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Abstract 

Numerous diseases are categorized as chronic disorders. These can be related to neurological disorders, 

movement disorders, respiratory diseases, cancer, autoimmune disorders, and genetic disorders. Chronic 

disorders are a prime contribution in deaths occurring below 70 years of age.  Functional disability scale 

was use to measure the hardships associated with disease that indirectly affect the routine life of the 

sufferers. Charcot-Marie-Tooth disease type 1A (CMT1A) is the most common subtype of inherited 

peripheral neuropathy characterized by distal muscle weakness, atrophy and sensory loss. CMT1A is 

caused by the duplication of PMP22 gene on chromosome 17p12 region. However, despite this evident 

cause, onset age or severity is considerably variable among patients. The exact reason behind these 

phenotypic heterogeneities is rarely discovered yet, but certain secondary factors are assumed to be 

involved. Since miRNAs are the key regulators of gene expression, we speculated variants of miRNAs 

might be the genetic modifiers for CMT1A. This study noticed a common single nucleotide 

polymorphism (SNP) of miR-149(rs2292832) as a possible candidate. MiR-149 was predicted to target 

several CMT causing genes including SH3TC2, LITAF, MPZ, and PMP22 by several prediction 

algorisms. The rs2292832 was located near the 3' end of precursor, the important region for maturation. 

From the association study for 176 unrelated Korean CMT1A patients, we identified that the TC/CC 

genotypes of rs2292832 were significantly associated with late onset (onset age ≥20) and mild phenotype 

(functional disability scale 0-2, CMT neuropathy score 0-10). Therefore, this study suggests that themiR-

149SNP has the considerable potential to affect the phenotypic heterogeneity of CMT1A as genetic 

modifiers. 
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1. Introduction 

A disease that lasts three or more than three months and ends up with death is known as chronic 

disorder. In other words, it is long lasting and symptoms of the disease become vigorous with the passage 

of time. Some of the most familiar conditions are asthma, diabetes, epilepsy, HIV/AIDS, hepatitis, some 

genetic disorders, chronic obstructive pulmonary disease, brain associated  disorders, hearing loss or 

deafness, arthritis, or it can be heart related, or cancer, 

On the basis of the biomedical classification, chronic disorders can be defined as the disease that 

spans more than three months or more according to the U.S. National Institute of Health (NIH, 2016). 

Chronic disorders cannot be treated by medication nor do they disappear.  However,  symptomatic 

treatment can be used (Bauer, Briss, Goodman, & Bowman, 2014). Numerous diseases are categorized as 

chronic disorders and these can be related to neurological disorders, movement disorders, respiratory 

diseases, cancer, autoimmune disorders, genetic disorders and so on.  However,  this is not the complete 

list (Abegunde, Mathers, Adam, Ortegon, & Strong, 2007).  Aging itself is a disease from a certain point 

of view. In developed countries, aging of populations is getting pronounced as these countries have a 

higher life expectancy.  As a result, they have a higher aged population  (Manton, 1988).  A higher aged 

population will result in more chronic patients which, in turn, would need more funds are required for 

prolonged treatment to enjoy the quality of life like normal people. (Lim et al., 2007).  Almost 25 % of 

the population of the United States of America suffer chronic disorders and need prolonged treatment, 

rehabilitation and some siding material  that requires more funds (Ward & Black, 2016). 

 Chronic disorders are the main cause  in a person’s life that can directly affect the settled routine    

of life that is enjoyed without the disorders. The susceptibility of a chronic disease gets higher with the 

aging as the majority of the diseases only appear in old age. However, it is not always limited to old age. 

Some of the acquired or environmental factors also contribute for such illness as well. Chronic illness is 

also known as non-communicable diseases according to the World Health Organization (WHO).   

 

1.1. Neuromuscular Disorders 

Neuromuscular disorders affect PNS and muscular activity. The foremost effect of Charoct-Marie-

Tooth disease is that it disturbs the voluntary movement. It is a progressive disorder and the affected 

extremities are primarily those controlled by the sensory and motor neurons (Morrison, 2016). Some of 

the neuromuscular diseases are associated with CNS;  however,  most of the them are related to PNS. Due 

to lack of coordination between nerve cells,  the individual’s  physical activity becomes limited which 

directly impacts on quality of life. Due to muscular dystrophy caused by genetic causes, muscular mass is 

reduced which comes under the specific category of muscular turmoil known as Charcot_Marie-Tooth 

disease (CMT) (McDonald, 2002). CMT refers to a cluster of innate disorders of peripheral neuropathies 

where motor or sensory nerve cells are damaged.  CMT disease is primarily classified into two categories 

called CMT1 (Demyelination form) and CMT2 (axonal form). 
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Figure 01.  Subdivision of CMT1 disease 

 

Charcot-Marie-Tooth disease is most widespread hereditarily multiple gene disease  with the 

frequency between 4.7-36/100,000 (Krajewski et al., 2000). As the motor neurons are affected, so the 

predominantly phenotype is distal muscle weakness of both upper and lower limbs. Sometimes, this is 

also called muscular dystrophy  (Vallat & Funalot, 2010). As the disorder is heterogeneous,  almost 80 

genes are reported to be associated with the CMT. Several genes responsible for the disease made protein 

that have a key role in trafficking involved between the cells. The genes involved in interacellular 

tracking are the most notorious for causing the disorder (Birouk, 2014). 

Charcot-Marie-Tooth disease (CMT) is distinguished by the failure and atrophy of the large 

extremity muscles, and sensory loss (Dyck & Lambert, 1968) The disease was identified by two 

physicians named Charoct and Marie in Paris (1886) and a third scientist called Tooth individually 

identified the same disease in London (UK) in the same year  (Pareyson, Scaioli, & Laura, 2006). 

Categorization is bottomed on a mixture of neurophysiologic distinctiveness, legacy model, and 

fundamental inherited cause . Clinical findings based on nerve shape and NCV and on three diverse 

subtypes are well-known, i.e. the demyelinating type (CMT1) can be sorted out on the basis of the speed 

of the nerve traveling down the nerve cells that is below  38 m/s. The other type axonal demonstrates 

nerve conduction velocity more than the 38 m/s while the third type is intermediate type  (Harding & 

Thomas, 1980) . 

 

1.2. CMT type 1A 

CMT type 1A is rooted by replica of 1.5mb, or alteration in, the gene encoding peripheral myelin 

protein22. On the whole,  occurrence of CMT is typically reported as 1:2,500. However most of the 

disease is caused by the pmp22 duplication. Onset age of CMT1A is the initial two decades of life with 

difficulty walking or running. Extremities are usually most affected.. 
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2. Problem Statement 

According to the literature, in various stages of the life, it has been found that although type 1A is 

the outcome of the duplication in peripheral myelin protein 22 gene, the severity of the disease has a wide 

range from almost normal to bed ridden. As all patients were found to have the same reason for the origin 

of the disease, they however demonstrated variations in symptoms in terms of onset age according to the 

Functional disability scale (FDS). To find out the exact principle behind this ambiguity, we hypothesized 

that there may be some genetic modifier or some microRNAs involved that can alter the expression of the 

protein. FDS was applied to each patient according to the  following criteria: 0, normal; 1, normal but 

with cramps and fatigability; 2, unable to run; 3, difficulty walking but still able to walk unaided; 4, 

walking with a cane; 5, walking with crutches; 6, walking with a walking frame; 7, wheelchair bound; 

and 8, bedridden. 

 

3. Research Questions 

Charcot-Marie-Tooth disease type 1A (CMT1A) is one of the most common inherited neurological 

disorders, evidently caused by duplication of a 1.4 Mb region on chromosome 17p12, so that, 

theoretically, 1.5 increased dosage of the peripheral myelin protein22 (PMP22)gene compared to normal 

is expected (Kiyosawa, Lensch, & Chance, 1995; Lupski et al., 1991). However, a very wide range of 

phenotype has been frequently noted and our data for CMT1A patients also showed phenotypic 

diversities ranging from wheelchair bound to almost normal, and onset age from new born to over 60s 

(Kim et al., 2012).The exact reason behind has not been discovered yet, but it may possibly be an effect 

of difference of PMP22 protein dosage by certain factors. Recently, several reports supporting this idea 

have been published and especially variants on some CMT type I related genes such as LITAF and 

SH3TC2 were suggested as modifiers that regulate PMP22 expression (Brewer et al., 2014; Sinkiewicz-

Darol et al., 2015). 

We noticed microRNA (miRNA), one of the key regulators of gene expression, as a candidate of 

modifier.miRNAs are a class of small non-coding RNAs that regulate the expression of multiple target 

mRNAs by binding to the 3' untranslated region (3'UTR) of targets and inducing their degradation or 

translational inhibition(Bartel, 2009).Various  studies have identified miRNAs are critically involved in 

various biological and pathological processes including cell proliferation, differentiation, apoptosis, and 

pathogenesis of several diseases (Sayed & Abdellatif, 2011). Since SNPs located in pre-miR genes may 

affect the miRNA maturation, expression or the binding to target mRNAs, and subsequently alter the 

expression of target genes (Jin & Lee, 2013), we speculated SNPs on miRNAs that can regulate PMP22 

expression directly or indirectly also have the potential to control the CMT1A phenotypes. 

In the current study,  we hypothesised that miRNAs that can play a critical role by targeting the 

PMP22 or other CMT related genes and that the expression of the miRNAs can affect the expression of 

the protein which can then alter the end result of the gene in terms of phenotype or onset age. MiR-149 

has been found to be associated to various CMT genes as a genetic modifier and a SNP rs2292832 close 

to the 3’ end can also alter the expression. 
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It has been found that it also act as a regulator for many genes and diseases(Bischoff et al., 2014; 

Wang et al., 2014).  So, we selected miR-149 as a candidate to demonstrate the association between its 

SNP and diverse CMT1A phenotypes. 

 

 

Figure 02.  Base-line characteristics of the CMT1A patients and control subjects 

 

 

4. Purpose of the Study 

CMT disease is one of the most prevalent peripheral disorders that can affect the life of the 

individual as well as the family and community.  To identify the underlying cause of the severity of the 

disease and its impact on quality of life was the main focus of this study. The quality of the life was 

determined by the Functional Disability Scale. FDS was applied to each patient using the  following 

criteria: 0, normal; 1, normal but with cramps and fatigability; 2, unable to run; 3, difficulty walking but 

still able to walk unaided; 4, walking with a cane; 5, walking with crutches; 6, walking with a walking 

frame; 7, wheelchair bound; and 8, bedridden (Boentert et al., 2014) 

 

5. Research Methods 

This study included 176 Korean unrelated CMT1A patients and 176 healthy controls that had no 

clinical features of neuromuscular disorderTotal DNA was extracted from whole blood using 

QIAampDNA blood kits (Qiagen, Hilden, Germany). The CMT1Aduplication was determined by 

genotyping six microsatellites(D17S921, D17S9B, D17S9A, D17S918, D17S4A,and D17S2230) within 

the 1.4 Mb duplication region in chromosome 17p12 by hexaplex PCR (Choi et al., 2007). Duplication 

ofPMP22 was also determined by real-time quantitative PCRby means of RotorGenereal-time PCR 

machine (Corbett Research, Australia) usingthe QuantiTech SYBR Green PCR kit (Qiagen). 

The current study incorporated several unrelated CMT1A patients and healthy samples without 

any symptoms of neuromuscular disorder were selected as the control sample for comparisons between 

the affected and control samples (Table 1).  
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Whole blood samples were taken from the patients and control sample by using the QIAampDNA 

blood kits (Qiagen, Hilden, Germany). The first step after collecting the DNA was the determination of 

the CMT1A duplication using the six microsatellite markers in the 1.4Mb region of the chromosome 

17p12  using the hexaplex PCR. Duplication was determined by real-time quantitative PCR. All the 

participants were given written informed consent according to the standard protocol approved by the IBR 

for Sungkyunkwan University, Samsung Medical Center.  

 

 

Figure 03.  CMT1A clinical distribution of patients 

 

6. Findings 

From various target prediction algorisms, miR-149 was estimated to mark several CMT-causing 

genes including PMP22, SH3TC2, MPZ and LITAF. A common SNP, rs2292832 

(NR_029702.1:n.86T>C) was discovered near the 3'end of precursor from our 356 Korean samples  WES  

and public databases such as 1000 genomes and dbSNP. The 1000 genomes minor allele frequency of 

rs2292832was 0.613. The predicted secondary structure and the scheme of interaction of miR-149with 

some target genes are presented in Figure 5. 
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Figure 04.  Genotype frequencies of miR-149 polymorphisms among CMT1A patients 

  

To investigate the relevance of rs2292832 and disease onset age, we stratified CMT1A patients 

into two subgroups depending on the onset age. The genotype occurrence of rs2292832 in early onset 

group (<20) deviated remarkably from HWE (P=0.036) (Table 2).  

To investigate the association between miR-149 genotype and onset age properly, we compared 

the genotype frequencies of two clusters. The data showed an obvious relationship between the two SNPs 

and onset age. Under the dominant model, the frequencies of TC/CC genotypes in the late onset group 

(≥20) were significantly higher than in the early onset group (<20) (TT versus TC+CC). From this data, 

we could deduce that the frequencies of C allele of rs2292832 were higher in the late onset group. 

Our focus was to identify to what extent the quality of life of a patient is disturbed when suffering 

from a neuromuscular disorder. The Functional disability scale was used to measure the hardships 

associated with the disease that indirectly affects the routine life of the sufferers. It was found that almost 

70% of the patients have 3-7 functional disability score that is far beyond the normal value. With FDS 

score of even 3 or above, it becomes very difficult to walk easily as either you need crutches or some 

walking aid. 

 

7. Conclusions 

The frequency of NCDs have a devastating impact on health which ultimately affects the life of 

individual, caregivers and community as well. The major risk factors for the NCDs are smoking, alcohol, 

physical sluggishness and unhealthy diet. We can control NCDs by avoiding the risk factors mentioned 

above. A healthy lifestyle plays a major role to avoid NCDs even in advanced age. However, there are 

some NCDs which result in health deterioration caused by genetic factors. Genetic disorders can also be 

controlled by genetic screening. In this way, we may be able to save our next generation form inherited 

chronic disorders like CMT. 
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Our findings show that C alleles of the rs2292832 are strongly linked with late onset and late onset 

was associated with milder symptoms of the disease. To conclude, our findings show that C allele were 

strongly associated to late onset, and also markedly related to mild phenotypes in the case of late onset. 

As explained earlier, some reports have mentioned that alterations in rs2292832 may modify the 

expression level of the established structure. So we can assume that there is a possibility that the 

mutations of the single nucleotide polymorphism locus can result in the decrease of the mir-149 

appearance, pursued by an increase of target genes. 

Current data of associated studies of SNP in miRNA  constantly indicated that affected persons 

with miR-149 alterations had an affinity of moderate symptoms of the disease. Hence, the current study 

and previous reports about miR-149 concur. In other words miR-149 can alter the disease (CMT1A) 

symptoms without affecting the expression of the PMP22 gene. 

However, our associated study data consistently indicated that the patients with miR-149 

mutations had a tendency of milder phenotype. Thus, according to preceding information and our data as 

they stand, miR-149 may affect CMT1A symptoms not by direct targeting of PMP22 gene but, in an 

indirect way, however,  it can affect the expression of the protein by targeting the other factors involved 

in the expression of the PMP22 protein. 

As reported in the literature, miR-149 has the possibility to be involved in skeletal muscle 

disorders, hence, it is probable that alteration in the miR-149 may be responsible for the CMT1A 

phenotype by the route of muscle metabolism. 

 In wrapping up, we find evident correlations flanked by the genotypes of miR-149 rs2292832 and 

the phenotypes of CMT1A from this study, although the direct relationship of miR-149 and PMP22 was 

not observed. This indicates vast possibilities that miR-149 could affect the relative seriousness of 

CMT1A by regulating certain mechanisms of the peripheral nerve system. Thus, the verification the 

definite target of miR-149 and their clear functions by further experiments is imperative. 
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