1). Taken together, the data suggest that Ser63del caused a classical
CMT phenotype with a normal onset of ambulation and mild progression of symptoms and
signs within the first two decades of life (Harding and Thomas, 1980). These patients were
far less severely affected than patients with R98C MPZ mutations who have been non-
ambulatory before 21 years of age.

Discussion

Therapeutic approaches that will alleviate ER retention of misfolded proteins and decrease
UPR activation are increasingly being considered in CMT. For example, sarcoplasmic/
endoplasmic reticulum calcium pump (SERCA) inhibitors can potentially reduce ER stress
by inhibiting calcium binding to disrupt calnexin function (Egan et al., 2002). SERCA
inhibitors are therefore candidate therapies to treat certain forms of CMT. Since much of
what is known about UPR activation in CMT1B comes from studies on Ser63del mice
(Pennuto et al., 2008), we believe that it was important to thoroughly characterize the human
phenotype with this mutation to make correlations between the mouse model and human
patients more feasible. This is particularly true if human clinical trials may result from these
studies.

These results show that Ser63del MPZ causes a classical CMT phenotype and demonstrate
that phenotype alone cannot predict which patients will be candidates for treatments
designed to reduce ER stress. For example Arg98Cys MPZ also is retained in the ER and
activates the UPR. Yet it causes a clinically much more severe neuropathy in which patients
don’t begin to walk until they are 2-3 years of age and often require wheel chairs to
ambulate by adulthood. These more severely impaired patients, with pronounced
dysmyelination and axonal loss, may prove more difficult to treat than mildly affected
patients where demyelination may be the primary abnormality. Future studies will need to
be designed to determine which patients with CMT1B will be candidates for treatment trials
designed to reduce ER stress and UPR activation.
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Figure 1.
The pedigree of our kindred.
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