
NEURAL REGENERATION RESEARCH  
Volume 7, Issue 32, November 2012 
 

doi:10.3969/j.issn.1673-5374.2012.32.006   [http://www.crter.org/nrr-2012-qkquanwen.html] 

Li XB, Zi XH, Li L, Zhan YJ, Huang SX, Li J, Li XN, Li XG, Hu ZM, Xia K, Tang BS, Zhang RX. Rapid genetic screening of 

Charcot-Marie-Tooth disease type 1A and hereditary neuropathy with liability to pressure palsies patients. Neural Regen Res. 

2012;7(32):2522-2527. 
 

 

 2522 

www.nrronline.org 

Xiaobo Li★, Master, 

Attending physician, 

Department of Neurology, 

Third Xiangya Hospital, 

Central South University, 

Changsha 410013, Hunan 

Province, China  

 

Corresponding author: Ruxu 

Zhang, M.D., Associate chief 

physician, Department of 

Neurology, Third Xiangya 

Hospital, Central South 

University, Changsha 

410013, Hunan Province, 

China  

ruxu.zhang@yahoo.com.cn 

 

Received: 2012-07-20  

Accepted: 2012-09-10  

(N20120608008/WLM) 

 

 

 

 
Rapid genetic screening of Charcot-Marie-Tooth 
disease type 1A and hereditary neuropathy with 
liability to pressure palsies patients★ 

Xiaobo Li1, Xiaohong Zi1, Lin Li1, Yajing Zhan1, Shunxiang Huang1, Jin Li2, Xuning Li1, Xigui Li1, 
Zhengmao Hu3, Kun Xia3, Beisha Tang3, Ruxu Zhang1 
 
 

1 Department of Neurology, Third Xiangya Hospital, Central South University, Changsha 410013, Hunan Province, China 

2 Department of Ultrastructure, School of Basic Medical Science, Central South University, Changsha 410078, Hunan Province, China  

3 State Key Laboratory of Medical Genetics, Central South University, Changsha 410078, Hunan Province, China 

 
 

Abstract  
We used the allele-specific PCR-double digestion method on peripheral myelin protein 22 (PMP22) 

to determine duplication and deletion mutations in the proband and family members of one family 

with Charcot-Marie-Tooth disease type 1 and one family with hereditary neuropathy with liability to 

pressure palsies. The proband and one subclinical family member from the Charcot-Marie-Tooth 

disease type 1 family had a PMP22 gene duplication; one patient from the hereditary neuropathy 

with liability to pressure palsies family had a PMP22 gene deletion. Electron microscopic analysis of 

ultrathin sections of the superficial peroneal nerve from the two probands demonstrated 

demyelination and myelin sheath hyperplasia, as well as an ‘onion-like’ structure in the 

Charcot-Marie-Tooth disease type 1A patient. We observed an irregular thickened myelin sheath 

and ‘mouse-nibbled’-like changes in the patient with hereditary neuropathy with liability to pressure 

palsies. In the Charcot-Marie-Tooth disease type 1A patient, nerve electrophysiological examination 

revealed moderate-to-severe reductions in the motor and sensory conduction velocities of the 

bilateral median nerve, ulnar nerve, tibial nerve, and sural nerve. Moreover, the compound muscle 

action potential amplitude was decreased. In the patient with hereditary neuropathy with liability to 

pressure palsies, the nerve conduction velocity of the bilateral tibial nerve and sural nerve was 

moderately reduced, and the nerve conduction velocity of the median nerve and ulnar nerve of both 

upper extremities was slightly reduced. 
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Research Highlights 
(1) We used allele-specific PCR-double digestion to diagnose peripheral myelin protein 22 (PMP22) 

gene duplication in Charcot-Marie-Tooth disease type 1A patients and PMP22 gene deletion in 

hereditary neuropathy with liability to pressure palsies patients. 

(2) Allele-specific PCR-double digestion is a rapid screening tool suitable for genetic diagnosis of 

patients with Charcot- Marie-Tooth disease type 1A and hereditary neuropathy with liability to 

pressure palsies. 

(3) Distinctive nerve electrophysiological and pathological changes can guide the genetic diagnosis 

in Charcot-Marie-Tooth disease type 1A and hereditary neuropathy with liability to pressure palsies. 
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Abbreviations 
CMT, Charcot-Marie-Tooth disease; PMP22, peripheral myelin protein 22; HNPP, hereditary 

neuropathy with liability to pressure palsies; REP, repeat sequence

 
INTRODUCTION 
    

Charcot-Marie-Tooth disease (CMT), also called 

hereditary motor and sensory neuropathy, is a group of 

common peripheral nerve-related, single-gene- 

inheritance diseases with the characteristics of highly 

hereditary and clinical heterogeneity
[1]

. The incidence is 

17–40/10 000
[1]

. In the clinic, CMT can be divided into 

myelin sheath type (CMT1) and axon type (CMT2) 

according to electrophysiological and pathological 

characteristics
[2]

. The modes of inheritance are 

autosomal dominant, autosomal recessive, and 

X-linked
[3]

. CMT1A, which is caused by duplication of the 

peripheral myelin protein 22 (PMP22) gene, is the most 

common subtype, accounting for about 50–70% of the 

total number of CMT cases. On the other hand, PMP22 

gene deletion is associated with about 70% cases of 

hereditary neuropathy with liability to pressure palsies 

(HNPP)
[4-5]

. 

 

The reciprocal gene duplication and deletion that lead to 

CMT1A and HNPP, respectively, occur because of the 

presence of a 30-kb low-copy repeat sequence (REP) 

upstream and downstream of PMP22, with 98.5% 

homology between the two. During meiosis, a staggered 

arrangement between the distal and proximal REPs can 

result in unequal arm crossing-over of non-sister 

chromatids of the homologous chromosomes 17
[6-7]

. 

CMT1A and HNPP are the complementary outcomes of 

a large-fragment unequal arm crossing-over
[6-7]

. 

 

Here, we used allele-specific PCR-double digestion to 

screen for PMP22 gene duplications and deletions in one 

CMT1 family and one HNPP family. We used the method 

of Lin et al 
[8]

, which involves amplification with pairs of 

primers specific to the proximal and distal REPs, 

followed by EcoRI and NsiI digestion. We also analyzed 

the clinical, electrophysiological, and pathological 

characteristics of patients from these families.   

 

 

RESULTS 
 
Patients 
The family pedigrees and affected status of the 

individuals are shown in Figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Clinical manifestations of CMT1A and HNPP 
The female proband of the CMT1A family, A-III1, aged    

8 years, learned to walk at the age of 2. Both lower limbs 

were weak, especially the left lower limb. She fell often 

when walking, and her posture was abnormal. These 

symptoms worsened with time. Upon examination, the 

muscle force of the distal end of both lower extremities was 

4
+
. Dorsiflexion and weakness of both feet was visible. 

Superficial sensation at the distal end of the lower 

extremities was slightly reduced. Tendon reflex was absent. 

There was steppage gait, ‘stork-leg’ appearance, and 

strephenopodia. Nerve electrophysiological examination 

revealed that the motor and sensory conduction velocities 

of the bilateral median nerve, ulnar nerve, tibial nerve, and 

sural nerve were moderately to severely reduced, at 

11.2–23.6 m/s. Compound muscle action potential 

amplitude was decreased. The neuropathological 

characteristics were as follows: a reduced number of 

myelinated nerve fibers and focal irregular thickening or 

thinning of the myelin sheath, showing an onion-like 

structure. There was also an enlarged gap in the myelin 

sheath around the axons (Figure 2A). 

 

The father of the proband, A-II3, was aged 35 years. He 

had a normal clinical phenotype. However, nerve 

electrophysiological examination revealed that the motor 

and sensory conduction velocities of the bilateral median 

nerve, ulnar nerve, tibial nerve, and sural nerve were 

moderately reduced, at 22.2–30.4 m/s, which suggests 

that he was subclinically affected. 

Figure 1  Family pedigrees. 

(A) CMT1A family; (B) HNPP family.  

↗: Proband; ■: male patient; ●: female patient; □: 

normal male; ○: normal female; □: deceased male; ○: 
deceased female. 

CMT1: Charcot-Marie-Tooth disease myelin sheath type; 
HNPP: hereditary neuropathy with liability to pressure 

palsies.  

A B 
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The male proband of the HNPP family, B-II3, aged   

40 years, had experienced four episodes of double 

lower limb weakness since the age of 19, each lasting 

several months. During the latest attack, the muscle 

forces of his left lower limb and right lower limb were 4 

and 5
–
, respectively. A weak dorsiflexion force, absent 

bilateral knee and ankle reflexes, and left tibial muscle 

atrophy were noted. Nerve electrophysiological 

examination revealed that the motor and sensory 

conduction velocities of his bilateral tibial nerve and 

sural nerve were moderately reduced, at 31.3–37.4 m/s. 

The motor and sensory conduction velocities of the 

median nerve and ulnar nerve of both upper limbs were 

slightly reduced, at 38–45.5 m/s. Pathological 

characteristics of the superficial peroneal nerve 

included a decreased density of myelinated nerve fibers, 

irregular thickening of the myelin sheath, a 

‘mouse-nibbled’ appearance, axonal edema, and 

vacuolated degeneration (Figure 2B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A brother of the proband, B-II5, aged 37 years, had 

experienced recurrent lower limb weakness and 

steppage gait since adolescence. Electrophysiological 

studies were not conducted and no blood was collected. 

He was diagnosed with HNPP in the clinic. 

 

PMP22 gene duplication and deletion analysis 
We performed allele-specific PCR-double digestion 

analysis of PMP22 on the CMT1 and HNPP probands 

and family members, a normal control, and a 

CMT1A-positive control. The results are shown in Figure 

3. A 3.57-kb fragment was amplified from the distal REP 

region using the primers Hot-DF + Hot-DR, and a 3.6-kb 

fragment was amplified from the proximal REP region 

using primers Hot-PF + Hot-PR. Both fragments were 

obtained from all individuals (Figure 3A). In addition, a 

3.58-kb duplicated junction fragment could be amplified 

using primers Hot-DF + Hot-PR from the CMT1 patients 

A-III1, A-II3, and the CMT1A positive control only. 

Similarly, a 3.6-kb deleted junction fragment could be 

amplified using primers Hot-PF + Hot-DR from the HNPP 

patient B-II3 only (Figure 3B). 

 

We verified the amplified products from A-III1, B-II3, and 

the normal control by EcoRI and NsiI double digestion. 

The normal distal REP fragment could be digested by 

EcoRI, yielding 3.17-kb and 0.4-kb fragments, but could 

not be digested by NsiI. 

 

Conversely, the normal proximal REP fragment could be 

digested by NsiI, yielding 2.1-kb and 1.5-kb fragments, 

but could not be digested by EcoRI (Figure 3C). The 

duplicated junction fragment amplified from individual 

A-III1 gave 1.7-kb, 1.5-kb, and 0.4-kb fragments after 

digestion with both enzymes. However, the deletion 

junction fragment amplified from individual B-II3 could 

not be digested by either enzyme (Figure 3D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
DISCUSSION 
 

PMP22 is a myelin-associated molecule associated with 
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Figure 2  Ultrastructural nerve pathology (transmission 
electron microscopy, × 5 000) in CMT1A and HNPP. 

(A) CMT1A: Superficial peroneal nerve pathology 
indicated by irregular thickening of the myelin sheath of 
myelinated nerve fibers, onion-like structures (→), and 
enlarged gaps in the myelin sheath surrounding the 

axons (↓). 

(B) HNPP: Superficial peroneal nerve pathology indicated 
by a degenerated myelin sheath of myelinated nerve 
fibers, irregular thickening, loosing, edema, and a 

‘mouse-nibbled’ appearance (←). 

CMT1: Charcot-Marie-Tooth disease myelin sheath type; 
HNPP: hereditary neuropathy with liability to pressure 

palsies.  

Figure 3  Electropherograms showing PCR and double 
digestion of the PMP22 allele. 

(A, B) PCR amplification products with the indicated 
primer pairs. 1: A-III1; 2: A-II3; 3: A-II4; 4: B-II3; 5: B-II4; 6: 
B-III1; 7: normal control; 8: CMT1A positive control. (C, D) 
PCR amplification products with the indicated primer pairs 

(the first three lanes of each half) and EcoRI and NsiI 
double digestion of the PCR products (the second three 
lanes of each half). 1: A-III1; 2: B-II3; 3: normal control; M: 

DNA marker.  

CMT1: Charcot-Marie-Tooth disease myelin sheath type; 
PMP22: peripheral myelin protein 22.  
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Schwann cells in peripheral nerves, and accounts for 

2–5% of peripheral nerve myelin sheath protein
[9]

. 

PMP22 regulates the proliferation, differentiation, and 

apoptosis of Schwann cells
[10]

. 

 

Many methods have been used to diagnose duplication 

and deletion of PMP22. Southern blot and pulsed- field gel 

electrophoresis are time-consuming, laborious, and have 

low sensitivity. Fluorescence in situ hybridization has high 

sensitivity but it is subjective, and its repeatability is 

limited
[11]

. PCR-based methods, include PCR of short 

tandem repeats, fluorescent quantitative real-time PCR, 

multiplex ligation-dependent probe amplification, and 

allele-specific PCR-double digestion
[12-13]

. Latour et al 
[14]

 

used three pairs of primers to amplify short tandem 

repeats, but the sensitivity was low. The sensitivity was 

improved to 99% when 15 pairs of primers were used
[15]

, 

but it is impractical to perform so many assays in a 

clinical setting. Fluorescent quantitative real-time PCR 

and multiplex ligation-dependent probe amplification are 

relatively simple techniques, but because of the 

specialized equipment needed, they are generally only 

used in laboratories rather than in the clinic
[16]

. 

 

The allele-specific PCR-double digestion method that we 

chose is fast, easy to operate, and shows good 

specificity. When compared with the method of     

Haupt et al 
[17]

, which used one pair of primers for 

amplification plus NsiI + EcoRI digestion, and that of 

Chang et al 
[18]

, which used many pairs of primers for 

amplification plus SacI + EcoRI digestion, the method of 

Lin et al 
[8]

 that we used is simple, rapid, workable, can 

overcome the effects of non-specific amplification, and 

decreases the occurrence of false positive and false 

negative results. However, because this method is likely 

to have a low sensitivity, we suggest that if the results 

are negative, another method such as fluorescent 

quantitative real- time PCR should be used. 

 

Our CMT1A family showed autosomal dominant 

inheritance. Individual A-III1 had been affected since 

infancy-showing late walking, distal amyotrophy and 

myasthenia, absent tendon reflexes, peripheral 

hypesthesia, and talipes equinovarus. However, the lack 

of clinical symptoms in individual A-II3 suggests high 

clinical heterogeneity. This is probably associated with 

gene modification and environmental factors
[12, 19]

. 

Interestingly, this individual did show reduced nerve 

conduction velocities that were consistent with the 

genetic diagnosis. Therefore, nerve electrophysiological 

examination of family members may be a good way to 

identify individuals with PMP22 gene duplication who are 

pre-symptomatic or subclinical. 

 

A previous study demonstrated that CMT1A nerve 

pathology is characterized by a reduced density of 

myelinated nerve fibers and demyelination and/or 

remyelination, and that the degree of neural functional 

defects is strongly associated with the severity of axonal 

degeneration
[20]

. The characteristics of CMT1A nerve 

pathology in our patients were identical to those described 

in a previous study
[21]

. Although pathological 

characteristics such as myelin sheath proliferation and an 

onion-shaped structure may provide reference information 

for CMT1A genetic diagnosis, axonal lesions are helpful to 

predict the disease course and prognosis
[21]

. 

 

The average age of onset of HNPP is 22.5 years. Slightly 

more than half (53.6%) of patients are affected before 

the age of 20. The clinical manifestation is pressure 

palsies. Pressure on the nerves can cause tingling 

sensations, numbness, weakness, muscle atrophy, and 

even paralysis of the affected area. These symptoms 

tend to disappear after several weeks or months. Some 

patients experience neurological symptoms including 

reduced diffuse nerve conduction velocity and focal 

thickening (a ‘sausage-shaped structure’) of the myelin 

sheath of peripheral nerves
[21]

. Consistent with previous 

studies, our patient experienced HNPP before the age of 

20, with the clinical manifestation of recurrent lower limb 

weakness. Nerve electrophysiology was characterized 

by reduced nerve conduction velocity, and 

neuropathology manifested as irregular thickening of the 

myelin sheath, and ‘mouse-nibbled’-like changes. 

Because HNPP displays recurrent limb numbness and 

weakness, it is difficult to differentiate from entrapment 

neuropathy, inflammatory demyelinating polyneuropathy, 

diabetic polyneuropathy and hereditary neuralgic 

amyotrophy
[22-24]

. Its distinctive nerve 

electrophysiological and neuropathological changes are 

helpful to diagnose HNPP and can guide genetic 

diagnosis
[22-24]

. 

 

 
SUBJECTS AND METHODS 
 
Design 
Genetic analysis of human neurological disease. 

 

Time and setting 
The experiments were performed at the State Key 

Laboratory of Medical Genetics, Third Xiangya Hospital, 

Central South University, China, from August 2010 to 

August 2011. 
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Subjects 
One CMT1 family and one HNPP family, from the 

Outpatient Clinic, Department of Neurology, Third Xiangya 

Hospital in China, were enrolled for this study in 2010. 

Medical histories were taken and physical examinations 

performed by two physicians from the Department of 

Neurology on probands A-III1 and B-II3 and their family 

members A-II3, A-II4, B-II4, and B-III1. The Manual 

Muscle Test Scale (0–5) was used to evaluate muscle 

strength. Individual A-III1 met the diagnostic criteria for 

CMT1 and individuals B-II3 and B-II5 met those for 

HNPP
[24-25]

. This study was conducted in accordance with 

the Declaration of Helsinki and all the patients and family 

members signed an informed consent. 

 

Methods 
Nerve electrophysiological study 

Nerve conduction velocity and compound muscle action 

potential were determined using a Keypoint 

electromyogram instrument (Alpine BioMed ApS, 

Skovlunde, Denmark) in probands A-III1 and B-II3 and 

patient A-II3. 

 

PMP22 allele-specific PCR-double digestion analysis 

10 mL of peripheral ulnar venous blood was obtained 

from individuals A-III1, A-II3, A-II4, B-II3, B-II4, and B-III1. 

Genomic DNA was extracted using a standard 

phenol-chloroform method. We used the primers  

Hot-DF, Hot-DR, Hot-PF, and Hot-PR described by    

Lin et al 
[8]

. Primers were synthesized by Sangon Biotech 

(Shanghai, China). We amplified genomic DNA using the 

four primer pairs Hot-PF + Hot-PR (proximal REP 

fragment), Hot-DF + Hot-DR (distal REP fragment), 

Hot-DF + Hot-PR (CMT1A-REP fragment), and Hot-PF + 

Hot-DR (HNPP-REP fragment). The PCR reaction 

conditions were as follows: 95°C for 3 minutes, 30 cycles 

of 95°C for 30 seconds, 60°C for 30 seconds, and 72°C 

for 45 seconds, followed by 72°C for 6 minutes, then a 

hold at 4°C. PCR products were electrophoresed on 

0.8% agarose gels and stained with ethidium bromide. In 

addition, the PCR products were purified then digested 

by the restriction enzymes EcoRI and NsiI (Takara, 

Dalian, China) at 37°C for 6 hours, inactivated at 80°C 

for 20 minutes, and analyzed by agarose gel 

electrophoresis. 

 

Ultrastructural analysis of the superficial peroneal 

nerve 

A superficial peroneal nerve biopsy was conducted in the 

CMT1 proband and the HNPP proband. Specimens were 

fixed using the glutaraldehyde-osmic acid double fixation 

method, embedded, and sliced into 50-nm-thick sections. 

Following double staining with uranyl acetate and lead 

nitrate, sections were observed with an H-7500 

transmission electron microscope (Hitachi, Tokyo, Japan) 

and photographed.  
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