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Abstract

Background and Aims—We found a p.Ala406Val (c.1217C>T) mutation in MORC2 in three 

individuals, from two families.

Methods—All three individuals were evaluated and clinical electrophysiology was completed.

Results—The neuropathy began in childhood to early adulthood, with distal weakness 

progressing to proximal weakness. Vinblastine (for Hodgkin lymphoma) acutely worsened the 

weakness in one patient.

Interpretation—This finding confirms that that the p.Ala406Val mutation in MORC2 causes 

severe neuropathy. In addition, we report the first case of vinblastine neurotoxicity in CMT2Z.
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Introduction:

More than 20 different mutations in MORC2 cause Charcot-Marie-Tooth disease type 2Z 

(CMT2Z), a dominantly inherited axonal neuropathy (Sancho, et al., 2019). p.Arg252Trp 

is the most common, with onset of distal weakness and sensory loss in the first or second 

decade progressing to proximal weakness, cramps, and extensor plantar responses but not 

frank spasticity (Albulym, et al., 2015). Other mutations (e.g., p.Ser25Leu) may have an 

infantile onset of a spinal muscular atrophy-like presentation, and electrophysiological 

evidence of asymmetric axonal loss, myokymia, and fasciculations (Sevilla, et al., 2016). 

A different set of MORC2 mutations are associated with respiratory insufficiency and 

even encephalopathy and cerebellar atrophy (Ando, et al., 2017; Schottmann, et al., 2016; 

Zanni, et al., 2017). De novo mutations may present with developmental delay, intellectual 

disability, growth retardation, microcephaly, and variable craniofacial dysmorphism in which 

neuropathy has not been recognized as a predominant feature (Guillen Sacoto, et al., 2020). 

Here, we report a p.Ala406Val mutation in MORC2 in three individuals from two unrelated 
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families, one of whom had severe worsening after undergoing vinblastine treatment for 

Hodgkin lymphoma.

Materials and Methods:

A father and a son were evaluated at the University of Pennsylvania (by S.S.S.), and 

an unrelated woman was evaluated at Johns Hopkins University (by D.R.C). Clinical 

electrophysiology was performed as part of their evaluation.

Results:

A 33-year-old woman presented with fatigue and cramping. She was clumsy as a child and 

was unable to roller skate or ice skate. She had severe distal wasting and moderate to severe 

weakness in the intrinsic hand muscles and toe extensors, mild weakness in bilateral elbow 

flexion and extension, wrist flexion and extension, finger flexion, and ankle plantar flexion. 

Vibration was absent at the toes and 4 at the knees using the Rydel-Seiffer tuning fork. 

Pinprick was reduced to the dorsum of the foot, and joint position was normal at the toes. 

She was areflexic. The left sural, ulnar, right radial, and bilateral median sensory responses 

were absent (Table 1). The left and right median motor responses were absent; the left and 

right ulnar motor responses were normal. Needle EMG was not done. The patient’s father 

had neuropathy: his nerve conductions were reviewed and revealed no responses in the lower 

limbs and a pattern of axonal neuropathy in the upper limbs.

An unrelated man developed foot drops in his late 20s, but in his early 20s he was able be 

a captain in the Marines. His strength slowly worsened to the point that he had difficulty 

getting out of a car and using his arms in his 50s. At age 61, he had severe proximal and 

distal weakness. Ankle plantar and dorsiflexion were 0–1/5 (MRC scale), and biceps and 

deltoid were 2/5. Vibratory sensation was absent in his toes and 2 at the thumbs. He was 

areflexic. Clinical electrophysiology was not done.

His son was evaluated at age 31 and 41. He developed neuropathy as a young child and 

was diagnosed with CMT in the second grade. He frequently sprained his ankles and had 

a triple arthrodesis and a tendon transfer on one foot at age 14 and on the other foot at 

age 17. In college, he was diagnosed with Hodgkin lymphoma and was treated with ABVD 

(adriamycin, bleomycin, vinblastine, and dacarbazine). Before treatment, he could walk up 

four floors with a heavy backpack without using a handrail; after treatment, he needed a 

handrail to help pull himself up the steps. He did not report worsening of sensory symptoms. 

At 31, he was weak in proximal and distal arm and leg muscles – intrinsic hand muscles 

were 3/5 and biceps, deltoid, and triceps were 4/5. Vibration was absent in his toes, and he 

was areflexic. He began using a walker at age 32, and, at age 41, he needed a wheelchair. An 

EMG at age 41 showed absent left median and ulnar sensory responses, a severely reduced 

radial sensory amplitude, reduced median and ulnar motor amplitudes (Table 1), and severe, 

chronic denervation in proximal and distal arm muscles. His CMT Exam Score (CMTES) 

was 15 (out of a maximum score of 28) and his CMT Neuropathy Score (CMTNS) was 19 

(out of a maximum score of 36).
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All patients had normal cognition, and did not have cerebellar findings, retinopathy, 

extensor plantar responses, or spasticity. Genetic testing showed a p.Ala406Val (c.1217C>T) 

mutation in MORC2 in all three affected individuals, but not in the mother of the 41-year­

old man.

Discussion:

The p.Ala406Val (c.1217C>T) mutation in MORC2 was not present in gnomAD but was 

previously described in a patient with proximal and distal weakness (Frasquet, et al., 2018; 

Sancho, et al., 2019). The identification of two additional, unrelated families with the same 

p.Ala406Val mutation demonstrates the pathogenic role of this mutation.

The MORC2 protein is a DNA-dependent ATPase that is highly conserved in higher 

eukaryotes, with GyraseB, Hsp90, MutL (GHL)-ATPase, a CW-type zinc finger domain, 

and three predicted coiled-coil domains (Sancho, et al., 2019). It functions as an effector 

of epigenetic transcriptional repression by the human silencing hub (HUSH) complex 

(Sancho, et al., 2019; Tchasovnikarova, et al., 2017), a regulator of ATP-citrate lyase activity 

(Sanchez-Solana, et al., 2014), and as a facilitator of chromatin remodeling and repair in 

response to DNA damage (Xie, et al., 2019). The p.A406V variant is located between the 

first coiled-coil domain and CW-type zinc finger domain of MORC2; variants in this region 

are speculated to disturb ribonucleic acid metabolism (Zhao, et al., 2016).

In addition, the functional consequences of MORC2 mutations that cause neuropathy 

differ from those that cause a more severe phenotype without recognized neuropathy. For 

instance, functional assays on a series of mutants – p.Thr24Ile, p.Glu27Lys, p.Ser87Leu, 

p.Arg132Cys, p.Arg266Ser, and p.Val413Phe – hyperactivated HUSH-mediated silencing, 

albeit to differing extents: the variants with the strongest hyperactivating effects result in 

the most severe central nervous system symptoms (Guillen Sacoto, et al., 2020). The extent 

of HUSH complex hyperactivation may have differential phenotypic consequences in the 

central nervous system as compared to motor and sensory neurons. Because we did not 

find any central nervous system involvement in either family, we infer that the p.Ala406Val 

mutation results in a lesser degree of HUSH complex hyperactivation.

This may be the first case of neurotoxicity in a person with CMT2Z. Although vincristine 

is well documented to cause neuropathy, this complication is less common for vinblastine 

(Shah, et al., 2018). Similarly, vincristine is well known to cause acute deterioration in 

people with CMT1A and was also reported to affect one patient with an unknown type 

of CMT2 (Ibanez-Julia, et al., 2017), but we could not find examples of vinblastine 

neurotoxicity in someone with CMT. Nevertheless, it seems prudent to carefully monitor 

a patient with CMT for whom therapy with any vinca alkaloid is being considered.

Acknowledgements

This work was supported by the Judy Seltzer Levenson Memorial Fund for CMT Research, the INC 
(U54NS065712), which is a part of the NCATS Rare Diseases Clinical Research Network (RDCRN), an initiative 
of the Office of Rare Diseases Research (ORDR), NCATS, funded through a collaboration between NCATS and the 
NINDS.

Vujovic et al. Page 3

J Peripher Nerv Syst. Author manuscript; available in PMC 2022 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

Albulym OM, Kennerson ML, Harms MB, Drew AP, Siddell AH, Auer-Grumbach M, Pestronk A, 
Connolly A, Baloh RH, Züchner S, Reddel SW, Nicholson GA (2015). MORC2 mutations cause 
axonal Charcot-Marie-Tooth disease with pyramidal signs. Ann Neurol 79:419–427.

Ando M, Okamoto Y, Yoshimura A, Yuan JH, Hiramatsu Y, Higuchi Y, Hashiguchi A, Mitsui J, Ishiura 
H, Fukumura S, Matsushima M, Ochi N, Tsugawa J, Morishita S, Tsuji S, Takashima H (2017). 
Clinical and mutational spectrum of Charcot-Marie-Tooth disease type 2Z caused by MORC2 
variants in Japan. Eur J Neurol 24:1274–1282. [PubMed: 28771897] 

Frasquet M, Mas F, Vazquez-Costa JF, Espinos C, Lupo V, Sevilla T (2018). A new mutation 
in MORC2 causes scapuloperoneal Charcot-Marie-Tooth neuropahty: Davidenkow syndrome. J 
Neuromusc Dis 5:S258–259.

Guillen Sacoto MJ, Tchasovnikarova IA, Torti E, Forster C, Andrew EH, Anselm I, Baranano KW, 
Briere LC, Cohen JS, Craigen WJ, Cytrynbaum C, Ekhilevitch N, Elrick MJ, Fatemi A, Fraser 
JL, Gallagher RC, Guerin A, Haynes D, High FA, Inglese CN, Kiss C, Koenig MK, Krier J, 
Lindstrom K, Marble M, Meddaugh H, Moran ES, Morel CF, Mu W, Muller EA 2nd, Nance J, 
Natowicz MR, Numis AL, Ostrem B, Pappas J, Stafstrom CE, Streff H, Sweetser DA, Szybowska 
M, Undiagnosed Diseases N, Walker MA, Wang W, Weiss K, Weksberg R, Wheeler PG, Yoon 
G, Kingston RE, Juusola J (2020). De novo variants in the ATPase module of MORC2 cause a 
neurodevelopmental disorder with growth retardation and variable craniofacial dysmorphism. Am J 
Hum Genet 107:352–363. [PubMed: 32693025] 

Ibanez-Julia MJ, Berzero G, Reyes-Botero G, Maisonobe T, Lenglet T, Slim M, Louis S, Balaguer 
A, Sanson M, Le Guern E, Latour P, Ricard D, Stojkovic T, Psimaras D (2017). Antineoplastic 
agents exacerbating Charcot Marie Tooth disease: red flags to avoid permanent disability. Acta 
Oncologica:1–9. [PubMed: 27846757] 

Sanchez-Solana B, Li DQ, Kumar R (2014). Cytosolic functions of MORC2 in lipogenesis and 
adipogenesis. Biochim Biophys Acta 1843:316–326. [PubMed: 24286864] 

Sancho P, Bartesaghi L, Miossec O, Garcia-Garcia F, Ramirez-Jimenez L, Siddell A, Akesson E, 
Hedlund E, Lassuthova P, Pascual-Pascual SI, Sevilla T, Kennerson M, Lupo V, Chrast R, Espinos 
C (2019). Characterization of molecular mechanisms underlying the axonal Charcot-Marie-Tooth 
neuropathy caused by MORC2 mutations. Hum Mol Genet 28:1629–1644. [PubMed: 30624633] 

Schottmann G, Wagner C, Seifert F, Stenzel W, Schuelke M (2016). MORC2 mutation causes severe 
spinal muscular atrophy-phenotype, cerebellar atrophy, and diaphragmatic paralysis. Brain 139:e70. 
[PubMed: 27794525] 

Sevilla T, Lupo V, Martinez-Rubio D, Sancho P, Sivera R, Chumillas MJ, Garcia-Romero M, Pascual­
Pascual SI, Muelas N, Dopazo J, Vilchez JJ, Palau F, Espinos C (2016). Mutations in the MORC2 
gene cause axonal Charcot-Marie-Tooth disease. Brain 139:62–72. [PubMed: 26497905] 

Shah A, Hoffman EM, Mauermann ML, Loprinzi CL, Windebank AJ, Klein CJ, Staff NP (2018). 
Incidence and disease burden of chemotherapy-induced peripheral neuropathy in a population­
based cohort. J Neurol Neurosurg Psychiatry 89:636–641. [PubMed: 29439162] 

Tchasovnikarova IA, Timms RT, Douse CH, Roberts RC, Dougan G, Kingston RE, Modis Y, Lehner 
PJ (2017). Hyperactivation of HUSH complex function by Charcot-Marie-Tooth disease mutation 
in MORC2. Nat Genet 49:1035–1044. [PubMed: 28581500] 

Xie HY, Zhang TM, Hu SY, Shao ZM, Li DQ (2019). Dimerization of MORC2 through its C-terminal 
coiled-coil domain enhances chromatin dynamics and promotes DNA repair. Cell Commun Signal 
17:160. [PubMed: 31796101] 

Zanni G, Nardella M, Niceta M, Bellacchio E, Ciolfi A, Di Capua M, D’Arrigo S, Tartaglia M, 
Bertini E (2017). De novo T362R mutation in MORC2 causes early onset cerebellar ataxia, axonal 
polyneuropathy and nocturnal hypoventilation. Eur J Paed Neurol 21:e236.

Zhao X, Li X, Hu Z, Liu L, Xie Y, Tian T, Man J, Wang J, Zi X, Xia K, Tang B, Wei X, Zhang R 
(2016). MORC2 mutations in a cohort of Chinese patients with Charcot-Marie-Tooth disease type 
2. Brain 139:e56. [PubMed: 27329773] 

Vujovic et al. Page 4

J Peripher Nerv Syst. Author manuscript; available in PMC 2022 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vujovic et al. Page 5

Table 1:

Summary of electrophysiology, CMT Exam Score (CMTES), and CMT Neuropathy Score (CMTNS).

ulnar CMAP median CMAP radial SNAP (A) CMTES/CMTNS

Patient (age) DL
<3.2 ms

amp
≥6 mV

CV
≥49 m/s

DL
<4.4 ms

amp
≥4 mV

CV
≥49 m/s

amp
≥15 μV

CV
≥50 m/s

case 1 (33 y) 2.6 8.9 55 NR NR NR NR NR

II-1 (41 y) 3.6 5.0 43 4.5 2.2 50 3.3 43 15/19

A: antidromic; amp: amplitude; CMAP: compound muscle action potential; CV: conduction velocity; DL: distal latency; SNAP: sensory nerve 
action potential
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