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Background: Charcot-Marie-Tooth disease type 1A (CMT1A\) is caused by duplication of the
17p12 region including PMP22 gene. In CMT 1A patients, anticipation showing increased
severity by generations has been reported in the CMT1A patients. It has also been reported
that severity increases in the non-de novo cases than in the de novo cases. This study was
performed to examine epigenetic differences between CMT1A cases and controls as well as
between de novo cases and non-de novo cases.

Methods: This study examined 40 Korean CMT 1A patients and 11 controls. Methylation
level was determined using the SureSelect XT Methyl-Seq reagent kit and bisulfite sequence
mapping program.

Results: Many differentially methylated CpG sites (DMCs) were identified in the comparison
between cases and controls and between de novo cases and non-de novo cases. Most DMCs
were located within or nearby genes related to the nervous system, mental stress, and motor
ability.

Conclusions: This study is the first epigenetic study to uncover the mechanism of clinical
heterogeneity among CMT1A patients. We suggest that weak severity in the de novo cases
than the non-de novo cases may be related to the epigenomic differences in the nerve and
stress-related genes.
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Table 1. Comparison between patient and control groups

Controls vs. patients

De novo vs. non-de novo patients

ttem Controls (n=11) Patients (n=20) De novo (n=10) Non-de novo (n=10) p-value
Sex distribution (male/female) 11/0 20/0 6/4 6/4 -
Examination age (years) 422+34 426+3.0 26.7+14.9 24.5+9.1 0.694
Onset age (years) 18.5+13.0 18.7+£13.8 9.6+3.0 0.057
Disease duration (years) 23.4+14.0 8.0+89 149494 0.027
CMTNSV2 13.3£3.8 73129 14.0+4.4 0.001
FDS - 2.2+15 1204 18+0.9 0.141
Median MNCV (m/s) 17.548.6 19.5£5.1 18.1£3.2 0478

Values are presented as mean+standard deviation.

CMTNSV2; Charcot-Marie-Tooth neuropathy score version 2, FDS; functional disability score, MNCV; motor nerve conduction velocity.
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Figure 1. Manhattan plots and volcano plots. (A, B) Manhattan plots. Graph (A) shows p-values for CpG sites analyzed from the compari-
son between CMT1A patient and control groups, and (B) shows p-values for CpG sites analyzed from the comparison between de novo and
non-de novo CMT1A patient groups (red dotted line, p<5x10°%; blue dotted line, p<5x10°~). (C, D) Volcano plots. Delta mean values (Amean)
were calculated based on patients or non-de novo groups (green dots, p<0.05 and Amean<0.2; red dots, p<0.05 and Amean=0.2). Graph
(C) is a comparison result between patient and control groups, and (D) is a comparison result between de novo and non-de novo patient
groups. CMT1A; Charcot-Marie-Tooth disease type 1A.
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site, CMT1A; Charcot-Marie-Tooth disease type 1A.
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cg09015560, ¢g03259243)+= thEt] Hlsf S&-oll 4] L
HStEA 1 1) CpG 2H(cg21006834) = A2 s
o] o] ol ¥ 1% T} YA|oHATE”

De novow¥} non-de novow-9] | olA = 23 (schizo-
phrenia),” oF57] AEFHA! obs S X ALHY P &5
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Table 2. DMCs with significant differences between comparative groups (p<1x107)

Group Chromosome: position Correlation® Regions Genes p-value
Cases vs. controls 1: 906494 Positive Exonic PLEKHNT 7.08E-06
1: 26799761 Negative Intronic HMGNZ 9.07E-06
2:183732212 Negative Promoter FRZB 4.30E-06
3: 30648879 Negative Intronic TGFBR2 5.48E-06
3:123168398 Negative Promoter ADCY5 4.02E-07
3:171528126 Negative Intronic PLD1 8.59E-06
4: 13820906 Negative ncRNA_intronic LINCOT182 1.91E-06
5:10331969 Positive Intergenic CMBL and MARCH6 6.24E-06
5: 78809625 Negative 5"UTR HOMERT 5.65E-06
8: 145666083 Negative Intronic TONSL 1.98E-06
10: 126304179 Positive Intergenic LHPP and FAM53B 8.04E-06
11: 68671782 Positive Intronic IGHMBPZ® 9.34E-06
14: 50159769 Negative Promoter KLHDCT 7.58E-06
14: 102430191 Positive Promoter DYNCIHT® 1.83E-06
16: 665214 Negative Intronic RAB40C 8.48E-06
16: 11272371 Positive Exonic CLECT6A 8.54E-07
16: 85688041 positive Exonic GSET 7.49E-06
17:7017905 Negative Promoter ASGR2 1.79E-06
22: 50277892 Negative Exonic ZBED4 2.48E-06
22:50585136 Negative Promoter MOVIOLT 3.00E-06
De novo patients vs. 1: 36789537 Negative Promoter EVAIB 3.03E-06
O 22 92 P2 el 1: 156390473 Positive Promoter MIR9-1 7.57E-06
2: 178483637 Positive 5"UTR TTC30A 6.20E-06
5: 16667385 Negative Intronic MYOT10 6.64E-06
7: 75779880 Negative Intergenic GTF2IP7 and SRRM3 2.60E-06
7: 154861808 Positive Promoter HTR5A 6.57E-06
11: 121000716 Negative Exonic TECTA 2.16E-07
15: 25925753 Negative Intronic ATP10A 5.76E-06
16: 54972759 Positive Intergenic IRX5 and IRX6 1.74E-06

DMC; differentially methylated CpG site, 5" UTR; 5’ untranslated region.

°Positive means hypermethylation in the cases and non-de novo group compared to controls or de novo group. Negative means hypomethylation in
the cases and non-de novo group compared to controls or de novo group.

®Genes of which mutations have been reported to cause Charcot-Marie-Tooth disease.

A+2](cg05828624)= AH|Es}E o] o]Hof H 3L
AL e

A @dn Y (Fig 3). SE93 R 7k vlwolA BE8 2o Fof
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(p<1x107) WFoA FJ3t%THFig. 3-B). & 7 Hlmof
A B ARAE B9 A4, AEA dga 3" MUt
S5HoZ BHFEC

2152 Bt fAA Robs £ 2 7be) vlmoA

5. DMC2}I H2tEl RHMXIQ 7|5 2%

DMC7Z} WiQlof] x|t A2 A ERZ AFHE35Y] GO en-
S5kt GOOA Algdte= 3714
FEQ1 B ESH Iy, A5, AE 4 8400 tisf] p-val-
ues 71202 A9 107 GO Eofs Iz Yepfict

richment analysis&
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Table 3. Stress susceptibility- or nervous system-related CpGs showing different methylation level between cases and controls in the EWAS

dataset®

Mean methylation level

Probes (Chr: position) Correlation p-value Traits

Cases Controls
cg 1963436° (10: 93567261) 0.958+0.033 0.928+0.041 Positive 0.033 Parkinson's disease®'
€g07443748 (22: 17073594) 0.787+0.056 0.830+0.041 Negative 0.031 Multiple sclerosis™
cg09015566° (4: 53264) 0.786+0.102 0.706+0.101 Positive 0.046 Gulf War illness”
€g21006834° (13: 20138813) 0.861+0.042 0.899+0.030 Negative 0.013 Phelan-McDermid syndrome™
€g25040670 (6: 26022062) 0.205+0.196 0.066+0.085 Positive 0.034 Early social deprivation™
€g03259243" (17: 21356007) 0.245+0.084 0.147+0.061 Positive 0.002 Child abuse®

Values are presented as mean+standard deviation.

EWAS; epigenomic wide association study, Chr; chromosome.
*EWAS Atlas (https://ngdc.cncb.ac.cn/ewas/atlas) in January 2023.
®Probes showing same methylation pattern as the previous report(s).

Table 4. Stress susceptibility- or nervous system-related CpGs showing different methylation level between de novo and non-de novo

groups in the EWAS dataset’

Mean methyl

ation level

Probes (Chr: position) Correlation p-value Traits
non-de novo de novo
cg07875360 (5:1801344) 0.027+0.032 0.003+0.007 Positive 0.044 Schizophrenia®
cg18303477° (10:94180046) 0.331£0.211 0.160+0.120 Positive 0.043 Childhood stress"
CgOB144560b (20: 55043299) 0.039+0.038 0.007+0.011 Positive 0.025 Child abuse®
€g23144563° (6: 32157590) 0.071+0.048 0.029+0.037 Positive 0.040 Child abuse™
€g13904130 (6: 33085736) 0.092+0.050 0.212+0.128 Negative 0.018 Gulf War lliness®
cg17295225b (6:137814971) 0.228+0.072 0.146+0.093 Positive 0.041 Gulf War lliness"”
cg05828624° (2: 79347699) 0.827+0.110 0.949+0.067 Negative 0.010 Exercise®
cg02487331° (1: 146550467) 0.774+0.210 0.351+0.275 Positive 0.001 Ankylosing spondylitis®”
Values are presented as meantstandard deviation.
EWAS; epigenomic wide association study, Chr; chromosome.
*EWAS Atlas (https://ngdc.cncb.ac.cn/ewas/atlas) in January 2023.
®Probes showing same methylation pattern as the previous report(s).
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Figure 3. Classification of major functions of genes associated with
lar function, and green indicates gene classification for GO-cellular
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